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Abstract.  Background: The term double diabetes or “Hybrid Diabetes (HD)” describes diabetes with 
combined features of type 1 and type 2 diabetes (T2DM). Typically, HD is characterized by insulin resistance, 
obesity, and the presence of markers of β-cell autoimmunity. Differentiating HD from other forms of diabetes 
is important for a better understanding of the disease process and course, as well as for an appropriate man-
agement plan to prevent future complications.  Patients and Methods: We report the clinical and biochemical 
characteristics of 7 children with HD and the course of their disease including the response to treatment. 
The data were compared to 59 children with a diagnosis of T2DM. Variables examined included age, height, 
weight, body mass index (BMI), triglycerides (Tg), high-density lipoprotein (HDL), and blood pressure. The 
Weiss criteria were used to diagnose metabolic syndrome (MetS). The atherogenic index of plasma (AIP) 
was calculated from the standard lipid profile. Four autoantibodies against pancreatic β-cell were measured 
in all patients. Results: Significant clinical and biochemical differences were detected among children with 
HD versus T2DM. The mean BMI of children with T2DM was significantly higher than for the HD group. 
At presentation, the mean C peptide level was significantly lower in HD versus T2DM group and 28% pre-
sented with diabetic ketoacidosis (DKA). The percentage of those with full criteria of MetS was significantly 
higher in T2DM versus HD group as well as the percentage of children with high atherogenic index. After a 
mean duration of 2.3 months from diagnosis, 4/7 of HD patients stopped insulin therapy and 3 patients had 
a marked reduction in the insulin requirement. During the follow-up (after 15 ±5 months), 5/7 HD patients 
required an increase in their insulin dose, one was controlled on a markedly low dose of basal insulin and the 
last patient did not require any insulin therapy for 40 months. Conclusion: Classifying a clinical condition is 
very important in disease diagnosis and treatment as it can guide clinicians to translate scientific understand-
ing to clinical practice. Appropriate assessment of HD is necessary for early and correct diagnosis. Increasing 
awareness of HD among the general population and primary care practitioners is necessary for successfully 
and properly treating this complex disease. (www.actabiomedica.it) 
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Introduction

The term double diabetes or “Hybrid Diabetes 
(HD)” is a new term that emerged in the last few 
years to describe diabetes with combined features of 
type 1 (T1DM) and type 2 diabetes (T2DM). It is 
characterized by the occurrence of hyperglycemia in 
children and young adolescents with the combina-
tion of markers typical of both T1DM and T2DM. 
Typically, HD is characterized by insulin resistance, 
obesity, and the presence of markers of β-cell autoim-
munity. Family history for T2DM and T1DM may 
be also present (1).

The ‘accelerator hypothesis’ argues that T1DM 
and T2DM are one and the same disorder, but distin-
guishable by the measure and tempo of three accelera-
tors, one being intrinsic and two being acquired (2). 
The accelerators include β-cell death, insulin resist-
ance, caused by weight gain, visceral fat and sedentary 
lifestyle, and β-cell autoimmunity (immune damage), 
driven by genetic factors (2,3).

A large epidemiological survey has shown that a 
total of 25.5% of patients suffering from T1DM ad-
ditionally present a metabolic syndrome (4,5). In an-
other study, including 200 patients with youth onset 
diabetes, 7% were categorized as HD (6).

Unlike T1DM and T2DM, there is no consensus 
on the therapeutic modalities for HD (7).

Differentiating HD from other forms of diabe-
tes is important for a better knowledge of disease and 
course process, and for appropriate management in or-
der to prevent future complications (8-10).

The clinical characteristics of children with HD 
have not fully described. The main aim of the present 
study is to report the clinical and biochemical data of 
children with HD and to compare their characteristics 
to those with T2DM.

Patients and Methods

The clinical and biochemical characteristics of 7  
children (10.8 ± 0.98 years) with HD were compared 
to 59 children diagnosed as T2DM (age range: 7 -18 
years) at the Department of Pediatric Endocrinology, 
Hamad General Hospital, Doha (Qatar).

