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Latent autoimmune diabetes in adults (LADA) is a heterogeneous disease characterized by a less intensive autoimmune process
and a broad clinical phenotype compared to classical type 1 diabetes mellitus (T1DM), sharing features with both type 2 diabetes
mellitus (T2DM) and T1DM. Since patients affected by LADA are initially insulin independent and recognizable only by testing
for islet-cell autoantibodies, it could be difficult to identify LADA in clinical setting and a high misdiagnosis rate still remains
among patients with T2DM. Ideally, islet-cell autoantibodies screening should be performed in subjects with newly diagnosed
T2DM, ensuring a closer monitoring of those resulted positive and avoiding treatment of hyperglycaemia which might increase
the rate of -cells loss. Thus, since the autoimmune process in LADA seems to be slower than in classical TIDM, there is a wider
window for new therapeutic interventions that may slow down B-cell failure. This review summarizes the current understanding
of LADA, by evaluating data from most recent studies, the actual gaps in diagnosis and management. Finally, we critically high-
light and discuss novel findings and future perspectives on the therapeutic approach in LADA.
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INTRODUCTION

Autoimmune diabetes is characterized by the presence of spe-
cific autoantibodies directed against pancreatic 3-cells islet and
initial requirement of insulin therapy [1]. This condition is as
prevalent in adulthood as in childhood [2]. However, a sub-
group of subjects with newly diagnosis adult-onset autoim-
mune diabetes is initially insulin independent and shows clini-
cal features more similar to individuals with type 2 diabetes
mellitus (T2DM) than type 1 diabetes mellitus (T1DM), that
could lead to misdiagnosis of T2DM [2]. These subjects are de-
fined as affected by latent autoimmune diabetes in adults
(LADA) [3-5] a specific form of autoimmune diabetes, more
heterogeneous than young-onset TIDM and characterized by
slower evolution towards (3-cells failure and insulin therapy

(Fig. 1) [6-8].

Alternative terms for the disease have been suggested in the
past years. Kobayashi et al. [9] proposed the eponym “slowly
progressive insulin-dependent type 1 diabetes” (SPIDDM) to
describe subjects positive for glutamic acid decarboxylase
(GAD) autoantibodies and/or islet cell antibodies, who are ini-
tially insulin independent and do not experience ketosis or ke-
toacidosis at the onset. In this context, patients who are long-
term non-progressor have been defined as affected by NIR-
SPIDDM [10]. However, although SPIDDM patients do not al-
ways develop to insulin-dependent, unlike those with LADA, it
is reasonable to consider the terms LADA and SPIDDM syn-
onymous, since they both identify a type of disease that has an
autoimmune basis and necessitate a similar approach in clinical
setting, which eventually will lead to insulin for its treatment.
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Fig. 1. The heterogeneity of diabetes, with latent autoimmune
diabetes in adults (LADA) that shares halfway clinical, genetic
and immunological features between type 2 diabetes mellitus
(T2DM) and type 1 diabetes mellitus (T1DM). GADA, glu-
tamic acid decarboxylase autoantibody; HLA, human leuko-
cyte antigen.

According to the Immunology of Diabetes Society (IDS),
patients diagnosed with LADA are defined by adult age of on-
set (>30 years) and insulin independence for at least 6 months
after diagnosis plus positivity for circulating islet-cell autoanti-
bodies, regardless of titre, number or epitope specificity [7].
Nonetheless, the exact definition of LADA is still under debate
and no clear diagnostic guidelines are currently available.
Thus, the population defined as having LADA is extremely
heterogeneous in genetic, phenotypic and immunological fea-
tures, showing an extensive variability in the pancreatic 3-cell
destruction’s rate, insulin resistance and autoimmunity, proba-
bly due to differences in genetic and immune factors [11-13].
As a consequence, LADA continues to be unnoticed in clinical
setting and a high misdiagnosis rate (5% to 10%) still occurs
among patients with T2DM [2]. Ideally, plasma C-peptide and
autoantibody screening should be performed in subjects with
newly diagnosed T2DM, ensuring a closer monitoring of those
with autoantibody positivity [14]. However, this practice
would be expensive and specific risk scores based on clinical
parameters should be considered before requiring islet-cell au-
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toantibodies tests in patients with recent evidence of diabetes.
Nevertheless, the early detection of LADA among patients
with T2DM remains crucial. In fact, since the autoimmune
process in LADA seems to be slower than in classical TIDM,
treatments that prevent -cells failure are needed and should
be implemented [15].

