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Abstract
Ever since its first appearance among the multiple 
forms of diabetes, latent autoimmune diabetes in adults 
(LADA), has been the focus of endless discussions 
concerning mainly its existence as a special type of 
diabetes. In this mini-review, through browsing impor-
tant peer-reviewed publications, (original articles and 
reviews), we will attempt to refresh our knowledge re-
garding LADA hoping to enhance our understanding of 
this controversial diabetes entity. A unique combination 
of immunological, clinical and metabolic characteristics 
has been identified in this group of patients, namely 
persistent islet cell antibodies, high frequency of thy-
roid and gastric autoimmunity, DR3 and DR4 human 
leukocyte antigen haplotypes, progressive loss of beta 
cells, adult disease onset, normal weight, defective gly-
caemic control, and without tendency to ketoacidosis. 
Although anthropomorphic measurements are useful as 
a first line screening, the detection of C-peptide levels 
and the presence of glutamic acid decarboxylase (GAD) 
autoantibodies is undoubtedly the sine qua non condi-

tion for a confirmatory LADA diagnosis. In point of fact, 
GAD autoantibodies are far from being solely a bio-
marker and the specific role of these autoantibodies in 
disease pathogenesis is still to be thoroughly studied. 
Nevertheless, the lack of diagnostic criteria and guide-
lines still puzzle the physicians, who struggle between 
early diagnosis and correct timing for insulin treatment.
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Core tip: A unique combination of, immunological, clini-
cal and metabolic characteristics has been identified in 
latent autoimmune diabetes in adults (LADA) patients. 
Even so, the current definition of LADA fails to capture 
in one snapshot insulin resistance and autoimmunity, 
this very special pathognomonic characteristic of LADA. 
Addressing this dual facet of LADA would undoubtedly 
provide insight into disease pathogenesis and help in 
the immediate identification and prompt insulin therapy.
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INTRODUCTION
As early as in the end-1970s, Irvine identified a group 
of  patients with diabetes who although treated with oral 
hypoglycaemic agents, they possessed islet cell antibodies 
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(ICA)[1]. Not only had these ICA-positive patients higher 
prevalence of  other organ specific autoantibodies, they 
showed a significant tendency to progress faster towards 
insulin deficiency as well. Interestingly, in these patients 
persistence of  ICA for more than five years from diabetes 
diagnosis was associated with coexistent of  organ specific 
autoimmune disease and with human leukocyte antigen 
(HLA)-B8, A1 1. The autoimmune signature in these pa-
tients lead to be classified as type 1 diabetes (T1D)[2,3].

Subsequently, a unique combination of  immunologi-
cal, clinical and metabolic characteristics has been identi-
fied for this group of  patients, namely persistent ICA, 
high frequency of  thyroid and gastric autoimmunity, 
HLA-DR3 and DR4, progressive loss of  beta cells, adult 
disease onset, normal weight, defective glycaemic control, 
lower initial levels of  C-peptide and impaired response 
after glucagon stimulation compared to T2D patients, 
and without tendency to ketoacidosis[4-8]. But, the idea of  
latent autoimmune diabetes mellitus in adults has been 
only recently introduced[9]. More specifically, in 1994 Paul 
Zimmet et al[10] and Tuomi et al[11] introduce the term la-
tent autoimmune diabetes in adults (LADA) for LADA 
and 5 years later the 3 criteria that define LADA are sug-
gested, which are (1) GABA-synthesizing enzyme, glu-
tamic acid decarboxylase (GAD) antibody positivity (> 5 
RU); (2) age of  diabetes onset > 35 years; and (3) insulin 
independence at diagnosis (at least 6 mo). However, the 
current definition of  LADA fails to capture in one snap-
shot insulin resistance and autoimmunity, this very special 
pathognomonic characteristic of  LADA[12].

On the other hand, the World Health Organisation 
diabetes classification does not differentiate LADA as a 
distinct entity[13]. In fact, the concept of  LADA is strongly 
debated since many researchers question whether LADA 
is a definite form of  diabetes and propose instead that 
LADA represents slowly evolving T1D which should be 
regarded as a continuum[14-16]. Even so, LADA can nicely 
describe patients with features of  both T1D and T2D 
and provide with a better understanding on the grey zone 
between these two types[17-19]. Addressing this dual facet 
of  their disease would undoubtedly facilitate treatment 
option and therefore benefit LADA patients. 

