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ABSTRACT

Background: Individuals initially diagnosed

with type 2 diabetes (T2D) might exhibit posi-

tivity for diabetes-associated autoantibodies

(DAA ?). We investigated the prevalence of

DAA positivity in a group of individuals with

T2D who were referred to a tertiary diabetes

centre within a pre-specified period of time. We

aimed to identify characteristics linked with

DAA positivity by comparing DAA ? individu-

als with their DAA-negative counterparts.

Methods: This was a cross-sectional study into

which all T2D patients referred to the National

Institute of Endocrinology and Diabetology,

L’ubochňa, Slovakia, between 1 January and 30

June 2016 were included. Data on[70 partici-

pants’ characteristics, includingantibodiesagainst

glutamic acid decarboxylase (anti-GAD65), insuli-

noma-associated antigen IA-2 (IA-2A) and insulin

(IAA), were collected.

Results: Six hundred and ninety-two individu-

als (387, 55.6% female) with a median (range)

age of 62 (24–83) years, HbA1c of 8.9

(5.0–15.7)% [74 (31–148 mmol/mol)] and dia-

betes duration of 13.0 (0–42) years were anal-

ysed. One hundred and forty-five (145/692,

21.0%) tested positive for at least one DAA;

136/692 (19.7%) were positive for anti-GAD65,

21/692 (3.0%) were positive for IA-2A and 9/692

(1.3%) were positive for IAA. Only 84.9% of the

DAA ? individuals aged[30 years at the time
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of diabetes diagnosis met the current diagnostic

criteria for latent autoimmune diabetes of

adults (LADA). DAA ? differed from DAA -

individuals in multiple characteristics, includ-

ing the incidence of hypoglycaemia.

Conclusion: Several pathological processes

linked with distinct types of diabetes can

develop in parallel, including insulin resistance

and autoimmune insulitis. In this single-centre

cross-sectional study from Slovakia, we report a

higher than previously published prevalence of

DAA positivity in a group of individuals with a

formal diagnosis of T2D.

Keywords: Antibody against glutamic acid

decarboxylase (anti-GAD65); Antibody against

insulinoma-associated antigen IA-2 (IA-2A);

Antibody against insulin (IAA); Diabetes-

associated autoantibodies (DAA); Latent

autoimmune diabetes of adults (LADA); Type 2

diabetes mellitus (T2D)

Key Summary Points

Individuals initially diagnosed with type 2

diabetes (T2D) might exhibit positivity for

diabetes-associated autoantibodies

(DAA ?).

We investigated the prevalence of DAA

positivity in a group of individuals with

T2D referred to a tertiary diabetes centre

in Slovakia within a pre-specified period of

time.

Approximately 1 in 5 individuals with a

formal diagnosis of T2D were found to be

positive for at least one of the tested DAA

(anti-GAD65, IA-2A or IAA).

Only approximately 85% of the

DAA ? individuals aged[ 30 years at the

time of diabetes diagnosis met the current

diagnostic criteria for latent autoimmune

diabetes of adults (LADA).

Several pathological processes linked with

distinct types of diabetes can develop in

parallel in a single person, including

insulin resistance and autoimmune

insulitis.

INTRODUCTION

The classification of diabetes is not always

straightforward due to the complexity of the

mechanisms regulating glucose metabolism.

The classification into type 1 diabetes (T1D) and

type 2 diabetes (T2D), with the latter being by

far the most common type of diabetes, is com-

plemented by the monogenic forms of diabetes,

secondary diabetes forms, and ‘latent autoim-

mune diabetes of the adults’ (LADA). The three

diagnostic criteria conventionally used to diag-

nose LADA are non-specific and include the age

at diagnosis, positivity for diabetes-associated

autoantibodies (DAA), mostly for the antibody

against glutamic acid decarboxylase (anti-

GAD65), and the time to insulin requirement

from diabetes diagnosis [1]. These criteria have

evolved over time, and the most recent con-

sensus comprises the following: age

of[ 30 years at diagnosis, DAA positivity and

the absence of an insulin requirement for at

least 6 months after diabetes diagnosis [2].