In this review we summarize and discuss the current under-
standing in pathophysiology, clinical features and implications
of LADA, highlighting the heterogeneity among affected pa-
tients. Finally, we evaluate data from the most recent studies,
the actual gaps in diagnosis and management for LADA as
well as the novel pharmacological approaches for treatment.

EPIDEMIOLOGY OF LADA

T1DM has been classically considered as a childhood disease.
However, epidemiological studies carried out in the last decade
have demonstrated that approximately 30% of cases of TIDM
are diagnosed after 30 years of age [2,11,14,16-18], showing
that adult-onset T1IDM is more frequent than previously rec-
ognized. On that note, Naik et al. [19] observed that LADA
may account for 2% to 12% of all cases of diabetes in adult
population, proving that this form of adult-onset autoimmune
diabetes is the most common one. Multicentre studies carried
out in Europe, Asia and North America found that the occur-
rence of T1DM related autoantibodies among people with re-
ported diagnosis of T2DM ranges between 3% and 12% [4,5,
19-28]. Nevertheless, the incidence of adult-onset autoim-
mune diabetes varies between different countries and ethnicity,
and seems to be higher among Northern Europeans than Afri-
can-American, Latinos, and Asians [4,5,19-28]. Compared to
Caucasians, data collected from Asian population have shown
lower prevalence of LADA ranging from 2.6% in United Arab
Emirates to 5.7% in China [29]. A frequency of 4.4% to 5.3%
was reported among Korean population [18,22,30], whereas
data collected in India show a prevalence ranging between
2.6% and 3.2% [31,32]. Interestingly, both Caucasians and Chi-
nese people have shown different incidence of LADA between
northern and southern areas, with higher prevalence of the
disease in Northern region of both Europe (7% to 14%) and
China (6.5%) [4,33]. However, differences in study design and
selection criteria (such as number and type of autoantibodies
tested), as well as different life-style and ethnicity might con-
tribute to the worldwide variance observed.
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GENETIC BACKGROUND OF LADA

Genome-wide association studies suggest that LADA shares
the same genetic features as T2DM and childhood-onset
T1DM, supporting the concept that LADA may be considered
an admixture of the two major types of diabetes [34]. In this
regard, Grant et al. [35] found a strong genetic linkage with
T2DM within the transcription factor 7-like 2 (TCF7L2) gene,
that appears to be associated with both adult-onset autoim-
mune diabetes and T2DM [36], whereas no association with
classical childhood-onset TIDM has been detected [37]. On
the other hand, human leukocyte antigen (HLA), protein tyro-
sine phosphatase, non-receptor type 22 (PTPN22), signal
transducer and activator of transcription 4 (STAT4), cytotoxic
T-lymphocyte—associated antigen 4 (CTLA4), interleukin 2 re-
ceptor alpha (IL2RA), and insulin (INS), which are strictly
linked to young-onset T1DM, have been also associated with
autoimmune diabetes in adults [12]. In particular, the detec-
tion of high-risk HLA genotypes in subjects with LADA is re-
lated to a higher risk of developing insulin dependence com-
pared with the low-risk HLA [17]. In this regard, the DRB1*
0301/DRB1*0401 heterozygosity confers the highest risk for
LADA [38]. However, the prevalence of HLA-DQBI risk gen-
otype that is increased in LADA, is less common than in child-
hood-onset TIDM [39], as well as it has been observed for the
Cyst1858Thr single-nucleotide polymorphism in the PTPN22
gene and the INS variable number tandem repeat (VNTR) I/1
genotype expression [40]. Altogether, these data suggest a less
pronounced effect of the same genes in LADA than in classical
T1DM [11,12,41]. In addition, the very low detection of HLA-
DR3 and -DR4 heterozygotes in Chinese population might ex-
plain the low incidence of childhood-onset TIDM in Chinese
subjects possessing moderate risk or protective HLA disease-
associated variants [33]. In summary, it should be underlined
that a genetic background that is exclusive for LADA is still
lacking up to now. Further studies are needed in order to clari-
ty the pathophysiology of LADA and allow safe and effective
therapies.

