COMMENTARY

Genetic Similarities Between Latent Autoimmune
Diabetes and Type 1 and Type 2 Diabetes
Andrea K. Steck and George S. Eisenbarth

I

n this issue of Diabetes, Cervin et al. (1) investigated
whether patients with latent autoimmune diabetes
in adults (LADA) (defined as age at diabetes onset
⬎35 years, GADA positive), analyzing known risk
alleles for type 1 and type 2 diabetes, share genetic
polymorphisms with type 1 diabetes (age at onset ⬍35
years) and/or type 2 diabetes (age at onset ⬎35 years,
GADA negative). In their LADA patients, they confirmed
an increased frequency of type 1 diabetes–associated
genetic risk factors including the heterozygous HLADQB1*0201/*0302 genotype, insulin AA genotype (rs689),
and increased CT and TT genotypes of the PTPN22 gene
(rs2476601) (2). Somewhat surprisingly, in LADA patients
they also found a higher frequency of the type 2 diabetes–
associated CT and TT genotypes of the TCF7L2 gene
(rs7903146) (3), therefore concluding that LADA shares
genetic features with both type 1 and type 2 diabetes.
The article by Cervin et al. (1) uses the term LADA and
immediately abandons the standard meaning of the term,
instead equating LADA with GAD-positive patients who
developed diabetes after age 35 years. LADA has been
defined as the presence of GAD antibodies in patients with
age of onset of diabetes after 35 years and insulin independence for at least 6 months after diagnosis (4 – 6). We
agree with the authors in abandoning the standard definition of LADA and would agree with a number of other
reviews that suggest one should abandon the term LADA
altogether (7,8). A simpler alternative would be islet
autoantibody–positive diabetes, which would likely come
close to equating with type 1A diabetes, depending upon
the specificity of the assays used. Unfortunately, in the
current article (1), specificities of the GAD assay varied
over time in DASP (Diabetes Autoimmunity Standardization Program) workshops, being as low as 87% (13% false
positives), and given Bayes’ theorem and simple calculations, the major conclusions of the study may be in doubt
with such a false-positive rate (Fig. 1). We would suggest
the hypothesis that in the current article the group termed
LADA represents an unknown mixture of type 1A and
type 2 diabetes. This might be consistent with a marked
increase in high-risk HLA genotype DQB1*0201/DQB1*0302,
decreased DQB1*0602, increased PTPN22 and insulin risk
polymorphisms (provided by patients with type 1A diabetes), and the type 2 diabetes–associated TCF7L2 polymor-
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phism, with a modest increase (P ⫽ 0.03) in patients
termed GAD positive, but many of whom we believe might
be negative with a more consistently specific GAD assay.
This alternative hypothesis is difficult to test without
improved and more definitive assays for both type 1A and
type 2 diabetes.
The above comment raises a number of important
issues. 1) Can we accurately diagnose type 1A diabetes,
and how good are the diagnostic criteria short of pancreatic histology? 2) Can we distinguish LADA from type 1A
diabetes occurring in adults or type 2 diabetes? 3) Are the
distinctions important and what do they tell us about the
pathogenesis of type 1A diabetes?
There are now assays for autoantibodies reacting with
four major islet autoantigens, confirmed in DASP workshops. Multiple laboratories have assays with high sensitivities and specificities often exceeding 98% for
autoantibodies reacting with GAD65, IA-2, insulin, and the
newest autoantigen Znt8 (9). In that type 1A diabetes
occurs in less than 1% of most populations and multiple
autoantibodies are often measured, assays with high specificity are essential for both individual diagnosis and
epidemiologic studies. Even a specificity of 99% for a
single autoantibody assay is insufficient for the prediction
of high diabetes risk. Having persistent autoantibodies
reacting to at least two of the four major autoantibodies,
however, defines groups with high risk (10,11). GAD65
autoantibodies remain the most sensitive marker for adultonset “autoimmune” diabetes. Though having diabetes by
Bayes’ theorem increases the probability of a true GADpositive result, we would suggest it is insufficient with a
false-positive rate approaching 10%. Figure 1 illustrates
hypothetical overall HLA DR3/4 and TCF7L2 genotype
frequencies in GAD-positive versus GAD-negative diabetic
subjects assuming a 10% false-positive rate for GAD and a
mixture of patients with type 1A and type 2 diabetes. With
this hypothetical mixture of GAD-positive type 1A and
type 2 diabetes, HLA DR3/4 frequency is still increased to
19.8%, similar to the 27% frequency reported for LADA in
Cervin’s article (1) (driven by type 1A diabetes). With a
false-positive rate approaching 10%, GAD positivity will
not exclude type 2 diabetes.
The lack of prediction of diabetes with presence of a
single autoantibody is consistent with analysis of pancreatic histology of cadaveric donors. It is likely that expression of a single islet autoantibody will rarely be associated
with insulitis, while expression of multiple biochemical
autoantibodies will be (12,13). A much larger number of
pancreases need evaluation, and the Juvenile Diabetes
Research Foundation has initiated a program (nPOD:
Network for Pancreatic Organ Donors with Diabetes)
headed by Mark Atkinson. A Web site is available for
“real-time” viewing of nPOD pancreatic histology (www.
jdrfnpod.org). Progressive loss of C-peptide is the outcome of such ␤-cell loss and was observed in studies of
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FIG. 1. Bayes’ theorem prediction of genetic results with 10% false-positive rate for GAD autoantibody determination and mixture of type 1A and
type 2 diabetes. *HLA DR3/4 and rs7903146 frequencies from Cervin et al. (1) for type 1A and type 2 diabetes. †Assumptions for Fig. 1 are the
following: 10% false-positive rate for GAD, 80% GAD-positive rate in type 1A diabetes, and frequency of 1 and 10% for type 1A and type 2
diabetes, respectively.

