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Latent Autoimmune Diabetes of
Adults (LADA) Is Likely to
Represent a Mixed Population of
Autoimmune (Type 1) and
Nonautoimmune (Type 2) Diabetes

Diabetes Care 2021,44:1243-1251 | https://doi.org/10.2337/dc20-2834

Latent autoimmune diabetes of adults (LADA) is typically defined as a new diabe-
tes diagnosis after 35 years of age, presenting with clinical features of type 2 dia-
betes, in whom a type 1 diabetes—associated islet autoantibody is detected.
Identifying autoimmune diabetes is important since the prognosis and optimal
therapy differ. However, the existing LADA definition identifies a group with clini-
cal and genetic features intermediate between typical type 1 and type 2 diabetes.
It is unclear whether this is due to 1) true autoimmune diabetes with a milder
phenotype at older onset ages that initially appears similar to type 2 diabetes but
later requires insulin, 2) a disease syndrome where the pathophysiologies of type
1 and type 2 diabetes are both present in each patient, or 3) a heterogeneous
group resulting from difficulties in classification. Herein, we suggest that difficul-
ties in classification are a major component resulting from defining LADA using a
diagnostic test—islet autoantibody measurement—with imperfect specificity ap-
plied in low-prevalence populations. This yields a heterogeneous group of true
positives (autoimmune type 1 diabetes) and false positives (nonautoimmune
type 2 diabetes). For clinicians, this means that islet autoantibody testing should
not be undertaken in patients who do not have clinical features suggestive of au-
toimmune diabetes: in an adult without clinical features of type 1 diabetes, it is
likely that a single positive antibody will represent a false-positive result. This is
in contrast to patients with features suggestive of type 1 diabetes, where false-
positive results will be rare. For researchers, this means that current definitions
of LADA are not appropriate for the study of autoimmune diabetes in later life.
Approaches that increase test specificity, or prior likelihood of autoimmune dia-
betes, are needed to avoid inclusion of participants who have nonautoimmune
(type 2) diabetes. Improved classification will allow improved assignment of
prognosis and therapy as well as an improved cohort in which to analyze and bet-
ter understand the detailed pathophysiological components acting at onset and
during disease progression in late-onset autoimmune diabetes.

Latent autoimmune diabetes of adults (LADA) is typically defined as patients diag-
nosed with diabetes over 35 years of age presenting with clinical features of type 2
diabetes in whom a type 1 diabetes—associated autoantibody is detected. This
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identifies a group with clinical and
genetic features that are intermediate
between typical type 1 and type 2 diabe-
tes, and the condition has been termed
“slowly evolving immune-mediated dia-
betes” by the World Health Organiza-
tion, under the category of hybrid forms
of diabetes (1,2). The identification of
this intermediate phenotype has led to
the idea that autoimmune diabetes in
middle age and old age typically pro-
gresses more slowly than autoimmune
disease in children and young adults (1).
In this Perspective, we show how
the definition of LADA predominantly
using an imperfect diagnostic test,
GADG65 autoantibody (GADA) mea-
surement, in low-prevalence popula-
tions will result in a heterogeneous
group of true positives (type 1 diabe-
tes) and false positives (type 2 diabe-
tes). This mixed group would explain
how the clinical features (e.g., BMI,
HbA,., time to insulin treatment) of a
group of individuals with LADA aver-
age out to be intermediate between
the two subtypes, an alternative ex-
planation of the intermediate pheno-
type observation. We explore how
observations in descriptions of LADA
more strongly support the presence of
individuals with type 1 diabetes and
type 2 diabetes rather than an inter-
mediate condition. While we focus on
GADA because of its predominant role
in the definition of LADA, the issues
described will affect any diagnostic
test with imperfect specificity, includ-
ing other islet autoantibody assays.

