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ABSTRACT 

Maturity- onset diabetes of the young (MODY) is a monogenic form of T2D which is 

associated with pancreatic β-cell dysfunction. Characteristics of MODY diabetes remain 

unknown in Tunisia. We aimed in this study to evaluate the likelihood of MODY and the risk 

of developing complications related to diabetes in Tunisian patients. Clinical and biological 

features were used to select patients with strong suspicion of MODY from 450 T2 diabetics 

and to segregate likely GCK-MODY 2 from likely TF-MODY patients. HbA1c, C-peptide, 

hs-CRP and lipid profile were determined. Likely GCK-MODY 2 patients were predominant 

(36.92%). The prevalence of HNF1A-MODY 3 was 18.46%. No significant differences was 

found for the HDL, Lp (a) and the ratio Apo A/Apo B (p=0.104, p=0.223, p=0.14 

respectively) comparing likely GCK-MODY 2 subjects with controls. Values   of HDL-

cholesterol showed also no significant differences between likely TF-MODY patients and 

controls (p=0.215). As for Caucasian population, mild phenotype was observed for likely 

GCK-MODY patients. Likely TF-MODY patients seemed to be at high risk of developing 

complications related to diabetes. This study was the first to give preliminary prevalence of 

MODY in Tunisia. Results must be confirmed by future molecular studies. 

INTRODUCTION 

Maturity onset diabetes of the young 

MODY (MIM # 606391) is the most 

common form of monogenic diabetes 

which is clinically and genetically 
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heterogenic [1]. MODY is non insulin 

dependent diabetes classically defined as 

autosomal dominant inheritance, young age 

at onset (usually before 25 years of age), Ɓ- 

cell dysfunction, continued secretion of 

endogenous insulin and absence of 

pancreatic autoimmunity markers [2]. To 

date, the MODY phenotype has been 

reported to be linked with mutations within 

13 different genes: HNF4A (MODY1), 

GCK (MODY2), HNF1A (MODY3), 

PDX1 (MODY4), HNF1B (MODY5), 

NEUROD1 (MODY6), KLF11 (MODY7), 

CEL (MODY8), PAX4 (MODY9), INS 

(MODY10), BLK (MODY11) and very 

recently ABCC8 (MODY12) and KCNJ11 

(MODY13) [3-5]. However, only four 

genes (GCK, HNF1A, HNF4A and 

HNF1β) are frequently involved in clinical 

practice [6]. MODY subtypes often differ 

in age at onset, hyperglycemia model and 

the association of extarpancreatic 

manifestations [7]. MODY is responsible 

for around 5% of all cases of diabetes [8]. It 

´s often misdiagnosed as type 1 or type 2 

diabetes. In fact, it is estimated that close to 

5% of the individuals classified as having 

type 2 diabetes (T2D), and about 10% of 

those considered type 1 diabetes (T1D), are 

actual carriers of a MODY mutation [9]. 

GCK and HNF-1A MODY are the most 

frequent cause of MODY, accounting for 

approximately 70% of cases in all 

population studied. The reported 

prevalence of these two causes varies 

across countries due to different 

recruitment strategies for genetic testing. 

Indeed, blood glucose screening in young 

and asymptomatic individuals will identify 

a higher proportion of GCK mutations [10].  

Correct diagnosis of monogenic diabetes 

can predict the clinical course of the 

patient, explain other associated clinical 

features and most importantly guide the 

most appropriate treatment. Patients with 

GCK mutations usually require no 

treatment, whiles those with HNF1A and 

HNF4A  mutations are initially well 

controlled on sulphonylurea tablets [11]. 

Classic clinical criteria for diagnosing 

MODY are age at onset before 25 years, 

parental history of diabetes (autosomal 

dominant inheritance and presence of the 

disease in at least three consecutive 

generations) and evidence of endogenous 

insulin secretion [12]. Besides clinical 

criteria, several biochemical biomarkers 

has been developed to discriminate MODY 

patients from others subtypes of diabetes. 

Recently, it has been established that highly 

sensitive C-reactive protein (hs-CRP) is a 

clinically valid biomarker for HNF1A-

MODY in European populations [13].  