AUTOANTIBODIES AND PATHOPHYSIOLOGY

Adult-onset autoimmune diabetes and classical TIDM are
hardly distinguishable immunologically, although the young-
onset TIDM has a greater immunogenetic load with faster im-
pairment of B-cells [6-8], as demonstrated by the lower C-pep-
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tide levels and the faster C-peptide decrease [42]. Thus, LADA
appears to be characterized by the same diabetes-associated
autoantibody (DAA) detectable in classical TIDM. On that
note, glutamic acid decarboxylase autoantibodies (GADAs)
represent by far the most sensitive marker in both adult-onset
T1DM and LADA even in China where it is less recurrent
[4,33]. Otherwise, insulin autoantibodies (IAA), protein tyro-
sine phosphatase IA-2 (IA-2A), and islet-specific zinc trans-
porter isoform 8 (ZnT8) autoantibodies, which are frequent in
younger subjects with recent diagnosis of TIDM, are less prev-
alent in LADA patients [43]. However, mixed data have been
reported in literature. Tiberti et al. [44] observed that the spe-
cific IA-2 construct 256-760 appears to be more frequent in
LADA than previously reported, stressing the concept that the
occurrence of other DAA could be also indicative of LADA.

With respect to the immunogenetic load, independent stud-
ies have observed fewer multiple DAAs in LADA than in
young-onset TIDM. On that note, the Action LADA Study
showed that the majority of subjects screened for DAA were
positive for GADA, whereas only 24.1% of LADA patients
were positive for at least two autoantibody types [4]. With re-
gard to the pathogenesis of LADA, only a few and conflicting
data are available in literature. Specifically, it is still unclear
whether islet-cell autoantibodies are an epiphenomenon rather
than acting as pathogenetic factors. However, the recent find-
ing of a significant association between IA-2A positivity and
increased body mass index (BMI) [45] has led to hypothesize
two distinct pathogenetic mechanisms for LADA, one result-
ing from low-grade chronic inflammation in obese subjects
with genetic susceptibility to T2DM, the other through specific
immunological factors in leaner people with moderate genetic
susceptibility to TIDM [15].

CLINICAL HETEROGENEITY OF LADA

At diagnosis, the clinical presentation of autoimmune diabetes
is extremely broad, ranging from diabetic ketoacidosis to hy-
perglycemia controlled with diet alone or hypoglycemic agents.
In this context, subjects defined as having LADA who do not
require insulin at first, encompass a wide spectrum of pheno-
types from prevalent insulin resistance to prevalent insulin de-
ficiency, sharing halfway clinical and metabolic features of
T1DM and T2DM (Table 1). By comparing patients with
T2DM with those affected by LADA, the latter tend to show
fewer signs of metabolic syndrome, such as healthier lipid and
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Table 1. Clinical, biochemical, and pathogenetic features of TIDM, LADA, and T2DM

T1DM LADA T2DM

Clinical features

Age at onset Childhood/adolescence 30-50 yr Adulthood

Symptoms of hyperglycemia at onset ~ Frequently acute Subclinical (rarely acute) Silent/ subclinical

Insulin requirement At diagnosis >6 mo after diagnosis Absent or years after diagnosis

Insulin resistance No change Increased/no change Increased

BMI <25 kg/m’ (frequently <18 kg/m*) <25 kg/m” (rarely >25kg/m*) >25kg/m’

Risk of long-term complications at Low Low High

diagnosis

Biochemical features

Islet-cell autoantibodies High titre (rarely low) High/low titre Absent

C-peptide levels at diagnosis
Pathophysiology features

MHC association High risk
Family history of diabetes Negative/positive

Family history of autoimmune disease  Frequently positive

Non-detectable (rarely decreased)

Decreased but still detectable ~ Normal/ increased

High/mild risk Mild risk
Negative/positive Frequently positive
Frequently positive Negative (no correlation)

T1DM, type 1 diabetes mellitus; LADA, latent autoimmune diabetes in adults; T2DM, type 2 diabetes mellitus; BMI, body max index; MHC,

major histocompatibility complex.

blood pressure profiles, lower BMI and waist-to-hip ratio
[5,30]. In this regard, the A Diabetes Outcome Progression
Trial (ADOPT) found that among recently diagnosed individ-
uals with T2DM, those who were positive for GADA had
higher high-density lipoprotein cholesterol and lower triglyc-
eride levels, as well as lower frequency of metabolic syndrome
[28]. By contrast, the majority of studies reported that the fea-
tures of metabolic syndrome appear to be more prevalent in
LADA than in classical T1IDM.

