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An increasing number of new cases of autoimmune diabetes occur during adulthood. Most are cases of latent
autoimmune diabetes in adults (LADA), a form of autoimmune diabetes with older mean age at onset, slower rate
of beta-cell loss and longer period of insulin independence after onset when compared with type 1 diabetes.
Unfortunately, patients with LADA are often misdiagnosed as having type 2 diabetes, the most frequent form of
adult-onset diabetes, and show a sustained poor glycemic control over time. Recent evidence shows that this
translates into a signiﬁcantly increased risk of complications. Therefore, an enhanced awareness of LADA is
essential. In this narrative review we aim to provide an update on knowledge about LADA pathophysiology and
clinical implications by critically reporting the most recent evidence.

1. Introduction
Autoimmune diabetes is a polygenic multifactorial disorder characterized by the destruction of pancreatic beta cells, on an autoimmune
basis, resulting in absolute insulin deﬁciency [1]. Type 1 diabetes (T1D)
is the most aggressive form of autoimmune diabetes and, historically,
has been largely considered a disorder of children and adolescents [2].
However, it has been recognized that an increasing number of new
autoimmune diabetes cases occur during adulthood. While a small
percentage of these cases have a clinical presentation similar to T1D,
there is a substantial number of people with an initial clinical diagnosis
of type 2 diabetes (T2D), but having detectable serum markers of betacell autoimmunity [3–5]. These subjects are aﬀected by a form of autoimmune diabetes called “latent autoimmune diabetes in in adults”
(LADA). Even though people with LADA do not require insulin at the
time of diagnosis, their clinical features may signiﬁcantly diﬀer from
people with T2D, reﬂecting a diﬀerent pathophysiology. LADA is indeed a heterogeneous form of diabetes with a pathogenesis that includes both autoimmune destruction of pancreatic beta cells as well as
some degrees of insulin resistance [5]. This heterogeneity is also reﬂected in its clinical presentation, aﬀecting screening strategies and
therapeutic approaches. As a result, patients with LADA are often
misdiagnosed and show a sustained worse glycemic control compared
to T2D [6,7]. Therefore, an enhanced awareness of LADA features is
essential to improve health outcomes of patients with this ambiguous
form of adult-onset diabetes. After we published in 2017 a comprehensive narrative review about the current knowledge of adult onset
autoimmune diabetes [8], new evidence has been published which

⁎

could help researchers and clinicians. In this review we aim to provide
an update of our above cited 2017 review, discussing about the most
recent advancements in the understanding of LADA pathophysiology
and clinical implications.
2. Methods
For this narrative review we searched PubMed for original articles
published from January 2017 to March 2020 about LADA. The following search strings were used alone or in combination: “LADA”, latent autoimmune diabetes”; “genetics”; “therapy”; “vascular complications”. Articles resulting from these searches and relevant references
cited in those articles were reviewed. Relevant articles published before
2017 were identiﬁed through searches in the authors’ personal ﬁles.
Only articles published in English were included.
3. LADA deﬁnition
The use of term LADA to identify a form of autoimmune diabetes
with later mean age at onset, slower rate of beta-cell loss and longer
period of insulin independence if compared to T1D has been only recently discussed also by the American Diabetes Association [9]. The
World Health Organization (WHO) classiﬁcation of diabetes mellitus
has also been updated in 2019 to acknowledge LADA, which is deﬁned
as “slowly evolving immune-mediated diabetes” among the “hybrid
forms” of diabetes [10]. As a form of autoimmune diabetes, LADA
shares the same autoantibodies used to identify T1D, such as insulin
autoantibody (IAA), glutamic acid decarboxylase antibodies (GADA),
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insulinoma-associated antigen-2 autoantibodies (IA-2A), and zinc
transporter-8 autoantibodies (ZnT8A). GADA is the most sensitive antibody for LADA diagnosis [11,12], also informing about LADA clinical
phenotype. Indeed, while the mean clinical features of LADA are midway between T1D and T2D, patients with LADA being younger and
leaner than those with T2D but older and with higher body mass index
and waist to hip ratio than those with T1D [13], there is a large heterogeneity in the clinical presentation of LADA which associates with
GADA serum levels and with the number of positive islet autoantibodies
[3,13–15]. The broad clinical phenotype makes it diﬃcult to diagnose
LADA and screening tools considering diﬀerent clinical features at
diabetes presentation, such as the “LADA clinical risk score” [16], may
aid to identify who can beneﬁt the most from GADA measurement.
However, there are no universally agreed diagnostic criteria for LADA,
and to date the most widely used criteria for diagnosing LADA still
reﬂects those proposed by the Immunology of Diabetes Society (IDS) in
2005: adult age of onset (> 30 years); the presence of any islet autoantibody; and the absence of insulin requirement for at least 6 months
after the diagnosis [11]. Based on these criteria, LADA can be identiﬁed
in 2–12% of patients with a clinical diagnosis of T2D [17]. However,
there is an ongoing debate about the IDS diagnostic criteria, which
appear to be limited by an arbitrary age cut-oﬀ and by a non-speciﬁc
deﬁnition of “insulin requirement”. To overcome the latter limit, the
evaluation of beta-cell reservoir by measuring C-peptide serum concentrations close to the diagnosis, 6 months and later on the course of
the disease could be helpful. In this regard, the urine C-peptide/creatinine ratio may represent a non-invasive practical alternative for the
detection of insulin secretion and to diﬀerentiate LADA from T1D in
routine clinical practice [18], thanks to the stability of C-peptide in
urine and the high correlation with serum C-peptide during the mixedmeal tolerance test [19]. While there is no deﬁnitive consensus about Cpeptide cut-oﬀ values to diﬀerentiate LADA from T1D, in our opinion
random serum C-peptide levels stably ≥0.3 nmol/L or urine C-peptide/
creatinine ratio stably ≥0.3 nmol/mmol may be reasonably considered
a marker of preserved β-cell function [20,21].

loci is stronger in LADA cases with the highest GADA levels. However,
both the genetic variants predisposing to T1D and the polygenic predisposition to T2D were shown to contribute together to the whole
genetic background of LADA. Based on the GWAS results, it has been
indeed speculated that the presence of T2D-predisposing variants may
modify the risk of developing autoimmune diabetes in subjects who also
present an autoimmune susceptibility conferred by some T1D-predisposing variants, leading to the development of LADA [25]. Limits of this
GWAS, that should be addressed in the future, include the wide heterogeneity of the LADA cohort enrolled in terms of age, autoantibody
measurement, clinical features and diagnostic criteria used to deﬁne
LADA.
Following on that, a strong interaction between overweight/obesity
and high-risk HLA genotypes in relation to the risk of LADA was found,
especially in subjects with the DR4/4 genotype [29]. In the same study
excess weight was found to interact with TCF7L2 and fat mass and
obesity-associated (FTO) risk alleles in the promotion of LADA.
Another recent study [30] showed that genetic susceptibility to
LADA varies also among ethnicities. DR3 and DR4 alleles were found to
be less frequent in East Asian LADA patients compared to Caucasians,
while DRB1*0901‐DQB1*0303 haplotypes, conferring only a moderate
risk, are more common in Asian LADA patients and rare in Caucasians.
This may explain the lower prevalence of LADA in East Asians than in
Caucasians and the observation that the proportion of LADA patients
with low GADA level in China is higher than in Europe (74% vs 49%
patients in the low GADA level group respectively).
In addition, two diﬀerent markers for the MHC class I polypeptiderelated sequence A (MICA) gene, namely, the MICA5 and MICA5.1 alleles, have been shown to be associated with T1D and LADA, respectively [31]. However, a conditional analysis within the MHC classes
showed that in LADA, diﬀerently from childhood-onset T1D, there is no
independent eﬀect of MHC class I after conditioning on the leading
MHC class II associations, suggesting that the MHC class I association
may be a genetic discriminator between LADA and childhood-onset
T1D [32].

