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Abstract ‘Latent autoimmune diabetes in adults’ (LADA)
is the term coined to describe adults who have a slowly
progressive form of autoimmune or type 1 diabetes that can
be treated initially without insulin injections. The diagnosis
of LADA is currently based on three clinical criteria: (1)
adult age at onset of diabetes; (2) the presence of circu-
lating islet autoantibodies, which distinguishes LADA

from type 2 diabetes; and (3) insulin independence at di-
agnosis, which distinguishes LADA from classic type 1
diabetes. The prevalence of LADA in adults presenting
with non-insulin-requiring diabetes is approximately 10%.
Recognition of LADA expands the concept and prevalence
of autoimmune diabetes, but LADA remains poorly
understood at both a clinical and research level. In this
perspective, we review the nomenclature, diagnostic cri-
teria, genetics, pathology and therapy of LADA, to arrive at
recommendations that might advance knowledge and man-
agement of this form of diabetes.
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Introduction

The term ‘latent autoimmune diabetes in adults’, abbre-
viated to LADA, was coined by Tuomi et al. [1] to describe
patients with a slowly progressive form of autoimmune or
type 1 diabetes who could be treated initially without in-
sulin injections. This clinical observation was intended to
distinguish LADA from classic type 1 diabetes, where in-
sulin is required from diagnosis, and from type 2 diabetes,
where insulin is not required at all or at least until some
years after diagnosis. Individuals with slowly progressive
type 1 diabetes had previously been identified by an im-
munofluorescence staining pattern of islet cell antibodies
(ICAs) ‘restricted’ to beta cells [2, 3]. However, the emer-
gence of LADA followed the introduction of a robust bio-
chemical assay for antibodies to GAD [4]. In the UK
Prospective Diabetes Study (UKPDS), about 10% of adults
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with presumed type 2 diabetes at diagnosis had evidence of
islet autoimmunity in the form of circulating ICA or GAD
antibodies, and the majority progressed to insulin depen-
dence within 6 years [5]. LADA is an important form of
diabetes, which should be recognised, understood and man-
aged appropriately in clinical practice, yet, in many ways,
it remains an enigma. In this perspective we will examine
what we think we know about LADA in order to formulate
what we need to know.

Nomenclature

At the outset, it is appropriate to ask if the term LADA is
still an accurate descriptor. ‘Latent’ in medical terminology
is usually used to describe a dormant or hidden stage of a
pathological process. An individual with ‘latent autoim-
mune diabetes’, by definition, should therefore have dor-
mant or hidden autoimmune pathology, and no clinical
manifestations of disease. However, this is not the case.
LADA is defined by serological evidence of islet autoim-
munity in the setting of reduced and declining insulin se-
cretion. Evidence for autoimmune pathology is not latent
and is a requirement for the diagnosis. Furthermore, adults
are not uniquely affected. Children can also have slowly
progressive or subacute autoimmune diabetes, termed ‘la-
tent autoimmune diabetes in the young’ or ‘LADY’, which
is managed with diet and oral hypoglycaemic agents for
months to years before insulin is required [6].

Several alternatives to the term LADA have been pro-
posed but also appear to be inaccurate. ‘Type 1.5 diabetes’
[7, 8] implies that individuals always have clinical features
of both type 1 diabetes (insulin deficiency and islet anti-
bodies) and type 2 diabetes (insulin resistance and obesity),
but patients with LADA are not necessarily insulin resis-
tant or obese. ‘Non-insulin-requiring autoimmune diabe-
tes’ [9] does not seem appropriate given that the majority
of patients become insulin requiring. ‘Slowly progressive
insulin-dependent or type 1 diabetes’ does not meet the
criterion that patients are insulin independent at diagnosis.
Moreover, it is arguable whether progression to insulin
dependence after diagnosis is slow, given that insulin treat-
ment may be required within months. A reason for adopting
the term LADA was that it denoted a different clinical
course from ‘adult-onset type 1 diabetes’. The distinction
between LADA and adult-onset type 1 diabetes is based on
the requirement for exogenous insulin at diagnosis, but this
depends on when, how and by whom the diagnosis is made.
We suggest that this distinction is artificial and, although
somewhat clinically useful, does not aid the understanding
of autoimmune diabetes in adults. It is conceivable that
LADA and adult-onset type 1 diabetes have the same path-
ogenesis and are, in fact, one and the same condition, as
suggested by similar HLA gene and autoantibody marker
profiles [10] and by the occurrence of both LADA and
adult-onset cases in extended families [11].