Adult-onset diabetes diagnosis and classifi-

cation is usually based on clinical symptoms

and signs, and DAA titres or C-peptide levels are

not always investigated. Yet, establishing the

correct diabetes type has implications for future

management and prognosis and is therefore of

high clinical importance. In this cross-sectional

study, we aimed to establish the prevalence of

DAA positivity (DAA ?) in a group of individ-

uals with a formal diagnosis of T2D who were

referred to a tertiary diabetes centre in Slovakia

within a predefined period of time. Given our

clinical experience, we hypothesised that the

prevalence of DAA positivity in this cohort

would be higher than the reported rate of

4–14% from previously published studies

[3–10]. We also hypothesised that not all

DAA ? individuals would meet the current

diagnostic criteria for LADA. We took the

advantage of the short inpatient stay of all

participants included in this study, and, apart

from performing a detailed anthropometric,

biochemical, and clinical characterisation, we

also collected data on hypoglycaemia incidence

and severity during this period of time. These

data then formed the basis for a detailed
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characterisation of DAA ? individuals and their

subsequent comparison with their DAA -

counterparts in order to establish the charac-

teristics linked with the presence of autoim-

mune insulitis. Taken together, the main

purpose of the presented study was to establish

the prevalence of DAA positivity in a group of

individuals with a formal diagnosis of T2D who

we referred to our diabetes centre within a given

period of time and to perform a detailed char-

acterisation and comparison of the DAA ? in-

dividuals with the remaining DAA - patients

from the cohort.

METHODS

Study Design and Participants

This was a cross-sectional, observational study.

All individuals with a formal diagnosis of T2D

from all regions of Slovakia who were hospital-

ized at the National Institute of Endocrinology

and Diabetology (NEDÚ), L’ubochňa, Slovakia

between 1 January 2023 and 30 June 2023 for

further evaluation and improvement of their

diabetes treatment and its complications were

included. This study was conducted in accor-

dance with the ethical standards of the Helsinki

Declaration of 1964 and its later amendments.

The study protocol and all its procedures were

reviewed and approved by the NEDÚ L’ubochňa

and Jessenius Faculty of Medicine in Martin

ethics committee. All participants signed a

written informed consent prior to their inclu-

sion in the study.

Study Procedures

On admission, data on age, sex, height, weight,

body mass index (BMI), waist circumference,

blood pressure (BP), age at the diagnosis of T2D

and T2D duration, smoking status, glycated

haemoglobin (HbA1c), fasting C-peptide levels,

renal function, albuminuria, lipid profile,

antidiabetic medication, type of insulin regi-

men and insulin dose, time from T2D diagnosis

to insulin initiation, non-diabetic drug history,

and presence and severity of diabetic

complications and other comorbidities were

collected. Data on hypoglycaemia (blood glu-

cose B 3.9 mmol/l) incidence, timing (noctur-

nal hypoglycaemia was defined as occurring

between 22.00 and 06.00) and severity (severe

hypoglycaemia was defined as an episode

requiring external assistance for recovery) were

collected during the 7-day period of the inpa-

tient stay.

All participants had the following autoanti-

bodies to pancreatic beta cell antigens tested:

antibody against glutamic acid decarboxylase

(anti-GAD65) was assayed through an enzyme-

linked immunosorbent assay (ELISA) with 98%

(n = 100) specificity and 92% (n = 50) sensitiv-

ity in the 2005 Diabetes Antibody Standardiza-

tion Program (DASP) study [11] and with an

assay cut-off value for positivity of C 5 U/ml

(DRG International Inc., Springfield, New Jer-

sey, USA). Antibody against insulinoma-associ-

ated antigen IA-2 (IA-2A) was assayed through

an ELISA with 98% (n = 90) specificity and 76%

(n = 50) sensitivity and with an assay cut-off

value for positivity of C 7.5 U/ml (ElisaRSRTM

IA-2 Ab version 2 manufactured by RSR Ltd.,

Cardiff, UK). Antibody against insulin (IAA) was

assayed through an ELISA with 98.8% (n = 160)

