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Abstract
Introduction: The association between the incidence of glutamic acid decarboxylase antibodies
(GADAs) and risk of diabetes in pregnant women is controversial. Here, our aim was to
investigate the incidence and clinical relevance of GADA and its association with development
of post-delivery diabetes in women with gestational diabetes mellitus (GDM).
Methods: This cohort study was conducted in Torbat–e Heydarieh (Khorasan Razavi, Iran) from
October 2015 to March 2017. A total of 147 pregnant women with GDM were included in case
group. The control group consisted of 147 healthy controls. A GAD diagnostic kit (Diametra Co.,
Italy) was used for diagnosis of GADA. The history of insulin therapy and the development of
diabetes one year after delivery were investigated.
Results: Of 147 pregnant women with GDM, 9 (6.1%) had GADA in their sera. 14.3% (21 out
of 147) of women with GDM had history of insulin therapy. 33.3% (7 of 21) of women who had
received insulin developed diabetes one year after delivery. Type 1 and type 2 diabetes were
observed in, respectively, 1 (0.7%) and 7 (4.8%) of women with GDM at one year after delivery.
At one year after delivery, no women in GADA negative women was diagnosed with type 1
diabetes. However, type 2 diabetes was observed in 2.9% of GADA negative pregnant women.
Type 1 and type 2 diabetes were also noticed in, respectively, 11.1% and 33.3% of GADA
positive mothers at one year after delivery.
Conclusion: The prevalence of GADA was 6.1% in diabetic pregnant women. The GADA
positivity and history of insulin therapy during pregnancy were significant risk factors for
diabetes at one year after delivery. In addition, development of type 1 diabetes was higher in
GADA positive pregnant women with GDM than GADA negative women.
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Introduction
Gestational diabetes mellitus (GDM)
may be diagnosed in pregnant women
and is defined as any degree of glucose
intolerance.1 GDM has been estimated to
affect 1%-14% of pregnancies.2-4 Recently,
the incidence of GDM has been reported to
be 4.9% in Gorgan, Iran.5 In a systematic
review and meta-analysis, 3.41% of
Iranian pregnant women were reported
to have GDM.6 GDM is a risk factor for
pregnancy complications,4,7 particularly
type 1 and type 2 diabetes.8 The reported

global incidence of GDM varies from
2.6% to 70%.9 Although GDM and type 2
diabetes are clinically related conditions, a
proportion of pregnant women with GDM
show immune autoantibodies against
pancreatic β-cell.10,11 The process of betacell destruction marked by the production
of anti-islet autoantibodies is one of the
most important features of type 1 diabetes.12
Therefore, the presence of these antibodies
in some diabetic pregnant women indicate
immune process of β-cell destruction.
The glutamic acid decarboxylase
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autoantibody (GADA) is the most frequent autoantibody
in women with GDM, 13 but autoantibodies against
insulin (IAA), tyrosine phosphatase antibodies (IA2A) 13,14 and recently zinc transporter 8 (ZnT8)15 have
also been reported during gestational diabetes. GDM
complicated with GADA positivity is a prominent risk
factor for type 1 diabetes during post delivery period.14,16,17
GADA antibodies have been suggested as highly
sensitive predictors of type 1 diabetes.2,15,18 In addition,
these women need insulin therapy during pregnancy
more frequently.13,19,20 C-peptide is another marker in
autoimmune diabetic patients. C-peptide is secreted in
equimolar concentration with insulin concentration and
its half-life is higher than insulin’s. Hence, determination
of C-peptide level is useful to quantify insulin and
therefore to evaluate β-cell function.21 However, the
incidence of GADA in Iranian pregnant women with
GDM and its association with the development of postdelivery diabetes are unknown. Therefore, this study
was carried out to investigate the incidence of GADA
in Iranian pregnant women. The association between
GADA positivity and the risk of post-delivery type 1 and
type 2 diabetes at one-year post delivery period was also
investigated.

diagnosis was made according to the criteria of Carpenter
and Coustan.22 GDM was diagnosed if at least two out of
the following four criteria were met: FBS >95 mg/dL and
blood glucose >180 mg/dL, >155 mg/dL and >140 mg/dL
at 1, 2, and 3 hours post challenge test, respectively.22 The
OGTT was repeated in women who fulfilled one of the
above-mentioned criteria after 1 month.

