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Review Article

Latent Autoimmune Diabetes in Adults:
The Current Diagnostic Challenges and
Treatment

Kuo-Bin Tseng

Latent autoimmune diabetes in adults (LADA) is a heterogeneous disease characterized by
adult-onset diabetes, low circulating islet autoantibody levels, and broad clinical phenotype
compared with classical type 1 diabetes mellitus (TIDM). Hence, patients may present with
clinical features of both type 2 diabetes mellitus (T2DM) and TIDM. Highly variable beta-cell
destruction, varying degrees of insulin resistance (IR), and heterogeneous islet autoantibody
titer and pattern that indicate different pathophysiological pathways partially explain the
heterogeneous phenotypes of LADA. Because patients with LADA do not need exogenous insulin
at the diagnosis of diabetes and are diagnosed by testing for islet-cell autoantibodies, detection of
LADA in a clinical setting is challenging. Therefore, the misdiagnosis rate among patients with
T2DM is high. Although several medical workers advocate a clinically oriented approach for
screening patients with LADA, no criteria for autoantibody testing in adult-onset diabetes have
been accepted universally. Therefore, the current challenges in LADA diagnosis and therapeutic
approaches are presented in this review.
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least 6 months after diagnosis.* Nevertheless,
Introduction the definition of LADA remains controversial
and these diagnostic criteria remain debat-

Latent autoimmune diabetes in adults able. For instance, age and treatment require-

(LADA), a slowly progressive form of
autoimmune diabetes (AD), has an older age
of onset and does not require insulin therapy
for some time after diagnosis."* The Immu-
nology of Diabetes Society (IDS) has estab-
lished the following three main criteria to
diagnose LADA: (1) age at diagnosis of at least
30 years, (2) presence of circulating islet auto-
antibodies, and (3) no need for insulin for at

ments seem arbitrary. Patients aged < 30 years
may present with a slowly progressive form of
AD, which is indistinguishable from LADA
in older patients.” Therefore, the presence
of islet autoantibodies is the only objective
requirement. The significant heterogeneous
phenotypes in LADA impede the establish-
ment of a priori algorithm treatment. Never-

theless, complete characterization of patients
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with LADA in terms of its course, pathogen-
esis, epidemiological features, and therapeu-
tic approach warrants a considerable amount
of effort. This review presents the current
challenges in LADA diagnosis and therapy.

Current challenges in LADA
diagnosis

The challenges of how to define and diag-
nose LADA has resulted in numerous debates
regarding whether LADA is a distinct but het-
erogeneous clinical entity or just a variant of
type 1 diabetes mellitus (TIDM).®” Whether
the introduction of the term LADA has been
an asset or an obstacle to our understanding of
diabetes is a controversial topic.””'" LADA, a
slowly progressive form of AD, was first de-
scribed over 30 years ago.' Subsequently, the
clinical, metabolic, genetic, and immunological
features unique to LADA were identified.*'*"
However, the rationale for the strict criteria
most often used to define LADA, including age
at diagnosis of at least 30 years and noninsulin
requirement for at least 6 months after diag-
nosis,4 have been questioned repeatedly.””'>'
Moreover, the heterogeneity in LADA is con-
siderable, with some cases being similar to
T1DM and others sharing several features with
type 2 diabetes mellitus (T2DM)."*"

Several authors and clinicians have
explored the evidence to define LADA as a
separate disease and proposed that LADA and
TIDM are at the opposing ends of the same
continuum of AD. Cochrane Database of Sys-
tematic Reviews demonstrated that the lack
of a clear definition as well as the availability
of only few randomized controlled trials of
excellent quality pose challenges regarding a
conclusive treatment strategy for patients with
LADA." Thus far, substantial information has
been unveiled regarding the clinical features,

19-21 .
metabolic
dl4,17,25

cellular immune responses,
traits,”** and genetic backgroun in adult
patients with AD. Therefore, the concept of

LADA has become a suitable tool for studying

and connecting various pathophysiological as-
pects of AD in adults.