specificity and 71% (n = 100) sensitivity and

with an assay cut-off value for positivity of C 10

U/ml (ORGENTEC Diagnostika, Mainz, Ger-

many). These three autoantibodies will be

referred to as ‘diabetes-associated autoantibod-

ies’ (DAA) in the remaining parts of this paper.

A proportion of the participants were also tested

for the presence of autoantibodies against thy-

roid peroxidase (TPO) (n = 350) and against

thyroglobulin (n = 351). The TPO antibody was

assayed through a competitive immunoassay

with a cut-off value for positivity of C 60 U/ml

(ADVIA Centaur� XP/XPT anti-TPO manufac-

tured by Siemens Healthcare Diagnostics,

Munich, Germany). The antibody against thy-

roglobulin was assayed through a competitive

immunoassay with 94.8% (n = 172) specificity

and 98.5% (n = 65) sensitivity and with an assay

cut-off value for positivity of C 4.5 U/ml

(ADVIA Centaur� XP/XPT Anti-Thyroglobulin

II, manufactured by Siemens Healthcare Diag-

nostics, Munich, Germany).
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Statistical Analysis

The data were collected on an Excel spreadsheet

(version 2016, Microsoft Corp., Redmond, WA,

USA) and further statistical analysis was per-

formed with JASP (JASP team, 2022, version

0.16.2). Normally distributed data were reported

as mean ± standard deviation (SD) (range), and

data which did not follow a normal distribution

were reported as median (range). The difference

between independent samples was compared by

Student’s t-test or the nonparametric

Mann–Whitney U test. Frequency differences

between groups were compared using the chi-

square (v2) test and Fisher’s exact test when

appropriate. Linear correlations between vari-

ables were examined using the Spearman’s rank

correlation coefficient rho, as these data did not

follow a normal distribution. P\0.05 was

deemed statistically significant.

RESULTS

Baseline Characteristics

Altogether, 692 individuals were included in

the study. Baseline characteristics are shown in

Table 1. Further participant characteristics,

including the presence of comorbidities, use of

non-diabetic medication and data on hypogly-

caemia, are listed in Supplementary Table 1.

Positivity for Diabetes-Associated

Autoantibodies

One hundred and thirty-six (136/692, 19.7%)

individuals (91/136, 66.9% female) tested posi-

tive for anti-GAD65. Twenty-one (21/692, 3.0%)

individuals (17/21, 81.0% female) tested posi-

tive for IA-2A. Twenty-eight individuals tested

positive for IAA. Due to the fact that this assay

cannot differentiate between autoantibodies

against endogenous and exogenous insulin,

those individuals who were on exogenous

insulin therapy and were not positive for any of

the two remaining DAA at the same time were

not considered IAA/DAA positive in this study.

Nineteen such individuals were identified, and

these were excluded from subsequent analysis

as one could not be certain of their true DAA

status. Given these considerations, 9/692 (1.3%)

individuals (4/9, 44.4% female) were deemed

IAA positive in this study. Sixteen (16/692,

2.3%) individuals (15/16, 93.8% female) were

double positive for anti-GAD65 and IA-2A, and

5/692 (0.7%) individuals (3/5, 60% female) were

double positive for anti-GAD65 and IAA.

Nobody was double positive for IAA and IA-2A,

nor was there anyone who tested positive for all

three autoantibodies. Taken together, 145/692

(21.0%) individuals (94/145, 64.8% female)

tested positive for at least one of the three

assayed DAA.