Variables examined included: age, height, weight, 
body mass index (BMI), triglycerides (Tg), high-
density lipoprotein (HDL), and systolic and diastol-
ic blood pressure (SBP and DBP). The diagnosis of 
metabolic syndrome (MetS), based on Weiss criteria, 
included the following five criteria: (a) an elevated 
TG level >95th percentile (age, sex and race specific), 
(b) a reduced HDL-C level < 5th percentile(age, sex 
and race specific) , (c) a raised BP > 95th percentile 
(age, sex and height specific), (d) an impaired glucose 
tolerance(ADA criteria), and (e) BMI z score >2(age, 
sex specific) (11). The atherogenic index of plasma 
(AIP) was calculated from the standard lipid profile. 
Hypertension was defined as SBP or DBP in the 95th 
percentile or greater for sex, age, and height.

Four autoantibodies against pancreatic β-cell 
were measured in all patients. These included islet cell 
antibodies (ICA), antibodies to glutamic acid decar-
boxylase (GAD-65), insulin autoantibodies (IAA), 
and protein tyrosine phosphatase (IA-2A) (12). Pan-
creatic autoimmunity was defined as at least one of 
four autoantibody-positive results.

Results 

At presentation, all children with HD were obese, 
with a mean BMI standard deviation score (SDS) 
of 2.73 ± 0.58.  5/7 had acanthosis nigricans (AN), 
6/7 had a family history of DM (T1DM: 3 patients, 
T2DM:1 patient, and gestational diabetes: 1 patient).  
A greater proportion of patients was female (Table 1).

Two patients resulted positive for 2 pancreatic 
β-cell autoantibodies, 3 patients for 3 autoantibod-
ies, and two patients for all autoantibodies. The most 
prevalent autoantibody was the anti-GAD-65 (all pa-
tients). The mean glycated hemoglobin (HbA1c) at 
diagnosis was 10.6 ± 2.1%. 

At diagnosis, 4/7 patients presented with the clas-
sical symptoms of polyuria, polydipsia, and weight loss 
along with hyperglycemia. Two patients had moderate/
severe diabetic ketoacidosis (DKA) and one patient 
presented with ketosis and polyuria. In all patients, 
insulin treatment was started at diagnosis associated 
with lifestyle modification and 5/7 patients received 
metformin in the first week after diagnosis. 



Acta Biomed 2021; Vol. 92, N. 5: e2021511 3

After a mean duration of 2.36 months from diag-
nosis, 4/7 patients did not require insulin treatment, and 
the other 3 patients had a marked reduction of insulin 
dose requirement (less than 0.2 unit/kg/day) to attain 
good glycemic control. After 15 ± 5 months, insulin 
treatment was restarted or increased in 5 patients, one 
was still controlled with a markedly low dose of basal in-
sulin (0.06 unit/kg/day) and the last patient did not re-
quire any insulin therapy for the subsequent 40 months.  

In the first 2 months, after diagnosis, the mean 
BMI SDS decreased from.2.8 ± 0.45 to 2.39 ± 0.5, 
with a mean delta change of -0.34SDS. The mean 
HbA1c also decreased, two months after diagnosis, to 
6.3± 0.7% (Table 2). 

The comparison between children with HD ver-
sus those with T2DM is presented in table 3. The age 

at presentation did not differ between the 2 groups. 
The mean BMI SDS of T2DM was significantly high-
er compared to the HD group (p= < 0.04). None of 
the T2DM patients presented with DKA, while 28% 
of children with HD presented with DKA.  No sig-
nificant difference among the two groups was found 
regarding family history of DM, presence of AN, 
polyuria, and polydipsia or HbA1c concentration. The 
mean C peptide level at presentation was significantly 
higher in the T2DM versus HD group (p= 0.01). The 
percentage of patients with full criteria of MetS was 
significantly higher in the T2DM versus HD group 
and the percentage of children with high atherogenic 
index was significantly higher in the T2DM versus 
HD (Table 3).

Table 1. Clinical characteristics, at presentation, in 7 children with hybrid diabetes (HD). 

Case 
(no)

Age
(yr)

BMI 
SDS

Presence 
of acanthosis

nigricans

Family 
history of 

DM

At
presentation

C-peptide 
(nmol/L)

Numbers of
β-cell antibodies

(no.)

