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Abstract

Aims/hypothesis. This study aimed to define the im-
munological parameters which could be used to iden-
tify patients with the distinct metabolic features of
adult latent autoimmune diabetes.

Methods. Sera of 312 patients with short-term diabe-
tes (duration < 5 years) over 35 years of age at diag-
nosis were screened for ICA, GAD- and IA2-Ab by
antibody assays validated in workshops. The anti-
body status was correlated with age, BMI, residual
beta-cell function, measured by fasting C-peptide,
onset of diabetes-related complications and markers
of the metabolic syndrome (hypertension and hyper-
lipidaemia).

Results. A total of 51 antibody positive patients were
identified. These patients had lower fasting C-peptide
and less neuropathy and hypertension compared with
matched antibody-negative patients. However, only
patients with two or more antibodies had reduced re-

sidual beta-cell function compared with antibody-neg-
ative or single antibody-positive (ICA or GAD-Ab
only) patients. Patients with two or more antibodies
were also leaner and had diabetes-related complica-
tions or hypertension less frequently than single anti-
body-positive or antibody negative-patients. [A2 anti-
body status did not substantially contribute to the di-
agnosis or differentiation of LADA patients.
Conclusion/interpretation. We concluded that the
combination of ICA and GAD antibodies and high ti-
tre of GAD antibodies are characteristic of patients
with insulin deficiency with the clinical features
of Type I (insulin-dependent) diabetes mellitus
(LADA-type 1). Single antibody positivity and low ti-
tre antibodies are markers for LADA-type 2 associ-
ated with the clinical and metabolic phenotype of
Type II (non-insulin-dependent) diabetes patients.
[Diabetologia (2001) 44: 1005-1010]
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Type 1 (insulin-dependent) diabetes mellitus is
caused by specific autoimmune destruction of pan-
creatic islet cells [1]. Distinct islet cell-specific auto-
antibodies (Ab), including ICA 16 as well as autoan-
tibodies to insulin, glutamic acid decarboxylase
(GAD) 65 or the tyrosine phosphatase IA2, are
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markers for this autoimmune process [2-5]. The
GAD- and IA2-Ab are the main autoantibodies
found in classic Type I diabetes with onset in child-
hood, adolescence and young adulthood and cover a
great proportion of ICA specificities in this age group
[6, 7]. Therefore, screening for GAD- and IA2-Ab
could help predict and diagnose Type I diabetes in
young patients. There is also a subgroup of patients
with Type I diabetes according to WHO and ADA
classification [8] is who have onset in later adulthood
(> 35 years). This is called latent autoimmune diabe-
tes in adults (LADA) [9, 10] or slowly progressive
Type I diabetes [11]. Patients are characterized by a
similar clinical presentation to Type II diabetes at
the onset of the disease and insulin requirement with-
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Table 1. Characterization of patients
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Ab-negative Ab-positive ICA alone GAD alone ICA + GAD
n 51 51 16 12 23
Age (years) 51.9+12 54.8+2.9 51.3+34 50.1+3.9 51.9+23
Diabetes duration (months) 21.5+£33 245+59 27.5+59 26.6 + 6.4 22.1+48
BMI (kg/m?) 28.5+0.9 269 +0.7 29.7+1.6 27.7+4.0 24.6 £ 0.7
Blood glucose (mmol/l) 15472 16.1 £6.0 12.5+45 16.1 £3.7 184 +£7.0
HBA,. (%) 10.0+2.4 11.2+29 9.7+3.0 11.9+35 12.1+3.0
C peptide (nmol/l) 0.93 +0.47 0.63 + 0.49* 0.93 +0.54 0.55+0.43 0.42 + 0.34°
Thyroid Ab® 9/51 19/51° 4/16 112 14/232
Nephropathy 14/51 6/51 3/16 3/12 07232
Neuropathy 24/51 8/512 5/16 112 2/23°
Retinopathy 8/51 2/51 0/16 0/12 2/23
Hypertension 36/51 21/51° 10/16 512 6/23*
Hyperlipidaemia 24/51 18/51 8/16 2112 8/23

2 p < 0.005 compared with Ab-negative patients by chi square test corrected for the number of factors analysed, n = 5; ° p < 0.05

in a few years after diagnosis [8]. As with Type I dia-
betes, GAD-Ab and ICA were found in patients
with LADA, while insulin- and IA2-Ab seem to
have little additional diagnostic value in this age
group [11-17]. Furthermore, single antibody positivi-
ty, for example for GAD-Ab and ICA, is a more com-
mon finding in LADA patients than it is in younger
Type I diabetes patients [11, 15]. In the largest study
investigating islet cell-specific autoantibodies in adult
patients as predictors for insulin deficiency in diabe-
tes mellitus, the United Kingdom Prospective Diabe-
tes Study, both GAD-Ab and ICA were predictive for
the development of insulin requirement during the
follow-up of 6 years [18].