The term LADA served the important purpose of draw-
ing attention to autoimmune diabetes in adults. However,
in our experience, while clinicians and patients under-

stand autoimmune diabetes, they are confused by the word
‘latent’. We suggest that the broader term ‘autoimmune di-
abetes’ is more appropriate for use in clinical practice and
that the term LADA be used in research studies until there is
general agreement about whether LADA and adult-onset
type 1 diabetes are the same.

Diagnostic criteria

The diagnosis of LADA is currently based on three criteria:
(1) adult age at onset of diabetes; (2) the presence of cir-
culating islet autoantibodies; and (3) lack of a requirement
for insulin for at least 6 months after diagnosis. Islet au-
toantibodies are markers of beta cell autoimmunity that
distinguish LADA from type 2 diabetes. A period of insu-
lin independence after diagnosis is meant to distinguish
LADA from classic type 1 diabetes.

Age

The minimum age cut-off for LADA varies from 25 to 40
years [5, 10, 12], but is arbitrary. Ideally, an age cut-off
would be based on longitudinal studies of the pre-clinical
natural history of LADA, using the metabolic and immuno-
genetic markers that distinguish LADA from classic juve-
nile-onset type 1 diabetes. In the meantime, we would
propose that the operational minimal age be 30 years.

Islet autoantibodies

The diagnosis of LADA has relied mainly on seropositivity
for antibodies to GAD; insulin autoantibodies (IAA) and
antibodies to tyrosine phosphatase-like insulinoma antigen
2 (IA2) were reported to be infrequent in LADA [13, 14].
However, an accurate profile of humoral immunity in
LADA requires further studies to document the prevalence
of IAA, IA2 antibodies and ICA in LADA in different
populations. GAD antibodies are not a sine qua non–adults
with diabetes who are not insulin-dependent at diagnosis
and have any islet autoantibody would currently be
classified as having LADA.

Insulin independence

The other criterion for LADA is a minimum period of 6
months of insulin independence after diagnosis [5, 10, 12].
At least three factors influence the period of insulin inde-
pendence: (1) the natural history of the disease; (2) the
timing of diagnosis in relation to natural history; and (3) the
therapeutic bias of the treating physician. These will vary
from patient to patient. Asymptomatic individuals diag-
nosed with diabetes on the basis of raised blood glucose
alone are more likely to meet the criterion of insulin in-
dependence for a minimum period than those diagnosed
with diabetes after becoming symptomatic. The current
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diagnostic classification is therefore biased, often exclud-
ing patients who are symptomatic and/or have a delayed
diagnosis of diabetes. Someone with asymptomatic undi-
agnosed diabetes for many months who eventually presents
with symptoms is likely to be immediately commenced on
insulin injections and, thus, considered to have classic type
1 diabetes. If diagnosed with diabetes earlier on the basis of
blood glucose alone, this person would be insulin inde-
pendent initially and, if islet antibody-positive, likely to be
classified as having LADA, not classic type 1 diabetes.
Moreover, the decision to treat LADA patients with oral
agents or insulin reflects also the judgement of the treating
physician. Some patients with marked insulin deficiency
will be treated with oral hypoglycaemic agents when they
should have been treated with insulin from the outset.
Conversely, some patients with adequate endogenous in-
sulin production will be treated with insulin from the outset
when they could have achieved adequate glycaemic control
with oral agents. Thus, an overriding factor is whether or
not the treating physician is proactive with regard to insulin
treatment. Clearly, further knowledge of the natural history
and pathogenesis of LADA is required to refine objective
diagnostic criteria.