In 1999, the BOTNIA Study observed a worse metabolic
profile in patients positive for GADA who did not need insulin
therapy than in those with young-onset TIDM [26]. Later,
similar conclusions were achieved independently by the Non-
Insulin Requiring Autoimmune Diabetes (NIRAD) group [20]
and the Action LADA 3 [46]. Another interesting finding
emerges from the Nord-Trendelag Health (HUNT) Study that
demonstrated an increased risk of LADA among subjects with
metabolic syndrome and a family history of diabetes [47].

However, the overlap for clinical features between these
group of patients makes it difficult to distinguish LADA from
T2DM based on clinical phenotype alone. Moreover, the defi-
nition of LADA itself, just as it was proposed by the IDS, is ex-
tremely broad, since it includes any adult who does not require
insulin and who is positive for at least one DAA, regardless of
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titre or number [7]. For this reason, a great effort has been
made nowadays to provide insight into how to correctly iden-
tify LADA patients, investigating the differences between
LADA and T2DM with respect to genetic and immunological
features. In this regard, recent studies suggested that the high
heterogeneity observed within patients who are GADA posi-
tive, may be partly explained by different autoantibody pro-
files, as expression of a different degree of the autoimmune re-
sponse [48]. The NIRAD Study demonstrated that LADA pa-
tients with high-titre GADA are younger and phenotypically
more similar to classical TIDM [49]. Moreover, these individ-
uals seem to have a higher risk of progression to insulin treat-
ment and show lower C-peptide levels. Additionally, the same
group found a higher prevalence of other organ-specific auto-
antibodies among high-titre GADA patients, such as anti-thy-
roid peroxidase autoantibodies, suggesting a broader autoim-
mune process in this group than in the low-titre GADA group.
Otherwise, low-titre GADA subjects show less risk of ketosis
as compared with high-titre GADA, but more pronounced
traits of insulin resistance, as well as a higher prevalence of
obesity, hypertension, dyslipidemia, and cardiovascular dis-
ease, both in Caucasians and non-Caucasians. In accordance
with these findings, data collected among Korean population
found that GADA levels were inversely associated with the age
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at disease onset, fasting and stimulated C-peptide levels as well
as with BMI, total cholesterol and triglycerides [18]. Similarly,
a recent nationwide survey carried out in Japan showed that
GADA level 213.6 U/mL, age at onset <47 years, duration be-
fore diagnosis <5 years and fasting C-peptide <0.65 ng/mL
predicted progression to insulin requiring diabetes among
subjects with SPIDDM [10].

As noted above, since high-titre GADA tends to be associat-
ed with other organ-specific autoantibodies, it is not surprising
that the United Kingdom Prospective Diabetes Study observed
that among patients with LADA, the number of islet autoanti-
bodies was directly proportional to the intensity of autoim-
mune response [25], suggesting a faster insulin insufficiency
among patients with multiple DAAs [25,43,48]. However,
there are other immunological aspects to consider. Thus, some
studies have found that the clinical phenotype of LADA sub-
jects may be influenced even by different patterns of antibody
positivity. In 2015, Buzzetti et al. [45] observed that IA-2A was
the only islet-cell autoantibody appearing by increasing the de-
gree of BMI in obese subjects with T2DM. Similarly, Maddalo-
ni et al. [5] pointed out that the positivity for IA-2A only was
related to a clinical phenotype closer to T2DM, whereas the
concurrent positivity for both IA-2A and GADA was linked to
clinical features closer to classical TIDM.

However, the debate remains whether specific autoantibody
profiles correlate with significant differences in demographic
and/or clinical parameters among LADA patients [4]. More-
over, conflicting data are available regarding the correlation
between GADA titre and the time interval between diagnosis
and insulin requirement [17,26,50,51].

LADA AND DIAGNOSTIC CHALLENGES

To identify patients affected by LADA, islet autoantibodies
should be theoretically tested in all cases of newly diagnosis
T2DM. In fact, the early identification of LADA as well as a
personalized therapeutic approach might be essential in order
to slow down the autoimmunity process and preserve {3-cell
function.

However, no general recommendations on islet antibodies
testing for adult-onset diabetes are available right now. Cur-
rently, these assays are performed by physicians only if a strong
suspect of LADA exists, usually on the basis of a normal or low
BMI. From this perspective, normal-weight individuals are
considered as potentially having LADA and may undergo im-
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munological assays, whereas overweight and obese adults are
supposed to have T2DM and are not investigated [52]. Unfor-
tunately, this practice does not take into account the evidence
that LADA can also occur in subjects with elevated BMI
[4,20,26,28]. On the other hand, performing full autoantibody
panel may not always be achievable because of high costs and
difficulties in interpreting the results if carried out indiscrimi-
nately. As a consequence, still remains an issue what is the
most proper strategy to identify diabetic patients who have an
increased risk of LADA and need to be tested for DAAs. In this
respect, authors suggest that the evaluation of C-peptide levels
as well as the use of specific risk scores based on clinical pa-
rameters may be more cost-effective and should be considered
before requiring autoantibody screening tests in all patients
newly-diagnosed for diabetes (Fig. 2) [15].