In Type I diabetes of young patients, the detection
of high titre or multiple islet cell-specific autoanti-
bodies improves the diagnostic specificity [19, 20,
21]. In the older age group the importance of the titre
and the number of islet cell-specific autoantibodies is
less well recognized. Some studies suggest high titre
of GAD-AD [12, 17] or a combination of GAD-,
IA2- and insulin-Ab [17] as better predictors for fu-
ture insulin requirement in patients with adult Type
I diabetes. Furthermore, it is still not clear whether
LADA represents just a slowly progressive form of
Type 1 diabetes or is a clinical entity of its own
(“Type 1.5 diabetes™) [12]. Several studies show sub-
stantial differences in the rate of progression to insu-
lin deficiency in patients who fulfil the criteria of
LADA. However, there is little information on clini-
cal and metabolic criteria such as diabetes-related
complications or associated hypertension and hyper-
lipidaemia as markers of the metabolic syndrome in
LADA patients [12, 22].

This study describes a group of 51 patients of a
Caucasoid German population (at low to moderate
risk for Type I diabetes) classified as suffering from
LADA by the presence of ICA, GAD- and IA2-Ab
positivity or both. Autoimmune markers were corre-
lated to fasting C-peptide as a marker for residual

beta-cell function and clinical parameters commonly
used for the classification of Type I and II diabetes
in adulthood e.g. BMI, age, onset of diabetes-related
complications and markers of the metabolic syn-
drome.

Subjects and methods

Subjects. We tested 312 consecutive sera from patients over
35 years of age at diagnosis and who developed early insulin
dependency less than 5 years from diagnosis. These patients
were selected by the Outpatients Department of the Depart-
ment of Internal Medicine 111, University of Leipzig, the City
Hospital Leipzig and a practice specialising in diabetes at Leip-
zig. The selection of patients was based on clinical parameters.
Patients with ketonuria at diagnosis were excluded. The BMI
and reduced fasting C-peptide were not used as recruitment
criteria. Similarly, initial insulin independency was not used as
selection criterion because the decision for treatment was at
the discretion of the physician in caring for the individual pa-
tient. All patients were insulin treated and metabolically fairly
well controlled (HBA,, < 7.5 %) from diagnosis to the time of
investigation. From these patients, 51 sera were found positive
for at least one of the following islet cell-specific autoanti-
bodies: ICA, GAD- and IA2-Ab. A group of 51 Ab-negative
patients from the initial cohort, matched for age and sex,
served as the control group. These 51 Ab-negative patients
were all insulin treated from diagnosis to the time of investiga-
tion and had similar amounts of blood glucose and HBA, . at
the time of diagnosis (Table 1). Therefore, both patient groups
(Ab-negative and Ab-positive) were well matched for the de-
gree of hyperglycaemia at diagnosis and during treatment up
to this investigation. The patients were assessed for diabetes-
related complications such as diabetic neuropathy (vibration
fork test), nephropathy (microalbuminuria in 24-h urine) and
retinopathy (ophthalmologic examination). There were no dif-
ferences in the frequency of complications between study cen-
tres. Furthermore, hypertension (defined as RR > 150/90 or
treatment with antihypertensive drugs) and hyperlipidaemia
(defined as fasting cholesterol > 5.2 mmol/l, fasting triglycer-
ides > 1.7 mmol/l or treatment with antilipaemic drugs) were
analysed as markers of a metabolic syndrome. The clinical
data of patients are summarized in Table 1.
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Antibody measurements. Cytoplasmic ICA’s were detected by
the indirect immunofluorescence test on unfixed cryostat sec-
tions of human pancreas from an organ donor with blood
group 0 as described [11]. The cut-off of our assay was 5 JDF-
U. In the Immunology of Diabetes Workshop (IDW) ICA Pro-
ficiency Programme, our laboratory achieved values of 100 %
for sensitivity, specificity, validity, and consistency (Lab ID
#116). Autoantibodies to full-length GAD65 (GAD-Ab) and
the intracytoplasmic domain of the tyrosine phosphatase-like
protein IA-2 (IA-2-Ab) were determined by radioligand as-
says as described previously [11]. Amounts of antibody were
expressed in arbitrary units with a cut-off of 6.5 GAD-Units
and 3.4 IA-2-Units, respectively (99th centile of normal con-
trols). ICA levels of 20 JDF-U and more and GAD-AD levels
over 20U in our assay were arbitrarily set as high titre levels.
In the Combined Autoantibody Workshop, the adjusted diag-
nostic sensitivity for the GAD- and IA-2-Ab assays was 81 %
and 74 % with a specificity of 99% for both assays [21]. Fur-
thermore, we measured thyroid-specific autoantibodies
(TSH-receptor- and TPO-antibodies) as a marker for polyen-
docrine autoimmune syndrome in all 51 Ab-positive and the
51 matched Ab-negative diabetic patients by commercially
available RIA’s (Brahms Diagnostica, Berlin, Germany).