Prior to the introduction of islet autoantibody assays,
studies had shown that the level of C-peptide secretion
helped to predict insulin requirement in adults presenting
with diabetes [15]. We suggest that insulin independence in
clinical practice be corroborated by formally demonstrating
adequate insulin production at diagnosis. Endogenous in-
sulin or C-peptide can be measured under fasting condi-
tions and after stimulation with oral glucose, a mixed meal,
intravenous glucagon or other secretagogues such as in-
travenous arginine. However, the comparative sensitivity
of these stimuli, and reference ranges from the healthy
population standardised for age and anthropometric in-
dices, still need to be established. The aim should be to
demonstrate satisfactory endogenous insulin production
before continuing with oral hypoglycaemic agents and
lifestyle modification, to achieve satisfactory glycaemic
control (HbA1c<7%). Patients should be informed that oral
hypoglycaemic agents may only be effective in the shorter
term and that there is a high probability of becoming in-
sulin dependent. Future studies should determine if early
treatment with insulin preserves residual beta cell function
and reduces complications in adults with autoimmune
diabetes.

BMI

A clinical view that persists is that LADA patients are
usually lean at diagnosis [9, 16], similar to children pre-
senting with type 1 diabetes. However, documentation of
the BMI in LADA populations of European extraction does
not support this view. Most larger studies of LADA cohorts
report a mean BMI in the overweight or obese categories
(BMI>25.0 kg/m2) [6, 17–19], and a majority report a
similar BMI to type 2 diabetes cohorts [6, 18, 19]. Thus, a

normal BMI (<25.0 kg/m2) should not be a diagnostic
criterion for LADA.

Genes

HLA genes

Type 1 diabetes risk is associated with genes in the MHC
region (which includes the IDDM1 locus), in particular
with an increased frequency of the HLA class II alleles
DR3 and/or DR4 and DQ2 and/or DQ8 compared with the
general population. Cross-sectional studies have shown
that age at diagnosis of classic type 1 diabetes is inversely
related to the frequency of highest risk HLA phenotypes
[20–22].

In two large European studies on LADA [5, 13], the
highest risk HLA phenotypes for type 1 diabetes, DR3/4
and DQ2/8, were more prevalent in LADA patients than in
healthy control subjects, consistent with the known genetic
predisposition to islet autoimmunity. However, no con-
sistent differences in the class II alleles DR3, DR4, DQ2 or
DQ8 have been identified in LADA compared with classic
type 1 diabetes. One study compared LADAwith juvenile-
onset type 1 diabetes and found that the highest-risk DQ2/8
phenotype was not as frequent in LADA [13], consistent
with the later onset of diabetes [20–22]. When LADAwas
compared with adult-onset type 1 diabetes [13, 23] there
were no consistent differences in class II allele frequency,
suggesting that they have a similar genetic basis. Analysis
of HLA class II and class I genes across the autoimmune
diabetes spectrum encompassing juvenile-onset type 1 di-
abetes, adult-onset type 1 diabetes and LADA in different
ethnic populations would further inform our understanding
of the genetics of autoimmune diabetes presenting at dif-
ferent ages.

The IDDM2 locus

The IDDM2 genetic susceptibility locus, which maps to a
variable number of tandem repeats (VNTR) upstream of
INS (which encodes human proinsulin) is associated with
type 1 diabetes. Short class I VNTR alleles predispose to
type 1 diabetes, whereas longer class III alleles are pro-
tective [24]. It is hypothesised [25, 26] that IDDM2 reg-
ulates the expression of proinsulin in the thymus and
thereby the selection of proinsulin-reactive T cells and the
acquisition of immune tolerance to proinsulin. Evidence of
autoimmunity to (pro)insulin in the form of autoantibodies
is not a feature of LADA. Nevertheless, it may be infor-
mative to determine the frequency of IDDM2 alleles in
LADA relative to the general population and to type 1
diabetes. Two studies have, in fact, implicated IDDM2 in
LADA. The class I VNTR allele was more frequent in
adults with diabetes who were GAD antibody-positive
[27]. Compared with non-diabetic control subjects, the
class I VNTR was, as in type 1 diabetes subjects, more
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frequent in LADA subjects, and the shortest class I allele
was also more frequent in these individuals [28]. These
findings raise the possibility that LADA subjects might be
distinguished by increased T cell responses to proinsulin.

