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Abstract

Aimslhypothesis. Our aims were to investigate the
concentrations and prevalence of autoantibodies
against the Mr 65.000 isoform of glutamate decarboxy-
lase (GADG65) and the tyrosine phosphatase-like pro-
tein (IA-2) in adults and to test the hypothesis that
GADG65 and IA-2 autoantibodies in a regional popula-
tion are related to abnormal oral glucose tolerance.
Methods. We analysed serum from 2157 Swedish sub-
jects aged either 30, 40, 50 or 60 years old who, in
1988-1992, participated in the Vasterbotten County
Health Project and were subjected to the World
Health Organisation (WHO) standard oral glucose
tolerance test at entry into the study.

Results. We found 23 of 2157 (1.1%) and 17 of 2152
(0.8%) subjects exceeded the 99th centile of
GADG65 autoantibody index and IA-2 autoantibody
index, respectively. In 18 subjects with diabetic oral
glucose tolerance test, GAD65 autoantibody concen-
trations were higher than in those with normal oral

glucose tolerance test (p = 0.02). Subjects with IGT
(n = 416) and diabetes (n = 18), i.e. abnormal OGTT
(n =434), had a higher IA-2Ab index compared with
those with normal OGTT (p =0.008). A stepwise
multiple logistic regression test showed that the odds
ratios for subjects in the highest BMI group to exceed
the 95th or 99th GADG6S5 autoantibody centile were
3.6 (CI 1.4-8.9) and 17.6 (CI 2.6-121.6), respectively.
Conclusion/interpretation. GAD65 and 1A-2 autoan-
tibodies, are associated with impaired or diabetic glu-
cose tolerance in an adult regional population. This
observation together with the association between
GADG65 autoantibody concentrations and body mass
index indicate a possible relation between islet au-
toimmunity and beta-cell function abnormalities
with obesity and insulin resistance. [Diabetologia
(1999) 42: 555-559]
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The clinical diagnosis of diabetes mellitus is based on
specific criteria of blood glucose concentrations [1].
After diagnosis of the disease, clinical criteria are
used to classify diabetes into Type I (insulin-depen-
dent) or Type II (non-insulin-dependent) diabetes
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mellitus. The classification of diabetes is mostly un-
ambiguous in people younger than 20 years of age
and in older patients who predominately have Type
II diabetes. It is widely recognised, however, that
Type I diabetes can develop at any age which compli-
cates classification in the older patient. Type I diabe-
tes in children and young adults is strongly associated
with the presence of autoantibodies against the Mr 65
kD isoform of glutamate decarboxylase (GAD®65) [2]
and TA-2 (ICAS512), a tyrosine phosphatase-like
transmembrane protein [3, 4]. The diagnostic sensi-
tivity of GAD65ADb has been reported to be about
70-80% and the diagnostic specificity 99 % in such
patients [5]. Furthermore, in newly diagnosed Type
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IT diabetic patients it has been found that 7-10%
have GAD65Ab and that these antibodies predict
the requirement for insulin treatment [6]. It has
therefore been suggested that these patients repre-
sent a slow onset Type I diabetes or latent autoim-
mune diabetes in the adult (LADA) [7]. Many earlier
studies have also reported that there is a relation be-
tween secondary failure to oral hypoglycaemic agents
and islet cell antibodies (ICA) among Type II diabet-
ic patients irrespective of the duration of the disease
[8, 9]. Taken together, these data suggest that Type I
diabetes immune markers are present in some adult
diabetic patients who fulfil the classification criteria
for Type II diabetes.

Since only 10-20 % of new onset Type I diabetic
patients have a first degree relative with the disease
and in order to understand the possible development
of Type I diabetes in adults, it is important to deter-
mine the prevalence of GAD65ADb and IA-2Ab as
the major islet autoimmune markers in the general
population. We also wanted to test the hypothesis
that the Type I diabetes markers, GAD65Ab and
IA-2Ab, are associated with pathological OGTT as a
marker for abnormal glucose metabolism. The stan-
dardised oral glucose tolerance test (OGTT) is rec-
ommended by the World Health Organisation
(WHO) and is often used in screening healthy adults
for diabetes.