An autoantibody positivity that was 20 times

above the cut-off value or higher (i.e. C 100

U/ml for anti-GAD65, C 150 U/ml for IA-2A

and C 200 U/ml for IAA) was considered strong

positivity. Fifty-four (54/692, 7.8%) individuals

(38/54, 70.4% female) were strongly positive for

at least one out of the three DAAs. All 54 indi-

viduals were strongly positive for anti-GAD65

and 12 of these individuals (12/12, 100%

female) were also strongly positive for IA-2A.

Nobody in the studied population was strongly

positive for IAA.

Comparison of Individuals

with Autoantibody Positivity

and Autoantibody Negativity

Next, we compared the DAA ? individuals with

the remaining DAA-negative (DAA -) partici-

pants. Comparisons in which statistically sig-

nificant differences were detected are shown in

Table 2. The DAA ? individuals presented a

higher proportion of females, a lower propor-

tion of individuals with obesity, lower C-pep-

tide levels and lower fasting triglycerides.

Female (not male) DAA ? individuals had

higher HDL cholesterol levels in comparison to

female DAA - participants. DAA ? individuals

experienced a higher number of hypoglycaemic

events, and in the DAA ? group there were

more individuals who experienced at least one

episode of hypoglycaemia during the 7-day

inpatient stay. In relation to comorbidities,

DAA ? individuals had lower prevalences of

1540 Diabetes Ther (2023) 14:1537–1548



Table 1 Baseline characteristics

Age (years) 62.0 (24.0–83.0) UACR KDIGO category, n (%)

Female, n (%) 387 (55.9%) A1 (\ 3 mg/mmol) 493 (71.6%)

Age at diagnosis (years) 47.2 ± 9.7 (15.0–75.0) A2 (3–30 mg/mmol) 132 (19.2%)

Duration of diabetes (years) 13.0 (0–42) A3 ([ 30 mg/mmol) 64 (9.3%)

BMI (kg/m2) 32.3 (15.9–62.5) Haemodialysis, n (%) 5 (0.8%)

Obesity (BMI C 30 kg/m2) 460 (66.5%) Renal transplantation, n (%) 1 (0.15%)

Waist circumference (cm) Non-proliferative diabetic retinopathy 250 (36.1%)

Males 110 (65–160) Proliferative diabetic retinopathy 29 (4.2%)

Females 109 (62–200) Diabetic neuropathy, n (%) 639 (92.3%)

HbA1C CAN, n (%) (n = 678) 408 (60.2%)

% 8.9 (5.0–15.7) Antidiabetic medication, n (%)

mmol/mol 74 (31–148) Metformin 436 (63.0%)

Fasting C-peptide levels (nmol/l) 0.41 (0.02–3.95) Sulfonylurea derivatives 164 (23.7%)

Systolic BP (mmHg) 140 (100–210) GLP-1 RA 22 (3.2%)

Diastolic BP (mmHg) 80 (50–140) DPP-4 inhibitors 188 (27.2%)

Total cholesterol (mmol/l) 4.74 (1.84–10.19) SGLT2 inhibitors 109 (15.8%)

LDL cholesterol (mmol/l) 2.76 (0.34–7.01) Repaglinide 1 (0.15%)

HDL cholesterol (mmol/l)* Pioglitazone 3 (0.4%)

Males* 1.01 (0.43–2.94) Alpha-glucosidase inhibitors 2 (0.3%)

Females* 1.10 (0.38–2.70) Insulin therapy (any), n (%) 540 (78.0%)

Fasting triglycerides (mmol/l) 2.10 (0.61–13.94) Prandial insulin only 11 (1.6%)

Creatinine (umol/l) 70 (32–476) Basal insulin only 35 (5.1%)

eGFR CKD-EPI (ml/min/1.73m2) 92 (11–146) Biphasic insulin twice daily 93 (13.4%)

CKD stages, n (%) Intensive insulin therapy (any) 433 (62.6%)

1 ([ 90 ml/min/1.73m2) 371 (53.6%) CSII 52 (7.5%)