Other genes

More recently, the gene for MHC class I chain-related A
(MICA) has been associated with both LADA and type 1
diabetes [29]. Other candidate genes in LADA include
those for cytotoxic T lymphocyte-associated protein 4 [12]
and TNF-2 [30].

Pathogenesis

The natural history of pre-clinical LADA is unknown.
Consider the two extreme possibilities: patients with
LADA could have either long-standing islet autoimmunity
and slowly progressive beta cell damage over many years,
or the onset of islet autoimmunity for the first time in adult
life with a shorter pre-clinical phase. The more logical
notion that LADA begins many years before diagnosis
remains to be proved. Longitudinal studies of individuals
with islet autoantibodies in type 1 diabetes families and in
the general population, which are underway on several
continents, should eventually establish whether there is a
link between islet autoimmunity in childhood/adolescence
and the subsequent development of LADA. The offspring
of LADA patients were found to have reduced insulin
secretion but no difference in insulin sensitivity compared
with control subjects [31], but the interpretation of this
finding is limited because a majority of the offspring were
not islet autoantibody-positive.

A key observation in the UKPDS was progression to
insulin dependence after diagnosis of LADA. A majority of
patients with GAD antibodies at diagnosis developed in-
sulin dependence within 6 years [5], which implies pro-
gressive autoimmune beta cell destruction. The rate of
progression of the autoimmune process in LADAwould be
predicted to be less aggressive than in classic type 1 diabetes,
because the known islet antibody specificities are mostly
restricted to GAD in LADA and the number of specificities
is known to predict rate of progression to clinical type 1
diabetes [32–34]. A Japanese study found that GAD anti-
bodies in adults with ‘slowly progressive type 1 diabetes’
recognised unique, linear N-terminal epitopes of GAD65,
and that the level of these antibodies was inversely
correlated with the time to insulin dependence [35].

Information on T cell responses to islet autoantigens in
LADA is sparse. Peripheral blood mononuclear cells from
islet antibody-positive patients with phenotypic type 2
diabetes were found to react to lysed human pancreatic
islets [36], but the target antigen(s) was not identified.
Determining if LADA is characterised by T cells that react
to specific islet antigens or epitopes in a quantitively or
qualitatively distinct way is a high priority, but will require

improvements in current T cell assay methodology. Studies
of pancreatic histology in LADA are limited to a single
case report in a 65-year-old Japanese woman, which re-
vealed T cell infiltration of islets (insulitis) and significant
residual beta cell mass [37]. Studies of pancreatic histology
in LADA, on intraoperative biopsies as well as cadaveric
tissue, if ethically acceptable, would greatly enhance our
understanding of this condition.

Autoimmune disease associations

The association of other autoimmune diseases with type 1
diabetes, especially autoimmune thyroid disease [38] and
coeliac disease [39], is well established. The clustering of
these autoimmune diseases is related to common HLA
DR3-DQ2, DR4-DQ8 risk haplotypes [38]. Before LADA
was formally defined, a slowly progressive form of type 1
diabetes was associated with other organ-specific autoim-
mune diseases and seen as part of the autoimmune poly-
endocrine syndrome type 2 [40].

In children with type 1 diabetes, the reported prevalence
of autoimmune thyroiditis is 4% [41] and that of associated
thyroid antibodies (thyroid peroxidase [TPO] antibodies,
thyroglobulin [TG] antibodies) 16% [42]. Approximately
25% of adults with autoimmune diabetes have serological
evidence of autoimmune thyroiditis. A large Italian study
found a high frequency of TPO antibodies in LADA pa-
tients (24%) compared with type 2 diabetes patients (5%)
[43]. There are no reports on the frequency of clinical
thyroid disease in LADA.