Materials and Methods
Participants
We enrolled 147 women with GDM and 147 healthy, agematched women as case and control groups, respectively.
No history of GDM, type 1 diabetes, and type 2 diabetes
were observed in control group. This study was carried out
in the 9th Dey Hospital and primary health care centers
in Torbat–e Heydarieh (Khorasan Razavi province, Iran)
from October 2015 to March 2017. An informed written
consent to participate in the study was obtained from the
participants.

Study Procedure
History of diabetes in family or GDM in previous
pregnancies, body mass index (BMI), history of insulin
therapy, the results of OGTT and serum C peptide level
measurement, birth weight, and history of caesarean
section in GADA positive and negative women and
controls.

Sample Size
In this study, sampling was done systematically. The study
population (n: 735) consisted of eligible women referring
to the studied hospital and health care centers, one fifth
of whom (n: 147) were randomly selected based on the
Krejcie and Morgan Table.
Patient Recruitment and Screening
The participants first underwent the 50 g glucose
challenge test (GCT) according to the universal two-step
GDM screening program. The challenge test was carried
out within the 24th-28th weeks of gestation except for
those older than 35 years old and those with family
history of diabetes or GDM in whom the challenge test
was conducted within the 14th-18th weeks of gestation.
Women with fasting blood sugar (FBS) of >130 mg/dL
after 1 hour were retested by the 100 g 3 hours oral glucose
tolerance test (OGTT) following overnight fasting. GDM

Autoantibody Detection
The women diagnosed with GDM were further evaluated
for the presence of GADA. Blood samples were collected
during the 14th-41th weeks of pregnancy. The women
should not be under insulin therapy during blood
samples collection. Serum samples were separated by
centrifugation and frozen at -80 °C. GADA was scrutinized
using the Isletest GAD diagnostic kit (Diametra Co.,
Italy).
Measurement of C-Peptide Levels
C-peptide level was measured using a specific ELISA
kit (IBL, USA) to the nearest 0.064 ng/mL. C-peptide
concentration was determined using a standard curve
obtained from known values of standard absorbance at
450 nm.

Follow-up
After delivery, the frequency of diabetes was determined
using 75-g OGTT. Normal glucose tolerance (NGT)
was considered to be 2-hour post-glucose level of <140
mg/dL. Impaired glucose tolerance (IGT) was defined
as FBS of 100-125 mg/dL and 2-hour post glucose level
of 140-199 mg/dL. Diabetes mellitus was considered as
FBS of ≥126 mg/dL or 2-hour post glucose level of ≥200
mg/dL. The women with positive GADA result were
variably followed up for 6-12 months post-delivery. The
diabetes classification was done using the guideline of the
American Diabetes Association.23
Statistical Analysis
The SPSS 16.0 software was used to perform statistical
analyses. Data was presented as mean ± SD and
percentage. The independent samples student t test was
used to investigate the significance of difference in the
mean values of quantitative variables among GADA
positive, GADA negative and healthy women. P<0.05 was
considered statistical significance level.
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Results
In GDM group, 6.1% (9 of 147) were positive for GADA.
The mean age at enrollment was 30.66 ± 5.52 and 31.26
± 5.7 years old in the GADA positive women with GDM
and controls, respectively. There was no significant
difference in mean age, BMI, family history of diabetes,
mean C-peptide level and number of caesarean sections
between GADA positive and GADA negative women.
Nevertheless, a significant difference was observed
between these 2 groups in terms of birth weight (3.16 ± 0.29
vs. 3.48 ± 0.35, P = 0.01). Among 147 women with GDM,
type 1 and type 2 diabetes were diagnosed in, respectively,
1 (0.7%) and 7 (4.8%) individuals after delivery. The only
women who developed type 1 diabetes and 42.8% (3 of
7) of those with type 2 diabetes were positive for GADA.
Results regarding different variables studied in GADA
positive and GADA negative participants are summarized
in Table 1.