4. What is new in the genetics of LADA

5. What is new in LADA pathophysiology

Numerous studies had shown that LADA shares genetic features
with both T1D and T2D [22], but studies on LADA, in this respect, were
limited to a number of candidate genes that are risk loci in the pathogenesis of T1D and T2D [23,24], hampering the identiﬁcation of new
genes speciﬁcally involved in LADA pathogenesis. Similar to T1D, genetic susceptibility to LADA is strongly linked to the human leukocyte
antigen (HLA) gene complex (in particular DRB1 and DQB1, with the
HLA-DRB1*04-DQB1*0302 and HLA-DRB1*0301- DQB1*0201 haplotypes conferring the highest risk) regulating the immune system [25].
This ﬁnding underlines the autoimmune origin of this form of diabetes.
In addition, LADA is linked to T1D-associated variants in the protein
tyrosine phosphatase non-receptor type 22 (PTPN22), insulin (INS), and
SH2B adapter protein 3 (SH2B3) genes, but these associations seem to
be restricted to the subset of LADA patients showing a higher autoimmune load as suggested by the presence of more than one positive
diabetes autoantibody [26].
An association with the key T2D-associated transcription factor 7like 2 (TCF7L2) locus has been described in some studies [27,28].
However, this association has been recently questioned in a study describing genetic liability to LADA in one of the largest LADA cohort ever
investigated for this purpose [26]. In the same study, genetic risk scores
for T1D performed better than genetic risk scores for T2D in distinguishing patients with LADA from controls [26]. Similar results have
been subsequently achieved with the ﬁrst genome-wide association
study (GWAS) for LADA, giving important additional information about
genetic characteristics of LADA [25]. This study conﬁrms that the genetic basis of LADA can be mainly assimilated to that of T1D, and GADA
stratiﬁed analysis of LADA patients also shows that the odds ratio of key

LADA represents an “intermediate” form of diabetes between T1D
and T2D, characterized by an islet-cell speciﬁc autoantibody positivity
but a slower β-cells loss than T1D and some metabolic features of T2D
[17]. As well as in T1D, insulitis, which is the inﬂammatory process
characterized by the inﬁltration of immune cells into the pancreatic
islets, seems to be the hallmark of the immune mediated beta-cell destruction also in LADA [33]. In autoimmune diabetes, CD8+ cytotoxic
T-cells are the most represented inﬁltrating cells within insulitis and are
the main eﬀectors of pancreatic autoimmunity [1]. However, also T
CD4+ helper cells, macrophages and B-cells are found in the inﬂamed
pancreatic islets, representing the complex cell-mediated immune pathogenesis of autoimmune diabetes. Brieﬂy macrophages and dendritic
cells, which are responsible for presenting beta-cell peptides through
major histocompatibility complex (MHC) class II to naive CD4+ T-cells,
inﬁltrate the pancreatic islets and release chemoattractant cytokines
such as interleukin (IL)-12. CD4+ T-cells, circulating in the blood and in
the pancreatic lymph nodes, are activated by IL-12 and can produce IL2 which, in turn, activate beta-cell antigen-speciﬁc CD8+ cytotoxic Tcells [34].
The conﬁrmation that insulitis occurs in LADA has been initially
shown by pancreatic scintigraphy using interleukin 2 (IL-2) radiolabelled with technetium-99m (99mTc), which observed the presence
of peripheral blood mononuclear cells (PBMCs) in the pancreas of both
T1D and LADA [35]. The ﬁrst study investigating pancreas pathology in
patients with LADA has further conﬁrmed the immune cell-inﬁltration
in the pancreatic islets, with a changed ratio between macrophages and
CD8 T-cell towards macrophages [33]. Nevertheless, an increased
pancreatic 99mTC-IL-2 uptake has been detected even in autoantibody38
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negative (Ab−) T2D patients, suggesting that a T-cell response may also
occur in the absence of the classical markers of pancreatic autoimmunity [36]. This last condition was labelled as T-LADA [37], and
seems to be characterized by a more rapid β-cell functional decline than
T2D [38], despite the absence of the known islet autoantibodies. Indeed, while routinely LADA is diagnosed by detecting islet autoantibodies, these are only markers and not the eﬀectors of β-cell destruction, which is mainly caused by islet antigen-speciﬁc CD4+ and
CD8+ T cells. Nowadays it is possible to identify and distinguish TLADA (Ab− T+) from classic T2D (Ab− T−) using enzyme-linked immunospot (ELISPOT) assay, a promising technique allowing to detect
antigen-reactive T cells and their cytokine response [39]. It is well
known that the pathogenesis of autoimmune diabetes is mediated by
pro-inﬂammatory cytokines, of which interleukin-17 (IL-17) is playing
an emerging role, together with interferon gamma (IFN-γ) [40,41].
Badal et al. demonstrated LADA peripheral blood mononuclear cells
(PBMCs) secrete higher levels of IL-17 in vitro after stimulation with βcell autoantigens compared to T1D. In this study, a positive correlation
between BMI and IL-17 was observed, suggesting that IL-17 might
contribute to the low-grade inﬂammation typical of visceral adiposity
in obese subjects and, consequently, to a low-grade autoimmune process causing loss of β-cell function [42]. Similar data were already reported in the Action LADA study, showing that levels of pro-inﬂammatory cytokines were directly related to some adiposity-related
markers, such as BMI, though TNF-α levels were signiﬁcantly lower in
patients with LADA than in those with T2D, but similar to those with
T1D [43]. Recently, a new circulating pro-inﬂammatory biomarker has
been detected for a better diﬀerential diagnosis between LADA, classical adult-onset T1D and T2D, i.e. soluble levels of the TNF-a 2 receptor (sTNFRII). sTNFRII is a stable protein regulating TNF-α activation in adipocytes, in the context of obesity and insulin resistance [44].
In particular, Castelblanco et al. found that its concentrations gradually
increased from T1D to LADA and from LADA to T2D, thus becoming a
potential predictor for discriminating LADA from classical adult-onset
T1D [45]. Furthermore, sTNFRII plays a key role in the diﬀerentiation
of activated CD4+ T regulatory cells (Tregs), which are fundamental for
maintaining immunological unresponsiveness to self-antigens [46,47].
Consequently, the higher number of Tregs in LADA compared to T1D
could explain the milder clinical presentation of the former. Finally, it
was observed also a positive correlation between high concentrations of
IL-15 and IL-6 with insulin resistance in autoimmune diabetes, including LADA [48], strengthening the hypothesis about the relationship
between chronic inﬂammation, insulin resistance and development of
autoimmune diabetes. LADA is indeed characterized by a great phenotypic heterogeneity due to variable degrees of insulin deﬁciency and
insulin resistance. Individuals with LADA tend to have higher BMI than
those with T1D. Therefore overweight and obesity are associated with
increased risk of LADA, particularly when in combination with family
history of diabetes, as illustrated in a Swedish case–control study and
the Norwegian HUNT Study [49]. Thus, the development of autoimmunity in patients with LADA could be accelerated by the low-grade
inﬂammation related to visceral adiposity, together with other speciﬁc
triggers activating autoimmunity against beta-cells. Therefore, people
at risk of developing LADA may theoretically beneﬁt by a combination
of lifestyle changes as implementing appropriate diet and increasing
exercise. However, evidence in this regard are scarce because the small
number of studies in this regard were conducted exclusively in Scandinavian populations [50,51]. Furthermore, it is diﬃcult to recognize
people at higher risk of developing LADA and no speciﬁc recommendations exist for screening relatives of patients with LADA for
islet autoantibodies or blood glucose values.
The diﬀerent pathogenesis of inﬂammation in LADA could lead to
the development of autoimmunity against diﬀerent antigens. We have
elsewhere [8] discussed the ﬁrst ﬁndings from our group demonstrating
in patients with LADA, in particular in those with an obese and insulinresistant phenotype, the existence of autoantibodies against a speciﬁc