2 (60–89 ml/min/1.73m2) 219 (31.6%) Diabetic foot, n (%) 49 (7.1%)

3A (45–59 ml/min/1.73m2) 46 (6.6%) Below-knee amputation, n (%) 19 (2.7%)

3B (20–44 ml/min/1.73m2) 38 (5.5%) Above-knee amputation, n (%) 1 (0.15%)

4 (15–29 ml/min/1.73m2) 13 (1.9%) Tobacco smoker, n (%) 96 (13.9%)
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arterial hypertension and ischaemic heart dis-

ease but a higher prevalence of autoimmune

thyroiditis, which was associated with higher

prevalences of positivity for thyroid peroxidase

(TPO) autoantibodies and thyroglobulin

autoantibodies. With regards to medication use,

significantly fewer DAA ? individuals were on

metformin, fibrates, beta-blockers, and oral

anticoagulants.

Correlations of Anti-GAD65 and Fasting

C-Peptide Levels with Other

Characteristics in Anti-GAD65-Positive

Individuals

Linear correlations of anti-GAD65 titres and

fasting C-peptide levels with relevant numerical

variables were examined in the group of anti-

GAD65-positive individuals. Anti-GAD65 titres

showed the strongest (negative) correlation

with the time to insulin initiation from diabetes

diagnosis (Spearman’s rho - 0.508; 95% CI

- 0.342, - 0.644; p\ 0.001; n = 136) (Fig. 1).

Correlations between anti-GAD65 titres and

other numerical variables are listed in Supple-

mentary Table 2. Fasting C-peptide levels

showed the strongest (positive) correlation with

the time to insulin initiation from diabetes

diagnosis (Spearman’s rho 0.420; 95% CI 0.573,

0.239; p\ 0.001; n = 136) (Fig. 2). Correlations

between fasting C-peptide levels and other

numerical variables are listed in Supplementary

Table 3.

The Issue of Diabetes Type Re-

classification

Of the 145 DAA ? participants identified in this

study, 137 were diagnosed with diabetes at an

age of[30 years, which is one of the current

diagnostic criteria for LADA [2]. We aimed to

examine how many of these individuals would

meet the remaining third diagnostic criterion

for LADA, namely the absence of an insulin

requirement for at least 6 months after diabetes

diagnosis. Data on the exact time of insulin

initiation from diabetes diagnosis were available

for 119/137 (86.7%) of them. Only 101/119

(84.9%) of these DAA ? individuals aged over

30 years (66/101, 65.3% female) would meet the

current diagnostic criteria for LADA, indicating

that the remaining 18/119 (15.1%) individuals

would not meet these criteria. These numbers

imply that the prevalence of LADA in our

cohort was 101/692 (14.6%). However, this

diabetes type re-classification has limitations

that are discussed in the next section of this

paper.

DISCUSSION

Several studies have examined the prevalence of

DAA positivity in patients formally diagnosed

with T2D, with reported prevalences in the

range of 4–14% [3–10]. In our work, we report a

much higher prevalence of DAA positivity,

namely 21%, with anti-GAD65 positivity in

Table 1 continued

5 (\ 15 ml/min/1.73m2) 5 (0.8%)

Data are reported as n (%), median (range) or mean ± SD (range) depending on the normality of their distribution
BMI body mass index, BP blood pressure, CAN cardiovascular autonomic neuropathy, CKD chronic kidney disease, CSII
continuous subcutaneous insulin infusion, DPP-4 dipeptidyl peptidase 4, eGFR CKD-EPI estimated glomerular filtration
rate calculated with the Chronic Kidney Disease Epidemiology Collaboration formula, GLP-1 RA glucagon-like peptide-1
receptor agonists, HbA1C glycated haemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein, SGLT2
sodium-glucose co-transporter 2, UACR KDIGO urine albumin to creatinine ratio Kidney Disease Improving Global
Outcomes
*Statistically significant difference between males and females, P\ 0.001 (Mann–Whitney U test)
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19.7% of all tested individuals. There are several

possible explanations for this unusually high

figure. First, the cohort of individuals included

in our study does not represent the ‘general’

