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Abstract 

Background: Idiopathic type 1 diabetes mellitus (IDM) is characterized by an onset with insulinopenia and ketoaci-
dosis with negative β-cell autoimmunity markers and lack of association with HLA. The aim of the study is to compare 
the clinical and metabolic parameters, the macro and microvascular complications, the adipose tissue dysfunction 
and the insulin secretion and sensitivity indexes in patients with IDM and autoimmune type 1 diabetes mellitus (ADM) 
at clinical onset.

Methods: Thirty patients with IDM and 30 with ADM, matched for age and gender, were retrospectively analyzed. 
BMI, waist circumference, lipids, glycemia, HbA1c, insulin requirement, glutamic oxaloacetic and glutamic pyruvic 
transaminases (GOT and GPT), glucagon stimulated c-peptide (GSC-pep) test levels, M value during hyperinsulinemic 
euglycemic clamp and Visceral Adiposity Index (VAI) were obtained from our database.

Results: Patients with IDM showed a significantly higher BMI (p 0.012), WC (p 0.07), VAI (p 0.004), LDL-cholesterol 
(p 0.027), GOT (p 0.005), GPT (p 0.001), M value (p 0.006) and GSC-pep peak (p 0.036), with concomitant lower HDL-
cholesterol (p < 0.001), than patients with ADM. In addition, patients with IDM showed a more marked familial history 
for diabetes (p 0.005) and a higher percentage of hepatic steatosis (p 0.001), visceral obesity (p 0.032) and hypercho-
lesterolemia (p 0.007) compared to patients with ADM.

Conclusions: Patients with IDM show many metabolic complications at onset, such as visceral obesity, hepatic stea-
tosis and hypercholesterolemia and a higher cardiometabolic risk, than patients with ADM, similarly to patients with 
type 2 diabetes at onset.
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Background
Idiopathic type 1 diabetes mellitus (IDM) was first iden-
tified in 1984, when Ahren and Corrigan reported the 
existence of a subgroup of diabetic patients observed in 
Tanzania, where the need for insulin replacement therapy 
fluctuated with time, with waxes and wanes, and tran-
sient ketoacidosis developed [1]. In 1997 the American 
Diabetes Association, proposed two subcategories for 

type 1 diabetes mellitus (T1DM): classical autoimmune 
type 1 diabetes (ADM) and the IDM [2].

IDM is characterized by permanent insulinopenia 
without evidence of beta-cell autoimmunity [3]. Patients 
with IDM are prone to develop ketosis/ketoacidosis and 
exhibit various degrees of insulin deficiency between 
ketoacidosis episodes [4, 5]. IDM has been mostly 
described in African–American and Asian patients, even 
though it has also been described in native and Hispanic 
Americans and in European Mediterranean individu-
als [6, 7]. Although patients with IDM have generally an 
onset similar to that of patients with ADM, some dif-
ferences are frequently found. Patients with IDM have a 

Open Access

Diabetology &
Metabolic Syndrome

*Correspondence:  carla.giordano@unipa.it 
Biomedical Department of Internal and Specialist Medicine (DIBIMIS), 
Section of Diabetes, Endocrinology and Metabolism, University 
of Palermo, Italy, Piazza Delle Cliniche 2, 90127 Palermo, Italy

http://orcid.org/0000-0003-1731-9395
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13098-018-0341-6&domain=pdf


Page 2 of 8Guarnotta et al. Diabetol Metab Syndr  (2018) 10:40 

characteristic course of disease, with an initial require-
ment of insulin therapy, generally for a period going from 
6 to 18  months, and subsequent good control of meta-
bolic disease with oral agents [6, 8–10]. They show a dif-
ferent phenotype when compared to patients with ADM, 
generally characterized by visceral obesity at the time of 
diagnosis, and have a major family history of type 2 dia-
betes mellitus [11]. On the other side, patients with ADM 
are generally lean and young, with autoimmune markers 
associated with diabetes, and most of them have suscep-
tibility for specific HLA haplotypes [12]. They show rapid 
β-cell destruction mediated by T-cells, and need persis-
tent exogenous insulin to preserve their lives.