Coeliac disease occurs in approximately 10% of children
with type 1 diabetes. A high frequency (19%) of antibodies
to gliadin was reported in LADA [44], but the prevalence
of coeliac disease confirmed by biopsy is unknown. An
increased frequency of antibodies to 21-hydroxylase and
17-hydroxylase, markers of autoimmune hypoadrenalism
(Addison’s disease), has also been reported in LADA [43].

Metabolic characterisation

Gottsäter et al. [45] found that the level of insulin secretion
in LADA was intermediate between type 1 diabetes and
type 2 diabetes. This key study showed that fasting and
stimulated C-peptide were reduced in LADA compared
with type 2 diabetes and healthy control subjects, and that a
rapid decline in stimulated C-peptide secretion occurred
within a few years of diagnosis in LADA patients treated
with oral hypoglycaemic agents. Subsequently, several
small longitudinal studies have also found a relatively rapid
decline in insulin secretion in the first few years after di-
agnosis [46–48]. Combining the results of these four stud-
ies reveals a 50% loss of insulin secretory function over 3–
4 years. This rate may not accord with the prevailing view
that loss of beta cell function is slowly progressive in
LADA compared with type 1 diabetes. As mentioned
earlier, different means of assessing residual beta cell func-
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tion by stimulating insulin or C-peptide secretion with in-
travenous glucose, intravenous glucagon, a mixed meal or
oral glucose have not been compared.

Small studies using the homeostasis model assessment
(HOMA) [18, 49] suggest that LADA patients are insulin
resistant. However, insulin resistance has received rela-
tively little attention in LADA and the measurement of
insulin action by the benchmark hyperinsulinaemic–eu-
glycaemic clamp technique has not been reported.

Complications

The frequency of ketoacidosis has not been documented in
LADA, but is assumed to be very low. Chronic vascular
complications associated with type 1 diabetes and type 2
diabetes are also present in LADA [50].

Microvascular

The frequency of retinopathy and nephropathy in LADA is
similar to that in type 2 diabetes; neuropathy appears to be
uncommon initially but increases with duration of disease
[51]. The frequency of retinopathy (51%), nephropathy
(microalbuminuria) (27%) and neuropathy (29%) was
similar in LADA patients and patients with type 1 diabetes
diagnosed for more than 10 years; type 1 diabetic patients
had significantly more retinopathy (76%) but less neurop-
athy (13%) [50]. Microvascular complications in all forms
of diabetes are thought to be related to the degree of hy-
perglycaemia. Glycaemic control was similar in LADA and
type 2 diabetes [50], perhaps accounting for the similar
frequencies of microvascular complications. The lower
frequency of retinopathy in LADA and type 2 diabetes
compared with type 1 diabetes could be related to the older
age of onset or to preservation of more beta cell function,

which is known to be associated with lower rates of ret-
inopathy [52].

Macrovascular

Macrovascular complication rates were reported to be sim-
ilar in long-standing LADA and type 2 diabetes, but far
lower in type 1 diabetes of similar duration [50]. However,
the type 1 diabetic patients were younger, and age is likely
to be an important variable. The independent associations
of hypertension, hyperlipidaemia, obesity and hypergly-
caemia with macrovascular disease in diabetic patients are
well established. It is interesting that hypertension, hyper-
lipidaemia and obesity were less common in LADA than
in type 2 diabetes [50], yet the rates of macrovascular
complications were similar. Possible explanations include
differences in pathogenesis or treatment. Given the auto-
immune pathology, LADA patients may have greater sys-
temic inflammation, implicated in vascular pathology [53].
LADA patients might also be suboptimally treated because
they often start treatment with insulin later than is clinically
indicated, due to unrecognised insulin deficiency and a
reluctance to change from oral therapies to injections. They
are also likely to have a shorter duration of treatment with
metformin, an oral agent associated with a lower rate of
ischaemic heart disease in the UKPDS [54].