T2D population, and it also differs from the

populations examined in the studies cited

above. The participants included in this work

(mostly) had diabetes of a longer duration, a

rather high prevalence of diabetic complica-

tions and suboptimal glycaemic control. In the

abovementioned studies, testing for DAA status

usually took place at or around the time of

diabetes diagnosis. It is therefore possible that

in some individuals from our cohort, DAA pos-

itivity might have evolved at a later stage. Only

two of the studies cited above, namely the

LADA China study [5] and the UKPDS 25 study

[6], reported a mean HbA1c value of around 9%,

a figure similar to the one from our study. It has

previously been reported that the prevalence of

DAA positivity was higher in hospital settings in

comparison to population-based studies [1].

Importantly, the prevalence of DAA positivity

in a non-diabetic population is not zero.

Table 2 Statistically significant comparisons between DAA ? and DAA - individuals

DAA2 individuals
(n = 528)

DAA 1 individuals
(n = 145)

p value

Females, n (%) 280 (53.0%) 94 (64.8%) 0.011

BMI (kg/m2) 32.5 (16.5–62.5) 30.8 (15.9–48.1) < 0.001

Obesity (BMI C 30 kg/m2) 365 (69.4%) 83 (57.6%) 0.008

Fasting C-peptide levels (nmol/l) 0.43 (0.02–3.95) 0.35 (0.02–1.47) < 0.001

HDL cholesterol in females (mmol/l) 1.06 (0.38–2.28) 1.25 (0.71–2.70) < 0.001

Fasting triglycerides (mmol/l) 2.22 (0.61–13.94) 1.78 (0.67–12.68) < 0.001

Metformin use 344 (65.1%) 81 (55.9%) 0.040

Non-diabetic medication, n (%)

Fibrates 82 (15.5%) 12 (8.3%) 0.026

Beta blockers 296 (56.1%) 67 (46.2%) 0.035

Oral anticoagulants 43 (8.1%) 4 (2.8%) 0.024

Adrenal pathology (any), n (%) 4 (0.8%) 6 (4.1%) 0.003

Autoimmune thyroiditis, n (%) 57 (10.8%) 41 (28.3%) < 0.001

Thyroid peroxidase AA positivity (n = 338) 25 (9.7%) 20 (25.0%) 0.001

Thyroglobulin AA positivity (n = 339) 24 (9.3%) 16 (20.0%) 0.009

Arterial hypertension, n (%) 473 (89.6%) 120 (83.3%) 0.039

Ischaemic heart disease, n (%) 237 (44.9%) 50 (34.5%) 0.025

*Number of all hypoglycaemias in 7 days 0.54 ± 1.34 (0–11) 1.01 ± 1.82 (0–10) < 0.001

Individuals with no hypoglycaemia, n (%) 401 (77.4%) 102 (61.4%) < 0.001

Individuals with C 1 hypoglycaemia, n (%) 117 (22.6%) 62 (38.6%) < 0.001

Data are reported as n (%), median (range) or mean ± SD (range) depending on the normality of their distribution
AA autoantibodies, BMI body mass index, HDL high-density lipoprotein, part. participants
*For all hypoglycaemia statistics, the total number of participants analysed is 662
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Positivity for DAA in a group of 383 non-dia-

betic individuals from western Finland was

reported to be 4.4% [9]. It is possible that the

prevalence of DAA positivity in the general

Slovakian population is generally high, but this

needs to be established in future studies. On the

other hand, positivity for anti-GAD65 antibodies

in non-diabetic individuals from eight Euro-

pean countries (Finland and Slovakia were not

included) was reported to be 2.0% and did not

differ much across the studied countries [12].