In this study we determined GAD65Ab and TA-
2Ab in a well defined group of subjects and related
autoantibody frequency and concentrations to sex,
age, body mass index (BMI) and OGTT. We have
taken advantage of the standardised, highly sensitive
and specific test for GAD65Ab and [A-2AD using in
vitro transcribed and translated human recombinant
GADG65 and IA-2 [10, 11] and a population-based in-
vestigation of 2157 subjects being either 30, 40, 50 or
60 years of age.

Subjects and methods

Subjects in the Visterbotten County Health Project. The sub-
jects studied were invited on their 30th, 40th, 50th or 60th
birthday and were from the community of Lycksele in the
county of Visterbotten. In 1988-1992, all inhabitants who
were of these ages were invited without exclusion criteria to
participate in a health survey at Stenbergska Primary Health
Care Centre, Lycksele. A total of 2314 [men/women (M/W)
1167/1147] subjects representing 74% of the eligible
(n = 3128) population participated in the health survey. In the
survey, 21 subjects were previously known diabetic patients,
35 had unknown fasting time and 101 did not complete the
OGTT. Therefore, 157 (M/W 72/85) were excluded from our
study, thereby including 69 % of the eligible population. The
distribution of men and women in the age groups is shown in
Table 1. The subjects visited the primary health care centre in
the morning after fasting for 4-8 h. The height and weight of
the subjects were measured to calculate their body mass index
(BMI = kg/m?). Serum was prepared and stored at —-80°C for

Table 1. Distribution of subjects and BMI by age and sex in the
study group (n =2157)

Sex and age n BMI, median (min-max)
Men 30 290 24 (15-37)
40 332 25 (19-35)
50 254 26 (19-39)
60 219 26 (18-35)
Men total 1095 25 (15-39)
Women 30 239 23 (17-40)
40 295 24 (16-40)
50 289 25 (17-44)
60 239 26 (18-41)
Women total 1062 25 (16-44)

up to 8 years before the assay of GAD65Ab and IA-2Ab. The
subjects gave their written consent to the study and the study
was approved by the ethics committee of the Medical Faculty,
Umeé University, Sweden.

Oral glucose tolerance test. Capillary fasting plasma glucose
was measured after fasting. Subjects with a fasting plasma glu-
cose less than 7.8 mmol/l were offered an OGTT. Those with
fasting plasma glucose 7.8 mmol/l or more (n = 6) were consid-
ered to have overt diabetes. They were offered a follow-up
with a new analysis of their fasting plasma glucose to establish
the diagnosis. They are included in the results under the cate-
gory “Diabetes”. Using the 1985 WHO recommendations for
OGTT, the subjects were divided into groups of normal glu-
cose tolerance (fasting plasma and 2-h plasma glucose
< 7.8 mmol/l), impaired glucose tolerance fasting plasma glu-
cose < 7.8 mmol/l and 2-h plasma glucose >7.8 to<12.2
mmol/l) and diabetes (fasting plasma glucose > 7.8 mmol or
fasting plasma glucose < 7.8 mmol/l and 2-h plasma glucose
>12.2 mmol/l).

Analysis of serum lipids. Venous blood samples were drawn
from the subjects at the health care centre and were analysed,
expressed in mmol/l for total cholesterol (n=2138, M/W
1083/1055), HDL-cholesterol (n = 1501, M/W 767/734) and tri-
glycerides (n = 2135, M/W 1080/1055).

Analysis of GAD65Ab. The serum samples of 2157 subjects
were analysed for GAD65AD in a radioligand-binding assay
described in detail elsewhere [10]. In short, human recombi-
nant GADG65 was produced by in vitro transcription/transla-
tion and labelled with 35S-methionine [12]. Reduction in the
background radioactivity was achieved by filtration of the
GADG65 buffer mixture through a 1.2 micron RA 25 mm filter
(Millipore, Bedford Mass., USA). The labelled GAD65 was
incubated with serum in duplicate determinations. Protein A-
Sepharose (Zymed, San Fransisco, Calif., USA) was used to
separate bound antibody from free 3S-GAD65. After repeat-
ed washings in Millipore Multiscreen-DV 1.25 micron Filtra-
tion Plates, the Protein A-Sepharose was transferred to vials
and the radioactivity was counted in a liquid scintillation coun-
ter. Concentrations of GAD65Ab were expressed as a
GADG65AD index to correct for inter-assay variation according
to the following formula: GAD65Ab index = (cpm of the un-
known sample — average cpm of two negative standards)/
(cpm of the positive standard — average of two negative stan-
dards). The positive and negative controls and two separate
quality controls were run at the beginning and end of each 96-
well filterplate. The intra-assay coefficient of variation for du-
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plicate determinations was 8.2 % . Our laboratory participated
in the 1996 GAD65Ab proficiency test in the auspices of the
Immunology of Diabetes Society with 100 % sensitivity and
100 % specificity.