Due to the presence of some metabolic features of type 
2 diabetes, IDM has also been referred to in the literature 
as atypical diabetes, type 1.5 diabetes, Flatbush diabetes 
and ketosis-prone diabetes [9, 13–15]. Information about 
IDM pathogenesis is scarce and not exhaustive. It may be 
related to insulin resistance and transient β-cell dysfunc-
tion, due to glucolipotoxicity and lipotoxicity mecha-
nisms [9, 16]. HLA (human leukocyte aplotype)-related 
genes are not believed to be involved in its pathogenesis, 
even though mutations in different genes from HLA have 
been reported, suggesting that IDM may have a specific 
genetic background [17, 18]. The aim of the current study 
is to compare clinical and metabolic parameters, β-cell 
pancreatic function and adipose tissue dysfunction in 
patients with IDM and ADM.

Methods
Subjects
This pilot study was approved by the Institutional Review 
Board at the Faculty of Medicine of the University of 
Palermo. At the time of observation all patients regularly 
signed an informed consent for the scientific use of their 
data. Thirty consecutive patients with IDM presenting in 
our Clinic with unprovoked ketoacidosis (not associated 
with precipitating events, such as infections, trauma, 
acute pancreatitis, etc.), from January 2005 to Decem-
ber 2015, were retrospectively studied. To be eligible, 
patients needed to fulfill some clinical characteristics: (1) 
typical symptoms of diabetes before admission (polyu-
ria, polydipsia, polyphagia and weight loss); (2) diabetic 
ketoacidosis (anion gap > 12  mEq/l plus Ph < 7.35 and/
or  HCO3 < 17  mEq/l) and urine ketones > 80  mg/dl; (3) 
absence of immune markers, such as islet cell antibodies 
(ICA), insulin antibodies (IA), glutamic acid decarboxy-
lase antibodies (GADA), islet antigen-2 antibodies (IA-
2A) at the diagnosis and over one-year from the onset 
of diabetes. Zinc transporter 8 antibody (ZnT8A) was 
assayed only in 24 out of 30 patients with IDM, those 
with more recent diagnosis.

Twenty out of 30 patients were not Caucasian: 11 out 
of 20 were of African–American origin, while 9 were of 
Indian origin.

Among the Sicilian patients consecutively hospitalized 
in our Division from January 2005 to December 2015 
for ADM, we selected, as a control group, 30 patients, 
matched for gender (10 F, 20  M) and age at diagnosis 
(mean age 30.4 ± 6.5  years), who were treatment-naïve, 
with specific beta-cell autoimmunity and with ketosis 
or ketoacidosis at onset and/or polyuria for more than 
6 months before onset.

All patients included in this study were regularly 
treated with conventional basal-bolus therapy.

The following relevant data were obtained from our 
databases after correction of acute hyperglycemia and 
metabolic profile, after a mean of 30–40  days after the 
onset: family history of type 2 diabetes, arterial hyper-
tension, diabetic retinopathy, nephropathy and/or neu-
ropathy, coronary heart disease, peripheral and cerebral 
vascular disease, hepatic steatosis (evaluated by liver 
echography), visceral obesity and hypercholesterolemia, 
BMI, waist circumference (WC), systolic (SBP) and 
diastolic (DBP) blood pressure, lipids, fasting glycemia, 
HbA1c, insulin requirement, glutamic oxaloacetic and 
glutamic pyruvic transaminases (GOT and GPT) and 
pancreatic β-cell function.

Pancreatic β-cell function was assessed in all patients 
by means of a glucagon stimulated c-peptide (GSC-pep) 
test at diagnosis (after correction of ketosis or ketoaci-
dosis and stabilization of blood glucose levels). Basal and 
GSC-pep were assessed in the morning after an overnight 
fasting period of 8–10  h. Patients took no short-acting 
insulin for at least 6 h and bedtime long-acting insulin at 
least 12 h before the test. The test was performed only if 
fasting glucose was 72–200 mg/dl (4–11.1 mmol/l). 1 mg 
of glucagon was intravenously injected within 10  s [19, 
20]. Samples were drawn at 1, 3, 6, 10 and 15 min after 
the end of glucagon administration.