islet autoantibody–positive patients with type 2 diabetes
(LADA) (14,15).
Given the above information, can we distinguish type 1A
diabetes developing in adults from LADA? An immediate
difficulty arises from the observation that type 1A diabetes
is not a monomorphic disorder, even within pairs of
monozygotic twins. As much as 33 and 37 years can elapse
between the appearance of anti-islet autoantibodies and
the diagnosis of type 1A diabetes, respectively, in one twin
and their twin mate (M. Redondo, unpublished data).
There are characteristic immune and genetic correlations
with age of onset of type 1A diabetes, including lack of
expression of insulin autoantibodies in adolescents and
adults compared with young children and decreased percentages of the highest risk HLA genotypes. Publications
on LADA analyzing the above parameters are usually
consistent with older age of onset of type 1A diabetes and
as indicated would not be a firm basis for distinction
(16,17).
There clearly are multiple different and crucially important varieties of both type 1 and type 2 diabetes. Neonatal
permanent diabetes perhaps provides the clearest examples of clinical relevance in terms of accurate diagnosis.
This includes mutations of the FOXP3 gene, which controls development of regulatory T-cells and leads to diabetes and overwhelming autoimmunity (IPEX syndrome)
(18). Patients with mutations of the sulfonylurea receptor
respond to oral medication for both diabetes and neurologic disorders (19). Thus, distinguishing different forms of
diabetes will be important, and within late-onset autoantiDIABETES, VOL. 57, MAY 2008

body-positive diabetes, knowledge of whether genes predisposing to type 2 diabetes contribute to pathogenesis is
an important question. To date, the spectrum of multiple
polymorphisms associated with type 1 diabetes appear to
all relate to immune function (20). Abandoning the classic
definition of LADA is probably wise and certainly expedient, but then immunogenetic and autoimmune measures
with high specificity will be needed to exclude the more
common type 2 diabetes in epidemiologic studies. Although type 2 diabetes is much more common than type
1A diabetes in adults, more than 40% of type 1A diabetes
develops after age 30 years (21). In that monozygotic twins
can differ by decades in onset, defining the determinants of
age of onset of type 1A diabetes will be a difficult task. It
is likely that some of the adolescents followed from birth
who are now anti-islet autoantibody positive will not
develop diabetes until they are adults and even adults over
age 35 years.
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