HbA1c showed also excellent 

discrimination between patients with a 
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GCK mutation and patients with other 

young-onset diabetes [14].  

In Tunisia, clinical, biochemical and 

molecular characteristics of MODY 

remains unknown. We use in this work 

clinical as well biological features to assess 

the likelihood of MODY, distinguish 

between those with likely GCK-MODY 2 

from those with likely transcription factors 

MODY (TF-MODY) and to evaluate the 

risk of developing complications related to 

diabetes in these patients.   

MATERIAL AND METHODS 

Study population 

We selected in this study, from a total of 

450 unrelated patients clinically classified 

T2D, 65 subjects with a strong clinical 

suspicion of MODY. They were recruited 

from the Endocrinology unit of the 

university hospital of Monastir and some 

clinical centers located in the Sahel region 

of Tunisia. Approval from the hospital 

authority and the ethic committee was 

obtained. All participants gave written 

informed consent. Criteria used by 

physicians for referring likely clinical 

MODY patients included family history of 

diabetes in at least three consecutive 

generations, an age at onset of diabetes 

before 25 years in at least one family 

member, absence of pancreatic 

autoimmunity markers (Glutamic acid 

decarboxylase (GAD) and insulin 

autoantibodies (IA2), a primary defect in β-

cell function (significant C-peptide levels) 

and a body mass index (BMI) ≤ 25 kg/m2. 

We discriminated then, patients with high 

suspicion of GCK-MODY 2 from those 

with high suspicion of TF-MODY, notably 

HNF1A and HNF4A-MODY. These are 

frequently described in clinical practice and 

have similar characteristics. Actually, 

HNF4A-MODY 1 should be considered for 

sequencing when the clinical features were 

strongly suggestive of HNF1A-MODY 3, 

but it’s sequencing is negative [1]. 

Selection criteria for GCK-MODY 2 

included Hba1c less than 7.5% as it was 

reported in previous studies that Hba1c 

showed excellent discrimination between 

GCK-MODY 2 patients and other young 

onset diabetes patients [14-15]. Diagnosis 

associated with pregnancy, management of 

the diabetes only with diet and exercises 

and absence of microvascular 

complications were also considered in our 

selection criteria. Hs-CRP levels less than 

0.5 mg/L as well as sensitivity of patients 

to sulfonurea treatment were criteria used 

to detect patients with high suspicion of 

HNF1A-MODY 3. Additionally, a group of 

50 unrelated non-diabetic controls was 

added to our study.  

Laboratory methods 

Blood tests were performed in the 

biochemical laboratory of Farhat Hached 
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hospital in Sousse. Fasting glucose, 

Triglycerides, Total Cholesterol and HDL-

Cholesterol (HDL-C) were evaluated on 

Beckman auto-analyser by using 

commercial kits from Randox (Randox 

Diagnostics, Antrim, UK). LDL-C 

cholesterol was calculated using 

Friedewald's formula [16]. HbA1c, 

apolipoprotein AI (Apo AI), apolipoprotein 

B (Apo B), Lipoprotein a (Lp (a)), cystatin 

C and hsCRP were determined by 

immunoturbidimetric method (Roche 

Diagnostics, Mannheim, Germany). C-

peptide was determined by 

chemiluminiscent microparticule 

immunoassay (Abbott Diagnostics, Rungis, 

France). Anti- GADA and Anti IA2 were 

performed by ELISA at diagnosis for all 

MODY patients (Euroimmun, Luebeck, 

Germany) 

Statistics 

Data were analyzed using the IBM SPSS 

statistical software package for windows 

version 19.0 (SPSS, Chicago, IL, USA). 

Results were expressed as means ± 

standard deviation (M±SD). Analysis 

between groups was by the student t-test 

for independent variables. Significant 

differences were assumed for p value less 

than 0.05. 

RESULTS 

A total of 65 patients from 450 subjects 

classified initially as T2D (14.44%) 

satisfied the inclusion criteria of MODY. 

