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Abstract 

Objective. To characterize initial presentation and clinical course of patients with rare HNF4A- and 

HNF1B-MODY in a large multinational registry.  

Design, setting and participants. Within the DPV (Diabetes Patienten Verlaufsdokumentation) 

registry, 44 patients with HNF4A- and 35 patients with HNF1B-MODY were characterized and 

compared to type 1 diabetes (T1D) / type 2 diabetes (T2D) in patients < 20 years.  

Main outcome measure. Clinical and laboratory parameters, therapy, and quality of metabolic 

control, extrapancreatic symptoms in HNF1B-MODY patients. 

Results. Patients with both MODY types were significantly older than T1D patients at time of 

diagnosis (HNF4A 13.8 years and HNF1B 13.5 years, vs. T1D 8.8 years, p<0.0001). Mean C-peptide 

at diagnosis was higher for HNF4A-MODY than T1D (1.8 ng/ml vs. 0.9 ng/ml, p <0.01). 36.4% of 

patients with HNF4A-MODY and 65.7% of patients with HNF1B-MODY are treated with insulin, 

while 20.5% and 8.6% receive oral antidiabetics (OADs) only (p<0.05 and p<0.01 vs. T2D). At the 

most recent visit, HbA1c levels were lower in HNF4A and HNF1B-MODY compared to T1D (mean 

6.5% and 6.1% vs 7.9% in T1D, p<0.0001). In 40% of patients with HNF1B-MODY extrapancreatic 

symptoms were reported. Several clinical predictors previously described to differentiate between 

MODY and T1D or T2D could be revalidated by logistic regression analyses in this cohort. 

Conclusion 

The population-based DPV registry enabled us to precisely characterize phenotype and treatment in 

these two rare MODY-types. Although phenotype of HNF4A-and HNF1B-MODY shows distinct 

differences to T1D and T2D, 38% of patients are initially misclassified as T1D or T2D.  

 

Précis 

We investigated patients with the rare diabetes forms HNF4A- (n=44) and HNF1B-MODY (n=35) in 

the DPV registry and characterize phenotype and treatment of these two rare forms of MODY 

diabetes.  
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Introduction 

Approximately 1-4% of people with diabetes suffer from monogenic diabetes [1-3]. Monogenic 

diabetes may be differentiated into severe/early onset forms diagnosed within the first 6 months of life 

(neonatal diabetes), Maturity Onset Diabetes of the Young (MODY), and rare syndromic diabetes. 

With the recent identification of ABCC8-, KCNJ11-, and APPL1-MODY (MODY 12-14), 14 

different genetic subtypes of MODY have been described [4-6].  

The most common genetic causes are mutations in the glucokinase (GCK) gene (GCK-MODY, 

MODY 2) and mutations in the Hepatocyte nuclear factor 1A (HNF1A) gene (HNF1A-MODY, 

MODY 3) [7]. Other genetic etiologies such as HNF4A-MODY (MODY 1) and HNF1B-MODY 

(MODY 5) are less frequent, with HNF4A accounting for 10% of MODY cases in the UK [8] and 

HNF1B accounting for 1%. Both, HNF4A-MODY and HNF1B-MODY, have a first peak of diagnosis 

in adolescence or early adulthood [7]. In contrast to GCK-MODY, hyperglycemia of MODY forms 

caused by mutations in HNF-transcription factors aggravate over time, and most patients require 

treatment with oral antidiabetics or insulin over time [9]. Initially, patients are usually responsive to 

oral sulfonylurea analogues, but later insulin treatment may become necessary, when beta cell function 

progressively declines. Patients with HNF1B-MODY often have additional extrapancreatic features, 

such as renal and/or hepatic cysts, elevated liver enzymes, genitourinary malformations, mental 

retardation or eye defects [10]. HNF1B mutations may also present without diabetes, but only 

nonpancreatic/nonmetabolic features. Many patients with HNF1B-MODY have additional hepatic 

insulin resistance [10, 11]. Congenital hyperinsulinism can also be associated with mutations in the 

HNF4A-gene, and patients with HNF4A-MODY may have episodes of hypoglycemia in early 

childhood. Recent data show that predisposition to hypoglycemia may persist into early adulthood 

[12,13]. 

However, the phenotype of HNF4A- and HNF1B-MODY varies considerably, and large cohort studies 

defining the clinical spectrum are still scarce. Because of the rarity of patients with these MODY 

subtypes, data aggregation from multiple centers or large registries is necessary for representative 

surveys of clinical and metabolic characteristics of these entities. Previously, in the DPV cohort we 

evaluated the so far largest cohort of patients with HNF1A-MODY [14, 15], and pediatric or 
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adolescent onset of HNF4A-, GCK-, and HNF1A-MODY in comparison to type 2 diabetes [16]. In the 

US, the SEARCH study also reported on patients with HNF4A-, GCK-, and HNF1A-MODY in detail 

[7].  