Lastly, apart from the true differences in

prevalence, the wide range of reported DAA

positivity prevalences could be partially

explained by the use of different diagnostic tests

with different cut-off values.

In line with previously published studies, the

most frequently detected DAA in our study was

the anti-GAD65 antibody, which is considered

the most sensitive marker of autoimmune dia-

betes in adults [6, 13, 14]. The anti-GAD65

antibody was positive in 93.8% of all

DAA ? individuals in our study, a figure similar

to that (90.5%) from the Action LADA 7 study

[3].

We detected several anthropometric, bio-

chemical, and clinical differences between

DAA ? and DAA - individuals. These data are

largely in line with previously published stud-

ies, but there are some differences and novelties,

too. It was found that DAA ? individuals were

leaner, had lower C-peptide and had a more

favourable metabolic profile with lower fasting

TAG and HDL-C levels in comparison to T2D

patients without DAA [1, 2]. One study reported

a higher proportion of women among DAA ?

T2D patients [3]. HDL-C levels in women are on

average higher than in men throughout their

lives, even after menopause [15]. For these rea-

sons, we compared HDL-C levels separately for

men and women. We showed that DAA ?

women had higher HDL-C levels in comparison

to DAA - women, but no significant differences

were observed in men, which is a novel finding.

DAA ? individuals have also been reported to

have worse glycaemic control and to require

insulin therapy more frequently and sooner

after diabetes diagnosis [1, 2]. In our study, we

did not detect any differences in HbA1c values

and we observed a non-significant trend

towards earlier insulin initiation (p = 0.059) in

DAA ? individuals. It is possible that this com-

parison would have reached statistical signifi-

cance if a larger number of participants had

been included. Of note, the proportion of

insulin-using patients was generally high

among both DAA ? and DAA - individuals,

which, in turn, can be explained by a longer

diabetes duration and poor glycaemic control.

The data on hypoglycaemia are, to our

knowledge, novel and will require further

studies in the future, ideally with the use of

Fig. 1 Correlation between anti-GAD65 titres and time to
insulin initiation from diabetes diagnosis

Fig. 2 Correlation between time to insulin initiation from
diabetes diagnosis and fasting C-peptide levels
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continuous glucose monitoring (CGM) systems.

In patients with insulin-treated T2D, low

C-peptide levels are associated with greater

glycaemic variability and a higher risk of

hypoglycaemia [16]. Hence, a potential expla-

nation for the increased incidence of hypogly-

caemia and higher number of participants who

experienced at least one episode of hypogly-

caemia could be that DAA ? participants had

lower C-peptide levels and there were a signifi-

cantly higher proportion of these participants

with C-peptide values of\0.2 nmol/l in com-

parison to DAA - individuals (data not shown).

Lower use of metformin, fibrates and beta

blockers in DAA ? patients is likely to be linked

with their leaner habitus, lower prevalences of

arterial hypertension and ischaemic heart dis-

ease, and lower TAG levels, respectively.

The only study that examined linear corre-

lations between anti-GAD65 titres and other

continuous variables was the one by Radtke

et al. from Finland, who reported a negative

correlation between the anti-GAD65 titre and

C-peptide levels (r = - 0.40, p = 0.009), but no

significant correlation between the anti-GAD65

titre and time to insulin initiation from diag-

nosis could be detected (p = 0.07) [17]. In our

study, on the contrary, the strongest (negative)

correlation among the multitude of correlated

variables was the one between the anti-GAD65

titre and time to insulin initiation from diag-

nosis (Spearman’s rho - 0.508, p\ 0.001). The

strength of correlation between anti-GAD65 titre

and C-peptide levels in our study was similar to

the one detected by the Finnish group (Spear-

man’s rho - 0.32, p\ 0.001).

Only approximately 85% of DAA ? individ-

uals aged[30 years at the time of diabetes

diagnosis from our study would meet the cur-

rent diagnostic criteria for LADA [2]. This dia-

betes re-classification has its limitations,

though. First, the testing for DAA status had

cross-sectional character and did not take place

at or around the time of the diabetes diagnosis.