Hb A1c
%

1 12 2.37 no Type 1 DM Hyperglycemia 1.24 2 10.6

2 10 2.5 yes GDM DKA 3

3 11.2 3.56 no Type 2 DM Hyperglycemia 0.92 4 12.9

4 11 2.12 yes Type 1 DM Hyperglycemia 3.94 3 9.7

5 9.3 2.31 yes None Hyperglycemia 3 8.7

6 10.9 3.51 yes Type 2 DM DKA 0.41 3 8.5

7 10.8 2.77 yes Type 2 DM Hyperglycemia + 
mild ketosis

0.59 2 13.4

Abbreviations and reference value = BMI: body mass index; GDM: gestational diabetes mellitus; DM: diabetes mellitus; DKA: 
diabetic ketoacidosis; C-peptide normal fasting range values: 0.26-0.62 nmol/L. 

Table 2. Follow up data in 7 children with hybrid diabetes (HD) showing their prolonged honeymoon period and their requirements 
of insulin and metformin during this period. 
Case no Duration before 

stopping insulin 
or significant 

reduction 
of dose

First BMI  
SD after 
therapy

Delta 
BMI SD

HbA1c
% after
therapy

Duration off 
insulin/or 

on basal only
(months)

(honeymoon?)

Insulin required 
kg/day during 

honeymoon

Insulin 
upgrade 

needed after 
honeymoon

Metformin 
dose

mg/day

1 8 months 1.82 -0.55 5.5 11 0.06 No 500

2 2 weeks 2.18 -0.32 6 10 0 Yes 2000

3 2 months 2.93 -0.63 6.2 12 0 Yes 1500

4 4 months 2.11 -0.01 6.4 8 0.13 Yes 500

5 2 weeks 1.96 -0.35 6.3 15 no Yes 1000

6 2weeks 3.25 -0.26 7.8 9 0.2 yes 1500

7 1 month 2.48 -0.27 6 40 0 No 1500
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Discussion

The current classification of DM is primarily 
based on etiology and includes T1DM, T2DM, gesta-
tional diabetes, and other types of DM. Traditionally, 
T1DM is a condition that affects lean children or ado-
lescents, and young adults. Clinical and pathophysi-
ological characteristics of T1DM and T2DM in the 
same patient have been designated as HD. Increasing 
clinical evidence is emerging that highlights marked 
overlap between these two diabetic conditions (13). 
Therefore, the current classification of diabetes into 
two distinct diseases likely does not reflect the true na-
ture of most cases (13,14). 

“Hybrid Diabetes” is a new term that has been 
used just in the last few years to describe diabetes 
with combined features of type 1 and type 2 diabe-
tes at presentation. This newly a recognized subtype of 
diabetes has special characteristics that differentiate it 
from other types of diabetes. HD is not a simple, sin-
gle clinical entity, but comprises a rather broad, mixed 
range of complex pathophysiological disease features, 
including impaired immunity, insulin resistance, envi-
ronmental, and lifestyle (3, 5-7).

A number of relevant findings emerged from 
our study: (a) children with HD were less obese, and 

presented a higher risk to develop DKA compared to 
T2DM patients; (b) children with HD (positive au-
toantibodies) had lower C peptide level compared to 
those with T2DM (negative autoantibodies); (c) the 
prevalence of MetS in children with HD was sig-
nificantly lower compared to those with T2DM, and 
(d) the combination of lifestyle modification, insulin 
and/or metformin treatments were successful to attain 
good metabolic control. 

Although our preliminary results denoted early 
improvements of insulin resistance and/or endogenous 
insulin secretion, a question still remains open “does 
this improvement represent a long honeymoon period 
in a patient with relative insulin deficiency or this is 
due to the reversal of glucotoxicity on β-cell function 
during insulin plus metformin treatment”? 