This manuscript will add an extensive overview of a large number of patients with HNF4A-MODY 

and HNF1B-MODY of the DPV registry, describing clinical characteristics at the time of diagnosis, 

epidemiologic factors, treatment, metabolic control and extrapancreatic clinical features of these rare 

MODY entities compared to type 1 diabetes (T1D) and type 2 diabetes (T2D).  

 

Research Design and Methods 

Study Design  

This observational study was based on data from the DPV Diabetes Registry (“Diabetes Patienten 

Verlaufsdokumentation”). Anonymous, standardized, prospective data are transmitted by diabetes 

centers in Germany, Austria, Switzerland, and Luxemburg for central validation and analysis twice a 

year. For optimal data validity, inconsistent data are reported back to participating centers, corrected if 

necessary, and reentered into the database as previously described [17]. 439 centers (listed as 

supporting information [18]) contributed data to this analysis. Analysis of anonymized routine data 

within the DPV initiative was approved by the Ethics Committee of the Medical Faculty of the 

University of Ulm, Germany, and the institutional review boards at the participating centers. 

Data from 76,836 children and adolescents with diabetes <20 years of age were recorded in the 

database between 1995 and 2017 and included into this analysis. The primary focus was to 

characterize patients with HNF4A-MODY and HNF1B-MODY and compare these to patients with 

T1D and T2D. Clinical characteristics were compared at the time of diagnosis (age, family history of 

diabetes, typical symptoms, HbA1c, presence of beta-cell antibodies, C-peptide, initial treatment after 

diagnosis, insulin dose/kg). Furthermore, we analyzed clinical characteristics and metabolic control at 

the most recent visit (age, BMI-SDS, duration of disease, HbA1c, presence of beta-cell antibodies, C-

peptide, treatment, insulin dose/kg, frequency of hypoglycemia, concomitant medication, presence of 

diabetes complications).  
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Diabetes classification / case definition  

Diabetes subtype was classified and reported to the registry by local specialized diabetes experts 

according to ISPAD/DDG guidelines [19, 20]. For case definition of MODY patients we decided to 

restrict to cases that were defined by the local clinicians as genetically confirmed. If available, we 

additionally revalidated sequence information in the database. If there was no detailed genetic analysis 

result readily available in a patient’s dataset, data were reinquired from the local treatment centers. 

However, as we were limited to reanalysis of genetic results entered into the DPV database by local 

clinicians, detailed segregation analysis, careful clinical profiling of family members etc. were not 

available in all cases. We considered truncating mutations or large deletions to be disease causing. 

Regarding missense or splice-site mutations, complete reassessment according to the most recent 

ACMG standards [21] or using the 2008 guidelines for the molecular genetic diagnosis of MODY [22] 

was impossible because segregation data are not reliably available in this retrospective database. 

Instead, reported variants were reviewed using the Ensembl Variant Effect Predictor VEP [23], 

accessed on Dec 21 2017, using database version GRCh38 

(https://www.ensembl.org/info/docs/tools/vep/index.html). This tool combines analysis of different 

criteria for variant assessment (in silico prediction models [SIFT, PolyPhen2], species conservation, 

prediction of effects on splicing, population allele frequency [ESP, Exome Aggregation Consortium, 

and 1000 genomes], and previous reporting of mutation in the literature or in databases). When these 

different criteria for variant assessment consistently suggested pathogenicity for a specific variant, we 

judged the mutation to be “likely pathogenic”. When different criteria for variant assessment were 

inconsistent, we concluded the variant to be of unclear significance. When the sequence information 

given in the DPV database diverged with the most recent reference sequence in the GRCh38 database, 

we concluded this variant to be “not assignable”. Results of this reassessment are presented in 

supplementary Table 1 [24]. 

Change of diabetes subtype classification after diabetes diagnosis was identified by comparing the 

classification at the time of diagnosis with the classification at the most recent visit. If there was a 

change of classification during follow-up, we further analysed at what time after diabetes diagnosis the 

reclassification was documented.  
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Laboratory parameters 

Total cholesterol, HDL- and LDL cholesterol and triglycerides were measured in local laboratories 

following the RILIBÄK requirements, i.e. the German Medical Association’s current guideline 

(Richtlinie der Bundesärztekammer [RiliBÄK]), including internal and external quality control [25, 

26]. Dyslipidemia was defined as elevated total cholesterol (> 200 mg/dl), LDL cholesterol (> 130 

mg/dl), triglycerides (> 150 mg/dl), and/ or low levels of HDL cholesterol (< 35 mg/dl). HbA1c was 

used as an indicator of glycemic control. Levels were mathematically standardized to the Diabetes 