Data about euglycaemic hyperinsulinaemic clamp, 
used to evaluate insulin sensitivity, were also extracted. 
The clamp procedure was performed as follows, after 
patients reached a glycaemic stabilization. One cath-
eter was placed in a vein on the forearm for administra-
tion of insulin and glucose and the second catheter was 
placed in a vein of the contralateral forearm for blood 
samples. The clamp was performed under standard 
conditions, i.e. the plasma insulin concentration was 
acutely raised with insulin priming (0–3 min: 113.6 mU/
m2, 3–6  min: 80.2  mU/m2, 7–10  min: 50.4  mU/m2 of 
body surface area) for the first 10  min of the test and 
maintained by continuous infusion of insulin infusion 
(40  mU/m2 for the remaining 110  min). The rate of 
peripheral glucose utilization (M value) was calculated 
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by dividing the glucose amount infused during the last 
40  min by body weight measured in kilograms (milli-
grams per kilogram per minute). The plasma glucose 
concentration was held constant at normoglycaemic 
levels (values between 4.4 and 7.22 mmol/l) by variable 
glucose infusion, and under the steady state conditions 
of euglycemia the glucose infusion rate equaled glucose 
uptake by all the tissues in the body and was therefore 
considered a measure of tissue sensitivity to exogenous 
insulin [21].

As an indicator of adipose tissue function, the Vis-
ceral Adiposity Index (VAI) was calculated according 
to gender, where TG is triglycerides levels expressed in 
mmol/l and HDL is HDL-cholesterol levels expressed 
in mmol/l:

Males, VAI = [WC/39.68 + (1.88 × BMI)] × (TG/1.03) 
× (1.31/HDL);

Females, VAI = [WC/36.58 + (1.89 × BMI)] × (TG/0.81)  
× (1.52/HDL) [22].

Assays
Insulin, glycemia, c-peptide, aspartate and alanin ami-
notransferase and lipids were measured by standard 
methods (Modular P800, Roche, Milan). LDL-C levels 
were measured using the Friedewald formula [total cho-
lesterol − (HDL + (TG/5)]. HbA1c levels were deter-
mined by HPLC with an ion-exchange resin (Bio-Rad 
Laboratories, Milan, Italy).

The conversion factors for the International System 
were the following: glucose (mg/dl vs. mmol/l: 0.0555), 
total and HDL cholesterol mg/dl vs. mmol/l: 0.0259, tri-
glycerides mg/dl vs. mmol/l: 0.0113, c-peptide ng/dl vs. 
nmol/l: 0.33.

Statistical methods
SPSS version 17 and MedCalc version 11.3 were used for 
data analysis. Patients’ characteristics were presented 
as mean ± SD for continuous variables; rates and pro-
portions were calculated for categorical data. Normal-
ity of distribution for quantitative data was assessed by 
the Shapiro–Wilk test. The differences between patients 
with IDM and ADM and patients with IDM in groups A 
and B were detected by the unpaired Student’s t test for 
continuous variables (after testing for equality of vari-
ance: Levene test) and by the χ2 test and Fisher’s exact 
test (when appropriate) for categorical variables. Simple 
univariate correlations among continuous variables with 
normal distribution were determined by Pearson’s test. 
To evaluate the independent variables influencing the 
M value, a linear regression model was performed. A p 
value of ≤ 0.05 was considered statistically significant.

Results
Patients with IDM were 8 females and 22 males, mean age 
at diagnosis was 33.1 ± 7.6 years. Among them 20 out of 
30 patients were not Caucasian: 11 out of 20 were of Afri-
can–American origin, while 9 were of Indian origin. On 
the other side, patients with ADM were 10 females and 
20 males, with mean age at diagnosis of 30.4 ± 6.5 years.

No clinical and metabolic differences were found 
among the different ethnic groups in patients with IDM 
(data not shown). Over 1-year from the onset of diabetes 
no patients with IDM had positive autoimmune markers. 
In addition, after 1  year of treatment 12 out of 30 con-
tinued insulin with a significant decrease of the insulin 
requirement, than baseline (group A), while the remain-
ing 18 out of 30 patients with IDM, discontinued the 
insulin therapy (group B).