construct of the IA-2 antigen (IA-2(256-760)), which is diﬀerent from the
construct traditionally recognized by the IA2-A found in T1D (IA2IC(605-979)) [52,53]. These autoantibodies have been also recently
shown in obese patients with normal glucose tolerance [54]. IA-2(256760) construct has an extracellular N-terminal portion that is more accessible to antigen-presenting cells than the intracellular portion of this
protein. This observation may let hypothesize that it can trigger an
autoimmune response to unknown self-antigens in the presence of lowgrade inﬂammation, thereby accelerating β-cell loss in obese patients
predisposed to autoimmunity. Accordingly, the extracytoplasmatic (EC)
IA-2EC(26-577) fragment of the IA-2 protein, has also been recently
shown as a new epitope (which however overlaps with IA-2(256-760))
involved in pancreatic autoimmunity in LADA. In particular, autoantibodies against IA-2EC(26-577) were found in a subgroup of patients
with adult-onset autoimmune diabetes with a “T2D-like” phenotype
negative for conventional islet autoantibodies [55], suggesting that the
N-terminal region of IA-2 could contribute to the diabetic antigenicity
in “T2D-like” patients. In the same line of evidence, antibodies against
the central or C-terminal domains of glutamic acid decarboxylase
(GAD65) in patients with LADA are prone to be associated with a T1D
phenotype and an early need insulin therapy, while antibodies against
N-terminal domains are prone to be associated with T2D clinical features [56]. Overall, these ﬁndings from independent research groups
suggest that diﬀerent clinical phenotypes of adult-onset autoimmune
diabetes may be associated with diﬀerent epitope spreading (Fig. 1). In
addition, also the aﬃnity of islets autoantibodies for their targets has
been recently associated to the diﬀerent clinical phenotypes of LADA. In
this regard, electrochemiluminescence assay (ECL) A is a new emerging
method for islet autoantibody detection able to discriminate between
high-aﬃnity, high risk diabetes-speciﬁc antibodies and low-risk, lowaﬃnity antibodies, [57]. Patients who are ECL-GAD65−, in fact, share a
similar T2D phenotype with a slower β-cell loss, whereas patients who
are ECL-GAD65+ show a rapid β-cell dysfunction and require insulin
treatment like T1D patients [58].
6. What is new about LADA complications
We have previously highlighted that evidence published up to 2017
about the risk of developing macrovascular and microvascular complications in LADA was very scarce [8]. A systematic analysis of the few
studies reporting data about this topic at that time suggested no difference in the prevalence of cardiovascular disease between patients
with LADA and those with T2D, independently from diabetes duration.
On the contrary, microvascular complications appeared to be rarer in
patients with LADA close to diabetes diagnosis, whereas an opposite
pattern was suggested later in the disease history [8]. However, those
studies were signiﬁcantly limited by a low sample size, a cross-sectional
study design for most of them or a very short follow-up for the few
longitudinal studies, and by the lack of data about risk factors possibly
explaining the diﬀerences found between diabetes types. To conﬁrm
these preliminary observations with a stronger evidence, we have recently evaluated the long-term risk of cardiovascular, retinal and renal
events in LADA compared to T2D in the large population of adults with
a clinical diagnosis of new-onset T2D enrolled in the United Kingdom
Prospective Diabetes Study (UKPDS) [6,59]. In the UKPDS, 5102 patients with newly diagnosed T2D were randomized to receive conventional glucose control strategy or to an intensive glucose control
strategy and were followed for up to 30-years to ascertain both macrovascular and microvascular outcomes [60]. While all participants
were initially thought to be aﬀected by T2D, about 11% resulted positive to at least one diabetes-speciﬁc autoantibody [61]. Together with
the very long follow-up and the adjudication of all cardiovascular, eye
and kidney events, this allowed us to robustly describe the comparative
risk of vascular complications in LADA and T2D and the respective risk
factors. Participants with LADA had a 27% lower risk of major adverse
cardiovascular events compared to T2D, which was however
39
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Fig. 1. Epitope spreading diﬀers according to
the type of autoimmune diabetes. GAD65 and
IA2 are two main self-antigens of autoimmune
diabetes, but the construct recognized by the
immune system may diﬀer in patients with
LADA and in patients with T1D. A IA-2 is
characterized by diﬀerent epitopes, which have
their own immunoreactivity, linked to various
phenotypes
of
autoimmune
diabetes.
Immunoreactivity to extra-cytoplasmic portion
(N-terminal) appears to be more prone to an
autoimmune diabetes with a phenotype similar
to T2D (such as LADA), unlike immunoreactivity to intra-cytoplasmic portion (Cterminal) typical of an autoimmune diabetes
with the classical T1D-like phenotype. B GAD
antigen is divided into three constructs, each
one with its own immunoreactivity. As well as
IA-2, each GAD epitope is associated to a different clinical phenotype. Middle and C-terminal regions have high aﬃnity for GADA and
they are associated with a T1D-like phenotype,
whereas autoimmunity only against the Nterminal region is more related to a T2D-like
phenotype. Antibodies recognizing the Nterminally truncated (95-585) GAD65 epitope
are also called t-GADA, whereas autoantibodies
recognizing the N-terminal (1-95) GAD65 region are also called f-GADA.
Abbreviations. TM, transmembrane; IA-2, tyrosine
phosphatase
2;
LADA,
Latent
Autoimmune Diabetes in Adults; T2D, Type 2
diabetes; GAD65, 65 kDa isoform of glutamic
acid decarboxylase GADA glutamic acid decarboxylase antibody.

autoimmune diabetes. Finally, they show the existence of metabolic
memory in LADA, highlighting an early therapeutic window in this
group to improve microvascular outcomes by implementing strict glycaemic control.

completely explained by the younger mean age and the more favorable
cardiometabolic proﬁle observed in LADA [59]. A time-varying risk was
instead found for microvascular complications in the group of patients
with LADA, who, compared to patients with T2D, showed a 55% lower
adjusted risk for the composite microvascular outcome (renal failure,
renal death, blindness in one eye, vitreous haemorrage and retinal
photocoagulation) during the ﬁrst nine years after diagnosis. The lower
risk was reversed over time by the sustained poorer glycaemic control
observed in people with LADA. They showed a 33% greater adjusted
risk than T2D for the same outcome beyond the ﬁrst 9 years of followup. In accordance with the recent GWAS data [25], these UKPDS
ﬁndings point toward LADA being more close to T1D than to T2D also
in terms of complication risk. Indeed, compared to T2D, and similarly
to T1D, LADA patients less frequently develop both cardiovascular
events, as a consequence of a lower cardiometabolic load, and early
microvascular events. However, they experience more diﬃculties in
achieving an optimal glycemic control, as it often happens in T1D, resulting in worse long-term microvascular outcomes. These observations
are also in line with Ahlqvist et al. who showed that the cluster of
patients with GADA-positive adult-onset diabetes has an unadjusted
lower risk of coronary events and a sustained worse glycemic control
compared to patients with predominant insulin-resistance, obesity or
age-related diabetes [7]. In accordance with the UKPDS ﬁndings, also in
this case no signiﬁcant diﬀerence in cardiovascular risk was found
between diabetes subgroups after adjustment for age and sex.
Overall, the most recent original articles about the risk of developing complications in LADA may have relevant clinical implications.
First, they show that measuring diabetes autoantibodies may aid microvascular risk stratiﬁcation, which is essential for precision medicine.
They also emphasize the importance of aggressively tackling traditional
cardiovascular risk factors since the diagnosis to keep at the lowest the
risk of major cardiovascular events in people with adult-onset

7. What is new in LADA therapy
As highlighted above, a strict glycaemic control is crucial in LADA.
Unfortunately, few novel data have been published since 2017 to better
inform clinicians about LADA therapy.
It was already known that sulfonylureas induces a more rapid progression toward beta-cell failure in LADA [62,63], and that early insulin
therapy can instead preserve beta-cell function [64]. Further evidence
supporting an insulin therapy in LADA comes from a post-hoc analysis
of the UKPDS by subgroups of diabetes autoantibodies positive and
negative, which showed that early intensive insulin therapy might be
associated with protection from cardiovascular death in LADA, but this
ﬁnding should be evaluated in interventional randomized controlled
trials, particularly in light of the cardiovascular beneﬁts that have been
observed with some new classes of glucose lowering drugs [59]. Furthermore, despite these evidences, it is still hard to determine the most
suitable time to start insulin therapy and the right insulin therapy regimen for patients with LADA.
Some studies had also suggested beneﬁcial eﬀects of drugs acting on
the incretin system to protect beta-cell function [65–69]. In this regard,
the dipeptidyl-peptidase 4 inhibitor (DPP4i) sitagliptin has been shown
to alter the phenotype and the subsets of T cells in LADA, by increasing
the protective T helper 2 cells and by decreasing the pathogenic T
helper 17 cells, also resulting in an ameliorated glycemic control [70].
However, 21-months treatment of LADA patients with sitagliptin did
not result in better endogenous insulin secretion compared to insulin
treatment [71]. As well, a small pilot study did not ﬁnd beneﬁts in
40
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based on a personalized approach which consider the speciﬁc needs of
the single patient. Regular follow-up is crucial for patients with LADA.
Therefore, patients with LADA should be reassessed on a regular basis
every three-six months to avoid clinical inertia, as suggested for patients with other forms of diabetes [82].