Control and Complications Trial (DCCT) reference range of 4.05–6.05% with the MOM (multiple of 

mean) transformation to correct for different laboratory methods among the study centers [27]. Quality 

of glycemic control was assessed according to ISPAD criteria (optimal: HbA1c < 58 mmol/mol [< 

7.5%]; suboptimal: HbA1c 58–75 mmol/mol [7.5–9.0%]; poor: HbA1c > 75 mmol/mol [> 9.0%]) 

[28]. Pancreatic ß-cell antibodies (Abs) were classified as “positive” if at least two antibodies were 

present among islet cell Abs, insulinoma antigen 2 Abs, insulin autoantibody (IAA), zinc transporter 

antibody (ZnT8), and glutamic acid decarboxylase Abs; IAA measurements were only included at 

onset of diabetes. Pancreatic ß-cell Abs and C-peptide were measured in local laboratories.  

 

Demographics and non-laboratory variables 

BMI, Height, weight, blood pressure 

All clinical and anthropometric measurements were performed in the participating study centers 

according to local protocols. Results were reported to the registry and analyzed using contemporary 

national reference data for height, weight and BMI [29, 30]. We used recent reference values and 

calculated BMI-SDS values using the LMS method [31]. Blood pressure levels were measured in a 

relaxed, sitting position at the upper arm with proper cuff size using sphygmomanometer or semi-

automated Dinamap (Critikon, Tampa, FL, USA) [32]. Systolic/ diastolic BP SDS-values were 

calculated according to KIGGS and current guidelines [33, 34], BP values were defined as increased if 

they were above the 95th percentile. Severe hypoglycemia was defined according to the American 

Diabetes Association Workgroup on Hypoglycemia [35] as an event requiring assistance of another 

person to actively administer carbohydrates, glucagon or intravenous glucose. Antihyperglycemic 
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therapy was categorized as follows: (i) non-pharmacological treatment/lifestyle only (physical activity, 

dietary advice), (ii) OADs only, (iii) insulin therapy with/without OADs. Insulin therapy was 

categorized as conventional insulin therapy (CT) (1–3 daily injection time points), intensified insulin 

therapy (ICT; >3 daily injection time points) or insulin pump therapy. 

 

Extrapancreatic symptoms  

Extrapancreatic symptoms in patients with HNF1B-MODY were analyzed by searching for the 

following key words in the datasets of all patients: exocrine pancreatic failure, renal cysts, renal 

hypoplasia, single kidney, renal malformation, nephropathy, horseshoe kidney, polycystic kidney 

disease, renal insufficiency, pancreatic hypoplasia, pancreatic fibrosis, liver cysts, cholestasis, 

hypotension, hypospadia, hyperuricaemia, elevation of transaminases, hepatopathy, coloboma, 

cataract, autism, developmental delay. 

 

Statistical Analysis 

Data were analyzed using SAS 9.4 (SAS Institute, Cary, NC). A case was only included in the analysis 

if at least the date of birth, date of diabetes diagnosis, gender and type of diabetes were known. If data 

for another variable were not available in individual cases, the case was not considered for the analysis 

of that variable. Data are presented as percentage or median and interquartile range (IQR). For group 

comparisons of continuous variables, non-parametrical statistical tests (Kruskal-Wallis) were used. 

Categorical variables were compared by the chi-squared test. False Discovery Rate was used to correct 

for multiple comparisons. Logistic regression models were performed to adjust for age, gender, and 

BMI-SDS. Parameters were calculated using the mmpl estimation method (based on maximum 

likelihood, mean of the random effects, pseudo-likelihood). The between-within method was used to 

calculate degrees of freedom. Adjusted mean values were based on observed marginal frequencies.  

To identify clinically useful discriminatory potential of different variables to distinguish between 

MODY subtypes and T1D or T2D odds ratios were estimated using logistic regression models.  

For all statistical analyses, two-sided p-values < 0.05 were considered statistically significant.  
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Results  

In the DPV-Wiss database, anthropometric and metabolic data of 76,836 patients with diabetes and a 

current age < 20 years were available for analysis. A total of 1,047 patients (1.4%) are documented 

with the diagnosis “MODY” in the database, although in 118 patients the diagnosis could not be 

clearly confirmed by molecular genetic testing. Excluding these 118 we further analyzed the 

remaining 929 patients, representing 1.2% of all patients under the age of 20 years. Further 

subclassification based on the information provided by the local clinicians revealed the following 

subgroups for further analysis in this work: (1) patients with HNF4A-MODY (MODY 1; n=44), (2) 

patients with Glukokinase (GCK)-MODY (MODY 2; n = 609), (3) patients with HNF1A-MODY 

(MODY 3; n=230), and (4) patients with HNF1B-MODY (MODY 5; n=35). These were compared to 

patients with T1D (n=74,087), and (6) patients with T2D (n=1,667). Patients with other forms of 

diabetes (diabetes in cystic fibrosis, neonatal diabetes or other rare forms of diabetes) were excluded.  