IMMUNOLOGICAL CHARACTERISTICS
Bottazzo was the first to describe the presence of  ICAs 
in T1D patients having also an endocrine disorder of  
autoimmune etiology. These antibodies were detected by 
indirect immunofluorescence on pancreatic cryosections 
and they were named as such because they targeted un-
known elements of  islet cells[20].

Nowadays, commercial available kits using pancreas 
of  primate origin are used at routine basis for the deter-
mination of  ICAs. To facilitate communication among 
different laboratories and give the possibility of  compa-
rable ICA assays, the results should be given in Juvenile 
Diabetes Foundation units. On the other hand, one 
should bear in mind that the limitations of  ICA assay are 

the demanding standardization and challenging interpre-
tation of  the results. Despite those restrictions, in the 4th 
International ICA Workshop it was reported that ICA 
diagnostic test has exceptional specificity and acceptable 
concordance among the different laboratories[21].

There is a bunch of  studies addressing the ICAs rel-
evance to T1D. It is now clear that more than 70% newly 
diagnosed T1D patients are ICA-seropositive[22]. With 
a specificity of  about 97%, their presence has been re-
ported in less than 4% of  healthy subjects[23]. It should be 
mentioned that in contrast to general population where 
ICAs higher than 20 JFD is not of  clinical relevance, in 
the first degree T1D relatives this finding is highly prog-
nostic of  T1D[24,25]. Finally, it is important for clinicians 
to closely follow up ICA-positive patients who are receiv-
ing oral hypoglycaemic agents, since their presence in this 
population is strongly predictive of  switching to insulin 
dependency[26]. 

Anti-insulin autoantibodies (IAAs) were the first 
specific ICAs to be identified and this was done in 1983 
by Palmer et al[27] who performed seminal studies in this 
area using serum from patients who have not been chal-
lenged by exogenous insulin at the time of  sample col-
lection. Subsequent research have addressed the insulin 
levels after glucose challenge and it was concluded that 
insulinopenia was more prevalent in subjects possessing 
both, ICAs and IAAs, compared to those being positive 
just for ICAs[28]. However, this marker has a relatively low 
sensitivity, being even less than 40%[29].

At the 4th International Workshop regarding standard-
ization of  IAAs assays it was suggested that RIA should 
be the method of  choice for IAAs determination[30]. 
However, in the routine laboratory practice their presence 
can be also assessed by the enzyme-linked immunosor-
bent assay (ELISA). A reasonable concern would be how 
the available assays can distinguish between endogenous 
and exogenous insulin, but this is feasible through dis-
tinct idiotypes[31].

Notably, IAAs prevalence is actively influenced by 
both, sex and age. In detail, in young patients there is an 
equal incidence of  IAAs in both sexes which is skewed at 
2 males: 1 female in ages greater than 15 years old[32]. Ad-
ditionally, these antibodies are inversely correlated with 
age and since their prevalence sharply drops with age, it 
is not surprising that they are of  low diagnostic value for 
LADA[33].

The second ICAs specific target to be identified was 
the GABA-synthesizing enzyme, GAD, a molecule with 
a size of  64.000 M(r)[34]. Two forms of  GAD exist in hu-
mans, each transcribed by different gene, termed accord-
ing to their molecular mass GAD65 and GAD67, and the 
former being the antigenic target for T1D[35]. Notewor-
thy, anti-GAD65 autoantibodies are the most typical and 
prevailing antibodies connected with ICA reactivity[23]. An 
interesting proposed aspect on anti-GAD65 autoantibod-
ies is that they are present in healthy individuals but they 
cannot be detected by conventional methods since they 
are masked by anti-idiotypic antibodies[36].
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Anti-GAD65 autoantibodies are detected by commer-
cial available RIAs as well as ELISAs and interestingly 
enough recent ELISAs offer comparable specificity with 
RIAs and even better sensitivity[37]. These autoantibod-
ies are positively correlated with age and in the female 
population are found in greater levels. Serum conversion 
for these antibodies, from negative to positive, peaks af-
ter T1D diagnosis and usually they can be detected even 
when ICAs becoming gradually undetectable[23]. Since 
GAD65 is an intracellular antigen, we speculate that dur-
ing disease progression islet cells could release GAD65, 
explaining partially the fact that they can be detected 
after disease onset. For the aforementioned reasons, anti-
GAD65 autoantibodies have major role in the manage-
ment of  diabetes in adults. In fact, their positive predic-
tive value in mid-aged population has been reported to 
be 50%[38].