Redondo proposed the hypothesis that
clinical diabetes manifests when anti-islet
autoimmunity in TIDM or non-autoimmune
beta-cell dysfunction in T2DM decreases the
insulin secretory capacity to below a thresh-
old determined by insulin resistance (IR),
which can vary from low in TIDM to high in
T2DM.” In contrast to TIDM and T2DM de-
velopment, three mechanisms underlie LADA
development: anti-islet autoimmunity, non-au-
toimmune beta-cell dysfunction, and elevated
IR.”® This hypothesis is supported by the ob-
servation that at the onset of TIDM or LADA
relative to TIDM, obese and overweight chil-
dren have a greater beta-cell function than do
leaner children.”” However, the significance
of autoantibody levels and their prognostic
value associated with the disease process of
LADA remain unclear.”” Some studies have
proposed clinically distinguishing LADA
types based on the antibody titer: high or low

. 28,2
titer,”**

This differentiation may lead to new
sub—sub-categorizations, such as LADA type
1 (insulin-dependent) as opposed to LADA
type 2 (non—insulin-dependent). Nevertheless,
categorization based on residual beta-cell func-
tion (C-peptide), antibody titer (low or high),
epitope specificity (C-terminal, middle, or N-
terminal), genotype (T1DM or T2DM genes or
their mixture), degree of overweight or obesity,
positive T-cell immunoassay for antigen [glu-
tamic acid decarboxylase antibody (GADA)],
insulin autoantibody (IAA), islet-antigen-2A
(IA-2A), or zinc transporter 8 (ZnT8A), in ad-
dition to the current categorization based on
age, therapy, and positive autoantibody assay,
will lead to more confusion.

Next, the controversial criteria of LADA
are considered. The reported minimum cut-
off age for LADA onset varies from 25 to 40
years,"'>'"***! but this is an arbitrary limit. We
believe that a teenager or young adult (aged
< 25 years) with T2DM phenotype, who re-
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sponds well to oral hypoglycemic agents ini-
tially but has autoantibodies, could also be a
LADA patient. Therefore, having no age limit
would help us to understand better the under-
lying pathophysiology of the disease, which
should be our main scientific focus. Ideally,
longitudinal studies on patients with preclini-
cal history of LADA must distinguish LADA
from classic juvenile-onset TIDM on the basis
of the metabolic and immunogenetic markers.
LADA diagnosis has mainly relied on sero-
positivity for GADA. For instance, [AA, TA-
2A, and ZnT8A have been reported in LADA
infrequently.”*** Nevertheless, additional stud-
ies documenting the prevalence if IAA, TA-
2A, TIA-2P, and ZnT8A in LADA in different
populations for an accurate profile of humoral
immunity are warranted. GADA is not a sine
qua non in adults with diabetes without insulin-
dependence at diagnosis, and the presence of
any islet autoantibody would currently catego-
rize them as having LADA. A study revealed
that the combined presence of GADA, 1A-2,
and [AA is associated with a more rapid clini-
cal onset of hyperglycemia than if one type of
antibody were present during the prediagnosis
stage in children.” However, larger and long-
term prospective studies are needed to confirm
whether autoantibody status before a diagnosis
could be predictive of the severity of clinical
characteristics in LADA. However, a corre-
lation was noted between multiple antibody
positivity at LADA onset and increased risk of
disease progression, which was highly predic-
tive of further need for insulin requirement
postdiagnosis.***'

On the other hand, whether the autoim-
mune process of LADA begins in childhood
with only inadequate insulin secretion followed
by a series of precipitating events in adulthood
remains unclear. Nevertheless, multiple islet
antibodies or GADA alone at LADA diagnosis
can predict future complete beta-cell failure.
GADA was noted to persist in most patients af-
ter diagnosis (for up to 12 years)*” and it might
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be relevant to antigen persistence in surviving
beta cells, thereby sustaining prolonged im-
mune response. Elevated GADA titers are pre-
dictive of the need for more intensive therapy
early, but not later, in the disease course.41
Therefore, GADA levels are unreliable predic-
tive markers of the decline in glycemic control
and the requirement for insulin therapy. As
indicated by Gale," there are pitfalls in defin-
ing autoimmunity, suggesting that immune-
mediated diabetes is widely prevalent in the
adult-onset population, and this has numerous
implications for our understanding of the con-
dition and may have practical value.