For this analysis, we focused on patients with HNF4A-diabetes or HNF1B-diabetes compared to 

patients with T1D or T2D.  

 

Revalidation of genetic classification  

Recalls and validation of disease-causing mutations  

If a diagnosis of monogenic HNF1B and HNF4A-MODY was given without entering the specific 

mutation, we performed a second recall to the local clinicians, asking for entering the disease-causing 

mutation that led to the respective MODY-classification. Finally, any genetic variant information was 

available for 26 of 44 patients with HNF4A-MODY, and 16 of 35 patients with HNF1B-MODY 

(supplementary Table 1). Limitations were caused by the long period over that clinical and genetic 

information had been entered into DPV locally. Sometimes, local clinicians were unable to obtain 

consent for transfer of sequence information from some patients. In some patients, genetic diagnosis 

was made several years ago and no contact could be made to patients or to clinicians that originally 

entered the genetic diagnosis. Some entries could not be clearly assigned to one, specific base 

exchange, e.g. when older nomenclatures or reference sequences had been used, potential typing errors 

occured or unspecific and incomplete/inconsistent amino acid changes had been entered. Therefore, in 
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13/44 cases sequencing results could not be clearly verified because of any data incongruences (e.g. 

nomenclature, reference sequence). In summary, for HNF1B-MODY, most patients had large 17q21 

gene deletions that were clearly assumed to be disease causing. For HNF4A-MODY, 14 of 44 patients 

had rare variants that were clearly classified as disease-causing, whereas 12 variants were not 

assignable and one was of unclear significance (supplementary Table 1).  

 

Characteristics of patients with HNF4A-MODY (Table 1) 

At the time of diabetes diagnosis, patients with HNF4A-MODY were older than patients with T1D 

(median 13.8 years vs. 8.8 years for T1D, p <0.00001; n.s. vs. T2D). The majority of HNF4A-patients 

was female (72.7% vs. 47% in T1D; p<0.01). At the most recent visit, the BMI-SDS was higher in 

HNF4A-MODY patients compared to T1D patients (p<0.01), but lower than in T2D-patients 

(p<0.00001). Height-SDS was lower patients with HNF4A-MODY compared to patients with T1D 

(p<0.05); this difference was most pronounced in males with HNF4A-MODY (p<0.005 vs. males with 

T1D) or T2D (p<0.01). Positive pancreatic ß-cell Abs were reported in only one patient with HNF4A-

MODY. Dyslipidemia was present in 10% of patients with HNF4A-MODY, whereas 42.2% of 

patients with T1D and 68.8% of patients with T2D were affected by dyslipidemia (p<0.01 vs. T1D and 

p<0.001 vs. T2D after adjusting for age, sex and BMI-SDS). The percentage of patients with elevated 

blood pressure values was not significantly different after adjusting for age, sex and BMI-SDS.  

 

Treatment of patients with HNF4A-MODY 

At the most recent visit, 36.4% (n=16) of all patients with HNF4A-MODY were treated with insulin 

(vs. 99.8% in T1D, p<0.00001; n.s. vs. T2D). Of these, five are treated with CT and 11 are treated 

with ICT. Insulin pump therapy is currently not used in any patient with HNF4A-MODY. 43.2% of 

patients (n=19) are currently treated by lifestyle therapy only, while nine patients take OADs only and 

four patients combine insulin therapy with OADs (Table 1 and Figure 1). Of all 13 patients taking 

OADs, five take metformin, six sulfonylurea and two take glinides. 

At the most recent visit, the median HbA1c level was significantly lower in patients with HNF4A-

MODY compared to patients with T1D (p<0.0001; n.s. to T2D). There was no significant difference 
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regarding the rate of severe hypoglycemia between patients with HNF4A-MODY patients vs. patients 

with T1D or T2D. 

 

Characteristics of patients with HNF1B-MODY (Table 1) 

Age at diabetes diagnosis was higher in patients with HNF1B-MODY compared to T1D (median 13.5 

years vs. 8.8 years for T1D, p <0.00001; n.s. versus T2D). The BMI-SDS was lower in HNF1B-

MODY patients compared to T2D patients (p<0.00001). There were no significant differences 

regarding height-SDS between patients with HNF1B-MODY, T1D and T2D. The percentage of 

patients with dyslipidemia was similar in patients with HNF1B-MODY and T2D. Elevated blood 

pressure values were found in 23.3% of patients with HNF1B-MODY vs. 10.7% with T1D (p<0.05 

after adjusting for age, sex and BMI-SDS; n.s. vs. patients with T2D). Positive pancreatic ß-cell Abs 

were found in only one patient with HNF1B-MODY. Extrapancreatic symptoms were reported in 40% 

of patients (n=14) with HNF1B-MODY. In detail, kidney disease was reported in nine patients, 

structural pancreas anomaly or any other concomitant disease in three patients, respectively. One 

patient suffered from combined kidney and pancreas disease. 