As our patient, Braham et al. (15) described a 
group of 92 HD patients who presented with hyper-
glycemia, high BMI, and high fasting C peptide. Their 
age at diagnosis (15.1 ± 6.4 years) was older than our 
patients. A total of 41% of their study population pre-
sented with DKA and 61% presented a positive fam-
ily history of DM. 64% of them were overweight or 
obese. Moreover, 92% of their patients were started on 
insulin therapy at the time of diagnosis. During the 
follow-up (mean: 3 years), only 32% required insulin, 

Table 3. Comparison between 59  children with type 2 diabetes mellitus (T2DM) versus 7 children with hybrid diabetes (HD). 

 Hybrid Diabetes Type 2 diabetes mellitus p value

 Number 7 59 --

Age at presentation (yr) 10.8 11.28 0.50

Male: Female ratio 0.71 0.37 <0.0001

BMI SDS 2.8 4.5 0.04

Acanthosis nigricans (%) 71 90 0.16

Family history of diabetes mellitus (%) 85.7 87 0.29

Polyuria/polydipsia (%) 57.1 78 0.22

Ketosis no acidosis (%) 14.2 22 0.64

Diabetic ketoacidosis (DKA;%) 28.6% 0% < 0.00001

C-peptide level (nmol/L) 1.42 3.88 0.01

Pancreatic β-cell antibodies positivity (%) 100 0 <0.0001

HbA1c at diagnosis (%) 10.6 10.0 0.61

HbA1c after 15 ± 5 months (%) 9.8 8.9 0.3536

High low-density lipoprotein (LDL) (%) 28.5 51.5 < 0.00001

Hypertension (%) 28.5 33.3 0.8063

Metabolic syndrome (%) 42.8 80 <0.0001
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and 78% were on treatment with metformin alone or 
associated with insulin. 

For decades it has been reported that relieving 
hyperglycemia can itself improve insulin secretion and 
restore metabolic control, at least temporarily. In ad-
dition, targeted anti-inflammatory therapy using an 
IL-1β antagonist, and GLP-1 receptor agonists have 
demonstrated that β-cell dysfunction can be reversed 
temporarily. However, the durability of these effects 
following therapy withdrawal remains challenging 
(16-18).

Most of our HD patients, after the first 15 ± 5 
months of treatment, required re-initiation or increas-
ing insulin doses despite having lower or similar BMI 
SDS compared to their values at diagnosis, suggest-
ing a deterioration of endogenous insulin secretion. 
Interestingly, all our patients with HD had 2 or more 
β-cells autoantibody-positive at presentation with C-
peptide ranging between 0.6 to 3.94 nmol/L (mean = 
1.42 nmol/L; normal range values: 0.26-0.62 nmol/L).  

Pancreatic islet autoantibodies are thought to in-
dicate a progressive autoimmune disease in the β-cells 
associated with a gradual decrease in insulin secretion.  
In autoimmune diabetes, Torn et al. (19) found that a 
low C-peptide level (below 0.25 nmol/L) and a high 
GAD-65 at diagnosis were risk factors for a decrease 
in β -cell function. The levels of other autoantibodies 
(ICA or IA-2A or IAA) or factors such as age, BMI, 
or gender were of no prognostic importance for the 
course of β-cells function.

Several pieces of evidence indicate that individu-
als who display features of HD are at higher risk of de-
veloping future diabetes complications, independently 
of average glucose control, measured by HbA1c con-
centrations (4,20,21). In our study, the prevalence of 
MetS was significantly lower compared to those with 
T2DM. Moreover, our patients had a significantly 
lower occurrence of AIP, which is one of the strong-
est markers in predicting the cardiovascular disease 
risk (CVD) (22), and a lower occurrence of increased 
LDL compared to those with T2DM. Nevertheless, 
attention should be paid to the management of these 
patients and long-lasting follow-up is needed before 
definitive conclusions.  

In conclusion, HD is a distinct subtype of DM 
characterized by the co-existence of the etiologic pro-

cesses of autoimmunity and the peripheral defects in 
insulin signaling. Its recognition might facilitate more 
tailored approaches to treatment, clinical care, and fol-
low-up, as well as help minimize the development of 
chronic complications.  Classifying a clinical condition 
is very important in disease diagnosis and treatment 
as it can guide clinicians to translate scientific under-
standing to clinical practice.
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