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Summary We have studied the presence of GAD65
autoantibodies in women with insulin-dependent dia-
betes mellitus (IDDM) (n = 28) or gestational diabe-
tes (GDM) (n=139) diagnosed during pregnancy
and investigated the temporal relationship between
these autoantibodies and the subsequent recurrence
or development of IDDM. Among the GDM pa-
tients, 4.3 % (6 of 139) developed true IDDM during
a median follow-up period of 6.3 years (range 4.0-
11.0). Of these, 2.2% (3 of 139) were positive for
GADG65 autoantibodies at diagnosis of GDM com-
pared to 0% (0 of 27) of healthy pregnant women.
All 3 GADG65 autoantibody positive GDM patients
subsequently developed IDDM after a median of
14 months (range 4-34). GADG65 autoantibodies

were present in 50 % (14 of 28) of sera from women
with IDDM diagnosed during pregnancy. The non-in-
sulin-requiring remission period was significantly
shorter in GADG6S autoantibody positive patients
(median 0.5 years [range 0-6.0years]) than in
GADG65 antibody negative patients (median
2.6 years; range 0-9.7 years; p <0.05). The results
suggest that screening for GADG65 autoantibodies in
women with GDM or IDDM diagnosed during preg-
nancy may be useful for predicting the clinical course
of the disease. [Diabetologia (1996) 39: 1329-1333]
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During pregnancy there is an increased risk of devel-
oping glucose intolerance, a phenomenon referred
to as gestational diabetes mellitus (GDM). GDM
complicates 1-3 % of all pregnancies and is normally
managed satisfactorily by dietary treatment alone [1,
2]. The occurrence of GDM primarily predisposes to
the development of non-insulin-dependent diabetes
(NIDDM) [3], but it is also associated with a signifi-
cant risk of later development of insulin-dependent
diabetes mellitus (IDDM) [3-5]. In a group of Danish
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GDM patients [5] 3.7 % (9 of 241) developed IDDM
during a median of 6years’ follow-up (range 2-
11 years). In this study the incidence of IDDM in pa-
tients with a history of GDM was more than 40 times
higher than that found in the background population
[4]. Patients with GDM therefore provide an interest-
ing opportunity to assess the predictive value of auto-
antibodies to islet cell antigens for progression to dis-
ease.

During pregnancy there is also an increased risk of
developing IDDM [6], which always requires insulin
treatment in contrast to most cases of GDM. How-
ever, after pregnancy, there is often a longer non-in-
sulin-requiring remission period than in non-preg-
nant IDDM patients (years compared to months)
[7]. This remission period resembles a prediabetic
phase, and as for the GDM patients, provides a un-
ique opportunity to assess the predictive value of au-
toantibodies to islet cell antigens for loss of beta-cell
function.
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One of the most thoroughly studied autoimmune
phenomena associated with the development of
IDDM are the circulating autoantibodies which react
with the gamma-amino-butyric acid (GABA) synthe-
sizing enzyme glutamic acid decarboxylase (GAD65)
[8-13]. We have recently demonstrated that the pres-
ence of GADG65 autoantibodies, but not islet cell anti-
bodies (ICA), was predictive for a more rapid loss of
beta-cell function after clinical onset of IDDM during
the subsequent 12 months [13].

Thus, in the present study, we have correlated the
presence and level of GADG65 antibodies with the
progression or recurrence of the disease, using serum
samples from well-defined groups of women with ei-
ther GDM or IDDM diagnosed during pregnancy in
order to further characterize the association of
GADG6S autoantibodies with the beta-cell destructive
process in IDDM.

Subjects and methods

Patients. We have studied sera from 28 women with IDDM di-
agnosed during pregnancy between 1.5-16.0 years after deliv-
ery (median 7.7 years). The clinical data of the mothers have
previously been reported [14].

At the time of the present study all of the mothers had
IDDM diagnosed according to World Health Organization cri-
teria and were thus insulin treated, whereas all the children
were free of diabetes. The mothers’ HLA-DR3/DR4 tissue
type distribution was the same as that of non-pregnant IDDM
patients and differed from that of a control group from the
background population [15].