 

Treatment of patients with HNF1B-MODY 

65.7% (n=23) of all patients with HNF1B-MODY are currently treated with insulin (vs. 99.8% of T1D 

patients, p<0.00001 and 30% of T2D patients, p<0.0001), the majority of these (78.3%; n=18) with 

ICT. Insulin pump therapy is used in one patient. 22.9% of patients (n=8) are currently treated by 

lifestyle therapy only, while four patients take OADs only and three patients combine insulin therapy 

with OADs. Of all seven patients taking OADs, five take metformin and two take glinides. At the most 

recent visit, the median HbA1c level was significantly lower in patients with HNF1B-MODY 

compared to patients with T1D (6.1%, i.e. 43.2 mmol/mol vs. 7.9%, i.e. 62.8  mmol/mol in T1D; 

p<0.00001; n.s. vs. T2D). 

 

Clinical and laboratory characteristics of patients with HNF4A- and HNF1B-diabetes at time of 

diabetes diagnosis (Table 2)  
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Compared to patients with T1D, patients with HNF4A-MODY had lower mean HbA1c-levels (6.9%, 

i.e. 51.9 mmol/mol vs. 9.5%, i.e. 80.33 mmol/mol in T1D; p<0.001), were less frequently treated with 

insulin (48.1% vs. 93.9% in T1D; p<0.00001), and, if insulin-treated, with a lower insulin dosage (0.3 

vs. 0.6 IE/kg/d; p<0.01) at diabetes onset. Mean C-peptide at diagnosis was significantly higher 

compared to patients with T1D (1.8±0.4 ng/ml vs. 0.9 ng/ml in T1D; p<0.01). Slight differences 

between HNF4A-MODY- and T2D-patients were not statistically significant. 

At diabetes onset, median HbA1c levels were lower in patients with HNF1B-MODY vs. patients with 

T1D (7.0%, i.e. 53.0 mmol/mol; p<0.01) and they were less frequently treated with insulin (71.4% vs. 

93.9%; p<0.0001). In contrast, compared to T2D patients, insulin therapy was more frequently used at 

onset in HNF1B-MODY (29.8% of T2D patients; p<0.001). There was a trend towards higher mean c-

peptide at diagnosis for HNF1B-MODY (1.5±0.5 ng/dl vs. 0.9 ±0.5 ng/dl in T1D), but this trend did 

not reach statistical significance. 

 

Discriminatory potential of different variables between MODY subtypes and T1D or T2D  

Many of the previously established markers [36] could be revalidated in our cohort to contribute 

significantly to the odds of having a specific MODY type instead of T1D or T2D (Table 3). 

Interestingly, there were more variables showing significant differences comparing either MODY 

subtype to T1D, as opposed to the comparison between MODY and T2D, when there were less 

variables showing distinct predictive potential. Furthermore, at the time of diagnosis (Table 3) there 

were more variables significantly different than at the most recent visit (data on supplementary Table 

2, [37]), pointing towards a better discriminating potential at the time of diagnosis than later in the 

follow-up).  

 

Reclassification during follow-up  

33 of 44 patients (75%) with HNF4A-MODY and 16 of 35 patients (45.7%) with HNF1B-MODY 

were classified as “MODY diabetes” already at the time of diabetes diagnosis. However, 11 patients 

with HNF4A-MODY were reclassified from T1D (n=8) or T2D (n=3) to MODY. This reclassification 

was documented after an average of 1.3 years in patients with HNF4A-MODY. 19 patients with 
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HNF1B-MODY were initially classified as T1D (n=14) or T2D (n=5). Reclassification as MODY was 

documented after an average time of 1.6 years in patients with HNF1B-MODY. 

 

Discussion 

Within the DPV registry, we identified 44 patients with HNF4A- and 35 patients with HNF1B-

MODY. With respect to the rarity of the diseases, this represents a large number of cases allowing a 

comprehensive characterization with a focus on clinical data, treatment and metabolic control. 

Mutations in the transcription factor HNF4A results in reduced insulin secretory response and overall, 

HNF4A-MODY is a very rare disease accounting for a minority of cases with MODY diabetes. 

Glucose intolerance and diabetes usually starts during adolescence or early adulthood [38]. Regarding 

diabetes therapy, identical recommendations apply as for the 10 times more frequent HNF1A-MODY 

(MODY3): Patients with HNF4A-MODY can initially be treated by diet, but the majority will need 

pharmacological treatment such as sulfonylureas, as they show progressive hyperglycemia over time 

[38].  