The role of clinical screening in diagnosing LADA

A clinically oriented approach is essential to identify patients
with diabetes who have a high likelihood of LADA and there-
fore need islet-cell autoantibodies screening. However, reliable
risk scores based on clinical parameters are still not established
and most part of physicians suspect autoimmune diabetes only
on the basis of age and BMI.

In a cohort-study the application of a screening tool, based
on three clinical features (normal or low BMI; poor glycaemic
control in spite of adequate compliance to treatment; weight
loss during constant diet), allowed the identification of 75% of
patients with LADA among a cohort of subjects with adult-on-
set diabetes [53]. Similarly, Fourlanos et al. [52] developed a
“LADA clinical risk score” based on five clinical features which
were found to be significantly more frequent in autoimmune
diabetes compared with T2DM at diagnosis. These parameters
included: age of onset <50 years; acute symptoms of hypergly-
caemia before diagnosis; BMI <25 kg/m? personal and family
history of autoimmune disease. In this study, the authors dem-
onstrated that the presence of at least two clinical features at
diagnosis has 90% sensitivity and 71% specificity for detecting
LADA, whereas a negative predictive value of 99% was detect-
ed for LADA clinical risk score <2. Taking together these data
suggest that a systematic application of clinical risk score in-
creases the efficiency of a screening programme for LADA.
However, due to the broad heterogeneity of LADA, islet-cell
antibodies measurement remains essential in order to decrease
the number of misdiagnosis of diabetes.
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Fig. 2. Proposal of algorithm for diagnosis latent autoimmune diabetes in adults (LADA). BMI, body mass index; GADA, glu-
tamic acid decarboxylase autoantibody; T2DM, type 2 diabetes mellitus.

The role of C-peptide in diagnosing LADA

C-peptide is mostly undetectable in classical T1IDM and nor-
mal or high in patients with newly diagnosed T2DM, whereas
individuals with LADA tend to have low but still detectable C-
peptide values at the time of diagnosis. Furthermore, stimulat-
ed C-peptide levels are generally higher at all time-points fol-
lowing a mixed-meal tolerance test in LADA than in classical
T1DM [13].

As a marker of endogenous insulin production and of the
autoimmune process, C-peptide could be measured to differ-
entiate LADA from T2DM [54,55]. Bell and Ovalle [56] evalu-
ated serum C-peptide in subjects with LADA and T2DM,
demonstrating significant lower levels of C-peptide in patients
affected by LADA than in those affected by T2DM. Similar
findings emerged from both the NIRAD Study [20] and the
Action LADA 9 [13]. These results demonstrate that in pa-
tients presenting with adult-onset diabetes, LADA can be ruled
out by the presence of elevated C-peptide levels. In fact, since
testing for islet autoantibodies may not always be indicated be-
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cause of elevated costs, C-peptide measurement for screening
purposes may be more cost-effective. Thus, islet autoantibod-
ies screening, especially GADA, should be required as a second
step for patients with adult-onset diabetes showing low serum
C-peptide.

TREATMENT STRATEGIES FOR LADA

Even though well-established guidelines exist for the treatment
of classical T1IDM, there are only few data regarding therapy
for LADA and no clear management strategy has been defined
yet. To date, the therapeutic approach for people affected by
LADA is extremely heterogeneous, depending on the clinical
intuition and knowledge of the caregiver. Moreover, due to
misdiagnosis, these patients are often treated with therapies
commonly used in T2DM, which might further worsen the
autoimmune process and accelerate 3-cell loss, leading to a
faster progression toward insulin dependency [15] especially
in subjects with high-titre GADA who show clinical features
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Table 2. Main studies evaluating pharmacological treatments for LADA