As regard GAD65 autoantibodies in LADA, the 
Non-Insulin Requiring Autoimmune Diabetes (NIRAD) 
nationwide survey has shown that anti-GAD65 titres are 
useful to categorise patients with adult-onset autoimmune 
diabetes in two different distinct groups with character-
istic clinical picture, autoimmune features, and genetic 
signature. In detail, patients with higher anti-GAD65 ti-
tres can be described by a more profound autoimmunity, 
quite marked dependency on insulin, higher levels of  
serum A1C, and lower both body mass index (BMI) and 
metabolic syndrome prevalence and, regarding genetic 
traits, decreased frequency of  HLA-DRB1*0403 and 
HLA-DQB1*0602 and an increased for HLA-DRB1*03 
and HLA-DQB1*0201 characterises the patients with 
higher anti-GAD65 titres[39]. Furthermore, studies from 
the same nationwide survey revealed that in LADA, the 
variant PTPN22 1858T is strongly associated with high 
titres of  anti-GAD65 autoantibodies while the low levels 
are correlated to the T2D genetic variant of  susceptibil-
ity, TCF7L2[40,41]. It has also been suggested that the pres-
ence of  high anti-GAD65 titres and/or anti-GAD65 au-
toantibodies directed against the C-terminal and not the 
middle epitopes of  the protein can group a LADA sub-
phenotype with many similarities with classic T1D and a 
high probability to develop insulin deficiency[42].

On the other hand, other groups do not rely entirely 
on high anti-GAD65 titres, in order to predict the pro-
gression of  LADA. Instead, strong predictors are consid-
ered the co-existence of  positive autoantibodies and both 
HLA-DRB1 and HLA-DQB1, while, traits including fe-
male gender and low BMI and are highly likely to predict 
insulin requirement within 4 years post-diagnosis[43].

In mid-1990s, two independent groups will add an ad-
ditional T1D specific autoantigen to the ICAs reactivity 
panel, the insulinoma antigen 2 (IA-2), a transmembrane 
molecule belonging to the family of  protein tyrosine phos-
phatases[44-46]. IA-2 is a ubiquitous molecule expressed by 
neuroendocrine cells, including islet cells of  the pancreas, 
and is localised in the membranes of  secretory granules[47].

Within the framework of  T1D diagnostic approach, 
antibodies against IA-2 can be detected by RIA or ELISA 

commercial kits, with both methods giving comparable 
results[37]. As a T1D-specific biomarker, anti-IA-2 auto-
antibodies have a sensitivity of  about 60%, meaning that 
they are less sensitive compared to anti-GAD65 autoanti-
bodies, but when compared to IAA they have higher sen-
sitivity[29]. In contrast to IAA and ICA, anti-IA-2 AAbs 
show no variation with age and thus, when anti-GAD65 
autoantibodies are also evaluated, an autoimmune signa-
ture of  the diabetes can be defined[23].

Recently, antibodies against the IA-2 (256-760) frag-
ment were shown to be a reliable marker in LADA patients 
and they were positively correlated with higher frequency 
of  autoimmunity and susceptible HLA haplotypes[48].

Patients with autoimmune diabetes are likely to be 
presented with an additional autoimmune condition of  
endocrine (thyroid and adrenal glands) or non-endocrine 
organs (thyroid and adrenal glands)[23]. Regarding endo-
crine organ-specific autoimmune conditions, anti-TPO 
(thyroid peroxidase)/anti-thyroglobulin (anti-Tg) anti-
bodies, marker for autoimmune thyroid disease can be 
detected in about one fifth of  patients with T1D, while 
anti-adrenal autoantibodies, marker for Addison’s disease 
are rather less common in T1D, being found in less than 
2%[49,50]. Regarding non-endocrine organs, autoimmune 
gastritis, characterised by the presence of  anti-parietal-cell 
antibodies can be found in about one tenth of  patients 
with autoimmune diabetes, while celiac disease, character-
ised by an immunological signature of  anti-endomysial, 
anti-Tg and anti-gliadin antibodies, with a prevalence of  
11% is consider to be common in T1D[50,51].