To our knowledge, this is one of the largest series of children and adolescents with HNF4A- and 

HNF1B-MODY in literature. As expected, HNF4A-MODY was diagnosed in adolescence at a median 

age of 13.8 years. C-peptide levels were significantly higher than in T1D, which reveals a less 

impaired insulin secretion at the time of diagnosis. The percentage of patients with dyslipidemia was 

lowest among HNF4A-MODY patients. However, it is unclear if this is related to the molecular 

pathomechanism, or just reflects the fact that insulin deficiency of HNF4A-MODY patients was less 

advanced compared to HNF1B-MODY or T1D at the most recent visit (insulin treatment required in 

only 36.4% vs. 65.4% in HNF1B-MODY or 99.8% in T1D). Furthermore, 75% of HNF4A-MODY 

patients were classified as “MODY diabetes” already at the time of diabetes diagnosis. The percentage 

of patients with a short duration of symptoms was higher and the HbA1c levels were lower compared 

to patients with T1D onset. These findings might be due to the fact that the mechanism of disease is 

different than in T1D and insulin secretion deteriorates more slowly than in T1D. However, our results 

may also indicate that the molecular diagnosis of “MODY” may have been previously known – e.g. if 
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other family members were affected - and diabetes was therefore recognized at a very early stage of 

disease. 

Comparable to patients with neonatal diabetes due to ABCC8 or KCNJ11 mutations [39, 40], patients 

with HNF4A-MODY often respond to sulfonylureas [38]. Still, a relatively high proportion of our 

cohort is treated with insulin. However, the percentage of patients with insulin therapy decreased from 

diabetes onset (48.1%) to the most recent visit (36.4%) which indicates that at least some patients were 

switched from insulin to OAD, presumably after correct classification as MODY diabetes was made. 

The high proportion of patients on insulin therapy might reflect the fact that some diabetologists may 

not be aware of the possibility to treat patients with HNF4A-MODY with OADs/lifestyle therapy, 

maybe due to the rarity of this disease.  

Interestingly, the height SDS was lowest in patients with HNF4A-mutations; this finding was most 

pronounced in males. This finding supports the hypothesis that HNF4A mediates the sex-dependent 

effect of growth hormone on liver gene expression [41], which may have an effect on height-SDS. For 

HNF1B-MODY, extrapancreatic symptoms were reported in 40% of patients, primarily renal 

symptoms. This percentage is lower compared to recent adult data showing renal disease in the 

majority of adult HNF1B-MODY patients [42]. This finding underlines the hypothesis that the 

diagnosis of diabetes may precede the occurrence of kidney disease and periodic screening of kidney 

abnormalities is indicated in patients with HNF1B-MODY. However, some aspects are prone to 

underreporting, as extrapancreatic findings might be present and potentially even known to the local 

clinician, but still not being reported into the registry. Compared to HNF1A-MODY, the percentage of 

patients with HNF1B-MODY being treated with insulin is significantly higher, suggesting that 

pathogenic HNF1B mutations lead to earlier/more severe impairment of insulin secretion compared to 

HNF4A mutations. This is in line with adult data, also showing that the majority of HNF1B-MODY 

patients require insulin treatment [42].  

62% of patients were classified as MODY already at the time of diagnosis. The remaining patients 

were reclassified to MODY from initially being diagnosed with T1D or T2D after a median of 1.3 

(HNF4A-MODY) and 1.6 years (HNF1B-MODY). Interestingly, 27% of these patients were initially 

classified as T2D, and 73% were reclassified from T1D to MODY, not reflecting the prevalence 
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proportions of T1D/T2D. This remarkably underlines that especially the clinical diagnosis of early 

onset T2D has to be carefully revalidated over time, as prevalence of MODY is higher than T2D in 

diabetics before age 20 in Europe. As the DPV group showed earlier, about 10% of patients with early 

onset of T2D were reclassified [43]. These findings strongly underline the need for clinical indicators 

raising the suspicion of a monogenic diabetes form instead of T1D or T2D. As we analysed only two 

rare subtypes of MODY, we cannot derive a specific set of indicators aiming to differentiate between 

MODY in general and T1D or T2D from our data. However, such has been previously published [34], 

and we could in general confirm their discriminatory potential in our cohort. Interestingly, the 

discriminatory potential seems to be more robust for differentiation between MODY and T1D than 

between MODY and T2D, and it was generally better at the time of diabetes diagnosis compared to 

analysis at the most recent visit documented in the database. Thus, it is useful to consider MODY right 

at the time of diabetes diagnosis, or – if addressing this issue later - at least strongly reconsider the 

clinical phenotype at the time of diagnosis to look for indicators pointing towards MODY.  