Study design Drugs investigated ~ Study population Main results
Thunander et al. (2011) [61] Randomized, INSvs. diet+/- 37 Participants with Increased HbA1c levels in the diet +/- OHA
open-label study OHA (metfor- NIDDM positive for ~ group
minand/or SU)  GADA C-peptide levels do not change between the
two groups
Zhou et al. (2005) [68] Randomized, RSG+INS vs. INS 23 Participants with Measures of B-cell function were higher in
open-label study alone LADA, fasting C- the RSG+INS group than in the INS group
peptide >0.3 nmol/L  at 12 and 18 months follow-up
Kobayashi et al. (1996) [9]  Pilot randomized, INS vs. SU 10 Participants with ~ C-peptide response improved significantly in
open-label study NIDDM positive for  the INS group within 6 and 12 months,
ICAs whereas decreased in the SU group

Two-hour blood glucose and HbA1 values
were stable in the INS group and increased

in the SU group
Maruyama et al. (2008) [66] Randomized, INS vs. SU 60 Participants positive Progression rate to an insulin-dependent
open-label study for GADA state was lower in the INS group than in
the SU group after a mean follow-up of 57
months
Zhao et al. (2014) [72] Pilot randomized, SITA+INS vs. INS 30 Participants with After 12 months measures of B-cell function
open-label study alone LADA were stable in SITTA+INS group but
significantly decreased in INS group
compared with baseline
Johansen et al. (2014) [73] ~ Exploratory analysis LINA vs. 118 Participants with  After 28, 52, and 104 weeks, fasting
of a double-blind, Glibenclamide =~ LADA C-peptide levels significantly increased in
randomized, LINA group but decrease in glibenclamide
controlled study group compared with baseline
Buzzetti et al. (2016) [74] ~ Post hoc analysisof ~ SAXA vs. placebo 133 Participants Saxagliptin reduced HbA1lc from baseline in
data pooled from positive for GADA both GADA-positive and GADA-negative
five randomized, patients
placebo-controlled, Saxagliptin increased {3-cell function from
24-week phase ITI baseline in both GADA-positive and
studies GADA-negative patients
Jones et al. (2016) [78] Longitudinal GLP1-RA 620 Participants with ~ Subjects with positive autoantibodies (GAD
observational study  (exenatideand =~ T2DM or IA-2) or severe insulin deficiency had
liraglutide) markedly reduced glycemic response to

GLP-1RA therapy

Subjects with positive autoantibodies
experienced a 17% reduction in insulin
dose (vs. 40% in autoantibody negative
subjects, P<0.01)

Pozzilli et al. (2018) [77] Post hoc analysis of ~ Dulaglutide 2,466 Participants with  After 12 months dulaglutide decreased
data pooled from T2DM (188 GADA HbA1cand increase of p-cell function in
three randomized positive) GADA positive participants without
phase I1I trials effects on the rate of hypoglycemia

LADA, latent autoimmune diabetes in adults; INS, insulin therapy; OHA, oral hypoglycemic agent; SU, sulfonylurea; NIDDM, non-insulin-de-
pendent diabetes mellitus; GADA, glutamic acid decarboxylase autoantibody; HbA ¢, glycosylated hemoglobin; RSG, rosiglitazone; ICA, islet
cell antibody; SITA, sitagliptin; LINA, linagliptin; SAXA, saxagliptin; GLP1-RA, glucagon-like peptide 1 receptor agonist; T2DM, type 2 diabe-
tes mellitus; GAD, glutamic acid decarboxylase; IA-2, tyrosine phosphatase IA-2.

closer to T1IDM than T2DM [5,57]. Considering the autoim-  impairment, insulin therapy should ideally represent the treat-
mune response in LADA, which generally lead to the B-cell ment of choice in these subjects. However, open debate re-
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mains whether diabetic patients positive for islet autoantibod-
ies should be treated with insulin irrespective of the insulin re-
quirement and predictive markers of insulin requirement
among LADA patients who are insulin independent should be
carefully considered. In fact, although the evidence that insulin
therapy support B-cell function [58,59], recent studies suggest
that some hypoglycemic agents could play an important role in
slowing down [3-cell loss (Table 2). Thus, a personalized thera-
peutic strategy for LADA patients should be implemented in
order to preserve residual B-cell function and reduce the risk
oflong term complications [60].

Insulin therapy

Insulin administration is essential in all cases of undetectable
C-peptide, representing the only weapon to replace the B-cell
insulin secretion in TIDM. However, people with LADA show
slower progression towards absolute insulin dependency as
demonstrated by higher C-peptide at the onset of the disease.
Thus, the major issue remains whether insulin therapy is really
indicated as initial treatment for LADA patients.