terms of c-peptide when using sitagliptin compared to pioglitazone
[72]. On the other hand DPP4i have been hypothesized to be useful if
used in combination with other drugs tackling the complex pathophysiology of autoimmune diabetes [73,74]. In this regard, a recent study
showed that vitamin D3 in add-on to saxagliptin could maintain pancreatic beta-cell function in LADA [75] probably because vitamin D acts
as immunomodulator with consequent beneﬁcial eﬀect of protecting
islet β-cell [76]. Potential beneﬁts of glucagon-like peptide 1 receptor
agonists (GLP‐1RA) in LADA have also been recently evaluated in a
post-hoc analysis of the phase three randomized trials AWARD-2, -4 and
-5, which were part of the dulaglutide clinical development program in
T2D. The study showed that dulaglutide (a once-weekly GLP-1 receptor
agonist) signiﬁcantly reduced HbA1c levels and increased beta cell
function markers in LADA patients (GADA positive) [77].
While bariatric surgery has been shown to signiﬁcantly improve
glycemic control in T2D, a recent retrospective study evaluating the
eﬀect of Roux-en-Y gastric bypass or of sleeve gastrectomy in ten obese
patients with LADA did not show improvement in glycaemic control
neither in other cardiometabolic risk factor, despite patients achieved a
signiﬁcant reduction in body weight. Furthermore, about half of the
patients experienced diabetic ketoacidosis after surgery [78].
A promising therapeutic option might be the use of sodium glucose
cotransporter 2 inhibitors (SGLT2i) for their potential role in β cell
regeneration with signiﬁcant reduction in HbA1c [79,80], but available
data are still scarce, and also in this case risk of diabetic ketoacidosis
should not be forgotten.
Overall, the heterogeneity of the disease makes it diﬃcult to establish a standardized therapeutic algorithm. Accordingly, physician
approaches are also extremely heterogeneous, with current therapies
for LADA patients being largely based on the advantages and disadvantages of each drug class experienced in T1D and T2D (Table 1).
Insulin is the most frequent therapeutic choice in patients with LADA
because of its proven eﬃcacy for both controlling hyperglycemia and
preserving beta-cells. However, in some patients showing an insulinresistant phenotype and with good beta-cell reservoir, insulin, which is
associated to increased risk of hypoglycemia and weight gain, may not
be the only strategy to choose. These patients may indeed beneﬁt from
insulin-sensitizers, such as metformin, which use has been however
barely investigated in LADA, or thiazolidinediones, which have antiapoptotic eﬀects associated to preservation of C-peptide in LADA [81].
Other molecules, such as the above discussed DPP4i, GLP1-RA or
SGLT2i, may be used in combination with insulin or insulin-sensitizers

8. Conclusions
Some relevant progresses in the understanding of LADA pathophysiology and clinical implications of LADA have been made very recently
(Table 2). While LADA had been thought to be a perfect mixture of T1D
and T2D, the most recent studies conducted on large LADA cohorts
point toward LADA being a distinct form of T1D. Yet some diﬀerences
with classical T1D are evident because most people with LADA have the
unique features of residual beta-cell function and slow diabetes progression, free from insulin dependence, for years after diabetes diagnosis despite the presence of autoimmunity. Therefore, these ﬁndings
are extremely relevant in that they give LADA the potential to be a
perfect clinical model to understand determinants of the degree and
rate of disease progression. While research progresses, however, the
clinical problem of how to manage patients with LADA has not yet been
solved so far. Aims of ideal therapy should be to achieve an adequate
metabolic control, delay or prevent micro and macrovascular complications, and to preserve residual pancreatic beta cells. However, the
high heterogeneity of LADA makes it very diﬃcult to identify the optimal therapy for this form of diabetes. Preferable solution could be an
individualized approach, with a tailored therapy based on characteristics of each LADA patient.
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Table 1
Advantages and disadvantages of diﬀerent therapeutic choices for the management of latent autoimmune diabetes in adults (LADA). Abbreviations: GI, gastrointestinal; DKA, diabetic ketoacidosis; DPP4, dipeptidyl peptidase 4; GLP1, glucagon-like peptide 1; SGLT2, sodium-glucose co-transporter 2.
Therapy

Advantages

Insulin

Metformin
Thiazolidinediones

Sulfonylureas

DPP-4 inhibitors

-

Disadvantages

Proven safety and eﬃcacy.
Suppression of autoimmunity.
Possible cardiovascular beneﬁts in LADA.
Low cost.
Useful in LADA with insulin resistance.
Potential role in preserving beta cell mass.
Anti-apoptotic eﬀects.
Useful in individuals with high insulin resistance
Low cost

GLP-1R agonists

- Immunoregulatory properties.
- Potential role in preserving beta cell viability and function.
- Good eﬀects on HbA1c and on markers of beta cell function.

SGLT-2 inhibitors

- Cardiovascular and kidney beneﬁts.

Vitamin D

- Immunomodulatory function.
- Protection of islet beta cells.
- Preserving c-peptide.

Immune intervention

- Risk of hypoglycemia and weight gain

- Limited evidence in LADA
-

Weight gain.
Not eﬀective in lean subjects
Liquid retention
Risk of hypoglycemia
Exacerbation of autoimmunity
Beta cell function exhaustion
Minimal eﬀects on glycemia.
Prospective studies are small and inconclusive.
GI side eﬀects.
Limited evidence in LADA.
Increased risk of DKA.
Limited evidence in LADA.
Contrasting evidence about its eﬃcacy in diabetes.

- Limited evidence in LADA.
- No immune intervention approved for autoimmune diabetes.
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Table 2
Summary box. Main advances in knowledge about LADA from 2017 to 2020 and current gaps in knowledge.
Topic

Knowledge in 2017

Knowledge in 2020

Current gaps in knowledge

LADA deﬁnition

2005 IDS deﬁnition

2005 IDS deﬁnition

Genetics

Genetics of LADA is mid-way between T1D and
T2D

The ﬁrst GWAS in LADA has been performed pointing
towards LADA mainly being a form of T1D with lower
genetic load.
The association of TCF7L2 with LADA has been questioned.

Should c-peptide decline be included in the
diagnostic criteria of LADA?
Candidate genes associated with milder
autoimmune response against beta-cell should
be searched outside the known regions
associated to T1D

Physiopathology

Most studies underpowered and conducted in a
single population
Pancreatic inﬂammation showed in LADA by
scintigraphy
High and low GADA levels diﬀerentiate
subtypes of LADA
First studies showing epitope spreading may
diﬀer between T1D and LADA

Complications

Few, underpowered and mostly cross-sectional
studies suggesting risk of microvascular
complications in LADA may vary according to
disease duration.

Macrovascular disease similar to T2D despite
diﬀerences in metabolic features

Therapy

Early insulin therapy is associated with good
metabolic control and beta-cell function
preservation

There is the rationale for testing incretin-base
therapy in LADA

A pathology study of pancreases from LADA patients is now
available showing immune cell-inﬁltration (CD8+ T-cells
and macrophages)
GADA aﬃnity in addition to GADA levels may diﬀers
according to the clinical phenotype
Studies from independent groups reinforce the hypothesis
of diﬀerent epitope spreading within IA2 and GAD65
proteins.
Long-term longitudinal studies show:

- Lower rates of major cardiovascular events in LADA
compared to T2D, which are explained by the better
cardiometabolic proﬁle in LADA
- Risk of microvascular complications is lower in LADA
compared to T2D at diagnosis but severely aﬀected in
the long-term by the worse glycemic control seen in
LADA patients
Sitagliptin impacts on T-cell subsets in LADA, but failed to
show beneﬁts on c-peptide

Post-hoc analyses of the AWARD trials suggest potential
beneﬁts of dulaglutide in LADA

Conﬂict of interest
Dr Maddaloni has received grants from scientiﬁc societies supported
by Lilly and AstraZeneca and honoraria or consulting fees from MerckSerono, Pikdare, AstraZeneca, and Abbott. Prof. Buzzetti has received
honoraria or consulting fees from Sanoﬁ, Eli Lilly, Abbott, and
AstraZeneca. Dr Moretti and Dr Mignogna declare that they have no
conﬂict related to this manuscript.

[5]

[6]

Funding

[7]

This work was in part funded by the Italian Ministry of Education,
Universities and Research (Project of National Interest – PRIN,
#2017KAM2R5_006) and by the Research Foundation of Societa`
Italiana di Diabetologia (SID) with an unconditional grant from Novo
Nordisk, Italy.

[8]

[9]

Provenance and peer review
This article was commissioned and externally peer reviewed.