Taking together all MODY subtypes, currently 1.4% of patients in the DPV registry aged < 20 years 

have MODY-diabetes. The proportion of patients with MODY is similar to that found in a Norwegian 

registry [1]. However, studies offering systematic and extensive molecular testing for all 

suspicious/potential MODY cases, higher percentages of MODY are reported [2, 7, 44]. 

Our study is limited by being based on a retrospective diabetes registry, with the contribution of data 

from many diabetes centers. Therefore, it is not possible to guarantee that all patients with the 

phenotype “MODY-diabetes” (such as young patients without T1D-associated autoantibodies and 

detectable C-peptide) are tested for MODY-diabetes and “MODY-diabetes” might be underreported in 

our registry. Furthermore, not all centers agreed to offer genetic data to the registry due to aspects of 

data protection, and available registry data are frequently insufficient to clearly revalidate genetic 

diagnoses according to the most recent and accurate standards. This aspect is reflected by the 

proportion of patients in our cohort in which we were not able to revalidate the genetic diagnosis 

based on requested information. However, all clinicians who contribute data are qualified according to 

national/international standards. With a number of 44 patients with HNF4A-MODY and 35 patients 

with HNF1B-MODY that were reported to be genetically diagnosed, this is one of the largest series of 
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data regarding these rare two forms of MODY-diabetes in young patients. In contrast to other studies, 

our registry collects clinical and laboratory data, as well as aspects on diabetes therapy, which enables 

us to provide a comprehensive characterization of these rare forms of diabetes. 
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Table 1. Clinical and laboratory data and treatment modalities at most recent visit.  

 HNF4A 

n=44 

HNF1B 

n=35 

GCK 

n=609 

HNF1A 

N=230 

T1D 

n=74,087 

T2D 

n=1,667 

p1 p2 p3 p4 

Current age 14.7 (12.1-

15.8) 

13.8 (12.4-

16.3) 

11.1 (7.7-14.0) 13.9 (11.3-

15.8) 

10.8 (7.1-

13.8) 

14.9 (13.2-

16.7) 

<0.00001 n.s. <0.00001 n.s. 

Age at diabetes 

onset 

13.8 (11.5-

15.3) 

13.5 (11.2-

15.7) 

10.1 (6.3-13.3) 12.5 (10.1-

14.6) 

8.8 (5.2-

12.1) 

14.2 (12.3-

16.0) 

<0.00001 n.s. <0.00001 n.s. 

Male sex (%) 27.3 45.7 53.9 33.0 53.0 38.6 <0.01 n.s. n.s. n.s. 

BMI-SDS 1.1 (-0.04-

1.8) 

0.6 (-0.3-1.4) 0.1 (-0.6-0.8) 0.8 (-0.01-1.5) 0.3 (-0.4-0.9) 2.6 (2.0-3.0) <0.01 <0.00001 n.s. <0.00001 

Height SDS -0.4 (-0.9-0.3) -0.3 (-1.2-0.5) -0.2 (-0.8-0.5) -0.1 (-0.8-0.7) 0.1 (-0.6-0.8) 0.1 (-0.7-0.9) <0.05 n.s. n.s. n.s. 

Height SDS in male 

patients 

-0.9 (-1.2- -

0.1) 

-0.3 (-1.6 -

0.2) 

-0.1 (-0.7-0.6) 0.1 (-0.6-0.9) 0.1 (-0.5-0.8) 0.2 (-0.7-1.1) <0.005 <0.01 n.s. n.s. 

% of patients with 

dyslipidemia 

10.0 65.0 23.3 45.9 42.2 68.8 <0.01 <0.001 n.s. n.s. 

% of patients with 

elevated blood 

pressure 

7.7 23.3 8.3 13.3 10.7 33.2 n.s. <0.01 n.s. n.s. 
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Treatment  

OAD only (%) 20.5 8.6 5.6 18.3 0 38.8 <0.00001 <0.05 <0.00001 <0.01 

% with insulin 

therapy 

36.4 65.7 8.5 48.3 99.8 30.0 <0.00001 n.s. <0.00001 <0.0001 

Insulin + OAD (%) 9.1 8.6 0 9.6 0.3 14.3 <0.00001 n.s. <0.00001 n.s. 

Lifestyle only (%) 43.2 22.9 85.9 33.5 0.2 31.2 <0.00001 n.s. <0.00001 n.s. 

Metabolic control  

HbA1c (%) 6.5 (6.0-8.0) 6.1 (5.8-7.1) 6.2 (5.9-6.5) 6.4 (5.7-7.6) 7.9 (6.9-9.3) 6.6 (5.8-8.5) <0.0001 n.s. <0.00001 n.s. 

HbA1c (mmol/mol) 47.5 (42.1-

63.9) 

43.2 (39.9-

54.1) 

44.3 (41.0-47.5) 46.5 (38.8-

59.6) 

62.8 (51.9-

78.1) 

48.6 (39.9-

69.4) 

<0.0001 n.s. <0.00001 n.s. 