Most studies agree that insulin intervention is effective and
safe for patients affected by LADA with residual -cell func-
tion [61]. Results from preclinical studies suggest that the ad-
ministration of exogenous insulin supports 3-cell function and
decreases the severity of insulitis [59] both because reduction
of the glucotoxicity [58] and also suppression of islet-cell activ-
ity. Other findings support the hypothesis that the exposure to
exogenous insulin favors the shift from Thl to a Th2 immune
response as well as the activation of insulin-specific regulatory
T-cells (T-regs) [62,63]. Furthermore, insulin therapy seems to
suppress autoreactive T-cells through local release of regulato-
ry cytokines [64]. To date, according to the outcomes of large
randomized clinical trials [65], physicians tend to prescribe in-
sulin therapy at an earlier stage in patients with LADA, regard-
less C-peptide levels and residual B-cell function. However,
further studies are needed to clarify the pathophysiological ba-
sis of the effect of insulin therapy on -cells.

Sulfonylureas

Two randomized controlled trials conducted in Japan com-
pared glibenclamide and insulin therapy in patients with
SPIDDM. In one pilot study the assay of stimulated C-peptide
demonstrated that subjects treated with glibenclamide showed
faster impairment of 3-cell function compared with the insulin
treated group at 30 months follow-up [9]. This finding was
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confirmed by the Tokyo Study [66], that evaluated 4,089 non-
insulin-dependent patients affected by SPIDDM with a dura-
tion of disease <5 years. In this multicenter, randomized, non-
blinded clinical trial, Maruyama et al. [66] demonstrated that
the progression rate to an insulin-dependent state in the insu-
lin group was lower than that observed in the sulfonylurea
group, whereas C-peptide values during the oral glucose toler-
ance test were better preserved in patients treated with insulin.
These data sustain the hypothesis that sulfonylureas might
stimulate B-cell and potentially enhance the antigen expression
of B-cells, exacerbating the autoimmune process. Therefore, it
is recommended that sulfonylureas should be avoided in pa-
tients with LADA/SPIDDM [66)].

Insulin sensitizers

As previously discussed, LADA shows a wide clinical pheno-
type, ranging from prevalent insulin deficiency to variable de-
grees of insulin resistance. Thus, insulin sensitizers might be
helpful in subjects with LADA who share more pronounced
insulin-resistant features.

In clinical setting, metformin is prescribed by physicians in
order to reduce insulin resistance in selected cases of autoim-
mune diabetes. In fact, data showed that metformin added to
insulin treatment results in significant reduction of daily insu-
lin requirement and body weight in classical TIDM [67].
However, there are no controlled studies on the effects of met-
formin alone in LADA [65]. Only rosiglitazone has been inves-
tigated among LADA patients, suggesting the potential bene-
fits of its use in preventing B-cell function [68], even though
further studies are needed.

New pharmacological approaches to preserve (3-cell
function in LADA

Clinical management of LADA should aim to preserve f-cell
function. Thus, a great effort has been made nowadays to elu-
cidate what therapeutic approach might slow down -cells loss
in LADA subjects. In respect to this a great deal of interest is
arising for in some drugs currently used for treatment of
T2DM. These agents include dipeptidyl peptidase 4 (DPP-4)
inhibitors and glucagon-like peptide-1 receptor agonists (GLP-
1RAs). Recent evidences sustain their use in both childhood-
onset and adult-onset autoimmune diabetes [65]. However
further studies are requested in order to elucidate the role of
these hypoglycemic agents.
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DPP-4 inhibitors

DPP-4 inhibitors have been widely investigated in T2DM, pro-
viding evidence of a protective role on islet B-cells [69-71].
With respect to LADA, interesting findings emerge from three
recent trials, testing the role of sitagliptin, linagliprin, and saxa-
gliptin in preserving B-cell function. A prospective study car-
ried out in China [72] showed that treatment with Sitagliptin
in addition to insulin glargine preserved C-peptide better than
insulin alone in patients with LADA over a 1-year period. Sim-
ilarly, Johansen et al. [73] reported that linagliptin slowed
down the decline of C-peptide levels in LADA after a 2-year
study period, whereas Buzzetti et al. [74] found that saxagliptin
improved glycemic control and C-peptide secretion at 24
weeks follow-up in a post hoc analysis of five randomized, pla-
cebo-controlled studies.