Clinical and metabolic characteristics and β‑cell pancreatic 
function in patients with IDM and ADM
Patients with IDM showed significantly higher BMI 
(p = 0.012), WC (p = 0.07), VAI (p = 0.004), LDL-
cholesterol (p = 0.027), GOT (p = 0.005), GPT 
(p = 0.001), M value (p = 0.006) with concomitant lower 

Table 1 Clinical and  metabolic parameters in  patients 
with idiopathic and autoimmune type 1 diabetes at onset, 
after metabolic stabilization

* p comparison between means in patients with idiopathic and autoimmune 
type 1 diabetes

Idiopathic 
type 1 
diabetes
(N = 30)

Autoimmune 
type 1 
diabetes
(N = 30)

p*

Mean ± SD Mean ± SD

Clinical parameters

 BMI (kg/m2) 25.5 ± 3.06 23.1 ± 3.46 0.012

 WC (cm) 97.8 ± 10.1 89.4 ± 11.1 0.007

 SBP (mmHg) 112.6 ± 18.7 107.3 ± 20.1 0.104

 DBP (mmHg) 68.8 ± 9.2 68.5 ± 8.1 0.876

 VAI 1.76 ± 0.43 1.01 ± 0.49 0.004

Metabolic parameters

 HDL-cholesterol (mmol/l) 0.99 ± 0.11 1.37 ± 0.26 < 0.001

 Triglycerides (mmol/l) 0.89 ± 0.26 0.94 ± 0.31 0.668

 LDL-cholesterol (mmol/l) 3.47 ± 0.75 2.95 ± 0.68 0.027

 Total-cholesterol (mmol/l) 4.88 ± 0.78 4.75 ± 0.73 0.509

 GOT (U/l) 22.1 ± 8.81 16.4 ± 3.72 0.005

 GPT (U/l) 22.8 ± 9.58 15.3 ± 5.57 0.001

 Glycaemia (mmol/l) 7.16 ± 0.98 7.4 ± 1.02 0.190

 HbA1c (%) 8.34 ± 1.17 8.01 ± 0.92 0.233

 Insulin requirement (U/kg) 0.51 ± 0.21 0.67 ± 0.32 0.678

Insulin Sensitivity Index

 M value 3.13 ± 1.06 3.95 ± 0.98 0.006
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HDL-cholesterol (p < 0.001), than patients with ADM 
(comparison between means) (Table 1).

On the other side, no difference in SBP (p = 0.104) and 
DBP (p = 0.876), TG (p = 0.668), glycemia (p = 0.295), 
HbA1c (p = 0.812) and insulin-requirement (p = 0.678) 
was found between patients with IDM and ADM (com-
parison between means) (Table 1).

With regard to β-cell pancreatic function, no difference 
was found in basal c-peptide and the area under curve 
(AUC) during GSC-pep (AUC GSC-pep 15 min) (Fig.  1a, b) 
(comparison between means). However, patients with 
IDM had a significantly higher GSC-pep peak compared 
to patients with ADM (p = 0.036) (comparison between 
means) (Fig. 1a, c).

Macro and microvascular and metabolic complications 
in patients with IDM and ADM
Patients with IDM showed higher prevalence of hepatic 
steatosis (p = 0.001), visceral obesity (p = 0.032) and 
hypercholesterolemia (p = 0.007) compared to patients 
with ADM (comparison between categorical variables) 
(Table 2).

No significant difference in family history of diabetes, 
arterial hypertension, diabetic retinopathy, nephropa-
thy and neuropathy, coronary heart disease, peripheral 

Fig. 1 a Beta cell function assessed through glucagon stimulated C-peptide (GSC-pep) test at times 0–1–3–6–10 and 15 min in patients with 
idiopathic (IDM) and autoimmune (ADM) type 1 diabetes at onset, after metabolic stabilization. b Area under curve (AUC) of GSC-pep 15 min 
in patients with IDM and ADM at onset, after metabolic stabilization. C. GSC-pep peak in patients with IDM and ADM at onset, after metabolic 
stabilization

Table 2 Macro and  microvascular and  metabolic compli
cations of  patients with  idiopathic and  autoimmune type 
1 diabetes mellitus at onset, after metabolic stabilization