However, to confirm this practical value,
some additional questions need to be consid-
ered. The main obstacle is defining antibody
positivity in antibody assays because “posi-
tivity” refers to a selected cutoff point; there-
fore, its definition is critical. It might depend
on the assay methodology or even on the age
or sex of the group wherein the assays were
performed. The results from the Fourth Inter-
national Workshop on the Standardization of
Insulin Autoantibody Measurement suggested
that radioimmunoassay (RIA) or similar assays
that perform well should be used to measure
IAA associated with insulin-dependent diabe-
tes mellitus.” In addition, their presence could
be assessed using the enzyme-linked immuno-
sorbent assay (ELISA) in the routine labora-
tory practice. A reasonable concern would be
how the available assays could positively and
negatively distinguish diabetes-associated IAA
from non—diabetes-associated IAA and from
insulin antibody, but this is practicable through
distinct idiotypes.* In the latest antibody as-
say workshops organized by the IDS and the
US Centers for Disease Control and Preven-
tion, various RIAs and some new ELISA kits
revealed excellent concordance, as well as high
levels of sensitivity and specificity.” However,
on comparisons among adults,* the concor-
dance between assays was not as strong as that
in young children and adolescents,” indicating
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that differences in epitope specificity or anti-
body levels arising from differences in affinity
or capacity could significantly influence assay
performance. Despite the limitations of the as-
says, autoantibody positivity probably implies
an autoimmune process. The results of the UK
Prospective Diabetes Study demonstrated that
among patients aged > 55 years with or with-
out antibodies at diagnosis, 44% of those with
ICA, 34% of those with GADA, and 5% with
neither antibody required insulin therapy with-
in six years.” The cutoff value, expressed as a
designated percentile of the control population,
was selected because it offered the optimal
balance of sensitivity and specificity for the in-
tended purpose.

Another problem is how to define a cut-
off value based on autoantibody titers because
these antibodies are profusely distributed
throughout healthy populations.”” Hence, the
clinical significance of a “positive” test for
autoantibodies without a well-defined cutoff
value is questionable. The ideal method would
be comparing the prevalence of a marker in
a test population with that in a background
population from which the prevalence is drawn
and then matching it with that in control cases
of the same age and sex. The cutoff value for
identifying those who progressed to insulin
requirement could be selected retrospectively,
after determining the distribution of the marker
between the two populations. For instance, the
threshold could be lowered to increase sensitiv-
ity to identify as many progressors as possible
or it could be increased to prevent false posi-
tives and maximize specificity if an interven-
tion is planned. This approach has an elastic
nature of the self-imposed categories used,
which is ideal; therefore, we contemplated why
we are using these categories. Moreover, the
present antibody assays are based on the mea-
surement of radioactivity in RIAs or fluores-
cence in ELISAs, which is translated into units
with continuous distribution. The causes of low
assay signals of radioactivity or fluorescence