They were grouped according to the 

clinical and biological criteria reported in 

the literature for the subtypes of MODY, in 

likely GCK-MODY 2 (36.92%) and likely 

TF-MODY (63.08%) groups. A total of 23 

subjects of the latter group presented hs-

CRP level low than 0.5 mg/L, twelve of 

them (18.46%) were treated with 

sulphonyurea tablets. Clinical and 

biological characteristics of the study 

population are given in Tables 1 and 2.  

GCK-MODY 2 vs TF-MODY patients: 

Female were predominant in GCK-MODY 

2 (75%) and TF-MODY (58.83%) groups. 

Age at onset of diabetes was older in 

suspected GCK-MODY 2 patients than 

suspected TF-MODY patients (p = 0.008). 

BMI was lean in both groups with no 

significant differences (p = 0.582). Among 

likely GCK-MODY 2 patients, 13 women 

(54.16%) were diagnosed during their 

pregnancy, 2 (8.33%) were diagnosed on 

the time of our study, the others (37.5%) 

when glucose was screened for others 

pathologies. All patients with likely TF-

MODY presented with signs and symptoms 

of hyperglycemia, including polyuria, 

polydipsia and nocturia. Dyslipidemia was 

absent in likely GCK-MODY 2 patients, 

but not uncommon in likely TF-MODY 

ones. We noted absence of hypertention in 

both groups. Likely GCK-MODY 2 
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patients were treated with OHAs (66.67%) 

and with diet and exercise (33.33%). 

Patients with high suspicion of TF-MODY 

were treated by insulin (26.83%), OHAs 

(39.02%) and combination of insulin and 

OHAs (34.15%). 

Hba1c in likely GCK-MODY 2 patients 

was in the therapeutic target (≤ 7.5%), with 

significant differences between likely TF-

MODY subjects (7.03 ± 0.91 % vs 9.98 ± 

1.67 %; p < 10-4). Significant differences 

between the two groups have been noted 

for C-peptide levels (p < 104). 

Triglyceride, total cholesterol and LDL-

cholesterol levels were lower in  patients 

with high suspicion of GCK-MODY 2 

patients compared with those with high 

suspicion of TF-MODY (p=0.009; p=0.029 

and p=0.028 respectively). No significant 

differences were noted for HDL-cholesterol 

(p=0.187) and the ratio Apo A/Apo B 

(p=0.248) between both groups. 

Lipoprotein (a) levels were lower in likely 

GCK-MODY 2 patients than likely TF-

MODY subjects (0.16 ±0.18 vs 0.3± 0.17, 

p=10-4). For cystatin C values, no statistical 

differences were observed (p=0.124). Hs-

CRP levels were higher in patients with 

likely GCK-MODY 2 than those with 

likely TF-MODY. Values less than 0.5 

mg/L were found in 23 patients with high 

suspicion of TF-MODY, 12 of them (18.46 

%) received yet sulfonurea treatment. 

Assessing the risk of micro and 

macrovascular complications: 

Comparison between patients highly 

suspected GCK-MODY 2 and controls 

showed no significant differences for the 

following parameters: triglycerides, total 

cholesterol, HDL and LDL-cholesterol, Lp 

(a) and the ratio Apo A/Apo B (p=0.531, 

p=0.726, p=0.104, p=0.92, p=0.223, p=0.14 

respectively). However, comparison 

between the group of likely TF-MODY 

patients and that of controls showed  

significant increase in triglycerides, total 

cholesterol, LDL-cholesterol, Lp (a) and 

the ratio Apo A/Apo B levels (p<0.001, 

p=0.012, p=0.006, p<0.001 and p=0.001 

respectively). Values   of HDL-cholesterol 

showed no significant differences between 

highly suspected TF-MODY patients and 

controls (1.17 ± 0.29 vs 1.02 ± 0.21 

mmol/L; p=0.215). 

No significant differences were revealed 

for cystatin C values in likely GCK-MODY 

2 and TF-MODY patients compared with 

controls (p=0.265 and p=0.173 

respectively). 

DISCUSSION 

It is important to correctly diagnose MODY 

as it can predict the clinical course of the 

patient, explain other associated clinical 

features and most importantly guide the 

most appropriate treatment. Actually, 

clinical characteristics and basic laboratory 
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tests are established to help identify MODY 

patients. In fact, MODY is classically 

characterized by young age at onset, 

autosomal dominant family history, 

continued production of endogenous 

insulin, absence of β-cell autoimmunity and 

absence of signs of insulin resistance [6]. 