* p comparison between categorical variables in patients with idiopathic and 
autoimmune type 1 diabetes

Idiopathic 
type 1 
diabetes
(N = 30)

Autoimmune 
type 1 
diabetes
(N = 30)

p*

Subjects (%) Subjects (%)

Family history of type 2 
diabetes

12 (40%) 9 (30%) 0.430

Macrovascular complications

 Arterial hypertension 2 (6%) 4 (13%) 0.389

 Coronary heart disease 0 0 /

 Peripheral vascular disease 0 0 /

 Cerebral vascular disease 0 0 /

Microvascular complications

 Diabetic retinopathy 2 (6%) 0 0.150

 Diabetic nephropathy 2 (6%) 4 (13%) 0.389

 Diabetic neuropathy 2 (6%) 0 0.150

Metabolic complications

 Hepatic steatosis 9 (30%) 0 0.001

 Visceral obesity 15 (50%) 7 (23%) 0.032

 Hypercholesterolemia 16 (53%) 6 (20%) 0.007
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and cerebral vascular disease was observed comparing 
patients with IDM and ADM (Table 2).

Correlations of M‑value with anthropometric 
and metabolic parameters
M-value showed a positive correlation with gender 
(p = 0.007; r 0.319), AUC GSC-pep 15 min (p < 0.001; r 0.432), 
GSC-pep peak (p < 0.001; r 0.472) and an inverse corre-
lation with LDL-cholesterol (p = 0.039; r − 0.246), and 
presence of autoantibodies (p < 0.001; r − 0.442). At the 
multivariate analysis, male gender (p = 0.013), AUC 
GSC-pep 15 min (p = 0.001) and presence of autoantibodies 
(p < 0.001) were independently associated with M value 
(Table 3).

Clinical and metabolic characteristics and β‑cell pancreatic 
function in patients with IDM (groups A and B)
Patients of group B showed significant higher values of 
VAI (p < 0.001) and TG (p = 0.017), than group A (com-
parison between means) (Table 4).

With regard to β-cell pancreatic function, signifi-
cant higher c-peptide during GSC-pep at 6 (p = 0.016), 
10 (p < 0.001) and 15  min (p = 0.003), AUC GSC-pep 15 min 
(p = 0.005) and GSC-pep peak (p = 0.001) were found in 
group B than A (comparison between means) (Fig. 2).

Discussion and conclusions
The current study shows that, despite an initial clinical 
presentation similar to that of classical ADM, patients 
with IDM differ for some specific characteristics such as 
the presence of visceral obesity, lower insulin sensitivity, 
hepatic steatosis and atherogenic lipid profile, and appear 
to show higher cardiometabolic risk.

We found a 2.5:1 man-to-woman ratio in patients 
with IDM, in line with previous studies, which reported 
a 2:1 man-to-woman ratio, notably in patients aged 
15–35 years [7], supporting the high male predominance. 
The mean age at diabetes onset, in the current study, 
was lower than that reported in a recent study [23], but 
consistent with a previous study [6]. In line with previ-
ous studies [14, 24–29], IDM was associated with higher 

visceral obesity than ADM, but with a clinical phenotype 
similar to that of patients with type 2 diabetes mellitus 
[23, 25, 30, 31, 43].

Patients with IDM showed hepatic steatosis and the 
typical atherogenic lipid profile, characterized by high 
LDL-cholesterol and low HDL-cholesterol, lower insu-
lin sensitivity (M value) and higher levels of VAI than 
patients with ADM, showing that IDM is associated with 
stronger insulin resistance and higher cardiometabolic 
risk than ADM [32].