Analysis of IA-2Ab. The serum samples of 2151 subjects (6
sera missing) were analysed for IA-2Ab in a radioligand-bind-
ing assay identical to the GAD65Ab assay but using *S-la-
belled [A-2 as a tracer. The tracer was produced from the plas-
mid pICA512bdc kindly donated by Dr G. Eisenbarth.

Displacement of GAD65Ab. To evaluate the specificity of the
autoantibody analysis, 103 subjects with a GAD65ADb index
exceeding the 95th centile were selected along with 386 ran-
domly selected subjects, matched for age and sex. The match-
ing was planned to be 1:4, but in 26 subjects it was 1:3 due to
lack of serum. In the competitive GAD65Ab analysis, 150
nmol/l unlabelled recombinant human GADG65 (rhGADG65)
(BioSyn, Stockholm, Sweden) was used to block the binding
of ¥S-GAD65 to GAD65Ab. Unlabelled 150 nmol/l proinsulin
was used as control.

Statistical evaluation. Results are presented as median, percen-
tiles, mean, mean rank, standard deviation (SD), values of dif-
ferent test-statistics and p-values. A p-value less than 0.05 is
considered to be significant and the null-hypothesis is rejected,
unless stated otherwise. Tests used were Mann-Whitney U test,
Students paired ¢ test, Kolmogorovs test for normality, Spear-
mans correlation test and stepwise multivariate logistic regres-
sion.

Results

Age, sex, OGTT and BMI. We did OGTTs in 2157
subjects (M/W 1095/1062). When the subjects were
grouped according to WHO recommendations for
OGTT we found that 1723 were normal, 416 had
IGT and 18 diabetes (Table 2). There were more
men (n=951) than women (n =772) with normal
OGTT (p <0.001, binomial test) and more women
(n =282) than men (n = 134) with IGT (p < 0.001, bi-
nomial test). No difference in sex prevalence was
found in the diabetes group. Concentrations of fast-
ing plasma glucose were not correlated to any of the
autoantibodies. Distribution of BMI in the age
groups is shown in Table 1.

Serum lipids. None of the serum lipids were corre-
lated to the GAD65Ab or the IA-2Ab concentrations
(Spearman’s correlation test).

GADG65AD. The distribution of GAD65Ab-index in
the study group was not normally distributed (Kol-
mogorovs D statistic, p < 0.001). The median GA-
D65AD index in the study group was 0.0 (min -0.21,
max 1.38) with no significant differences between sex
or age groups. We found 23 subjects (1.1 % ) exceeded
the 99th centile of GAD65Ab index defined as below.
The GAD65Ab index in the different OGTT groupsis
shown in Table 2. Subjects in the diabetes group
(n=18) had higher GAD65AD indexes than those

Table 2. Distribution of sex and results of GAD65Ab and IA-
2ADb analyses in relation to OGTT in 2157 subjects aged
30-60 years

Sex and autoantibody index OGTT

Normal IGT Diabetes
Men 951 134 10
Women 772 282 8
Total 1723 416 18
GADG65AD index
Exceeding the 99" centile (n) 16 7 0
TIA-2Ab index
Exceeding the 99™ centile (1) 12 5 0

with normal OGTT (n = 1723, p = 0.020). Using step-
wise multiple logistic regression showed that the odds
ratios for subjects in the highest BMI group to exceed
the 95th or the 99th GAD65AD centile were 3.6 (C. 1.
1.4-8.9) and 17.6 (C.1. 2.6-121.6), respectively.