Therapy

Any therapy in diabetes should aim for optimal glycaemic
control and preservation of beta cell function, as well as
being safe and practical for everyday use. Optimising gly-
caemic control decreases the frequency of microvascular
complications in type 1 diabetes and type 2 diabetes [55].
Preservation of beta cell function is associated with im-

Table 1 Recommendations for research on LADA

Area Recommendation

Clinical • Arrive at a consensus on nomenclature and the criteria for a diagnosis of LADA.
• Develop a simple, practical working clinical algorithm to help clinicians distinguish LADA from type 2 diabetes.

Natural
history

• Monitor islet autoimmune markers and beta cell function in islet autoantibody-positive children and young adults
longitudinally into adult life.
• Screen relatives of LADA patients for immune and metabolic markers to identify at-risk individuals for follow-up.

Immunity • Determine if novel antigens are targets of autoimmunity in LADA.
• In addition to autoantibodies, characterise blood T cell responses to proinsulin, GAD and other islet autoantigens in LADA.

Metabolism • Measure beta cell function at diagnosis in LADA patients and in islet antibody-positive LADA relatives.
Genetics • Determine the frequency of class I and class II HLA alleles, IDDM2 alleles and other genes associated with type 1 diabetes

and type 2 diabetes, and compare with the frequency in classic type 1 diabetes and type 2 diabetes.
Pathology • Acquire biopsy and autopsy pancreas specimens for analysis; determine if islet pathology (insulitis) in LADA is quantitatively

or qualitatively different from classic type 1 diabetes.
• Apply non-invasive means of imaging beta cell mass and islet pathology as these techniques are developed.

Therapy • Determine the efficacy of conventional treatment regimens (oral hypoglycaemic agents, subcutaneous insulin or
combinations) in preserving beta cell function.

Prevention • Undertake trials of candidate immunotherapeutic agents and/or agents that enhance insulin action.
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proved glycaemic control and a lower frequency of com-
plications in type 1 diabetes [52]. The efficacy of insulin
treatment after diagnosis of LADA is unknown but is cur-
rently being investigated in a large-scale Japanese study
[56]. The efficacy of thiazolidinedione drugs in LADA has
not been established.

Oral hypoglycaemic agents are efficacious in LADA,
but it appears they do not preserve beta cell function, since
the majority of patients become insulin-dependent within
6 years of diagnosis [54]. However, randomised controlled
trials have not been performed to formally confirm this
conclusion. A key question is the relative efficacy of each
of the oral hypoglycaemic agents (sulfonylureas, bigua-
nides, thiazolidinediones) and insulin regimens (premixed
insulin twice daily, basal bolus insulin regimen), as well as
their combinations, in preserving beta cell function. Em-
phasising preservation of beta cell function as the rationale,
a consensus is required on a simple, reliable and stan-
dardised test to measure beta cell function in daily clinical
practice. Although correlated with stimulated C-peptide,
neither fasting C-peptide nor insulin serve as adequate
markers of beta cell function as they may also reflect in-
sulin action.

Lifestyle intervention with diet and exercise improves
glycaemic control in type 1 diabetes and type 2 diabetes.
Two studies, the Finnish Diabetes Prevention Study [57]
and the Diabetes Prevention Program Study [58] reported
that lifestyle intervention improved beta cell function in
people with impaired glucose tolerance. Lifestyle inter-
vention would presumably improve short-term glycaemic
control in LADA, but studies are required to determine if it
preserves beta cell function in the long term. Preventative
strategies for type 1 diabetes including immune-based ther-
apies may also be applicable to LADA. If beta cell de-
struction is slowly progressive in LADA, this implies a
wider therapeutic window for prevention.

Recommendations for an improved understanding
of LADA

LADA represents a significant component of autoimmune
diabetes but, compared with classic type 1 diabetes, is
poorly researched. This review of the state of our knowl-
edge about LADA leads us to the recommendations in
Table 1 for improving the understanding and management
of this condition.
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