Details pertaining to the GDM patient population and the
general design of the study have recently been published [5].
Briefly, 355 women with GDM were diagnosed between 1978
and 1985 at the Diabetes Centre, Rigshospitalet, Copenhagen.
Diagnosis of GDM was confirmed by a 3-h, 50-g oral glucose
tolerance test (OGTT), which was considered abnormal if two
or more glucose values exceeded the mean + 3SD value of a
group of 46 normal non-pregnant control subjects without fam-
ily history of IDDM [16] investigated using the same proce-
dure. Of the GDM women 298 were treated satisfactorily
with diet alone and 241 of the women together with 57 healthy
control women participated in a follow-up examination 2-
11 years after pregnancy. The women in the control group had
a normal OGTT during the last trimester of pregnancy (stud-
ied during the years 1978-1985) and were non-obese. Serum
samples from an index pregnancy were available for 139 wo-
men with GDM and 27 control subjects. At follow-up, serum
samples were collected from 133 women with previous GDM
and 27 control subjects 4-11 years (median 6.3) and 5-10 years
(median 7.6), respectively after the index pregnancy. Women,
who at follow-up had been treated with insulin, were investi-
gated with an intravenous glucagon test to evaluate residual
beta-cell function while all the other women were investigated
by a 75-g OGTT. Serum samples from during pregnancy and
follow-up were assayed for GAD65 autoantibodies. The sub-
group of previous GDM women investigated for GAD65 auto-
antibodies were representative for the whole group of GDM
patients with respect to baseline variables including age, parity,
family history of diabetes, body mass index (BMI), and fasting
plasma glucose.
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Serum samples obtained from IDDM patients (n = 50) (22
women) within 2 weeks after diagnosis (mean age 21 years,
range 15-60) were obtained from the Steno Diabetes Center.
Sera from healthy control individuals (n = 50) without diabetes
were age matched to sera from the diabetic patients.

GADG5 antibody assay. GADG65 autoantibodies were mea-
sured as previously described [17]. Briefly, the human GAD65
cDNA [18] was transcribed and translated in vitro according
to the manufacturer’s instructions (Promega, Madison, Wis.,
USA), in the presence of [*S]methionine (Amersham, Amer-
sham, Bucks., UK). The in vitro translated GAD65 was ap-
plied to an NAP 5 column (Pharmacia, Uppsala, Sweden) in
order to remove free [**S]methionine and aggregates. Aliquots
containing approximately 30000 cpm of in vitro translated
GADG65 were used for immunoprecipitation. The immune
complexes were isolated with Protein A-Sepharose (Pharma-
cia) and transferred to individual wells in a 96-well filtration
system (Multiscreen; Millipore, Bedford, MA, USA). After
10 washings, each filter was counted in a scintillation counter
(Packard Tri-carb 4530, Downers Grove, IL, USA), and the
amount of immunoprecipitated GADG65 was quantified. Sera
were regarded as positive when the GADG65 autoantibody
cpm exceeded the mean plus 3 SD of GAD®65 autoantibody in-
dices in the healthy control groups.

In the 1995 International Diabetes Workshop (IDW) com-
bined autoantibody workshop the specificity was 98 % and
sensitivity was 87 % (<30 years) for this assay at our labora-
tory.

Statistical analysis

Statistical analyses included Spearman’s correlation analysis,
chi square, life-table analysis, Mann-Whitney U-test and Fish-
er’s exact test. Significance was considered at the level of 5%.

Results

GADO6S5 autoantibodies in patients with GDM.
Among the patients with GDM, 4.3 % (6 of 139) de-
veloped IDDM and 10.7% (15 of 139) developed
NIDDM, while none of the control subjects devel-
oped diabetes [4]. GADG65 autoantibodies in serum
from the healthy control subjects, in the GDM pa-
tients at diagnosis, i. e. at pregnancy, and at follow-up
were analysed. Of the 139 patients with GDM 2.2 %
(3 of 139), but none of the control subjects were
found to be GADG65 autoantibody positive during
the index pregnancy (Table 1). All 3 GAD65 auto-
antibody positive GDM patients developed IDDM
after a median of 14 months (range 4-34 months).
None of the GDM patients without IDDM at fol-
low-up (n=133) were GADG65 autoantibody posi-
tive. (GDM patients with IDDM compared to GDM
patients without IDDM p <0.001). At the follow-up
4-11 years (median 6.3) after pregnancy, GADG65 au-
toantibodies were still present in 2 of the 3 women
who had been GAD65 autoantibody positive during
pregnancy (not shown). None of the control subjects
or the initially GAD®65 autoantibody negative GDM
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Table 1. ICA [4] and GADG65 autoantibodies in pregnant wo-
men with or without GDM