[10]
[11]

References
[12]
[1] J. Ilonen, J. Lempainen, R. Veijola, The heterogeneous pathogenesis of type 1
diabetes mellitus, Nat. Rev. Endocrinol. 15 (2019) 635–650, https://doi.org/10.
1038/s41574-019-0254-y.
[2] J.M. Norris, R.K. Johnson, L.C. Stene, Type 1 diabetes – early life origins and
changing epidemiology, Lancet Diabetes Endocrinol. 8 (2020) 226–238, https://
doi.org/10.1016/S2213-8587(19)30412-7.
[3] E. Maddaloni, N. Lessan, A. Al Tikriti, R. Buzzetti, P. Pozzilli, M.T. Barakat, Latent
autoimmune diabetes in adults in the United Arab Emirates: clinical features and
factors related to insulin-requirement, PLoS One 10 (2015) e0131837, , https://doi.
org/10.1371/journal.pone.0131837.
[4] E. Maddaloni, G. Pastore, M.G. Del Buono, A. Porcari, M. Fittipaldi, F. Garilli,

[13]

[14]

Does the immune cell inﬁltration diﬀer among
the diﬀerent clinical phenotypes of LADA?
What are the main determinants of the milder
autoimmune response in LADA compared to
T1D?
What is the role of insulin resistance in LADA
pathogenesis?
What is the risk of neuropathy?
Why the risk of microvascular complications
is lower in LADA compared to T2D at
diagnosis?
What is the impact of novel anti-diabetes
drugs on the risk of vascular complications in
LADA?

When is the right time for starting insulin in
LADA?
Should we use metformin in patients with
LADA?
Should all patients with LADA be treated in
the same way?
Is the risk of SGLT2i- associated euglycaemic
ketoacidosis the same in LADA as in T1D?

C. Tiberti, S. Angeletti, P. Pozzilli, G. Mottini, N. Napoli, High prevalence of autoimmune diabetes and poor glycaemic control among adults in Madagascar: a brief
report from a humanitarian health campaign in Ambanja, J. Diabetes Res. 2017
(2017), https://doi.org/10.1155/2017/3860674.
S. Pieralice, S. Zampetti, E. Maddaloni, R. Buzzetti, “H” for heterogeneity in the
algorithm for type 2 diabetes management, Curr. Diab. Rep. 20 (2020) 14, https://
doi.org/10.1007/s11892-020-01297-w.
E. Maddaloni, R.L. Coleman, O. Agbaje, R. Buzzetti, R.R. Holman, Time-varying risk
of microvascular complications in latent autoimmune diabetes of adulthood compared with type 2 diabetes in adults: a post-hoc analysis of the UK Prospective
Diabetes Study 30-year follow-up data (UKPDS 86), Lancet Diabetes Endocrinol.
(2020), https://doi.org/10.1016/S2213-8587(20)30003-6.
E. Ahlqvist, P. Storm, A. Käräjämäki, M. Martinell, M. Dorkhan, A. Carlsson,
P. Vikman, R.B. Prasad, D.M. Aly, P. Almgren, Y. Wessman, N. Shaat, P. Spégel,
H. Mulder, E. Lindholm, O. Melander, O. Hansson, U. Malmqvist, Å. Lernmark,
K. Lahti, T. Forsén, T. Tuomi, A.H. Rosengren, L. Groop, Novel subgroups of adultonset diabetes and their association with outcomes: a data-driven cluster analysis of
six variables, Lancet Diabetes Endocrinol. 6 (2018) 361–369, https://doi.org/10.
1016/S2213-8587(18)30051-2.
R. Buzzetti, S. Zampetti, E. Maddaloni, Adult-onset autoimmune diabetes: current
knowledge and implications for management, Nat. Rev. Endocrinol. 13 (2017)
674–686, https://doi.org/10.1038/nrendo.2017.99.
American Diabetes Association, American Diabetes Association, Classiﬁcation and
diagnosis of diabetes: standards of medical care in diabetes—2020, Diabetes Care
43 (2020) S14–S31, https://doi.org/10.2337/dc20-S002.
World Health Organization, Classiﬁcation of Diabetes Mellitus, Geneva, (2019).
S. Fourlanos, F. Dotta, C.J. Greenbaum, J.P. Palmer, O. Rolandsson, P.G. Colman,
L.C. Harrison, Latent autoimmune diabetes in adults (LADA) should be less latent,
Diabetologia. 48 (2005) 2206–2212, https://doi.org/10.1007/s00125-005-1960-7.
S. Cernea, R. Buzzetti, P. Pozzilli, Cell protection and therapy for latent autoimmune diabetes in adults, Diabetes Care 32 (2009) S246–S252, https://doi.org/
10.2337/dc09-S317.
M.I. Hawa, H. Kolb, N. Schloot, H. Beyan, S.A. Paschou, R. Buzzetti, D. Mauricio,
A. De Leiva, K. Yderstraede, H. Beck-Neilsen, J. Tuomilehto, C. Sarti, C. Thivolet,
D. Hadden, S. Hunter, G. Schernthaner, W.A. Scherbaum, R. Williams, S. Brophy,
P. Pozzilli, R.D. Leslie, Adult-onset autoimmune diabetes in Europe is prevalent
with a broad clinical phenotype: action LADA 7, Diabetes Care 36 (2013) 908–913,
https://doi.org/10.2337/dc12-0931.
R. Buzzetti, S. Di Pietro, A. Giaccari, A. Petrone, M. Locatelli, C. Suraci, M. Capizzi,
M.L. Arpi, E. Bazzigaluppi, F. Dotta, E. Bosi, Non Insulin Requiring Autoimmune
Diabetes Study Group, High titer of autoantibodies to GAD identiﬁes a speciﬁc
phenotype of adult-onset autoimmune diabetes, Diabetes Care 30 (2007) 932–938,

42

Downloaded for Anonymous User (n/a) at Gobierno del Principado de Asturias Consejeria de Sanidad from ClinicalKey.com by Elsevier on June 08, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