Severe 

hypoglycemia/ 100 

patient years 

3.4 0 0.2 2.1 24.9 10.1 n.s. n.s. n.s. n.s. 

Values are expressed as medians with interquartile ranges [25th–75th percentile] or as percentage of cases. T1D, type 1 diabetes; T2D, type 2 diabetes; HbA1c, hemoglobin A1c; 

GCK, glucokinase. p1 compares HNF4A to T1D, p2 HNF4A to T2D, p3 HNF1B to T1D and p4 HNF1B to T2D; the stated p-values are unadjusted. 
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Table 2. Clinical and laboratory characteristics at diagnosis; data at diabetes onset were not available for all patients (available n in brackets). 

 HNF4A 

(n=27) 

HNF1B 

(n=21) 

GCK MODY 

(n=329) 

HNF1A 

(n=139) 

T1D 

(n=49,299) 

T2D 

(n=1,053) 

p1 p2 p3 p4 

HbA1c (%) at diagnosis 6.9 (6.4-9.0) 7.0 (6.0-12.6) 6.3 (6.0-6.5) 6.8 (6.0-8.0) 9.5 (7.7-11.6) 7.1 (6.0-9.5) <0.001 n.s. <0.01 n.s. 

HbA1c (mmol/mol) 51.9 (46.4-

74.9) 

53.0 (42.1-114.2) 45.4 (42.1-47.5) 50.8 (42.1-

63.9) 

80.3 (60.7-103.3) 54.1 (42.1-80.3) <0.001 n.s. <0.01 n.s. 

C-peptide at diagnosis 

(ng/ml) 

1.8 ± 0.4 1.5 ± 0.5 1.8 ± 0.2 2.7 ± 0.7 0.9 ± 0.02 4.4 ± 0.5 <0.01 n.s. n.s. n.s. 

% of patients with 

insulin therapy 

48.1 71.4 11.6 48.2 93.9 29.8 <0.00001 n.s. <0.0001 <0.001 

Insulin dosage (IE/kg/d) 0.3 ± 0.1 0.7 ± 0.1 0.4 ± 0.1 0.5 ± 0 0.6 ± 0 0.5 ± 0.0 <0.001 n.s. n.s. n.s. 

Values are expressed as medians with interquartile ranges (25th–75th percentile), as means ± standard error, or as percentage of cases. T1D, type 1 diabetes; T2D, type 2 

diabetes; HbA1c, hemoglobin A1c; GCK, glucokinase. p1 compares HNF4A to T1D, p2 HNF4A to T2D, p3 HNF1B to T1D and p4 HNF1B to T2D; the stated p-values are 

unadjusted. 
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Table 3. Logistic regression analysis, given as odds ratio (OR) in favor of the respective MODY 

subtype vs. T1D/T2D for each variable at diabetes diagnosis. 

 HNF4A vs. T1D HNF4A vs. T2D HNF1B vs. T1D HNF1B vs. T2D 

 OR 

 (95% CI) 

p OR 

 (95% CI) 

p OR 

 (95% CI) 

p OR 

 (95% CI) 

p 

Age (OR for each 

year increase) 

1.3 (1.2-1.5) <0.0001 0.9 (0.8-1.1) n.s. 1.4 (1.2-1.6) <0.0001 1.0 (0.8-1.2) n.s. 

Male sex (vs. female) 0.4 (0.1-0.9) <0.05 0.6 (0.2-1.7) n.s. 0.7 (0.3-1.8) n.s. 1.1 (0.4-3.0) n.s. 

HbA1c (OR for each 

percent increase) 

0.7 (0.6-0.9) <0.01 0.8 (0.6-1.0) n.s. 0.8 (0.7-0,97) <0.05 0.9 (0.7-1.1) n.s. 

BMI-SDS (OR for 

each SDS increase) 

1.6 (1.2-2.2) <0.01 0.4 (0.3-0.6) <0.0001 1.6 (1.2-2.2) <0.01 0.4 (0.3-0.6) <0.0001 

Insulin treatment 

(yes vs. no) 

0.04 (0.02-0.1) <0.0001 5.1 (1.6-16.1) <0.01 0.1 (0.0-0.3) <0.0001 8.6 (2.4-30.8) <0.001 
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Figure 1. Percentage of patients with HNF4A-MODY/ HNF1B-MODY, T1D or T2D and insulin 

therapy, or exclusive lifestyle/ OAD therapy. Insulin was most frequently used in patients with T1D 

(p<0.00001 vs. HNF4A- and HNF1B-MODY), and exclusive lifestyle therapy or OADs only were 

more frequently used in HNF4A-MODY and HNF1B-MODY (p<0.00001 vs. T1D). 

 