ICA GADG65 ICA and/
positive positive or GADG65
(n/total) (n/total) positive
(n/total)
GDM - IDDM 1/133 0/133 1/133
GDM + IDDM 3/6* 3/6* 4/6*
Controls 0727 0727 0/27

GDM + IDDM, Previous GDM patients who developed
IDDM at follow-up 4-11years after pregnancy (median
6.3 years). GDM-IDDM, previous GDM patients with no
IDDM at follow-up. Control subjects, healthy pregnant wo-
men. None of the GDM patients or control subjects were posi-
tive for A A [4]. Two of the GADG65 autoantibody positive pa-
tients were positive for ICA [4]. * p <0.001 GDM patients with
IDDM vs GDM patients without IDDM

patients were positive for GADG65 autoantibodies at
follow-up.

GADOG6S5 antibodies in patients with IDDM diagnosed
during pregnancy. GADG6S5 autoantibodies were de-
tected in 50 % (14 of 28) of women with IDDM diag-
nosed during pregnancy. In comparison, 72% (36 of
50) recent onset IDDM patients were positive for
GADG65 autoantibodies compared to 0% (0 of 50) of
the healthy control subjects (Fig.1). The 28 women
with IDDM diagnosed during pregnancy were trea-
ted without insulin therapy after an average of
1.5 years (range 0-9.7) after delivery. The non-insu-
lin-requiring remission period was shorter in patients
who were GADG65 autoantibody positive (14 of 28)
(median 0.5 years, range 0-6.0) than in GAD65 au-
toantibody negative patients (14 of 28) (median
2.6 years, range 0-9.7) (p <0.05) (Fig.2). Sera for
GADG65 autoantibody analysis were collected 7.1
and 7.8 years after pregnancy for the GADG65 autoan-
tibody positive or negative groups of patients, respec-
tively.

There was no correlation between the level of
GADG65 autoantibodies and the duration of the non-
insulin-requiring remission period (p = 0.8876) (data
not shown). No association between the level and
prevalence of GAD65 autoantibodies and HLA class
I and HLA-DR was observed (data not shown).

Discussion

The prevalence of GAD65 autoantibodies was only
22% (3 of 139) in women with diet-treated GDM.
However, the presence of GAD65 autoantibodies
during pregnancy was associated with a very high
risk of subsequent development of IDDM. Thus, at
follow-up 6 years after the index pregnancy (when
IDDM incidence is more than 40 times increased in
women who previously had GDM compared to the
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Fig.1. GADG65 autoantibodies in sera analysed by immunopre-
cipitation using in vitro translated [**S]methionine labelled
human islet GAD65. A Healthy control subjects (n = 50); B re-
cent-onset IDDM patients (n = 50); C patients who developed
IDDM during pregnancy (n = 50). The cut-off value is repre-
sented by the solid line (mean +3SD of the healthy control
subjects). Mean cpm in each group is indicated with a solid
line. There was no significant difference in the prevalence or
level of GADG65 autoantibodies between groups B and C
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Fig.2. Predictive value of GADG6S5 autoantibody status for the
prevalence of non-insulin-requiring remission in patients with
IDDM diagnosed during pregnancy. Prevalence of non-insu-
lin-requiring remission in patients who were positive for
GADGS5 autoantibodies (n = 14) or negative for GAD65 auto-
antibodies (n = 14). The median non-insulin-requiring remis-
sion period in GADG65 autoantibody positive patients was
0.5 years (range 0-6.0 years) compared to 2.6 years (range 0—
9.7 years) in GADG65 autoantibody negative patients (life-table
analysis showed no significant difference between the two
groups, between 1.9-4.61 years after delivery, p < 0.05)