could be attributed to background “noise,” var-
ious reagents in the assays, nonspecific bind-
ing, or low targeted antibody levels.
Furthermore, false-positive autoantibody
is another problem. The prevalence is esti-
mated at 0.65% — 3.60% in subjects without
diabetes who have positive autoantibody.*’
However, it is unknown whether autoantibody
positivity reflects the weakness in the assays
or represents an autoimmune process. Several
studies have reported the development of dia-
betes during the long-term follow-up of the
general population diagnosed with autoanti-
body positivity.*** Nevertheless, these findings
were made in a relatively small population,
thereby warranting large, long-term prospec-
tive studies for further exploration. In addition,
the dynamic changes in the humoral immune
response during the progression to diabetes are
a complicating problem. For example, predia-
betic healthy adults with antibody positivity at
baseline may become antibody-negative over
time or vice versa. This dynamic change in au-
toantibodies after onset of the disease seems to
be higher in children’"** than that in adults™>
and to be higher for ICA than that for oth-
ers, such as GADA. A study observed that the
GADA epitope specificities in the prediabetic
period change dynamically. Specifically, the
binding to a middle epitope and a C-terminal
epitope increases during the follow-up period,
causing a significant increase in the number
of epitopes recognized.” However, interpreta-
tion of this autoantibody disappearance is a
challenge. Is the autoimmune disease under
remission, are the autoantibodies no more posi-
tive, or both in different subjects or at different
times? These questions might mislead the clini-
cal classification at least in some individuals.
The clinical and metabolic characteristics of
LADA have been studied extensively. The de-
creasing rate of islet beta-cell function is faster
in LADA than that in T2DM but it is slower
than that in TIDM.*">***" Regarding insulin
sensitivity, no apparent differences were noted
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among LADA, T1DM, and T2DM, either in
the prediabetic or diabetic stages."*** How-
ever, features of metabolic syndrome are more
common in patients with LADA than in those
with TIDM>* but still less common compared
to those with T2DM.*****' In addition, patients
with LADA appeared to have fewer macrovas-
cular and microvascular complications than
those in subjects with type 1 or type 2 diabe-
tes.””** Regrettably, an appropriate therapeutic
choice is inconclusive if LADA is considered
an entity. Nevertheless, an international, mul-
ticenter study would be of merit in compar-
ing the relative residual beta-cell preservation
effects and long-term disease outcomes of
conventional oral therapy strategies involving
early insulin treatment.

Another problematic criterion for LADA
is insulin independence for at least six months
after diagnosis'™>** partly because of a lack of
strict definition for insulin treatment.* More-
over, several factors may influence the period
of insulin independence, including the natural
course of the disease, the timing of diagno-
sis associated with natural course, and the
physician’s therapeutic bias on clinical judg-
ment. These factors may differ from patient
to patient. Moreover, the time elapsed until
insulin treatment is dependent on clinical judg-
ment but not on the disease process. Because
clinical judgment is based on the presence
of autoantibodies, defining LADA based on
autoantibody positivity and the lack of initial
need for insulin treatment is fraught with chal-
lenges because one often precludes the other.8
Notably, patients who are asymptomatic and
diagnosed with diabetes based on elevated
blood glucose levels are more likely to meet
the criterion of the noninsulin dependence for
a short time than those diagnosed with diabetes
after being symptomatic. However, the current
diagnostic criterion is biased, often excluding
patients who are symptomatic, or the diagnosis
of diabetes is delayed. Moreover, asymptom-
atic patients undiagnosed with diabetes for a
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period who eventually become symptomatic
are likely to immediately start with insulin
treatment; therefore, they potentially have clas-
sical TIDM. Nevertheless, how to categorize
patients with autoantibodies who only receive
insulin treatment initially for few weeks or
months and are then treated subsequently with
oral agents for years remains unclear. Hence,
the issue of noninsulin dependence is more
problematic and can be resolved only by con-
ducting larger long-term prospective studies
that have predefined criteria for starting insulin
treatment and analyze the beta-cell function.

Treatment

Even though various recommendations
are available for the treatment of subjects with
T1DM and T2DM, no specific guidelines for
the treatment of patients with LADA have been
published thus far. Therefore, patients with
LADA currently receive treatment similar to
that for those with T2DM, resulting in rapid
progression to an insulin-dependent state,*
especially those who present with clinical and
biochemical features more identical to TIDM
than to T2DM.***

Lifestyle modifications

The therapeutic diet strategy in pa-
tients with LADA 1is akin to that of classical
TIDM. Obese patients with LADA benefit
from calorie restriction and increased levels
of physical activity.”” Results from the Nord-
Trendelag’s study suggested that increased
age, excess weight, and physical inactivity are
strong risk factors for LADA.% These find-
ings suggest a crucial role of IR in LADA
pathogenesis and have significant public
health implications because they suggest that
LADA is considerably influenced by envi-
ronmental factors and hence preventable.