Recently, specific biomarkers were 

identified for some MODY subtypes. As an 

example the hs-CRP for HNF1A-MODY 3 

and the Hba1c for GCK-MODY 2 [14-15, 

17]. These finding were useful to identify 

in our study, from a total of 450 diabetics 

T2, 65 patients (14.44%) with the clinical 

phenotype of MODY and to classify them 

into likely GCK-MODY 2 (36.92%) and 

likely TF-MODY (63.08%) groups. In this 

group we succeeded to identify twelve 

subjects (18.46%), with a high suspicion of 

HNF1A-MODY 3.  Likely GCK-MODY 2 

and likely TF-MODY groups presented a 

predominance of female and lean BMI, 

which are variables used in an online 

probability model for assessing the 

likelihood of MODY [18]. Likely GCK-

MODY 2 patients were asymptomatic at 

diagnosis. They presented an age at onset 

lower than likely TF-MODY patients. It 

has been reported in previous studies that 

the age of diagnosis in GCK-MODY 2 

patients may vary substantially, and it 

depend very much on the time when 

glucose is screened for an unrelated illness 

or during pregnancy [19]. It has been 

reported also that HNF1A and HNF4A-

MODY subjects develop diabetes at diverse 

ages (between 10 and 40 years of age) [20]. 

In contrast to likely TF-MODY patients 

who were treated mainly by insulin or by 

combination if insulin and OHAs, no 

require of insulin therapy was observed for 

likely GCK-MODY 2 patients. These 

findings were correlated with previous 

studies showing that in consistence with 

mild phenotype, patients with glucokinase 

mutations rarely need any specific 

treatment outside pregnancy, and the 

majority (> 85%) is managed on diet alone 

[21]. As for HNF1A and HNF4A patients, 

they are initially well controlled using 

sulphonylurea tablets, although insulin 

treatment may be required later, due to the 

progressive deterioration in glycaemic 

control throughout life [22].  

Knowing the duration of diabetes is closer 

in the two groups (≈ 8 years), dyslipidemia 

and hypertension were absent in likely 

GCK-MODY 2 patients, but not 

uncommon in those with highly suspicion 

of TF-MODY. Few cases of the latter 

group developed also retinopathy. In this 

study, likely GCK-MODY 2 patients 

seemed to be at low risk of developing 

complications related to diabetes. In 

contrast, the normal HDL-cholesterol level 

observed in our TF-MODY patients does 
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not seem to be cardioprotective. In fact, the 

slight increase of Lp (a) levels and the ratio 

Apo A/Apo B gave evidence that these 

patients are at risk of developing 

macrovascular complications. Our results 

were supported by previous findings 

demonstrating that positive correlation was 

found between increased levels of Lp (a) 

and the ratio ApoA/ApoB and 

cardiovascular complications [23-24]. It 

was shown also  that  GCK-MODY 2 is not 

associated with dyslipidemia, micro or 

macrovascular complications [21, 25]. 

However, the frequency of micro and 

macrovascular complications in patients 

with HNF1A-MODY 3 and HNF4A-

MODY 1 is similar to that in patients with 

type 1 and T2D, and is related to poor 

glycemic control [26-27]. 

CONCLUSION 

Our study was based on clinical and 

biological rather than molecular criteria. 

All results were considered preliminary and 

can be only confirmed by a genetic study. 