Statistical analyses. In a first analysis we compared Ab-nega-
tive with Ab-positive patients and in a second analysis Ab-neg-
ative patients with groups of patients with different antibody
status (ICA + GAD-AD positive, single ICA or GAD-AD pos-
itive) by Mann-Whitney U-test (BMI, C-peptide, age) and
Fisher’s Exact or chi square test with correction for the num-
ber of factors analysed as indicated. A value of p < 0.05 was re-
garded as statistically significant.

Results

Characterization of autoantibody profiles in LADA
patients. Of 51 Ab-positive patients, 39 (76 %) were
positive for ICA, 35 (68%) had GAD-Ab, and 6
(11 %) had TA-2-Ab. Altogether, 23 (45 %) of the pa-
tients had two or more antibodies, 16 (31%) were
only ICA positive and a further 12 (23 %) patients
were single GAD-AD positive. None of the sera were
positive for IA2-Ab only. Of the sera with multiple an-
tibodies, 17 (33%) had GAD-Ab and ICA and 6
(12% ) had ICA, GAD- and IA2-Ab. The distribution
of autoantibodies in all 51 sera is shown in Figure 1.
In the single ICA-positive group of patients,
10 had low titre ( <20 JDF-U) and 6 had high titre
(20 JDF-U and more) ICA. In the single GAD-Ab
positive group, 6 had low titre ( < 20U) and 6 high ti-
tre ( >20U) GAD-Ab. Among patients with multiple
autoantibodies, 18 (78 %) had high titre ICA and 20
(87 %) had high titre GAD-Ab. Therefore, single
ICA rather than ICA in combination was more fre-
quent for low titre (p < 0.02, Fisher’s Exact test). Sim-
ilarly, single GAD-ADb was associated with low titre
more often than two or more antibody positive sera
(p <0.025, Fisher’s Exact test). Of the patients with
multiple antibodies, only two (9 % ) had a low titre of
both ICA and GAD-ADb. Of the six patients with
IA2-Ab, four had high titre IA2-Ab ( > 20U) and all
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Fig.1. Distribution of ICA, GAD- and IA2-Ab in 51 Ab-posi-
tive LADA patients

six patients with IA2-Ab had also high titre ICA and
GAD-AD or both.

Furthermore, we analysed thyroid-specific autoan-
tibodies (TSH-receptor- and TPO-Ab) as markers for
a broader polyendocrine disease in the 51 Ab-posi-
tive and the matched 51 Ab-negative patients. A total
of 19 of 51 Ab-positive patients had thyroid antibod-
ies compared to 9 of 51 Ab-negative patients
(p <0.05, Table 1). The highest frequency of thyroid
antibodies was found in the group with multiple islet
cell antibodies (14/23 compared to 9/51 in Ab-nega-
tive patients, p < 0.001, Table 1).

Correlation of the autoantibody status with residual
beta-cell function. Overall, the Ab-positive patients
had less fasting C-peptide than Ab-negative patients
(p <0.01, Table 1, Fig.2). When the patients were
subdivided according to the number of positive anti-
bodies, multiple antibodies were associated with low-
er C-peptide values compared with Ab-negative pa-
tients (p <0.002) and patients with single ICA
(p <0.005, Table 1, Fig.2). In contrast, single anti-
body-positive patients did not differ in fasting C-pep-
tide from antibody-negative patients. To further dif-
ferentiate between patients, we investigated whether
patients with high titre single antibodies (either ICA
or GAD-AD) differed from antibody-negative pa-
tients. Although the number of patients with single
antibodies was limited (n = 6 for ICA with or above
20 JDF-U and GAD >20 U, respectively) we ob-
served that patients with a high level GAD-AD had,
as a trend, lower fasting C-peptide compared with
Ab-negative patients (p <0.05, Table 1, Fig.2)
whereas high levels of single ICA-positive patients
had similar fasting C-peptide values as observed in
Ab-negative patients (Table 1, Fig.2).