Insulin sensitizers
To date, no large, long-term prospective
studies have evaluated the efficacy of metfor-



Tseng et al. / E-Da Medical Journal 2020;7(1):33-43

min in LADA treatment.”’ Patients with LADA
could benefit from therapy with a thiazolidin-
edione (TZD) because they could increase the
ability of beta cells to detect and respond to
fluctuations in glucose levels within the physi-
ological range, improve insulin sensitivity,
preserve pancreatic islet structure and insulin
secretory function, protect beta cells from oxi-
dative stress and apoptosis, increase beta-cell
mass, as well as exert anti-inflammatory and
anti-atherogenic properties.”®

One randomized controlled trial com-
paring insulin alone versus rosiglitazone plus
insulin in patients with LADA suggested that
rosiglitazone plus insulin may preserve islet
beta-cell function in patients with LADA.”
However, this study did not clarify the effects
of TZD monotherapy. Similarly, another study
revealed that rosiglitazone combined with in-
sulin preserved beta-cell function in patients
with LADA after three years.”' The authors
speculated that rosiglitazone might promote
the regulatory potential of CD4 CD25'T cells,
which have protective effects against AD.”
Pioglitazone prevents or delays the progression
of insulin deficiency in patients with LADA.”
However, another study revealed that piogli-
tazone might accelerate the disease course of
LADA.”™ Therefore, to clarify whether piogli-
tazone could affect the progression of LADA,
additional prospective and interventional stud-
ies are needed to explore this aspect further.

Sulfonylureas

It is reasonable to speculate that sulfonyl-
urea (SU) would accelerate the progressive de-
terioration in beta cells and shorten the starting
time of insulin therapy in LADA, and several
studies have confirmed this hypothesis.*>””
Thus, these data suggest that SU should not be
used as the first-line therapy in patients with
LADA.

Dipeptidyl peptidase-4 inhibitors
Patients with LADA were reported to

express higher dipeptidyl peptidase-4 (DPP-4)
activity compared with patients having T1IDM
or T2DM.* DPP-4 inhibitors might represent
an appropriate therapeutic approach that of-
fers metabolic control and improvement in the
natural history of the disease in patients with
LADA. Linagliptin may have attenuated the
rate of decline in C-peptide levels in patients
with LADA over a two-year disease trajec-
tory.” Sitagliptin may maintain beta-cell func-
tion in patients with recent-onset LADA after
12 months of follow-up.” A post hoc analysis
revealed that saxagliptin can effectively lower
blood glucose levels and is generally well
tolerated in patients with GADA positivity.*
Therefore, saxagliptin appears to improve
beta-cell function in these patients; however,
a longer treatment duration may be needed to
confirm this finding.* A recent study conducted
in Japan observed that treating LADA with si-
tagliptin rather than insulin may be more effec-
tive in preserving the beta-cell function for at
least four years, possibly through the immune-
modulatory effects of DPP-4 inhibitors.” Alto-
gether, these data suggested that DPP-4 inhibi-
tors have critical therapeutic implications in
LADA. Further investigation involving a larger
cohort is warranted to assess the clinical out-
comes and thoroughly explore the mechanism
of beta-cell preservation in these patients.

Glucagon-like peptide-1 receptor
agonists

More recently, a study investigated treat-
ment with the glucagon-like peptide-1 (GLP-
1) receptor agonists (GLP-1RAs), exenatide
or liraglutide, in patients with LADA for six
months, revealing a nonsignificant reduc-
tion in the adjusted mean level of glycated
hemoglobin (HbAlc), lower than the reduc-
tion observed in antibody-negative patients.*
Moreover, the glycemic response to GLP-
1RA therapy was considerably weaker in those
who were GADA or [A2 antibody positive or
had severe insulin deficiency.** Another study
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reported a favorable effect of the GLP-1 RA
dulaglutide on glycemic control in LADA.*
Nevertheless, additional studies with a larger
cohort and longer treatment duration assess-
ing whether these therapies are effective for
suppressing progression to insulin dependence
and lowering diabetic complications in patients
with LADA are warranted.