GADOG5AD in subjects with normal OGTT. We calcu-
lated the GAD65Ab index upper limits of the sub-
jects with a normal OGTT for the 95th centile; cut-
off level 0.08 exceeded by 73 subjects and the 99th
centile: cut-off level 0.17 exceeded by 16 subjects.
There was no correlation between GAD65Ab index
and age in either women or men. When calculated in
subjects (n =1701, 22 missing) with normal OGTT
BMI was not normally distributed. In support of the
logistic regression analysis, comparing subjects above
and below the 99th centile of GAD65Ab index
showed that the BMI was higher in 40-year-old men
above (n = 11; median BMI 27, min 26, max 35) than
below (n =281, median BMI 25, min 20, max 35;
p <0.001) and 60-year-old women above (n = 6; me-
dian BMI 30, min 26, max 35) compared with subjects
matched to them for sex and age below (n = 148, me-
dian BMI 25, min 18, max 41; p = 0.016). In subjects
exceeding the 99th centile of the GAD65Ab index
also showed that 50-year-old women above (n =235,
median BMI 29, min 23, max 33) had higher BMI
than subjects below the 99th centile (n = 197, median
BMI 25, min 17, max 3 7, p = 0.05).

GADOG5AD in subjects with abnormal OGTT. The
number of subjects exceeding the 99th centile of GA-
D65Ab index with IGT (n = 416, M/W 134/282) or di-
abetes (n =18, M/W 10/8), i.e. abnormal OGTT
(n = 434) is shown in Table 2. There was no correla-
tion between GADG65AD index, age or sex. Compar-
ing subjects above and below the 95th and the 99th
centile of GAD65Ab index showed that the BMI
was higher in subjects above (n =21; median BMI
27, min 21, max 40 and n = 7; median BMI 29, min
25, max 40 respectively) than below (n = 399, median
BMI 25, min 17 and max 44; p = 0.028 and n = 413;
median BMI 25, min 17 and max 44, respectively,
p = 0.028 and 0.032 respectively).
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IA-2Ab. The distribution of IA-2Ab index in the
study group was not normally distributed (Kolmogo-
rovs D statistic, p < 0.001). The median IA-2Ab index
was 0.0 (min -0.02, max 0.77) with no significant dif-
ferences between sex or age groups. No relation was
shown between IA-2Ab index and BMI or serum lip-
ids. We found 17 subjects (0.8 %) exceeded the 99th
centile of IA-2Ab index defined as below. The TA-
2Ab index in the different OGTT groups is shown in
Table 2.

IA-2Ab in subjects with normal OGTT. We calculated
the different IA-2Ab index upper limits in subjects
with a normal OGTT (n = 1719): cut-off level for the
95th centile was 0.01 exceed by 40 subjects and the
99th centile: cut-off level 0.03 exceeded by 12 sub-
jects. There was no correlation between [A-2Ab in-
dex and age in either women or men. We found IA-
2Ab index was not correlated to BMI.

1A-2Ab in subjects with abnormal OGTT. Calculation
of the different IA-2Ab index upper limits showed
for the 95th centile a cut-off level of 0.01 exceeded
by 16 subjects and for the 99th centile a cut-off level
of 0.03 exceeded by 5 subjects. Subjects with IGT
(n =414) and diabetes (n = 18) representing abnor-
mal OGTT (n=434) had higher IA-2Ab index
(mean rank 1138) compared with those with normal
OGTT (mean rank 1060; p = 0.008). Analysing men
and women separately showed a difference between
men, but not between women, with abnormal OGTT
(mean rank 599) and men with normal OGTT (mean
rank 539; p = 0.015).

Displacement study. Using thGAD®G65 to displace the
radioactive tracer showed that specific displacement
was observed at the 30th percentile (Table 3). Note
that above the 95th centile all GAD®65 antibody bind-
ing was fully displaced showing that we detected spe-
cific GAD65AD.