In summary, patients with multiple antibodies and
patients with high levels of single GAD-AD had a re-
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Fig.2. Fasting C-peptide (nmol/L) values in 51 Ab-negative,
51 Ab-positive and 16 single ICA, 12 single GAD-Ab and 23
GAD- and ICA positive LADA patients. C-peptide levels of
patients with single high GAD ( > 20U) and single ICA above
20 JDF-U are shown separately. Data are shown as box plots
(comprising 25" to 75" centiles) with mean and 10" and 90"
centiles. Points show single values outside these centiles. The
p values by U-test (two-tailed) are indicated.

duced residual beta-cell function compared with anti-
body-negative subjects, patients with single ICA and
patients with low level GAD-Ab.

Correlation of autoantibodies with clinical features.
Correlation of age and duration of diabetes revealed
that patients with or without antibodies and with sin-
gle ICA, GAD-ADb or multiple antibodies did not dif-
fer according to age or duration of diabetes (Table 1).
In addition, there was no difference in BMI between
the overall group of antibody-positive subjects, single
GAD-AD positive, single ICA-positive patients and
the antibody-negative patients (p >0.05 for all
groups, Table 1). However, patients with multiple an-
tibodies had significantly lower BMI compared to
Ab-negative patients (p < 0.005), patients with single
ICA (p <0.002) or single GAD-Ab (p <0.02, Ta-
ble 1) indicating a Type I diabetes-like phenotype.
Antibody-positive patients also had fewer markers
of the metabolic syndrome. Hypertension was more
frequent in antibody-negative patients (36/51 com-
pared with 21/51 patients, p < 0.025, Table 1). This re-
lation was mainly mediated by the negative associa-
tion between hypertension and double antibody posi-
tivity. Only 6 of 23 of the patients with both ICA and
GAD-AD positive had hypertension compared with
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36 of 51 Ab-negative patients (p < 0.005) and 10 of
16 patients with single ICA or 5 of 12 patients with
single GAD-ADb (p > 0.05, respectively). We found
no significant differences in the frequency of hyper-
lipidaemia between the patient groups (Table 1).

Correlation of different LADA groups with diabetes-
related complications. There were fewer antibody-
positive patients suffering from neuropathy com-
pared with Ab-negative patients (8/51 compared to
24/51, p <0.001, Table 1). This difference could be
confirmed in patients who were positive for both
ICA and GAD-Ab compared with Ab-negative pa-
tients (2/23 compared to 8/51, p < 0.005). Single ICA
(5/17 patients) or single GAD-Ab positive patients
(1/12 patients) did not differ in the frequency of neur-
opathy from antibody-negative patients. We found
nephropathy less frequently in antibody-positive pa-
tients compared with antibody-negative patients but
this difference failed to reach statistical significance
(6/51 compared to 14/51 patients, p > 0.05). However,
patients in whom both ICA and GAD-Ab were posi-
tive had less nephropathy compared with antibody-
negative patients (0/23 compared with 14/51 patients,
p < 0.025, Table 1).

Discussion

Type 1 diabetes is a disease with onset usually in
childhood and adolescence but up to a third of pa-
tients will be diagnosed in adulthood over 35 years
of age [23]. For these patients, the term “latent au-
toimmune diabetes in adults” (LADA) has been
coined [9, 10]. LADA patients have a few immuno-
logical and genetic characteristics which are different
from patients with classic Type I diabetes, such as
lower frequency of HLA risk alleles (DR3/
DQ*0201, DR4/DQ*0302) or lower frequency of
TIA2- and insulin-Ab [15, 17, 24]. We found a sub-
group of six patients with high ICA but no GAD-
and TA2-Ab (and also no insulin-, IA2-beta- or
SOX13-antibodies) in this study as described in our
previous reports [11, 15]. Therefore, an additional
still not detected autoantigen could be present in
some LADA patients. The immunological markers
for LADA, especially GAD-Ab and ICA, point to
the contribution of autoimmune phenomena in the
disease. This is supported by detection of a lympho-
cytic infiltrate in the beta cells of a 65-year-old wom-
an with GAD-ADb and residual beta-cell function typ-
ical of LADA [25]. However, the evaluation of clini-
cal data and follow-up studies suggests that LADA
comprises a heterogeneous population of diabetic pa-
tients throwing into doubt the hypothesis that these
patients represent one clinical entity. We aimed,
therefore, to define immunological criteria to identify
discrimination of patients with a more aggressive
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form of beta-cell autoimmunity and separate them
from those patients with a benign autoimmune form
associated with Type II diabetes-like metabolic phe-
notype.