The term cardiometabolic risk was coined by the Amer-
ican Diabetes Association [33] and the American Heart 
Association [34] to describe the overall risk of develop-
ing type 2 diabetes and cardiovascular diseases. Visceral 
obesity, insulin resistance and “dysfunctional” visceral 
fat are strong components of a constellation of meta-
bolic abnormalities, related to energy surplus (due to the 
combination of a sedentary lifestyle and excessive calorie 
consumption), characterizing “cardiometabolic risk” [35, 
36]. To predict the visceral adipose tissue-associated car-
diometabolic risk [37], the VAI has been demonstrated 
to be a useful tool for the assessment of visceral adipose 

Table 3 Baseline variables independently associated 
with  the  M value at  multivariate analysis (multiple linear 
regression)

Independent variable Dependent variable

β t p 95% CI

Male gender 0.319 0.2560 0.013 0.028 to 0.231

AUC GSC-pep 15 min 0.432 3.643 0.001 29,548 to 101,625

Presence of autoantibod-
ies

− 0.442 0.3748 < 0.001 − 0.553 to 0.205

Table 4 Patients with  idiopathic diabetes divided 
in  groups A  (patients who continued insulin 
after  12  months from  the  disease onset) and  B (patients 
who suspended insulin after  12  months from  the  disease 
onset)

* p comparison between means in patients with idiopathic type 1 diabetes, 
groups A and B

Group A
(N = 12)

Group B
(N = 18)

p*

Mean ± SD Mean ± SD

Clinical parameters

 Age of onset 31.3 ± 7.31 26.8 ± 10.7 0.220

 BMI (kg/m2) 25.7 ± 3.01 24.9 ± 3.31 0.529

 WC (cm) 97.4 ± 11.3 97.3 ± 9.8 0.994

 SBP (mmHg) 112.9 ± 14.9 112.6 ± 8.83 0.953

 DBP (mmHg) 69.6 ± 9.14 67 ± 9.84 0.461

 VAI 1.09 ± 0.22 1.71 ± 0.34 < 0.001

Metabolic parameters

 HDL-cholesterol (mmol/l) 1.01 ± 0.31 0.98 ± 0.08 0.540

 Triglycerides (mmol/l) 0.77 ± 0.11 0.98 ± 0.27 0.017

 LDL-cholesterol (mmol/l) 3.41 ± 0.67 3.52 ± 0.81 0.689

 Total-cholesterol (mmol/l) 4.78 ± 0.67 4.96 ± 0.85 0.529

 GOT (U/l) 25.5 ± 10.4 19.8 ± 6.60 0.082

 GPT (U/l) 25.9 ± 9.63 19.3 ± 9.35 0.075

 Glycaemia (mmol/l) 7.47 ± 0.90 6.95 ± 1.01 0.156

 HbA1c (%) 8.01 ± 1.26 8.56 ± 1.09 0.216

 Insulin requirement (U/kg) 0.57 ± 0.10 0.46 ± 0.22 0.129

Insulin Sensitivity Index

 M value 3.4 ± 1.03 2.63 ± 1.12 0.071
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dysfunction and cardiometabolic risk and has been dem-
onstrated to strongly correlate with adipokine profile in 
patients with type 2 diabetes [38]. Among all the anthro-
pometric indexes studied, the VAI is the one that showed 
the greatest number of correlations with the adipocy-
tokines and the lipids, including non-esterified fatty acids 
(NEFA) [35]. The VAI was able to express both the altered 
endocrine function of adipose tissue and the state of rela-
tive leptin resistance and low-grade inflammation, which 
are all alterations present in a state of adipose tissue dys-
function. Particularly strong was the correlation between 
VAI and visfatin, adipocytokine prevalently secreted by 
visceral adipose tissue, which according to some authors 
may have adipogenic effects and is a good candidate to 
explain the accumulation of visceral adipose tissue asso-
ciated with insulin resistance [39], resistin, a potential 
mediator of obesity related insulin resistance in rodents, 
but still today a subject of controversy in human obesity 
and human epidemiologic studies [40] and hs-CRP, sys-
temic markers of inflammation, which have been found 
to independently predict future coronary heart disease 
in type 2 diabetes [41]. In addition, VAI has proven to be 
the only index that showed an inverse correlation with 
adiponectin levels [38]. This datum, also confirmed in 
other studies [42], was of major significance, given that 
adiponectin reduction is a key player in the development 

of cardiovascular complications in type 2 diabetes, being 
the only known protective adipocytokine with insulin-
sensitizing, anti-inflammatory and anti-atherogenic 
properties [43].