Discussion

In this population-based cross-sectional study the
subjects were from a population dominated by people
of Central-Swedish origin even if there is an admix-
ture of people of Finnish and Saamish descent in the
region [13]. The study is unique in its design since
the study group is older than in previous studies and
from unselected primary health care. Our primary
finding was the relation between GAD65Ab and 1A-
2Ab and a pathological OGTT. This could signify an
increased risk for developing Type I diabetes. The
subjects diagnosed with IGT or diabetes after under-
going an OGTT had not reported any clinical symp-
toms of diabetes before the test and it is possible
that they were in an early phase of developing hyper-

Table 3. Analysis of non-specific binding in the GAD65Ab
radiobinding assay

GADG65ADb $S-GAD65  ¥S-GADG65 with 150 nmol/l
index alone competitor

rhGADG65 Proinsulin
< 95" centile  0.003 (0.02)  -0.0004 (0.01)* 0.003 (0.01) NS
> 95" centile  0.40 (0.45) 0.13 (0.23)? 0.39 (0.47) NS

Mean values of GAD65AD index, standard deviation and sig-
nificance between labelled GAD65 alone and competitors for
each centile group are shown. *=p < 0.001

glycaemia. We therefore suggest that after a positive
screening result for diabetes or IGT by OGTT, analy-
sis of both GAD65Ab and IA-2Ab should be includ-
ed in a second step to identify subjects at risk for
Type I diabetes.

We are also able to present the prevalence of GA-
D65Ab and IA-2ADb in an unselected population.
The observation that increased BMI was related to
concentrations of GAD65Ab was unsuspected. This
was most prominent in older women but also in mid-
dle-aged men. A similar observation was made in the
United Kingdom prospective diabetes study group
[14] where it was found that only the presence of au-
toantibodies predicted an increased likelihood of in-
sulin requirement in older adults. This in contrast to
arecent report from Japan [15] in patients with diabe-
tes and secondary failure to treatment with sulpho-
nylurea, showing that subjects with BMI less than
26 had higher GAD65ADb concentrations than sub-
jects with BMI more than 26. Our findings do not cor-
roborate this report which is not surprising since we
studied healthy subjects. Autoimmune markers have
also been reported to be more prevalent in non-obese
than in obese newly diagnosed adult Swedish diabetic
patients [16]. Healthy subjects were not, however, in-
vestigated in these studies. There is no obvious expla-
nation for the indication that obesity could possibly
be correlated with increased GAD65Ab. In vitro ex-
periments have shown that glucose increases islet ex-
pression of GADG65 [17, 18]. In these reports it was
speculated that high blood glucose concentrations
possibly increase the functional activity of the beta
cells which might stimulate the expression of the
GADG6S5 autoantigen. It is also known that obesity is
associated with insulin resistance and perhaps there-
by there is a resulting increase in beta-cell activity.
Therefore, GAD65ADb in obese subjects may mark
subtle beta-cell dysfunction and insulin resistance in
some of our subjects. It was not possible in this study
to test this hypothesis since serum insulin was not
measured.

Since some of our findings are made in subjects
with low concentrations of GAD65ADb the accuracy
of the method itself could be questionable. Our dis-
placement study shows, however, that our GAD65Ab
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analysis is indeed specific. This was true for GA-
D65Ab concentrations down to about the 30th cen-
tile. This may seem surprising but similar low concen-
trations of antibodies in the general population are
well known for, for example, thyroglobulin. Low lev-
els of autoantibodies could therefore be a common
phenomenon. Since the method for GAD65AD IA-
2Ab analysis is based on a final filtration step we
also suspected that serum lipids or glucose concentra-
tions might interfere with the antibody binding. This
seems not to be the case since there was no relation
between serum lipid or fasting plasma glucose con-
centrations and GAD65Ab or IA-2Ab indexes. Our
results indicate that GAD65Ab do not differ in prev-
alence between younger and older subjects even if
the GADG65ADb index, which reflects antibody levels
tended to be higher among 60-year-old than 30-year-
old subjects. These results imply that analysing GA-
D65ADb IA-2Ab as a marker for Type I diabetes is of
value at all ages. It is perhaps beneficial to patients
with newly diagnosed diabetes mellitus to be tested
for GAD65AD to assist in the classification of the dis-
ease. Further GAD65Ab-positive diabetic patients
would probably benefit from early insulin treatment
[19].

In conclusion, in our study we present the preva-
lence of GAD65ADb and [A-2Ab in subjects aged
either 30, 40, 50 or 60years. We show; firstly
GADG65Ab and IA-2Ab are associated with impaired
or diabetic glucose tolerance as detected by OGTT in
an adult population, and secondly, high BMI is relat-
ed to increased concentration of GAD65AD irrespec-
tive of OGTT. This observation indicates a possible
relation between islet cell autoimmunity and beta-
cell function abnormalities associated with obesity
causing insulin resistance.
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