We cannot be certain that these individuals

tested positive for DAA at the time of diagnosis,

and, conversely, the autoimmunity seen with

DAA positivity could have evolved at a later

time in some of DAA ? individuals. A changing

DAA status over time has been previously

described in longitudinal studies [6, 18–20].

Secondly, the exact data on the time to insulin

initiation from diabetes diagnosis were not

available for all: only for 119/137 (86.7%) of

eligible patients. Taking into account these

considerations, approximately 15% of

DAA ? individuals aged over 30 years did not

meet the current LADA diagnostic criteria. Yet,

these individuals with a formal T2D diagnosis,

mostly overweight or obese, show evidence for

the presence of an autoimmune-mediated pro-

cess against the pancreatic beta cells. We

therefore conclude that in these individuals,

adult-onset autoimmune diabetes with

autoimmune insulitis and T2D, insulin resis-

tance, and other features of metabolic syn-

drome are present at the same time. The timely

and efficient diagnosis of LADA has clinical

implications. The different natural history of

LADA in comparison to T2D is often linked with

worse glycaemic control and an earlier need for

insulin therapy. The high prevalence of DAA

positivity in our study underlines the need for

more frequent anti-GAD65 screening in clinical

practice. This call is in line with the recom-

mendations of the International Expert Panel

on Management of LADA in Adults stating that

all newly diagnosed T2D patients should be

screened for anti-GAD65 positivity in order to

effectively identify patients with LADA [2]. In

addition, we also recommend concomitant

measurements of C-peptide levels, as these can

inform on the further management of T2D and

LADA, respectively.

The main strength of this study lies in the

fact that it describes the prevalence of DAA

positivity in a population of patients with a

formal diagnosis of T2D of mostly longer dura-

tion and/or suboptimal glycaemic control. This

is a single-centre study from a Central European

country, and studies of this type, to the best of

our knowledge, have not been published from

this region so far. Our study thus adds data to

the literature already available on this topic.

Given the short inpatient stay of all study par-

ticipants, we had the opportunity to formally

assess the incidence and severity of hypogly-

caemia. Our study also has several limitations.

One of the main limitations is its cross-sectional

character, which did not allow for any
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prospective follow-up. Our study protocol did

not include measurements of fasting insulin

levels, insulin and/or C-peptide response to oral

glucose stimulation or genetic studies. Missing

data on the exact time of insulin initiation in

some of our patients precluded a more robust

analysis. Lastly, we did not employ CGM tech-

nology to fully take advantage of the available

CGM metrics, including testing for the preva-

lence of unrecognised hypoglycaemia, which

was detected by the use of blinded CGM in

people with T1D and T2D of longer duration

[21, 22].

CONCLUSIONS

In this cross-sectional study from Slovakia, we

report that approximately one in five individu-

als with a formal diagnosis of T2D showed signs

of autoimmune insulitis, as evidenced by posi-

tivity for at least one of the three tested DAA

(anti-GAD65, IAA or IA-2A). Individuals with

DAA positivity differed from their DAA negative

counterparts in several anthropometric, bio-

chemical and clinical features. Some of these

differences, like the higher incidence of hypo-

glycaemia, have not been described before.

Only approximately 85% of DAA ? individuals

aged[30 years at the time of diabetes diagnosis

would meet the current diagnostic criteria for

LADA, meaning that in the remaining 15% of

these individuals, adult-onset autoimmune

diabetes with autoimmune insulitis has evolved

in parallel with T2D, insulin resistance and

other features of metabolic syndrome. We con-

clude that more than one type of diabetes,

according to current diagnostic criteria, might

be present in a single person. These individuals

in whommore than one type of diabetes coexist

represent a unique population of people with

diabetes that will require more detailed studies

in the future.
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