Maturitas 137 (2020) 37–44

E. Maddaloni, et al.

https://doi.org/10.2337/dc06-1696.
[15] S. Zampetti, M. Capizzi, M. Spoletini, G. Campagna, G. Leto, L. Cipolloni, C. Tiberti,
E. Bosi, A. Falorni, R. Buzzetti, GADA titer-related risk for organ-speciﬁc autoimmunity in LADA subjects subdivided according to gender (NIRAD study 6), J.
Clin. Endocrinol. Metab. 97 (2012) 3759–3765, https://doi.org/10.1210/jc.20122037.
[16] S. Fourlanos, C. Perry, M.S. Stein, J. Stankovich, L.C. Harrison, P.G. Colman, A
clinical screening tool identiﬁes autoimmune diabetes in adults, Diabetes Care
(2006), https://doi.org/10.2337/dc05-2101.
[17] P. Pozzilli, S. Pieralice, Latent autoimmune diabetes in adults: current status and
new horizons, Endocrinol. Metab. Seoul (Seoul) 33 (2018) 147–159, https://doi.
org/10.3803/EnM.2018.33.2.147.
[18] W. Liu, X. Huang, X. Zhang, X. Cai, X. Han, X. Zhou, L. Chen, R. Zhang, S. Gong,
Y. Wang, L. Ji, Urinary c-peptide creatinine ratio as a non-invasive tool for identifying latent autoimmune diabetes in adults (LADA), Diabetes, Metab. Syndr. Obes.
Targets Ther. (2019), https://doi.org/10.2147/DMSO.S229675.
[19] T.J. McDonald, B.A. Knight, B.M. Shields, P. Bowman, M.B. Salzmann,
A.T. Hattersley, Stability and reproducibility of a single-sample urinary C-peptide/
creatinine ratio and its correlation with 24-h urinary C-peptide, Clin. Chem. (2009),
https://doi.org/10.1373/clinchem.2009.129312.
[20] A.G. Jones, a.T. Hattersley, The clinical utility of C-peptide measurement in the care
of patients with diabetes, Diabet. Med. 30 (2013) 803–817, https://doi.org/10.
1111/dme.12159.
[21] E. Leighton, C.A. Sainsbury, G.C. Jones, A practical review of C-Peptide testing in
diabetes, Diabetes Ther. 8 (2017) 475–487, https://doi.org/10.1007/s13300-0170265-4.
[22] M.K. Andersen, T. Hansen, Genetic aspects of latent autoimmune diabetes in adults:
a mini-review, Curr. Diabetes Rev. 15 (2018) 194–198, https://doi.org/10.2174/
1573399814666180730123226.
[23] J.M.M. Howson, S. Rosinger, D.J. Smyth, B.O. Boehm, G. Aldinger, J. Aufschild,
J. Bechtold, G. Becker, W. Beischer, R. Bickel, R. Blagieva, B.O. Boehm, J. Brückel,
S. Claudi-Boehm, A. Dapp, T. Eiermann, R. Ermerling, J. Gloyer, T. Haak,
M. Haenle, W. Hecker, R. Holl, A. Holland, S. Höpfer, S. Jung, W. Junginger,
G. Jütting, T. Käser, J. Kieferle, W. Koenig, W. Kratzer, P. Kristen, P. Kühnl,
A. Kurkhaus, G. Limberg, B. Lippmann-Grob, R. Lobmann, U. Maas, B. Manfras,
S. Merger, K.A. Müller, T. Nikolaus, W.B. Oﬀensperger, H. Renner, C. Rosak,
S. Rosinger, S. Schilling, G.H. Schreiber, A. Schuler, G.J. Schwinn, E. Siegel, R. Sing,
E. Spohr, M. Standop, G. Trischler, U. Weickert, G. Wildemann-Gilbert, D. Wörner,
J.A. Todd, Genetic analysis of adult-onset autoimmune diabetes, Diabetes. 60
(2011) 2645–2653, https://doi.org/10.2337/db11-0364.
[24] T. Tuomi, N. Santoro, S. Caprio, M. Cai, J. Weng, L. Groop, The many faces of
diabetes: a disease with increasing heterogeneity, Lancet. (2014), https://doi.org/
10.1016/S0140-6736(13)62219-9.
[25] D.L. Cousminer, E. Ahlqvist, R. Mishra, M.K. Andersen, A. Chesi, M.I. Hawa,
A. Davis, K.M. Hodge, J.P. Bradﬁeld, K. Zhou, V.C. Guy, M. Åkerlund, M. Wod,
L.G. Fritsche, H. Vestergaard, J. Snyder, K. Højlund, A. Linneberg, A. Käräjämäki,
I. Brandslund, C.E. Kim, D. Witte, E.P. Sørgjerd, D.J. Brillon, O. Pedersen, H. BeckNielsen, N. Grarup, R.E. Pratley, M.R. Rickels, A. Vella, F. Ovalle, O. Melander,
R.I. Harris, S. Varvel, V.E.R.R. Grill, H. Hakonarson, P. Froguel, J.T. Lonsdale,
D. Mauricio, N.C. Schloot, K. Khunti, C.J. Greenbaum, B.O. Åsvold, K.B. Yderstræde,
E.R. Pearson, S. Schwartz, B.F. Voight, T. Hansen, T. Tuomi, B.O. Boehm, L. Groop,
R.D. Leslie, S.F.A.A. Grant, S.F.A.A. Grant, Bone Mineral Density in Childhood
Study, H. Hakonarson, P. Froguel, J.T. Lonsdale, D. Mauricio, N.C. Schloot,
K. Khunti, C.J. Greenbaum, B.O. Åsvold, K.B. Yderstræde, E.R. Pearson, S. Schwartz,
B.F. Voight, T. Hansen, T. Tuomi, B.O. Boehm, L. Groop, R.D. Leslie, S.F.A.A. Grant,
First genome-wide association study of latent autoimmune diabetes in adults reveals novel insights linking immune and metabolic diabetes, Diabetes Care 41
(2018) 2396–2403, https://doi.org/10.2337/dc18-1032.
[26] R. Mishra, A. Chesi, D.L. Cousminer, M.I. Hawa, J.P. Bradﬁeld, K.M. Hodge,
V.C. Guy, H. Hakonarson, D. Bone Mineral Density in Childhood Study, D. Mauricio,
N.C. Schloot, K.B. Yderstræde, B.F. Voight, S. Schwartz, B.O. Boehm, R.D. Leslie,
S.F.A. Grant, Relative contribution of type 1 and type 2 diabetes loci to the genetic
etiology of adult-onset, non-insulin-requiring autoimmune diabetes, BMC Med. 15
(2017) 88, https://doi.org/10.1186/s12916-017-0846-0.
[27] E. Pettersen, F. Skorpen, K. Kvaløy, K. Midthjell, V. Grill, Genetic heterogeneity in
latent autoimmune diabetes is linked to various degrees of autoimmune activity:
results from the Nord-Trøndelag Health Study, Diabetes. 59 (2010) 302–310,
https://doi.org/10.2337/db09-0923.
[28] M.K. Andersen, M. Sterner, T. Forsén, A. Käräjämäki, O. Rolandsson, C. Forsblom,
P.-H. Groop, K. Lahti, P.M. Nilsson, L. Groop, T. Tuomi, Type 2 diabetes susceptibility gene variants predispose to adult-onset autoimmune diabetes, Diabetologia.
57 (2014) 1859–1868, https://doi.org/10.1007/s00125-014-3287-8.
[29] R. Hjort, J.E. Löfvenborg, E. Ahlqvist, L. Alfredsson, T. Andersson, V. Grill,
L. Groop, E.P. Sørgjerd, T. Tuomi, B.O. Åsvold, S. Carlsson, Interaction between
overweight and genotypes of HLA, TCF7L2, and FTO in relation to the risk of latent
autoimmune diabetes in adults and type 2 diabetes, J. Clin. Endocrinol. Metab. 104
(2019) 4815–4826, https://doi.org/10.1210/jc.2019-00183.
[30] B. Liu, Y. Xiang, Z. Liu, Z. Zhou, Past, present and future of latent autoimmune
diabetes in adults, Diabetes Metab. Res. Rev. 36 (2020) 1–18, https://doi.org/10.
1002/dmrr.3205.
[31] G. Gambelunghe, M. Ghaderi, C. Tortoioli, A. Falorni, F. Santeusanio, P. Brunetti,
C.B. Sanjeevi, A. Falorni, Umbria type 1 diabetes registry, two distinct MICA gene
markers discriminate major autoimmune diabetes types, J. Clin. Endocrinol. Metab.
86 (2001) 3754–3760, https://doi.org/10.1210/jcem.86.8.7769.
[32] R. Mishra, M. Åkerlund, D.L. Cousminer, E. Ahlqvist, J.P. Bradﬁeld, A. Chesi,
K.M. Hodge, V.C. Guy, D.J. Brillon, R.E. Pratley, M.R. Rickels, A. Vella, F. Ovalle,

[33]

[34]
[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]

[53]

[54]