Proportion free of IDDM (%)

general Danish population [4]) all women with previ-
ous GDM who were positive for GAD65 autoanti-
bodies had developed IDDM. In contrast, none of
the age-matched healthy control subjects, GDM pa-
tients without IDDM or NIDDM or GDM patients
who had developed NIDDM during follow-up were
positive for GADG65 autoantibodies. In an earlier
study [4] sera from the same group of GDM patients
were analysed for insulin autoantibodies (IAA) and
ICA. None were positive for IAA, including the 6 in-
dividuals who later developed IDDM. However, the
age of onset in the women who developed IDDM af-
ter pregnancy was median 24.0 years (range 18-36)
and [AA is normally associated with early onset of
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IDDM [13]. In contrast, 2.9 % (4 of 139) of the GDM
patients were positive for ICA and during follow-up 3
of these women developed IDDM [4]. Four of the 6
individuals were positive for ICA and/or GAD65
autoantibodies (Table 1). The low prevalence of islet
cell autoantibodies, i.e. GAD65 and ICA, found in
this patient material is in contrast to previous studies,
where a prevalence between 1-18% has been re-
ported [19-21]. The most likely explanation for this
low prevalence of islet cell autoantibodies is that we,
in contrast to many previous studies, excluded insu-
lin-treated GDM patients and therefore investigated
a more homogeneous group of GDM patients. This
explanation is supported by Freinkel et al. [20] who
found that the prevalence of ICA increased with an
increasing degree of glucose intolerance, and thus an
increasing frequency of insulin-treatment and hence
an increasing risk of IDDM. Furthermore, it has re-
cently been demonstrated, by comparing the preva-
lence of GADG65 autoantibodies in insulin-treated
GDM patients with non-insulin-treated GDM pa-
tients that the prevalence of GADG65 autoantibodies
is 15% (5 of 32) and 1% (1 of 80), respectively [22].
Previously, we have demonstrated that beta-cell
function deteriorated more rapidly after clinical on-
set of IDDM in patients who were GAD65 autoanti-
body positive at onset than in those who were
GADG65 autoantibody negative [13]. IDDM diag-
nosed during pregnancy is often characterized by a
long remission period after delivery, which is proba-
bly due to the high insulin demand in pregnancy [6].
Therefore, such patients provide a unique opportu-
nity to study the correlation between GADG65 au-
toimmunity and the final stages of beta-cell destruc-
tion. In the present study, we found that there was a
difference in the non-insulin-requiring remission pe-
riod in patients who were GAD®65 autoantibody posi-
tive (median 0.5 years) compared to patients who
were GADG65 antibody negative (2.6 years), respec-
tively (Fig.2), thus supporting our previous findings
[13]. The sera from the patients with IDDM diag-
nosed during pregnancy were obtained several years
after delivery; however, 50 % (14 of 28) were still pos-
itive for GADG65 autoantibodies, indicating that
GADG6S5 autoantibodies are very persistent. In agree-
ment with these data, we have recently demonstrated
that 57% (38 of 67) of IDDM patients with a mean
duration of IDDM of more than 25 years are still pos-
itive for GADG65 autoantibodies compared to only
21% (14 of 67) who are ICA positive [23]. The small
decrease in GADG65 autoantibodies with time could
potentially change the outcome of this study com-
pared to a study where the sera were collected at on-
set of disease. However, we have previously demon-
strated, by analysing 139 resent-onset IDDM pa-
tients, that only the presence and not the level of
GADG65 autoantibodies is correlated to a rapid de-
crease in beta-cell function after onset. Likewise, in
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the present study there was no significant correlation
between the level of GAD65 autoantibodies and the
length of the non-insulin-requiring remission (data
not shown). Thus, it could be speculated that the
non-insulin-requiring remission period observed in
the GADG65 autoantibody negative group is probably
underestimated, since this group contained patients
who had initially been GAD65 autoantibody posi-
tive.

In conclusion, the lack of autoantibodies in the
majority of women with GDM supports the notion
that GDM is not caused by an autoimmune process
as is the case with IDDM. However, women with
GDM who have islet cell autoantibodies, 1i.e.
GADG65 and/or ICA, have a particularly high risk of
developing IDDM later in life. Furthermore, we
have demonstrated that the presence of GAD65 au-
toantibodies in patients with IDDM diagnosed dur-
ing pregnancy is predictive for a more rapid loss of
beta-cell function. Taken together, these results sug-
gest that it should be considered whether pregnant
women who develop GDM or IDDM should be anal-
ysed for the presence of GADG65 autoantibodies since
this may help to identify those individuals who might
benefit from preventive treatments.
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