A Historical Perspective—LADA as an
Intermediate Phenotype Between
Typical Type 1 and Type 2 Diabetes
The recognition that pancreatic islet
autoantibodies play a key role in defin-
ing the discrete and separate etiologies
of type 1 and type 2 diabetes occurred
in the 1970s (3,4). It was recognized
that the islet cell autoantibodies (ICA)
could be used to confirm a diagnosis of
type 1 diabetes in children and young
adults. Subsequent studies demonstrat-
ed that some older patients with initial-
ly noninsulin-dependent diabetes were
also ICA positive and that this subgroup
had more rapid progression to insulin
(5-7). Following the discovery of insulin
antibodies in 1983 (8), GADA was the
second specific islet autoantibody to be
recognized in 1990 (9). Subsequently,

GADA were described in a minority of
patients who were diagnosed after 30
years of age and thought to have type 2
diabetes, without initial insulin require-
ment (10,11). This group of patients
was said to have LADA (11). These indi-
viduals were found to require insulin
treatment earlier and more frequently
than people diagnosed with diabetes at
a similar age without GADA (12). How-
ever, it was far from the 100% rate of
requiring insulin treatment seen in
young subjects with positive antibodies
who had typical type 1 diabetes (13).
This led to the concept of LADA as
adults with autoimmune diabetes and a
less aggressive disease, with an inter-
mediate phenotype between type 1 dia-
betes in children and type 2 diabetes in
middle- and old-aged adults (1). The
LADA definition was supported by ge-
netic studies showing that there was an
overrepresentation of HLA and non-
HLA childhood type 1 diabetes suscep-
tibility alleles as well as of type 2
diabetes susceptibility alleles in this
group (1,14-16).

The definition of LADA in some co-
horts includes autoimmunity defined by
a number of different islet autoantibod-
ies, but the vast majority of cases are
identified by positive GADA alone be-
cause of other antibodies being less fre-
quently tested and positive results
infrequent in GADA-negative older adults
(17,18). A number of studies have at-
tempted to define the pathophysiology,
epidemiology, and complication risk of
these patients (1). This attempt has been
limited by a lack of standardization of an-
tibody tests used to define patients, par-
ticularly the titer deemed to represent
positivity, though considerable effort has
been undertaken to address this issue
with improvement in assay performance
in recent years. While recent reviews
have recognized the heterogeneity of
this condition, the broad concept of
LADA as an intermediate form of auto-
immune diabetes has persisted.

Measurable GADA Occur in Control
Populations Without Diabetes:
Detectable GADA Does Not Always
Confirm Autoimmune Diabetes
Etiology

Like many immunological tests, the
presence of detectable GADA does not
confirm the presence of disease; detect-
able GADA are present in people
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without diabetes (with the level depen-
dant on the assay, population, and
threshold used), with presence of GADA
alone associated with low risk for devel-
opment of type 1 diabetes (19-24). This
can been termed “biological false-pos-
itive” or “diabetes-irrelevant” islet auto-
antibodies, with previous studies
demonstrating these antibodies may
have different epitope specificity (20).
The term “biological false-positive” is
used to describe detectable islet auto-
antibodies not associated with autoim-
mune disease; it does not usually imply
a test error, and it is widely recognized
that antibodies for many autoimmune
conditions may be present in healthy
people who do not have associated pa-
thology or, in the majority of cases, go
on to develop the associated disease
(22,25-27).

The proportion of those who do not
have autoimmune etiology diabetes who
test positive for an antibody is deter-
mined by the test specificity, which will
depend upon both the assay characteris-
tics and the threshold chosen to define
positivity. For example, an assay thresh-
old vyielding 95% specificity in similar
control subjects would be expected to
be positive in 5% of the population,
including those with nonautoimmune
(type 2 or monogenic) diabetes.