Indeed, we found that both multiple islet cell-spe-
cific autoantibodies and high titre GAD-Ab (>20 U
in our assay) are associated with low fasting C-pep-
tide values as a marker of reduced beta-cell function,
decreased BMI, a low frequency of hypertension and
a lower prevalence of diabetes-associated complica-
tions (LADA-Type 1). In contrast, patients with sin-
gle antibodies of low titre had the same clinical and
metabolic markers as antibody-negative Type II dia-
betes patients (LADA-Type 2). These findings are
clinically important because patients with ongoing
autoimmune response could stabilize residual beta-
cell function if given early insulin therapy [27]. In
our series, the clinical parameters of LADA formed
the basis for selecting patients, especially in cases of
early insulin dependency. However, patients with ke-
toacidosis at diagnosis were excluded, being classified
as having classic Type I diabetes. We did not use ini-
tial insulin independency to define LADA patients
because this criterion depends on the subjective deci-
sion of the physician caring for the individual patient.

The diagnosis of autoimmune diabetes in adults is
mainly based on detection of islet cell-specific autoan-
tibodies. In classic Type I diabetes, prediction of dia-
betes is improved by high titre antibodies or the detec-
tion of multiple antibodies suggesting that these mark-
ers indicate a rapid destruction of beta cells [19, 20].
We show here that this could also be true for patients
with LADA. Furthermore, patients with multiple islet
cell autoantibodies could have a broader form of poly-
endocrine autoimmune disease because they also
more often have thyroid autoantibodies compared
with islet-cell antibody-negative or single autoanti-
body-positive patients. In agreement with a former
study using ICA [27], we found that multiple or high ti-
tre antibodies also appear in some obese patients so
that being overweight does not as a rule exclude
LADA. Of note, patients with low titre antibodies
have a clinical picture similar to that found in Type II
diabetes. Prospective studies are necessary to clarify
whether these antibodies indicate beta-cell destruc-
tion or can also be induced in patients with cell dam-
age due to beta-cell stress in Type II diabetes [28].

Besides the association with a low BMI and C-pep-
tide values, patients with LADA-Type 1 had less dia-
betic neuropathy and nephropathy compared with
antibody-negative patients. These patients therefore
also resemble Type I diabetes patients who develop
diabetes-related complications such as these not in
the first 5 years after diagnosis but rather late. The
patients with LADA-Type 2 had diabetes-related
complications as frequently as antibody-negative pa-
tients. Our Ab-negative and LADA-Type 2 patients
were well matched to LADA-Type 1 patients for
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age, sex, duration of diabetes and insulin therapy
and also for metabolic control at diagnosis and there-
after (Table 1) but they could have had a longer pre-
clinical period of silent diabetes and, therefore, a
longer time of exposure to hyperglycaemia, contrib-
uting to an earlier manifestation of diabetes-related
complications.

Furthermore, we analysed hypertension and hy-
perlipidaemia as markers of a metabolic syndrome
in these patient groups. Patients with LADA-Type
1 had significantly less hypertension than antibody-
negative patients and, again, patients with LADA-
Type 2 did not differ with respect to hypertension
and hyperlipidaemia from antibody-negative pa-
tients. These data confirm previous studies on long
term ( > 5 years) LADA patients showing less hyper-
tension in antibody-positive patients compared with
antibody-negative subjects [12, 21]. However, the lat-
ter studies did not find differences in diabetes-related
complications between the patient groups probably
because of the longer duration of disease than in pa-
tients in our study.

In conclusion, patients with single diabetes-related
antibodies have the same clinical and metabolic char-
acteristics as Type II diabetes patients but patients
with multiple antibodies have the same features as
patients with Type I diabetes. We recommend the
screening of ICA and GAD-AD and the assessment
of antibody levels for discrimination of patients with
LADA-Type 1, who are at risk for insulin require-
ment, from patients with LADA-Type 2, who have
characteristics more closely associated with a non-in-
sulin-dependent form of diabetes. Measuring of [A2-
Ab does not appear to be necessary for this purpose
because we found these Ab to be rare and never to
appear alone in this patient group. Our data could
contribute to a more accurate classification of
LADA diabetes and could help clinicians choose an
appropriate form of diabetes treatment. Our data
could also be used to design intervention trials in
these patients.
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