Insulin therapy

Insulin therapy rather than SU treatment
has been preferred to reverse or preserve beta-
cell function among patients with LADA.”
Subgroup analysis demonstrated that insulin in-
tervention was highly effective in patients with
LADA having high GADA titers and preserved
beta-cell function at baseline.”® In Japan, two
similar studies suggested better preservation of
beta-cell function with insulin than that with
SU in patients with phenotypic T2DM hav-
ing ICA and GADA positivity."™* A three-year
follow-up study demonstrated that early insulin
treatment in LADA was safe and well toler-
ated and it provided better metabolic control.*
Several studies have revealed that progression
to an insulin-dependent state in LADA differs
based on clinical and biochemical features.™**

However, the optimal insulin regimen in
patients with LADA remains unclear. Given
that rapid loss of insulin release occurs early
in LADA, replacement with multiple doses of
insulin might be beneficial. However, from a
practical viewpoint, it might be challenging
to initiate various insulin injection therapies
in patients with LADA, particularly if their
blood glucose levels are moderately elevated.
In such patients, a long-acting insulin injec-
tion might be a good alternative.®””® Recently,
in a Swedish—Norwegian randomized clinical
trial, patients with LADA on metformin were
randomized to add-on treatment with either in-
sulin or sitagliptin, revealing that early insulin
treatment may be advantageous in LADA but
does not protect against an autoimmune as-
sault on beta cells.”” An ongoing trial in China
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is investigating the protective efficacy of saxa-
gliptin and vitamin D3 in patients with LADA
previously treated with insulin.90 Data from
104 weeks of intervention are presently being
analyzed. Overall, to date, studies regarding
early insulin therapy in LADA and its benefits
in preserving beta-cell function have several
discrepancies. Hence, larger-scale studies are
warranted to clarify these uncertainties.

Immune modulation

Most immune intervention trials on AD
have either failed to achieve success in pre-
serving beta-cell function or demonstrated only
a transient effect.”’™ Several clinical trials of
GADG65 have been performed, and others are
ongoing.” Clinical and immunological data can
be expected in the near future, but currently
there is still insufficient evidence to support its
efficacy. Much has been learned over the past
decades with the significant increase in clinical
trials regarding AD, but much more remains to
be elucidated.

Conclusion

Adult-onset AD is a heterogeneous dis-
ease encompassing a broad spectrum of clinical
and metabolic features, ranging from classical
TIDM with onset from childhood to incon-
spicuous LADA in adulthood. Much informa-
tion has been unveiled regarding the clinical
features, cellular immune responses, metabolic
traits, and genetic background of adult patients
with AD. Therefore, an updated international
expert consensus on the definition and diagno-
sis of LADA is warranted. To date, the most
effective therapy for LADA has not been iden-
tified because of the wide range of variation
in its biochemical and clinical presentations.
Therefore, the mainstay of therapeutic manage-
ment of LADA is to preserve beta-cell function
and prolong insulin independence as much as
possible by offering excellent metabolic control
and improving the natural history of the dis-
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ease. Although no strong evidence supporting
or discouraging the use of metformin in LADA
has been reported, SUs are positively discour-
aged. TZD might potentially be of interest in
LADA, but this needs to be confirmed through
more prospective and interventional studies.
DPP-4 inhibitors may be effective for LADA,
while GLP-1RAs have no potential beneficial
effects on either HbAlc reduction or glycemic
response in LADA. Immunomodulatory agents
might be of benefit, but clinical studies are yet
to demonstrate their therapeutic benefits in
LADA. Therefore, insulin seems to be the cor-
nerstone of management. Based on C-peptide
levels, insulin should be initiated as early as
needed, and as early as possible. Neverthe-
less, recent clinical treatment studies regard-
ing LADA have not provided a solid basis for
an official treatment strategy for patients with
LADA. Therefore, further high-quality studies
evaluating various aspects of this form of au-
toimmune disease and defining the best thera-
peutic approach are warranted to possibly help
in preventing insulin dependence in younger
individuals who are susceptible to TIDM.
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