GADA assays prior to the last decade
have not always been as technically reli-
able as more recent assays: median
GADA specificity for the 39 laboratories
participating in the 2010 Diabetes Auto-
antibody Standardization Program was
94%, with specificity ranging from 68%
to 100% (20). This means that at that
time, in a population without any auto-
immune diabetes (such as those with
true type 2 diabetes), using an assay
with average specificity for that exer-
cise, a median of 6% would be GAD islet
antibody—positive, but this number will
vary from 32% to <1% depending on
the assay and threshold used. This alone
may explain much of the heterogeneity
in LADA prevalence and characteristics
in reported literature: studies using an
islet autoantibody assay and cutoff with
limited diagnostic specificity will include
many participants with positive islet
autoantibodies who have diabetes that
is not of autoimmune origin. In these
cases, therefore, prevalence of LADA
will be high, and characteristics will be
less classical for type 1 diabetes when
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compared with studies using high-spe-
cificity assays. There has been a marked
improvement in assay performance in
recent years, with median specificity im-
proving to 98.9% for participating labo-
ratories in the 2018 Islet Autoantibody
Standardization Program exercise; how-
ever, variation in performance persists
(28).

The Implications of Positive Islet
Autoantibody Will Be Very Different
in Populations With High and Low
Prevalence of Autoimmune Diabetes
The prevalence of autoimmune diabetes
in the population tested with an islet
autoantibody will markedly alter the im-
plications of a positive result, even
where a high-specificity assay is used.
The positive predictive value (PPV) (the
proportion [%] who have the disease
when the test is positive) of a biochemi-
cal test can be dramatically different de-
pending on the background prevalence
of the disease it is aiming to detect. In
cases where the disease prevalence is
low, the PPV of a test will be lower. This
supports the idea that those who test
positive for GADA in a population with
low prevalence of type 1 diabetes will
be a mixture of true positives (type 1 di-
abetes) and false positives (type 2 dia-
betes). This is in marked contrast to
populations with a high prior likelihood
of type 1 diabetes, such as children and
adolescents presenting with diabetes,
where false positives will be low.

We illustrate this point by examining
the proportions of true- and false-posi-
tive GADA results in two populations:
one with 95% autoimmune etiology dia-
betes and one with 5% autoimmune eti-
ology diabetes. Based on the median
performance of the 2010 Diabetes Au-
toantibody Standardization Program,
GADA had 94% specificity and 86% sen-
sitivity for detecting autoimmune diabe-
tes. Figure 1 shows how, in a population
with high prevalence of autoimmune di-
abetes, out of 100 individuals we would
anticipate 95 to be autoimmune and
86% of these will be GADA positive, but
we would not expect any false positives
(6% of 5 =0.25). In contrast, for a popu-
lation with low (5%) prevalence, out of
100 patients we would expect only 5 to
be autoimmune and 4 of these GADA
positive, but we would also anticipate a
similar number of GADA-positive nonau-
toimmune patients (6% of 95 = ~6).

High prevalence population:
95% autoimmune
(e.g children).

86% of 95
autoimmune
individuals GADA
Positive (true
positive n=82)

6% of 5 non
autoimmune
individuals GADA
positive (false
positive n=0)
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Low prevalence population:
5% autoimmune
(e.g diabetes diagnosed >40)
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autoimmune
individuals GADA
Positive (true
positive n=4)

6% of 95 non
autoimmune
individuals GADA
positive (false
positive n=6)

= GADA positive not
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Figure 1—Proportion of GADA-positive individuals who have autoimmune etiology diabetes in a
95% and 5% prevalence population. Expected results from testing 100 participants, using medi-
an GADA assay performance from the 2010 Diabetes Autoantibody Standardization Program

(assay specificity 94%, sensitivity 86%).

While GADA assays have continued to
improve in recent years, even with a
high-performance assay, false-positive
results will remain common where auto-
immune diabetes is infrequent. Using
the 2018 islet antibody program median
performance (specificity of 98.9%, spe-
cificity 69%), with 5% prevalence of au-
toimmune diabetes, based on the same
calculations 23% of those with a positive
GADA will have a false-positive result.

