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Introduction 

Differentiation of Types of diabetes has a long and still uncompleted 
history. After an era of regarding diabetes as a homogeneous disease, 
1907 brought its differentiation into an acute and a chronic form. Over 
subsequent years criteria applied to the differentiation of diabetes 
were changing. The division in force at the moment dates back to 1999 
and it differentiates four types of diabetes, that is Type 1 diabetes, Type 
2 diabetes, other specific types of diabetes, and gestational diabetes 
mellitus.

The introduction of immunological and genetic tests broadened 
the possibilities of diagnosing mechanisms of glucose metabolism 
disorders. This is responsible for the fact that the breakdown of 
types of diabetes adopted so far has been becoming less and less 
legitimate. Still, it is a breakdown in force today [1]. Nevertheless, over 
subsequent years we should expect a revision of this classification [2-
5]. In the everyday practice, when the diagnosis of diabetes is based 
on the clinical picture and basic laboratory tests, the determination 
of the type of diabetes is often erroneous [6]. According to many 
authors, after some time in numerous cases it is necessary to verify 
the initially determined type of diabetes. It refers particularly to 
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young adults. Correct diagnostics taking into account etiological 
indicators allows for a more precise determination of the type of 
diabetes, and consequently also the selection of the correct therapy 
[7]. Individual types of diabetes are triggered by different mechanisms 
leading to these disorders. The knowledge of these mechanisms leads 
to therapeutic decisions. Naturally, one should take into account that 
performing state-of-the-art diagnostics entails an increase of costs of 
the diagnostic process. There are, however, many elements which may 
be used in the initial diagnostics without any significant cost increase. 

Medical History

This stage covers an assessment of the following elements:

−	 Dynamics of the development of symptoms of the disease,

−	 Occurrence or non-occurrence of obesity,

−	 The patient’s age,

−	 Positive history of diabetes in the patient’s family,

−	 Observation of insulin demand. 

Rapid accumulation of clinical symptoms is suggestive of 
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autoimmunological diabetes. This refers predominantly to adolescent 
patients with the ‘classical’ Type 1 diabetes. This process develops a 
bit more slowly in LADA diabetes, where the course of the process of 
autoimmune destruction of the β cells is fluctuate. 

The occurrence or non-occurrence of obesity could be a certain 
indicator in the process of differentiating the types of diabetes. In 
Type 1 diabetes, LADA diabetes, and MODY diabetes, overweight is 
usually not present as of the moment of its diagnosis. 

The occurrence of overweight, especially significant obesity, is 
characteristic for Type 2 diabetes. A diversified picture may refer to 
the group of secondary diabetes.

The age at which diabetes reveals itself may constitute a certain, 
although not final, indicator. Early manifestation of diabetes may refer 
to the ‘classical’ Type 1 diabetes, monogenic diabetes, as well as certain 
forms of secondary diabetes. In our latitude, rarely do we deal with 
Type 2 diabetes in young patients. 

A positive family history of diabetes is very characteristic for 
monogenic diabetes, whereas in such cases it is principally on one 
side only. A positive family history on both sides is frequent in Type 2 
diabetes. In autoimmune diabetes (Type 1 and LADA) such a family 
history is relatively rare. 

The insulin demand can also constitute a certain indicator 
suggestive of the level of destruction of the β cells and insulin 
resistance. 

Laboratory Diagnostics 

In the laboratory tests, besides the routine monitoring of 
glycaemia, the content of sugar and acetone in urine and the level of 
glycated hemoglobin HbA1c, the possibility of determining the level 
of c-peptide is essential. The concentration of C-peptide in serum 
is used in the diagnostics of the efficiency of pancreatic islets in 
terms of insulin production [8-12]. Serum C-peptide concentration 
illustrates the function of β cells and is useful in differentiating types 
of diabetes [13, 14]. In the Type 1 diabetes, the concentration of 
C-peptide gets rapidly reduced and it is usually clearly lowered as of 
the clinical manifestation of diabetes. A different picture is presented 
by the level of C-peptide in the latent autoimmune diabetes of adults 
(LADA). Here the initial level of C-peptide as of the moment of the 
diagnosis is usually lowered, but it can be normal; the glucagon test, 
however, demonstrates the lack of the physiological increase of this 
level [15-17]. In Type 2 diabetes the level of C-peptide is usually 
elevated, especially in the early period. It is connected with the usually 
significant insulin resistance that accompanies this form of diabetes 
[18]. The level of C-peptide in this form of diabetes can get reduced 
in later stages of the disease, when the secondary insufficiency of 
the β cells occurs. In other forms of diabetes the level of C-peptide 
may be different. It depends on mechanisms that lead to the disease 
development. In monogenic diabetes the level of C-peptide is correct 
[19-21]. The determination of autoantibody titers is another very 
important indicator in the differentiation of diabetes types. Often 
precise differentiation of the form of diabetes requires immunological 
tests. At this stage these tests should be recognised as a routine in 