R.I. Harris, O. Melander, S. Varvel, H. Hakonarson, P. Froguel, J.T. Lonsdale,
D. Mauricio, N.C. Schloot, K. Khunti, C.J. Greenbaum, K.B. Yderstræde, T. Tuomi,
B.F. Voight, S. Schwartz, B.O. Boehm, L. Groop, R.D. Leslie, S.F.A. Grant, Genetic
discrimination between LADA and childhood-onset type 1 diabetes within the MHC,
Diabetes Care 43 (2020) 418–425, https://doi.org/10.2337/dc19-0986.
Anne Jörns, Dirk Wedekind, Joachim Jähne, Sigurd Lenzen, Pancreas pathology of
latent autoimmune diabetes in adults (LADA) in patients and in a LADA rat model
compared to type 1 diabetes mellitus, Diabetes (2020), https://doi.org/10.2337/
db19-0865 db190865.
J.W. Yoon, H.S. Jun, Autoimmune destruction of pancreatic β cells, Am. J. Ther.
(2005), https://doi.org/10.1097/01.mjt.0000178767.67857.63.
A. Signore, G. Capriotti, M. Chianelli, E. Bonanno, F. Galli, C. Catalano,
A.M. Quintero, G. De Toma, S. Manfrini, P. Pozzilli, Detection of insulitis by pancreatic scintigraphy with 99mTc-Labeled IL-2 and MRI in patients with LADA
(Action LADA 10), Diabetes Care (2015), https://doi.org/10.2337/dc14-0580.
B.M. Brooks-Worrell, J.L. Reichow, A. Goel, H. Ismail, J.P. Palmer, Identiﬁcation of
autoantibody-negative autoimmune type 2 diabetic patients, Diabetes Care (2011),
https://doi.org/10.2337/dc10-0579.
R.G. Naik, J.P. Palmer, Latent autoimmune diabetes in adults, in: type 1 Diabetes
Adults Princ, Pract. (2007), https://doi.org/10.3109/9780849326233-3.
B.M. Brooks-Worrell, E.J. Boyko, J.P. Palmer, Impact of islet autoimmunity on the
progressive β-cell functional decline in type 2 diabetes, Diabetes Care (2014),
https://doi.org/10.2337/dc14-0961.
H. Liang, Y. Cheng, W. Tang, Q. Cui, J. Yuan, G. Huang, L. Yang, Z. Zhou, Clinical
manifestation and islet β-cell function of a subtype of latent autoimmune diabetes
in adults (LADA): positive for T cell responses in phenotypic type 2 diabetes, Acta
Diabetol. (2019), https://doi.org/10.1007/s00592-019-01391-w.
M.E. Baldeon, T. Chun, H.R. Gaskins, Interferon-alpha and interferon-gamma differentially aﬀect pancreatic beta-cell phenotype and function, Am. J. Physiol.
(1998).
F.A. Grieco, F. Moore, F. Vigneron, I. Santin, O. Villate, L. Marselli, D. Rondas,
H. Korf, L. Overbergh, F. Dotta, P. Marchetti, C. Mathieu, D.L. Eizirik, IL-17A increases the expression of proinﬂammatory chemokines in human pancreatic islets,
Diabetologia. (2014), https://doi.org/10.1007/s00125-013-3135-2.
D. Badal, R. Kumar, M. Paul, D. Dayal, A. Bhansali, S.K. Bhadada, R. Kumar,
N. Sachdeva, Peripheral blood mononuclear cells of patients with latent autoimmune diabetes secrete higher levels of pro- & anti-inﬂammatory cytokines
compared to those with type-1 diabetes mellitus following in vitro stimulation with
β-cell autoantigens, Indian J. Med. Res. (2017), https://doi.org/10.4103/ijmr.
IJMR_1563_15.
M.N. Pham, M.I. Hawa, C. Pﬂeger, M. Roden, G. Schernthaner, P. Pozzilli,
R. Buzzetti, W.A. Scherbaum, W. Scherbaum, J. Seissler, H. Kolb, S. Hunter,
R.D.G. Leslie, N.C. Schloot, Pro- and anti-inﬂammatory cytokines in latent autoimmune diabetes in adults, type 1 and type 2 diabetes patients: action LADA 4,
Diabetologia. 54 (2011) 1630–1638, https://doi.org/10.1007/s00125-011-2088-6.
J.M. Fernández-Real, J.C. Pickup, Innate immunity, insulin resistance and type 2
diabetes, Diabetologia. (2012), https://doi.org/10.1007/s00125-011-2387-y.
E. Castelblanco, M. Hernández, A. Castelblanco, M. Gratacòs, A. Esquerda, À. Molló,
A. Ramírez-Morros, J. Real, J. Franch-Nadal, J.-M. Fernández-Real, D.D. Mauricio,
M. Hernandez, A. Castelblanco, M. Gratacos, A. Esquerda, A. Mollo, A. RamrezMorros, J. Real, J. Franch-Nadal, J.M. Fernandez-Real, D.D. Mauricio, Low-grade
inﬂammatory marker proﬁle may help to diﬀerentiate patients with LADA, classic
adult-onset type 1 diabetes, and type 2 diabetes, Diabetes Care 41 (2018) 862–868,
https://doi.org/10.2337/dc17-1662.
Y. Okubo, T. Mera, L. Wang, D.L. Faustman, Homogeneous expansion of human TRegulatory cells via tumor necrosis factor receptor 2, Sci. Rep. (2013), https://doi.
org/10.1038/srep03153.
S. Sakaguchi, K. Wing, Y. Onishi, P. Prieto-Martin, T. Yamaguchi, Regulatory T
cells: How do they suppress immune responses? Int. Immunol. (2009), https://doi.
org/10.1093/intimm/dxp095.
K. Siewko, R. MacIulewski, A. Zielinska-Maciulewska, A. Poplawska-Kita,
P. Szumowski, N. Wawrusiewicz-Kurylonek, D. Lipinska, R. Milewski, M. Gorska,
A. Kretowski, M. Szelachowska, Interleukin-6 and Interleukin-15 as possible biomarkers of the risk of autoimmune diabetes development, Biomed Res. Int. (2019),
https://doi.org/10.1155/2019/4734063.
R. Hjort, E. Ahlqvist, P.O. Carlsson, V. Grill, L. Groop, M. Martinell, B. Rasouli,
A. Rosengren, T. Tuomi, B.O. Åsvold, S. Carlsson, Overweight, obesity and the risk
of LADA: results from a Swedish case–control study and the Norwegian HUNT
Study, Diabetologia (2018), https://doi.org/10.1007/s00125-018-4596-0.
S. Carlsson, Etiology and pathogenesis of latent autoimmune diabetes in adults
(LADA) compared to type 2 diabetes, Front. Physiol. 10 (2019), https://doi.org/10.
3389/fphys.2019.00320.
S. Carlsson, Environmental (Lifestyle) risk factors for LADA, Curr. Diabetes Rev. 15
(2019) 178–187, https://doi.org/10.2174/1573399814666180716150253.
C. Tiberti, C. Giordano, M. Locatelli, E. Bosi, G.F. Bottazzo, R. Buzzetti,
D. Cucinotta, A. Galluzzo, A. Falorni, F. Dotta, Identiﬁcation of tyrosine phosphatase 2(256-760) construct as a new, sensitive marker for the detection of islet autoimmunity in type 2 diabetic patients: the non-insulin requiring autoimmune
diabetes (NIRAD) study 2, Diabetes 57 (2008) 1276–1283, https://doi.org/10.
2337/db07-0874.
R. Buzzetti, M. Spoletini, S. Zampetti, G. Campagna, L. Marandola, F. Panimolle,
F. Dotta, C. Tiberti, NIRAD Study Group (NIRAD 8), tyrosine phosphatase-related
islet antigen 2(256-760) autoantibodies, the only marker of islet autoimmunity that
increases by increasing the degree of BMI in obese subjects with type 2 diabetes,
Diabetes Care 38 (2015) 513–520, https://doi.org/10.2337/dc14-1638.
C. Tiberti, S. Zampetti, D. Capoccia, G. Campagna, F. Lucantoni, E. Anastasi,

43

Downloaded for Anonymous User (n/a) at Gobierno del Principado de Asturias Consejeria de Sanidad from ClinicalKey.com by Elsevier on June 08, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

Maturitas 137 (2020) 37–44

E. Maddaloni, et al.

[55]

[56]

[57]
[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Rep. 7 (2017) 9100, https://doi.org/10.1038/s41598-017-09898-4.
[69] D. Kawamori, J. Shirakawa, C.W. Liew, J. Hu, T. Morioka, A. Duttaroy, B. Burkey,
R.N. Kulkarni, GLP-1 signalling compensates for impaired insulin signalling in
regulating beta cell proliferation in βIRKO mice, Diabetologia. 60 (2017)
1442–1453, https://doi.org/10.1007/s00125-017-4303-6.
[70] X. Wang, L. Yang, Y. Cheng, P. Zheng, J. Hu, G. Huang, Z. Zhou, Altered T-cell
subsets and transcription factors in latent autoimmune diabetes in adults taking
sitagliptin, a dipeptidyl peptidase-4 inhibitor: A 1-year open-label randomized
controlled trial, J. Diabetes Investig. 10 (2019) 375–382, https://doi.org/10.1111/
jdi.12873.
[71] I.K. Hals, H. Fiskvik Fleiner, N. Reimers, M.C. Astor, K. Filipsson, Z. Ma, V. Grill,
A. Björklund, Investigating optimal β-cell-preserving treatment in latent autoimmune diabetes in adults: results from a 21-month randomized trial, Diabetes
Obes. Metab. 21 (2019) 2219–2227, https://doi.org/10.1111/dom.13797.
[72] T. Awata, A. Shimada, T. Maruyama, Y. Oikawa, N. Yasukawa, S. Kurihara,
Y. Miyashita, M. Hatano, Y. Ikegami, M. Matsuda, M. Niwa, Y. Kazama, S. Tanaka,
T. Kobayashi, Possible long-term eﬃcacy of sitagliptin, a dipeptidyl Peptidase-4
inhibitor, for slowly progressive type 1 diabetes (SPIDDM) in the stage of non-insulin-Dependency: an open-label randomized controlled pilot trial (SPAN-S),
Diabetes Ther. 8 (2017) 1123–1134, https://doi.org/10.1007/s13300-017-0299-7.
[73] P. Pozzilli, E. Maddaloni, R. Buzzetti, Combination immunotherapies for type 1
diabetes mellitus, Nat. Rev. Endocrinol. 11 (2015) 289–297, https://doi.org/10.
1038/nrendo.2015.8.
[74] A. Nishimura, K. Matsumura, S. Kikuno, K. Nagasawa, M. Okubo, Y. Mori,
T. Kobayashi, Slowly progressive type 1 diabetes mellitus: current knowledge and
future perspectives, Diabetes Metab. Syndr. Obes. 12 (2019) 2461–2477, https://
doi.org/10.2147/DMSO.S191007.
[75] Z. Zhang, X. Yan, C. Wu, X. Pei, X. Li, X. Wang, X. Niu, H. Jiang, X. Zeng, Z. Zhou,
Adding vitamin D3 to the dipeptidyl peptidase-4 inhibitor saxagliptin has the potential to protect β-cell function in LADA patients: a 1-year pilot study, Diabetes
Metab. Res. Rev. (2020) e3298, https://doi.org/10.1002/dmrr.3298.
[76] E. Maddaloni, I. Cavallari, N. Napoli, C. Conte, Vitamin D. and Diabetes Mellitus,
(2018), https://doi.org/10.1159/000486083.
[77] P. Pozzilli, R.D. Leslie, A.L. Peters, R. Buzzetti, S.S. Shankar, Z. Milicevic, I. Pavo,
J. Lebrec, S. Martin, N.C. Schloot, Dulaglutide treatment results in eﬀective glycaemic control in latent autoimmune diabetes in adults (LADA): A post-hoc analysis
of the AWARD-2, -4 and -5 Trials, Diabetes, Obes. Metab. 20 (2018) 1490–1498,
https://doi.org/10.1111/dom.13237.
[78] A. Aminian, G. Sharma, R.L. Wilson, S.R. Kashyap, E. Lo Menzo, S. Szomstein,
R.J. Rosenthal, P.R. Schauer, R. Vangoitsenhoven, Bariatric surgery in patients with
obesity and latent autoimmune diabetes in adults (LADA), Diabetes Care (2020),
https://doi.org/10.2337/dc19-2388 dc192388.
[79] S.T.W. Cheng, L. Chen, S.Y.T. Li, E. Mayoux, P.S. Leung, The eﬀects of
Empagliﬂozin, an SGLT2 inhibitor, on pancreatic β-Cell mass and glucose homeostasis in type 1 diabetes, PLoS One 11 (2016) e0147391, , https://doi.org/10.
1371/journal.pone.0147391.
[80] C. Mathieu, P. Dandona, P. Gillard, P. Senior, C. Hasslacher, E. Araki, M. Lind,
S.C. Bain, S. Jabbour, N. Arya, L. Hansen, F. Thorén, A.M. Langkilde, Eﬃcacy and
safety of dapagliﬂozin in patients with inadequately controlled type 1 diabetes (the
DEPICT-2 study): 24-week results from a randomized controlled trial, Diabetes Care
41 (2018) 1938–1946, https://doi.org/10.2337/dc18-0623.
[81] Z. Yang, Z. Zhou, X. Li, G. Huang, J. Lin, Rosiglitazone preserves islet beta-cell
function of adult-onset latent autoimmune diabetes in 3 years follow-up study,
Diabetes Res. Clin. Pract. 83 (2009) 54–60, https://doi.org/10.1016/j.diabres.
2008.09.044.
[82] American Diabetes Association, Pharmacologic approaches to glycemic treatment:
standards of medical care in diabetes—2020, Diabetes Care 43 (2020) S98–S110,
https://doi.org/10.2337/dc20-S009.