The PPV of a test of a given specificity
and sensitivity, at a given disease preva-
lence, can be calculated with the follow-
ing equation (29): PPV = (sensitivity x
prevalence) / [(sensitivity x prevalence)
+ (1 - specificity) x (1 — prevalence)].
We can use this to calculate the PPV in
populations with different prevalence of
type 1 diabetes for assays with different
performance (Fig. 2). If we use autoanti-
bodies in a patient who is diagnosed
with diabetes under the age of 20 years,
when approximately 95% of patients
will have type 1 diabetes, using this
prevalence the PPV can be calculated to
be >99% (Fig. 2) even when using a
low-specificity assay and threshold. This
means that in this setting, false-positive
tests are rare (<1%). This explains why,
in children where most diabetes is type
1, a positive islet autoantibodies test
will confirm that the diagnosis is highly
likely to be type 1 diabetes.

However, with increasing age, the
number of patients with type 2 diabetes
increases dramatically, such that in mid-
dle age (40-60 years), <5% of incident
patients have type 1 diabetes (30). In
this setting, false-positive results will be
common, even with a high-specificity as-
say (Fig. 2). Therefore, the group of pa-
tients defined by positivity for GADA will
consist of two subpopulations: adult-on-
set autoimmune diabetes (true posi-
tives) and adult-onset type 2 diabetes
(false positives). In this case, the pheno-
type of the group will lie between the
phenotype of type 1 and type 2 diabe-
tes, with the proportion of those with
autoimmune (type 1) and nonautoim-
mune (type 2) diabetes varying with as-
say performance and prior prevalence.
The characteristics of those with positive
GADA will therefore be somewhere be-
tween type 1 and type 2 diabetes, but
this does not reflect a subgroup with
a true intermediate phenotype but rather
the average of the two subpopulations.

The Prevalence of LADA When Islet
Autoantibody Specificity is Robustly
Characterized Suggests That the
Majority of Those Meeting Current
Definitions of LADA Do Not Have
Autoimmune Diabetes

An estimate of the proportion of a
LADA population who are unlikely to
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The effect of prior prevalence and assay performance on
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GAD positive predictive value
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—a—Specificity 94% Sensitivity 86% =e=Specificity 97.5% Sensitivity 74% -

-Specificity 99% Sensitivity 69%

Figure 2—The effect of prior prevalence and assay performance on GADA PPV. Calculated as de-
scribed in the text for GADA assays with the following characteristics: 94% specificity, 86% sensi-
tivity (Diabetes Autoantibody Standardization Program 2010 median performance); 97.5%
specificity, 74% sensitivity; and 99% specificity, 69% sensitivity (Diabetes Autoantibody Stan-
dardization Program 2018 median performance).

have autoimmune etiology diabetes can
be obtained by examining the extent to
which the prevalence of antibody-posi-
tive individuals in a population with ap-
parent type 2 diabetes exceeds the
expected prevalence in a population
without diabetes. Figure 3 shows the

Percent GADA positive
N
w

Control population without diabetes Newly diagnosed type 2 diabetes

(n=1500)*

proportion of three populations testing
positive for GADA using the same assay
and laboratory: control subjects without
diabetes, patients with new-onset clini-
cally diagnosed type 2 diabetes, and
those with long-standing type 2 diabe-
tes with absence of early insulin

Long duration type 2 diabetes

(n=883)# (n=8606)7

® Excess prevalence - autoimmune etiology diabetes

m Expected prevalence in absence of autoimmune diabetes (assay specificity 97.5%)

Figure 3—Excess prevalence of GADA in participants with clinically diagnosed diabetes in compari-
son with a control population without diabetes. GADA assessed using the RSR Limited (Cardiff, U.K.)
bridging ELISA by the Blood Sciences Department of Royal Devon and Exeter Hospital, Exeter, U.K. A
value >10 units was considered positive. *No known diabetes, HbA;. <48 mmol/mol, n = 1,500
(45). #Aged >18 years at diagnosis, clinical diagnosis of type 2 diabetes, median duration 3 months
(A.G.J., StartRight Study Group, unpublished observation). Age =35 years at diagnosis, clinical diag-
nosis of type 2 diabetes, absence of insulin requirement within 6 months of diagnosis (45).
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requirement. This assay and threshold
had 100% specificity in the 2018
Islet Autoantibody Standardization
Program (n <100), but has 97.5% spe-
cificity in this much larger (n = 1,500)
control sample, meaning 2.5% of
those without autoimmune diabetes
will test positive. In those with newly
diagnosed type 2 diabetes and long-
standing type 2 diabetes, respectively,
4.1% and 3.3% of participants were
GADA-positive, only modestly higher
than the expected 2.5% positive rate
in  those without autoimmune
etiology diabetes. This is consistent
with the majority of GADA-positive in-
dividuals with diabetes in these co-
horts having diabetes that is not of
autoimmune etiology, despite use of
a high-performing modern assay. Pre-
vious large studies of LADA that have
reported standardization program as-
say performance have been broadly
consistent with this finding
(18,31-33).