Glucagon-like peptide-1 receptor agonist

Encouraging results of the use of GLP-1RA as an add-on ther-
apy to insulin have been proved for overweight adult patients
with T1DM. In a randomized, double-blind, placebo-con-
trolled trial, Dejgaard et al. [75] observed that the administra-
tion of liraglutide as an add-on therapy to insulin for over-
weight adult patients with T1DM, was associated with reduc-
tions in hypoglycemic events and daily insulin requirement.
Taking account the relationship between GLP-1RA therapy
and its effect on [-cells, data available suggested that this phar-
macological class reduces -cell apoptosis and promotes 3-cell
neogenesis in animal models [76]. Nonetheless, no random-
ized controlled trials on the role of the GLP-1RA in preserving
B-cell function in LADA are available. However, in a post hoc
analysis of data pooled from three randomized phase 3 trials,
we demonstrated a significant reduction of HbAlc and in-
crease of B-cell function in GAD antibody positive individuals
treated with dulaglutide, without effects on the rate of hypogly-
cemia, over a 12-month observation period [77]. To the best of
our knowledge, this study is the first to demonstrate that Dula-
glutide is an effective anti-hyperglycemic treatment in LADA.
In contrast, in a subgroup analysis of an observational study,
Jones et al. 78] found a poorer glycemic response to exenatide
or liraglutide therapy among a group of 19 patients positive for
GADA and/or IA-2 autoantibodies who had low fasting C-
peptide levels (<0.25 nmol/L) compared to T2DM group.
However these findings are limited by the small size of LADA
group. Moreover, the potential benefits of GLP-1RAs in terms
of sustaining B-cell function has not been excluded, as suggest-
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ed by the reduction in daily insulin requirement in both LADA
and T2DM subjects [78].

On this basis, it can be supposed that DPP-4 and GLP-1RAs
might have a significant therapeutic role in changing the natu-
ral history of LADA. However, before these therapies can be
routinely used in clinical practice, large prospective random-
ized trials are required to clearly demonstrate whether these
adjunct therapies translate into a reduced progression to insu-
lin dependence and diabetic long-term complications [74].

CONCLUSIONS

Adult-onset autoimmune diabetes encompasses a broad spec-
trum of clinical and metabolic features, ranging from prevalent
insulin resistance to prevalent insulin deficiency, probably due
to differences in genetic and immunological factors [11-13].
Patients affected by LADA show mid-way features between
T1DM and T2DM. Although adults with high titre of GADA
are phenotypically closer to those with classical TIDM than
T2DM [20], an overlap exists between diabetic subjects and
makes difficult to distinguish LADA from T2DM just on the
basis of clinical features. As a consequence, this condition con-
tinues to be unnoticed in clinical setting and a high misdiag-
nosis rate (5% to 10%) remains among patients with T2DM
[2]. Thus, despite some studies suggest that the systematic use
of clinical risk score increases the efficiency of a screening pro-
gramme for LADA [52], testing for islet-cell autoantibodies re-
mains essential for not missing a correct diagnosis, therefore
routine GADA screening should be considered [2]. However,
since testing for islet-cell autoantibodies may not always be in-
dicated because of high costs, C-peptide measurement may be
a useful tool to rule out diagnosis of LADA in case of low clini-
cal suspicion. Another outstanding issue concerns treatment
strategy. Thus, due to the wide heterogeneity among patients
with LADA it is difficult to establish an a priori algorithm for
treatment [15] and a tailor-made therapeutic approach is
needed to improve glycaemic control and insulin sensitivity,
taking into account clinical and biochemical features of each
patient. To date, evidence shows that patients with LADA
should be treated with insulin at an earlier stage [9,66], where-
as sulfonylureas are discouraged due to their effects on [3-cells
[66]. However, there is a wider window of other therapeutic
interventions that may be of some clinical benefits when added
to insulin treatment. Insulin sensitizers have been shown to be
helpful in subjects with autoimmune diabetes who share more
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pronounced insulin-resistant traits [79]. Moreover, as LADA
subjects generally show some degree of residual -cell func-
tion, treatment should aim at both protect and stimulate 3-cell
regeneration. Thus, combined therapies to target different
pathways could be a proper strategy. Based on the newest evi-
dences, DPP-4 inhibitors and GLP-1RAs might be used in
LADA as an add-on therapy to insulin to sustain residual B-cell
function, especially in patients with a relative maintenance of
C-peptide secretion [74,77]. Therapeutic strategy in LADA
should focus on the preservation of residual B-cell function as
long as possible since its preservation is associated with reduc-
tion of long-term diabetic complications [15]. Further studies
in this field of interest are strongly encourage.
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