most cases [22- 25]. Antibodies against the antigens of pancreatic 
islets are connected with the development of autoimmune diabetes. 
This category covers the ‘classical’ Type 1 diabetes, but also the slowly 
developing latent autoimmune diabetes in adults (LADA) [26, 27]. 
The diagnostic sensitivity of GADA and IA-2 depends on the subjects’ 
age – at the same level of specificity. In patients aged below 40 the 
determination of the GADA antibodies is more useful, and in older 
patients – the determination of the IA-2 antibodies is more beneficial. 
Confirmation of a high titre of autoantibodies against the structures of 
pancreatic islets decides about diagnosing diabetes with autoimmune 
etiology (Type 1 diabetes, LADA). In Type 2 diabetes an elevated 
titre of antibodies is sometimes detected, as well; nevertheless, it is 
usually much lower than in diabetes with autoimmune aetiology and 
it usually soon disappears. Recently, many authors pay attention to 
the diverse picture of LADA diabetes. This applies to both the clinical 
picture and treatment options [28, 29]. One of the ideas is to link this 
diversity with the patient’s age at the time of LADA diabetes [30]. 
The assessment of the presence of autoantibodies is also useful in the 
differentiation of autoimmune diabetes and Type 2 diabetes in the 
elderly [31]. Studies in a group of 1,114 patients with LADA diabetes 
have shown that the type of autoantibodies is important. Presence 
of N-terminally truncated GAD65 autoantibodies is associated with 
the need for early implementation of insulin therapy [32]. In MODY 
diabetes the absence of the antibodies is recognised as a principle. 
It is established, however, that the presence of the antibodies in the 
group of monogenic diabetes may result from the presence of genetic 
defect of the β cell, as well [33]. Sometimes the final diagnosis requires 
that genetic tests are run. If the presence of the autoantibodies is not 
detected in young patients with mild course of diabetes, the suspicion 
of monogenic diabetes becomes very likely. Most frequently diagnostic 
errors concern young adult patients. 

Case Studies 

Several cases are presented to illustrate the diagnostic dilemmas. 

1.	 A 25-year-old female patient, without obesity, with a negative 
family history of diabetes. In the patient history there was a persistent 
inflammation in the urethral fossa, vagina, and vulva, treated with 
no success. Due to deterioration of her health condition, increased 
thirst, and increased diuresis, the patient was admitted to hospital. 
At admission, the level of glucose in the blood serum was 425 mg/
dl (23.47 mmol/l), pH 7.4, creatinine 60 µmol/l. After administering 
insulin the level of glucose in blood was reduced to 225 mg/dl (12.74 
mmol/l). The insulin treatment was ceased, metformin was started 3 
x 500 mg. The level of C-peptide was determined to be 0.87 mg/l. The 
patient was discharged home on the fourth day of observation with a 
recommendation of a follow-up visit in the Primary Care Outpatient 
Clinic. The type of diabetes was not determined. Recommendations 
included a diet and metformin therapy. During the first days after the 
discharge, with a strict diet and the prescribed doses of metformin, the 
glucose levels in self-management oscillated within the range of 127-
192 mg/dl (7.05 – 10.7 mmol). The patient was referred to diabetes 
consultation. Due to the suspicion of the diagnosis of LADA diabetes, 
the autoantibodies tests was recommended, in which a very high titre 
of a/GAD was detected: 1080 IU/ml. This confirmed the diagnosis 
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of LADA diabetes. Lantus insulin in 4 units was prescribed and self-
control was recommended. 

2.	 A 36-year-old male patient, without obesity. At the age of 31 
the patient was diagnosed with Type 2 diabetes, treated with insulin 
of short effect, and then with sulfonylurea derivatives. After 5 years 
after the diagnosis there was a deterioration of the general health 
condition, the patient was referred to diabetic consultation. Due to the 
suspicion of the diagnosis of LADA diabetes, intensive insulin therapy 
was administered. The level of C-peptide was 1.26 ng/ml; a/GAD > 
2000 IU/ml, HbA1c 11.5%. Ophthalmological consultation revealed 
the occurrence of retinopathy. The suspicion of the diagnosis of LADA 
diabetes was confirmed. 

3.	 A 28-year-old patient, with normal body weight. At the 
age of 25 he was diagnosed with Type 2 diabetes and a metformin 
preparation was prescribed. After 3 years, due to the deterioration 
of the general health condition, the patient was referred to diabetes 
consultation. During the consultation the level of HbA1c was 11.31%. 
On the basis of the clinical picture, LADA diabetes was diagnosed. 
Intensive insulin therapy was started. The results of the remaining 
tests confirmed the diagnosis: C-peptide 0.78 ng/ml; a/GAD 140 IU/
ml.