The application of the VAI as a marker of cardiometa-
bolic risk could have some limitations, mainly relating to 
the presence of variables in the model that may change 
over time in relation to lifestyle and/or pharmacological 
treatment. Therefore, the VAI is an indicator of altered 
adipose function associated with cardiometabolic risk, 
but without a predictive future role. Prospective large-
scale studies aiming to consider the possible predictive 
value of the VAI regarding cardiovascular risk must nec-
essarily take into account its variation over time and need 
to be confirmed in patients with type 1 diabetes.

As expected, patients with IDM showed more insulin 
resistance than patients with ADM, demonstrated by M 
values. In the current study, we found a positive correla-
tion between male gender and M value and AUC GSC-pep 

15 min and M value. Thus, a decreased insulin sensitivity 
was influenced by the male gender and by high secretion 
of c-peptide. In addition, the presence of autoantibodies 
was negatively correlated with M value. However, despite 
the higher insulin resistant phenotype, patients with IDM 
did not show different insulin requirement than ADM, 

Fig. 2 a Beta cell function assessed through glucagon stimulated C-peptide (GSC-pep) test at times 0–1–3–6–10 and 15 min in groups A and B. b 
Area under curve (AUC) of GSC-pep 15 min in groups A and B. c GSC-pep peak in patients with IDM and ADM in groups A and B
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after the metabolic stabilization, maybe related to the 
higher c-peptide secretion.

Indeed, with regard to β-cell pancreatic function, 
patients with IDM showed no differences in basal c-pep-
tide and AUC GSC-pep 15 min, compared to patients with 
ADM. However, a higher beta-cell response to gluca-
gon was observed in patients with IDM than ADM. 
This interesting finding may suggest a functional insulin 
secretory defect rather than a reduced beta-cell mass at 
diabetes onset, even though the key factors involved in 
the impairment of β-cell secretory capacity in people 
with IDM warrant further investigation. Similar findings 
have been reported by other previous studies conducted 
on a European Mediterranean population [7]. Interest-
ingly, other studies reported a severe insulin secretory 
deficiency only during the acute ketotic phase in patients 
with IDM, demonstrating that this deficiency was asso-
ciated with basal hyperglucagonemia and reduced 
c-peptide response to glucagon [14, 25]. Also, the clini-
cal remission phase correlated to a restoration in insulin 
secretion in response to the same stimuli, but was lower 
than in healthy controls [14, 25, 44]. In our study, we con-
firmed insulin secretory deficiency at disease onset, even 
though patients with IDM maintained a higher c-peptide 
peak in response to glucagon than patients with ADM, 
suggesting the hypothesis of a possible recovery of β-cell 
function in the subsequent remission phase. Interest-
ingly, among patients with IDM, those who suspended 
insulin after 12  months from the disease onset, showed 
at the diagnosis higher values of c-peptide than patients 
who continued insulin, supporting further the impor-
tance of c-peptide secretion in the evolution of IDM.

There are some limitations of this study that should 
be mentioned, such as the sample size and the time of 
evaluation. Indeed, a bigger study population may be 
helpful to further stratify the study population based on 
specific phenotypes, and a longer evaluation may clarify 
some further metabolic aspects of the disease. A second 
limitation was the evaluation of patients with different 
ethnic origins. Also, glucagon levels and incretin tone 
were not evaluated, due to the retrospective analysis of 
the patients’ data. However, many previous studies have 
evaluated the glucagon secretion and in some of them no 
significant difference in glucagon secretion in response 
to arginine was found comparing patients with IDM and 
controls, suggesting that the islet α-cell response to insu-
lin may be preserved [44].

However, the strength of the study is the evaluation of 
insulin sensitivity, by clamp, and secretion, by glucagon 
test, in the same cohort of patients and the application 
of the VAI as an indicator of cardiometabolic risk, never 
evaluated before in this context.

In conclusion, patients with IDM show many meta-
bolic complications at onset, such as visceral obesity, 
hepatic steatosis and hypercholesterolemia, despite an 
initial phase of ketoacidosis that may be associated with 
an acute decreased β-cell secretion and sensitivity. They 
show higher adipose tissue dysfunction than patients 
with ADM, which exposes them to a stronger cardio-
metabolic risk even at disease onset and needs to be diag-
nosed early and adequately treated to reduce the risk of 
cardiovascular complications in the long term.
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