L. Pallotta, F. Panimolle, G. Leto, A. Lenzi, F. Leonetti, R. Buzzetti, Evidence of
diabetes-speciﬁc autoimmunity in obese patients with normal glucose tolerance,
Diabetes Metab. Res. Rev. (2018) e3055, https://doi.org/10.1002/dmrr.3055.
M. Acevedo-Calado, E.A. James, M.P. Morran, S.L. Pietropaolo, Q. Ouyang,
D. Arribas-Layton, M. Songini, M. Liguori, A. Casu, R.J. Auchus, S. Huang, L. Yu,
A. Michels, R. Gianani, M. Pietropaolo, Identiﬁcation of unique antigenic determinants in the amino terminus of IA-2 (ICA512) in childhood and adult autoimmune diabetes: new biomarker development, Diabetes Care 40 (2017) 561–568,
https://doi.org/10.2337/dc16-1527.
P. Achenbach, M.I. Hawa, S. Krause, V. Lampasona, S.T. Jerram, A.J.K. Williams,
E. Bonifacio, A.G. Ziegler, R.D. Leslie, Autoantibodies to N-terminally truncated
GAD improve clinical phenotyping of individuals with adult-onset diabetes: action
LADA 12, Diabetologia. (2018), https://doi.org/10.1007/s00125-018-4605-3.
L. Yu, Islet autoantibody detection by electrochemiluminescence (ECL) assay,
Methods Mol. Biol. (2016), https://doi.org/10.1007/7651_2015_296.
Y. Zhu, L. Qian, Q. Liu, J. Zou, Y. Zhou, T. Yang, G. Huang, Z. Zhou, Y. Liu, Glutamic
acid decarboxylase autoantibody detection by electrochemiluminescence assay
identiﬁes latent autoimmune diabetes in adults with poor islet function, Diabetes
Metab. J. (2019), https://doi.org/10.4093/dmj.2019.0007.
E. Maddaloni, R.L. Coleman, P. Pozzilli, R.R. Holman, Long-term risk of cardiovascular disease in individuals with latent autoimmune diabetes of adults (UKPDS
85), Diabetes Obes. Metab. (2019), https://doi.org/10.1111/dom.13788.
R.R. Holman, S.K. Paul, M.A. Bethel, D.R. Matthews, H.A.W. Neil, 10-year follow-up
of intensive glucose control in type 2 diabetes, N. Engl. J. Med. 359 (2008)
1577–1589, https://doi.org/10.1056/NEJMoa0806470.
R. Turner, I. Stratton, V. Horton, S. Manley, P. Zimmet, I.R. Mackay, M. Shattock,
G.F. Bottazzo, R. Holman, UKPDS 25: autoantibodies to islet-cell cytoplasm and
glutamic acid decarboxylase for prediction of insulin requirement in type 2 diabetes. UK Prospective Diabetes Study Group, Lancet (London, England). 350 (1997)
1288–1293.
S. Zampetti, G. Campagna, C. Tiberti, M. Songini, M.L. Arpi, G. De Simone, E. Cossu,
L. Cocco, J. Osborn, E. Bosi, F. Giorgino, M. Spoletini, R. Buzzetti, High GADA titer
increases the risk of insulin requirement in LADA patients: a 7-year follow-up
(NIRAD study 7), Eur. J. Endocrinol. 171 (2014) 697–704, https://doi.org/10.
1530/EJE-14-0342.
T.M.E. Davis, A.D. Wright, Z.M. Mehta, C.A. Cull, I.M. Stratton, G.F. Bottazzo,
E. Bosi, I.R. Mackay, R.R. Holman, Islet autoantibodies in clinically diagnosed type
2 diabetes: prevalence and relationship with metabolic control (UKPDS 70),
Diabetologia. 48 (2005) 695–702, https://doi.org/10.1007/s00125-005-1690-x.
M. Thunander, H. Thorgeirsson, C. Törn, C. Petersson, M. Landin-Olsson, β-cell
function and metabolic control in latent autoimmune diabetes in adults with early
insulin versus conventional treatment: a 3-year follow-up, Eur. J. Endocrinol. 164
(2011) 239–245, https://doi.org/10.1530/EJE-10-0901.
Y. Zhao, L. Yang, Y. Xiang, L. Liu, G. Huang, Z. Long, X. Li, R.D. Leslie, X. Wang,
Z. Zhou, Dipeptidyl peptidase 4 inhibitor sitagliptin maintains β-cell function in
patients with recent-onset latent autoimmune diabetes in adults: one year prospective study, J. Clin. Endocrinol. Metab. 99 (2014) 876–880, https://doi.org/10.
1210/jc.2013-3633.
R. Buzzetti, P. Pozzilli, R. Frederich, N. Iqbal, B. Hirshberg, Saxagliptin improves
glycaemic control and C-peptide secretion in latent autoimmune diabetes in adults
(LADA), Diabetes Metab. Res. Rev. (2016), https://doi.org/10.1002/dmrr.2717.
O.E. Johansen, B.O. Boehm, V. Grill, P.A. Torjesen, S. Bhattacharya, S. Patel,
K. Wetzel, H.-J. Woerle, C-peptide levels in latent autoimmune diabetes in adults
treated with linagliptin versus glimepiride: exploratory results from a 2-year
double-blind, randomized, controlled study, Diabetes Care 37 (2014) e11–2,
https://doi.org/10.2337/dc13-1523.
J. Fusco, X. Xiao, K. Prasadan, Q. Sheng, C. Chen, Y.-C. Ming, G. Gittes, GLP-1/
Exendin-4 induces β-cell proliferation via the epidermal growth factor receptor, Sci.

44

Downloaded for Anonymous User (n/a) at Gobierno del Principado de Asturias Consejeria de Sanidad from ClinicalKey.com by Elsevier on June 08, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