4.	 A 42-year-old male patient, without obesity. At the age of 
39 he was diagnosed with Type 2 diabetes. Concentration of glucose 
in blood was 400 mg/dl; HbA1c 9.3%. Insulin therapy was started. 
After reaching improvement in the test results, the insulin therapy was 
stopped and metformin and a sulfonylurea derivative was prescribed. 
After a year pharmacotherapy was stopped. 3 years after the diagnosis, 
due to the deterioration of his general health condition the patient 
was referred to diabetes consultation. Due to the suspicion of LADA 
diabetes, insulin and diet therapy was started. The tests performed 
confirmed the diagnosis of LADA diabetes. Level of C-peptide 0.69 
ng/ml; a/GAD >2000IU/ml.

5.	 A 37-year-old female patient with diabetes diagnosed as 
Type 2 diabetes, for three years treated with insulin mixtures. The 
patient chronically unbalanced HbA1c 84%. During the diabetes 
consultation a revision of the diagnosis was performed. The tests 
performed detected a low level of C-peptide 0.1 ng/ml; a high titre of 
the autoantibodies a/GAD 1251.94 IU/ML, which enabled to diagnose 
autoimmune LADA diabetes. A high titre of a/TPO 339.1 IU/ml and 
an elevated titre of parietal cell antibodies. Intense insulin therapy was 
prescribed, with the administration of analogue insulins. 

Discussion

In research carried out over recent years it was demonstrated that 
5-10% of diabetes diagnosed after the age of 35 as Type 2 diabetes 
is in fact LADA diabetes [2, 34, 35]. Analysis of cases qualified as 
LADA diabetes confirms the need to perform a thorough analysis 
of glucose homeostasis disorders in patients aged 25-55, especially 
in patients without obesity and without a positive family history 
of diabetes [36-38]. A factor that is decisive for the differentiation 
process is the assessment of the titre of antibodies. An early correct 
diagnosis of LADA diabetes and starting insulin therapy is extremely 
important due to the improvement of the metabolic control, as well 

as due to the fact that there is much evidence that apart from the 
substitution activity, insulin has also immunomodulating activity, 
influencing the inhibition of the process of destruction of pancreatic 
islets [39- 42]. The use of sulfonylurea derivatives in such patients is 
very disadvantageous, and it often results from a wrong diagnosis. 
In this age group it must be borne in mind that there can also occur 
monogenic forms of diabetes, predominantly MODY diabetes [43-
47]. Monogenic forms of diabetes are mainly associated with juvenile 
patients. Nevertheless, one needs to bear in mind that MODY diabetes 
can manifest itself in adults, in families where such a diagnosis has 
never been given before. Genetic tests are crucial in diagnosing 
MODY diabetes [48, 49]. However, it may also be useful to analyze 
other markers, including C-peptide levels, compared to clinical 
picture analysis [50, 51]. Type 2 diabetes is the form of diabetes that 
is still most often routinely diagnosed in adults, especially when the 
course of the disease is relatively mild [52]. The most common form is 
MODY2, which is a result of a mutation of the glucokinase gene, and 
MODY3 occurring due to a mutation in the HNF-1α gene, which is 
a transcription factor subjected to expression in pancreas, liver, and 
kidneys [53]. A rare form of diabetes is MODY5, related to a mutation 
in the HNF1B gene [54-56]. This issue has been discussed in earlier 
publications. They present cases where MODY diabetes was diagnosed 
[57, 58]. From amongst the four patients presented therein, in two 
patients the MODY3 type diabetes was diagnosed, MODY2 diabetes 
was diagnosed in one female patient, and in one male patient a rare 
form of MODY5 was detected. This publication also presents results 
of a discussion devoted to recommendations for genetic diagnostics in 
these syndromes. 

Summary

To conclude, it should be once again emphasized how important 
the correctness of diagnosis of the diabetes pathogenesis is. This is 
decisive for the administered therapy. The most errors in the correct 
diagnosis pertain to the group of young adult patients. These errors 
result from the assessment of the patient’s history and phenotype that 
is not thorough enough. A serious source of mistakes is neglecting the 
test of the level of C-peptide, as well as of the titre of anti-pancreatic 
antibodies, predominantly GAD. It should be remembered that in 
this age group all types of diabetes can occur. A wrong diagnosis of 
Type 2 diabetes in cases of diabetes with the autoimmune etiology is 
particularly frequent. However, it should be also borne in mind that 
it is possible that monogenic diabetes will manifest itself, too. First 
secondary diabetes must be always ruled out.
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