Clinical phenotype of MODY was 

observed in 14.44% of T2D. We noted a 

predominance of GCK-MODY 2 in the 

Tunisian population, with preliminary 

prevalence of 36.92%.  HNF1A-MODY 3 

was estimated to be about 18.46%. This 

group seemed to be at risk of developing 

macrovascular complications. 
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Table 1: Clinical characteristics of study population 

 Group 1 
(n=24) 

Group 2 
(n=41) 

Controls 
(n=50) 

Gender (%): 
- Male 
- Female 

 
 25 
75 

 
41.47  
58.53 

 
44 
56 

Current age (years) 33.46 ± 10.46 32.02 ± 12.55  28.42 ± 7.55 
Age at diagnosis (years) 21.56 ± 3.1 35.06 ± 9.43 - 
Duration (years) 8.41 ± 8.12 8.19 ± 8.07 - 
BMI (kg/m2) 23.04 ± 1.7 22.79 ± 1.88 23.24±7.55 
Complications (%) 
- Dyslipidemia 
- Hypertention 
- Retinopathy 

 
0 
0 
0 

 
9.75 
7.31 
4.88 

 
- 
- 
- 

Treatment : 
- Insulin therapy (%) 
- OHAs 
-  Combination therapy (Insulin 

+ OHAs) 
- Lifestyle intervention 

 
0 

66.67 
0 
 

33.33 

 
26.83 
39.02 
34.15 

 
0 

 
- 
- 
- 
- 
- 

 
 

Table 2: Biological parameters in study population 
Biological Parameters (a) 

Group 1 
(n=24) 

(b) 
Group 2 
(n=41) 

(c) 
Controls 
(n=50) 

 
P- value 
a and b 

 
P- value 
a and c 

 
P- value 
b and c 

Fasting  glucose (mmol/L) 7.03 ± 0.91 9.98 ± 1.67 4.7 ± 0.56 < 0.001 < 0.001 < 0.001 
HbA1c (%) 6.55 ± 0.55 9.79 ±  1.54 4.84 ± 0.57 < 0.001 < 0.001 < 0.001 

C- peptide (ng/mL) 0.7 ± 0.22 0.5 ±  0.17 1.02 ± 0.25 < 0.001 < 0.001 < 0.001 
Cystatin C (mg/L) 0.73 ± 0.32 0.86 ± 0.29 0.79 ± 0.15 0.124 0.265 0.173 

Triglycerides (mmol/L) 1.05 ± 0.3 1.31 ±  0.4 1 ± 0.23 0.009 0.531 < 0.001 
Total cholesterol (mmol/L) 4.83 ±  0.86 5.36 ± 0.99 4.9 ± 0.7 0.029 0.726 0.012 
HDL-Cholesterol (mmol/L) 1.04 ± 0.35 1.17 ± 0.29 1.02 ± 0.21 0.187 0.104 0.215 
LDL-Cholesterol (mmol/L) 3.16±0.9 3.72±1.1 3.17±0.76 0.028 0.923 0.006 

Lipoprotein a (mg/L) 0.16 ± 0.18 0.3 ± 0.17 0.2 ± 0.18 < 0.001 0.223 < 0.001 
Apo lipoprotein A (g/L) 1.36 ± 0.25 1.51 ±027 1.34 ± 0.18 0.23 0.774 0.001 
Apo lipoprotein B (g/L) 1.01 ± 0.34 0.99±0.4 0.93 ± 0.25 0.893 0.315 0.403 

ApoA/ApoB 1.52±0.75 1.75±0.72 1.34±0.32 0.248 0.138 0.001 
Hs-CRP (mg/L) 1.15 ± 0.5 0.68 ± 0.6 0.98 ± 0.48 0.01 0.168 0.012 
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Patients clinically defined T2D 
(n = 450) 

T2D 

(n = 385) 

Likely MODY patients 
 Dominant inheritance 
 Young age at onset at least in one family 

member 
 Desorders of β-cell dysfunction 
 Absence of insulin resistance 
 Non insulin dependance 

(n = 65) 

Likely GCK-MODY 2 patients 
 Mild fasting hyperglycemia (5.5 - 8 mmol/L) 
 Hba1c ≤ 7.5% 
 Absence of symtoms at onset 
 Rareness of micro and macrovascular 
complications 

(n = 24) 
 

Likely TF-MODY patients 
 Progressive young onset diabetes 

 Normal levels of HDL-C 
 Sensitivity to sulphonurea at onset 

 (n = 41) 
 

Likely HNF1A-MODY 3 patients 
 Sensitivity to sulphonurea outside the 

honymoon period 
 Hs-CRP ≤ 0.5 mg/L 

 (n = 12)  
 

Others subtypes of MODY patients 
(n = 29)  

 