Studies of LADA Are More Consistent
With a Heterogeneous Population of
Type 1 and Type 2 Diabetes Rather
Than a Single Intermediate
Phenotype

We can test whether observations of
patients with LADA fit more with a het-
erogeneous population of patients with
type 1 and type 2 diabetes rather than
a single intermediate phenotype. If this
is the case, then factors altering the
specificity and sensitivity of the anti-
body test, and altering prevalence of
type 1 diabetes in the population test-
ed, will alter the PPV of the antibody
test and hence alter the proportion of
false positives (patients with type 2 dia-
betes) within the cohort defined by pos-
itivity for the antibody test. The lower
the prior prevalence, or lower the test
threshold (and so specificity), the more
false-positive (type 2 diabetes) and the
fewer true-positive (type 1/autoimmune
etiology) patients will be contributing to
the phenotype. Hence, the combined
cohort will be more like patients with
type 2 diabetes—for example, to be old-
er at diagnosis, have an increased BMI,
and be less likely to progress to insulin.
These predicted changes can be com-
pared with the changes seen in cohorts
of patients with LADA.
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How Do Alterations in the Definition of Anti-
body Positivity Alter the Phenotype in
LADA?

The specificity and sensitivity of autoan-
tibody testing can be altered by chang-
ing the number of antibodies tested or
the titer of GADA considered as posi-
tive. We would predict that with less-
specific antibody tests (such as use of a
low titer threshold and single positive
islet auto-antibody), not only does the
number of patients with LADA increase
but also the phenotype moves to being
more type 2 like.

Studies that have examined the rela-
tionship between titer and/or number
of autoantibodies and clinical pheno-
type in late-onset initial noninsulin-
requiring diabetes are summarized in
Table 1. As shown in Table 1, a number
of studies have shown that those who
have low titers of a single autoantibody
have clinical, biochemical, and genetic
characteristics more similar to type 2 di-
abetes, in contrast to those with higher
titers (13,18,32-38). In addition, low
titers often become negative during fol-
low-up, in contrast to those positive
with high titers (39). Where late-onset
autoimmune diabetes is defined by
two positive autoantibodies (which will
markedly increase specificity), a patient
group is identified with very high rates
of rapid insulin requirement and the
clinical and genetic characteristics of
young-onset type 1 diabetes (13,14).

In populations with a much higher
prior prevalence of type 1 diabetes,
such as children and young adults with
diabetes, the impact of altering test spe-
cificity by using higher titers, or multiple
positive islet autoantibodies, is modest
(13,40,41). These findings are consistent
with the influence of false-positive re-
sults being greater in low-prevalence
populations (discussed below). In high-
prevalence populations, even those
with a weak positive antibody test will
have a high probability of type 1 diabe-
tes: test specificity will therefore be less
critical to PPV and will have less effect
on the characteristics of the test posi-
tive population (42).

How Do Differences in the Prevalence of
Type 1 Diabetes in the Population in Which
LADA Is Defined Alter the Phenotype?

Factors that alter the prevalence of the
proportion of patients with type 1 dia-
betes will alter the PPV of the antibody

test and hence the proportions of pa-
tients with type 1 and type 2 diabetes
defined by antibody positivity. The easi-
est example is the age of the cohort
that patients are taken from.