Regarding organ specific autoantibodies in LADA, 
the recent NIRAD study 6 suggests a higher frequency 
of  organ-specific antibodies in subjects with high anti-
GAD65 titres[52]. They additionally recommend con-
sidering that the risk for the presence of  other specific 
antibodies in LADA depends on both, GAD65 titre and 
gender, and thus, knowledge of  the specific odd ratio can 
be helpful during screening[52].

CLINICAL AND METABOLIC 
CHARACTERISTICS
First and foremost, the mean age at onset is a highly 
important hand tool for the clinician, who has to decide 
upon the different type of  diabetes and consequently 
on the appropriate treatment for the patient as quickly 
as possible. According to study groups, the age of  older 
than 25 years at onset is a supportive finding towards 
LADA[19,53]. Furthermore, in comparison to T2D, stimu-
lated as well fasting C-peptide is lower in LADA[5]. Addi-
tionally, the level of  insulin secretion in LADA is believed 
to be intermediate between T1D and T2D 5. Important-
ly, a fast decline in both insulin secretion and stimulated 
C-peptide secretion occurs rather fast, namely within a 
few years after LADA diagnosis[54]. In patients over 35 
years old at diagnosis and duration of  diabetes less than 
5 years, the presence of  diabetes-specific antibodies is 
related to lower fasting C-peptide, less often neuropathy 
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name. Diabetologia 2006; 49: 1996-1998 [PMID: 16819610 DOI: 
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Diabetologia 48: 2195-2199. Diabetologia 2006; 49: 2222-2224 
[PMID: 16832661 DOI: 10.1007/s00125-006-0347-8]

19	 Appel SJ, Wadas TM, Rosenthal RS, Ovalle F. Latent auto-
immune diabetes of adulthood (LADA): an often misdiag-
nosed type of diabetes mellitus. J Am Acad Nurse Pract 2009; 
21: 156-159 [PMID: 19302691 DOI: 10.1111/j.1745-7599.2009.0
0399.x]

20	 Bottazzo GF, Florin-Christensen A, Doniach D. Islet-cell 
antibodies in diabetes mellitus with autoimmune polyendo-

and blood pressure closer to the normal values (56). On 
the other hand, only patients with more than 1 antibody 
have reduced residual beta-cell function, and only these 
patients tend to be leaner[55].

A review by Fourlanos et al[54] concludes that patients 
with LADA are indeed insulin resistant based on homeo-
stasis model assessment, while 50% of  insulin secretory 
failure occurs within the first 4 years. Furthermore, al-
though controversial, in agreement with our observation, 
LADA patients are presented with lower BMI, blood 
pressure and triglyceride levels compared to T2D[56].

Regarding treatment policy in LADA patients, time 
to insulin treatment is based on clinical judgement, with 
GAD autoantibodies being of  upmost importance[57]. 
Interestingly, Stenström et al[58] have suggested that insulin 
treatment in LADA patients should start as soon as pos-
sible. Factually, guidelines on LADA treatment do not 
exist and is controversial whether sulphonylurea, insulin, 
vitamin D or alternative therapies such as GAD65, can 
influence the beta-cell loss progression and metabolic 
control[59]. Since LADA patients are presented not only 
with gradually developing insulin deficiency, but also with 
insulin resistance, a unique treatment strategy should be 
designed, in order to treat hyperglycaemia and to preserve 
b-cell function[60].

CONCLUSION
There is adequate evidence that LADA constitutes a 
special form of  diabetes, with a unique immunological, 
metabolic and clinical signature, while its pathognomonic 
characteristic can be described as latent autoimmunity, 
combined with glucose resistance. The lack of  a consen-
sus amid diabetes experts hampers the uniformity of  the 
studies and perplexes results interpretation. The need 
of  a clear definition, fulfilling the metabolic and immu-
nologic characteristic of  the disease, is unambiguously 
required. Even better, diagnostic criteria and guidelines 
would facilitate disease management and pave the way for 
LADA understanding.
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