Type 2 diabetes is markedly more
common with increased age; therefore,
as demonstrated in Figs. 1 and 2, a posi-
tive islet antibody will be far less likely
to be a false-positive result in younger
people, where the prior probability of
autoimmune diabetes is higher (30).
This means the younger the population
tested, the more type 1 like it is pre-
dicted to be. This has been seen in
many studies; for example, in the UK
Prospective Diabetes Study (UKPDS) of
patients with a diagnosis of type 2 dia-
betes, young single-autoantibody—posi-
tive participants had rapid progression
to insulin, in marked contrast to older
participants (13).

Other clinical criteria that make type
1 diabetes more or less prevalent will
also alter the PPV of a positive GAD islet
autoantibody. For example, the fre-
quently used exclusion of those patients
treated with insulin within 6 months of
diagnosis will reduce the number of true
positives (type 1/autoimmune diabetes)
and increase the number of false posi-
tives (type 2 diabetes), making the com-
bined phenotype more type 2 like. This
effect has been clearly seen in large se-
ries when looking at clinical criteria like
age of onset, BMI, and time to insulin
treatment, where selecting a subpopula-
tion with lower prior probability of type
1 diabetes (for example, an older, more
obese, or noninsulin-treated population)
results in fewer who are GADA positive,
and these participants will have charac-
teristics mores similar to type 2 diabetes
(18,38,43,44). This is also apparent
when using genetic susceptibility to type
1 diabetes: patients with antibody-posi-
tive “type 2 diabetes” who lack genetic
susceptibility to type 1 diabetes (and
therefore have low prior probability)
have low rates of early insulin require-
ment, in contrast to those at high genet-
ic risk for type 1 diabetes (45).

Bimodality of GADA Titers and Differences
in Epitope Specificity Support the Presence
of “True” (Disease-Associated) and “False”
(Disease-Irrelevant) Positive Islet Autoanti-
body Results

Antibody studies looking at both titer
and epitope support LADA consisting of

Jones and Associates

two subpopulations. A number of stud-
ies have reported a bimodal distribution
of GADA titer, suggesting two subpopu-
lations with low and high GADA titer
(18,33,34,36,38). Recently, it has been
shown that positive GADA that are not
associated with disease have different
epitope specificity and that in “LADA”
different epitope specificities identify
different subpopulations: patients who
are GADA positive to standard full-
length assays, but not to assays using
GAD truncated to remove the N-termi-
nus, have characteristics similar to anti-
body-negative patients with type 2
diabetes (20,46,47).

Definitions of Late-Onset Type 1 Diabetes
That Are Independent of Islet Autoantibody
Testing and Clinical Features Do Not Sug-
gest an Intermediate Phenotype

Recent research has examined the char-
acteristics of late-onset autoimmune
diabetes defined by examining the char-
acteristics of excess diabetes occurring
in those who are genetically susceptible
(48). This technique does not suffer
from either the problem of false-posi-
tive islet antibody results or the prob-
lem of presupposing characteristics if a
definition is based on clinical features.
In marked contrast to autoimmune dia-
betes defined by GADA testing, older
participants with type 1 diabetes caused
by excess genetic risk appeared to have
near universal early insulin requirement,
with 89% treated with insulin within the
first year of diagnosis and 11% develop-
ing ketoacidosis. When type 1 diabetes
in later life is defined by the develop-
ment of severe, near absolute insulin
deficiency, the clinical phenotype is very
similar to that defined by this genetic
technique (49).

The Presence of a Biomarker That

Can Occur in the Absence of Disease
Should Not Define a Disease State

It is our opinion that the presence of is-
let autoantibodies in an individual from
a population with low type 1 diabetes
prevalence should not be considered to
equate to a diagnosis of autoimmunity
in that individual. Autoantibodies are a
marker of autoimmunity and not the
pathogenic agent (50). In other autoim-
mune diseases, such as systemic lupus
erythematosus and rheumatoid arthri-
tis, the presence of the highly
associated autoantibody (which, like
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Table 1—Continued

Age at
diagnosis

C-peptide TG
(mmol /L)

BMI

(kg/m?)

PPV for insulin

% of study
population

Antibody status and

(nmol/L)

(years)
46.9

treatment

threshold

GADA and IA-2A neg

Inclusion criteria

Study

97.3 31.4

17,072 Onset age 30-70 years,

Maddaloni 2015

30.7

21.8% at 5 45.1

2.6

GADA >10 units/mL

no DKA, no insulin rx
by 6 months of dx

(32)

years

28.5

41.2

0.1

GADA >10 units/mL and

IA-2A 10 units/mL

—, not reported; avg., average; DKA, diabetic ketoacidosis; IA-2A, islet antigen 2 antibody; neg, negative; pos, positive; PPV, positive predictive value; RU, relative unit; rx, prescription; T2D, type 2 dia-

betes; TG, triglyceride; WHO, World Health Organization. *Randomized to noninsulin therapy. **Approximate value from article figure (reported graphically only). ***Duration not reported separately;

therefore, duration for antibody positive overall provided.

diabetes autoantibodies, may occur
in healthy control populations) is
not sufficient to make a diagnosis
on its own, and other clinical, bio-
marker, or imaging criteria need to
be met to make the diagnosis (27).

Practical Implications for
Clinicians

For clinicians, the take-away mes-
sage is that islet autoantibodies
have far greater diagnostic utility
when tested in patients with a clini-
cal suspicion of type 1 diabetes. In
those with clinical features sugges-
tive of type 1 diabetes, a positive is-
let antibody result, using a modern
validated assay, will usually confirm
a diagnosis of autoimmune diabe-
tes. However, in an adult without
clinical features of type 1 diabetes,
as we have shown, it is most likely
that a single positive antibody will
represent a false-positive result.
When considering a result at diag-
nosis, prediction model approaches
that combine islet antibodies with
other features may offer a practical
approach for a clinician to assess the
predictive value of a positive auto-
antibody (51). Given the uncertainty
at diagnosis in insulin-treated pa-
tients, C-peptide measurement, pref-
erably >3-5 years after onset, is
critical to establish treatment re-
quirements where diabetes subtype
is uncertain (52,53).

Implications for Researchers

To address any research question re-
lated to autoimmune diabetes in
adults, it is essential that the popu-
lation studied has autoimmune rath-
er than type 2 diabetes. Where
autoantibodies are used to define
autoimmune diabetes, the perfor-
mance of the assay used should be
robustly demonstrated, as this is
critical to interpretation of research
findings (28). While modern islet au-
toantibody assay quality has in-
creased, unusually high specificity is
required where the prior probability
of autoimmune diabetes is low.
Therefore, if antibodies alone are
used to define autoimmune diabe-
tes in a low-risk population, such as
adults with apparent type 2 diabe-
tes, specificity should be increased.
This could be achieved through

requirement for multiple positive auto-
antibodies to define autoimmunity and/
or through the use of assays with re-
stricted epitope specificity (20,46). An
alternative approach would be to use
clinical features or other biomarkers
(such as genetic risk scores or C-pep-
tide) to increase prior probability of
autoimmune diabetes, either alone or
through prediction models that com-
bine multiple features. Ultimately, the
optimal approach will depend on the
research question being addressed;
for example, the use of clinical fea-
tures or genetic risk to increase prior
probability will not be appropriate for
studies assessing these outcomes but
may be appropriate for unrelated re-
search questions.

Conclusions

Autoimmune diabetes in later life, and
its diagnosis, is an important and chal-
lenging clinical problem. We have
shown that observations in LADA,
where autoimmune diabetes has been
diagnosed on the basis of the presence
of GAD islet autoantibodies in popula-
tions with low prevalence of type 1 dia-
betes, can be predominantly explained
by the test identifying a mixture of true-
positive (type 1 diabetes) patients and
false-positive (type 2 diabetes) patients.
Specifically, the intermediate phenotype
of LADA will at least partly reflect a
combination of two heterogeneous
populations with very different pheno-
types rather than a true intermediate
subtype of diabetes. Improvement of
the diagnostic approach by applying
new findings from the field will greatly
improve classification from the pioneer-
ing work that led to the first descrip-
tions of LADA more than 25 years ago.
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