out of 9) of women who were GADA positive developed
diabetes compared with 2.9% of GADA negative ones.
Type 2 diabetes was observed in 4 out of 138 GADA
negative women, but only one GADA positive woman
with GDM developed type 1 diabetes (Table 2).
Discussion
GDM is estimated to affect 1%-14% of pregnant women
across the globe and its prevalence has increased during
the last two decades.2,4 If GDM remains uncontrolled, it
can cause numerous complications for both mother and
fetus. Therefore, early detection and management of
GDM are critical for preventing related complications. In
addition, women diagnosed with GDM are at higher risk
of developing type 1 and type 2 diabetes later in life.2,13,16
One of the strongest predictors of type 1 diabetes after
delivery in women with GDM is serum GADA level. The
prevalence of GADA positivity in women with GDM
has been reported to range from 0% to 38% in previous
studies.13,20 The incidence of GADA positivity was 6.1% in
our study, which is in line with previous reports.2,13
Comparison of baseline specifications of GADA
positive and GADA negative pregnant women revealed
no significant difference in age, BMI, family history of
diabetes, number of caesarean sections and C-peptide level
between the two groups. This result is similar to the result
of studies in Korea20 and Sweden.2 Our results also showed
significant differences in birth weight between GADA
positive and GADA negative pregnant women (P = 0.01).
However, the clinical causes of the relationship observed
in our study are unknown, and more research is needed
in this regard. An association is likely to exist between

Insulin Therapy for GDM
Insulin had been administrated to 14.3% (21 of 147) of
the women with GDM. Among these women, GADA
positivity was detected in 5 (23.8%) individuals. A higher
proportion of GADA positive women with GDM required
insulin therapy (55.6%) in comparison with GADA
negative (11.6%) ones. The only woman who needed
insulin after delivery developed type 1 diabetes, and 6
out of 7 (85.7%) women who were diagnosed with type 2
diabetes had history of insulin therapy during pregnancy.
Follow-up
At follow-up (during 1 year after childbirth) 44.4% (4
Table 1. Characteristics of GADA-Positive and GADA- Negative Pregnant Women

GADA-Positive Women With
GDM

GADA-Negative Women With
GDM

P Value

9 (6.1%)

138 (93.9%)

NS

30.66± 5.52

31.26± 5.7

0.766

24.8 ± 1.49

25.9± 2.03

0.105

5 (55.6%)

73 (52.9%)

NS

Gestational diabetes mellitus during previous pregnancy (pregnancies)

2 of 5 (40%)

53 of 115 (46.1%)

NS

Fasting oral glucose tolerance test value during pregnancy (mg/dL)d

101.33 ± 3.7

99.78±4.48

0.313

1-h plasma glucose (mg/dL)

189.33±2.39

188.35±5.237

0.577

2-h plasma glucose (mg/dL)

165.22±6.97

164.03±5.94

0.565

3-h plasma glucose (mg/dL)

151.22±5.04

149.3±5.68

0.395

5 (55.6%)

16 (11.6%)

NS

Characteristics
Number
Age pregnancy (years)

a

Pregnancy BMI (kg/m2)b
Family history of diabetes (%)c

Insulin therapy during pregnancy
Insulin therapy after pregnancy

1 (11.1%)

-

NS

Mean C-peptide level (ng/mL)

1.22±0.34

1.45±0.54

0.201

Caesarean section
Birth weight (g)

3 (33.3%)

36 (26.1%)

NS

3.16 ± 0.29

3.48 ± 0.35

0.010

Abbreviations: GADA, glutamic acid decarboxylase antibody; BMI, nody mass index.
Data are median or number (%).
a
Age at blood sample collection during pregnancy; b BMI was measured at the first trimester; c Family history of any types of diabetes among first or seconddegree relatives; d During 24–28 weeks of pregnancy.
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Table 2. The Development of Diabetes Mellitus in GADA-Positive and
GADA–Negative Women After Delivery
P value

GADA(+)

GADA(−)

9

138

Type 1 diabetes

1 (11.1%)

0

NS

Type 2 diabetes

3 (33.3%)

4 (2.9%)

NS

Number

GADA positivity and insulin therapy during pregnancy.
Among GADA positive women, 55.6% (5 of 9) individuals
and among GADA negative, 11.6% (16 of 138) ones used
insulin therapy. At one year after delivery, no women in
the GADA negative group needed insulin, whereas one
woman with positive GADA during pregnancy who later
developed type 1 diabetes needed insulin after delivery.
All of the GADA positive women who developed type 2
diabetes after delivery (n: 3) had previously used insulin
therapy while 3 of 4 GADA negative woman with GDM
that were diagnosed with type 2 diabetes used insulin
during pregnancy. This finding indicated that there
may be an association between insulin therapy during
pregnancy and development of diabetes after delivery.
This, however, should be further investigated in future
studies. Yu et al in Korea20 and Dereke et al in Sweden15
found that comparatively higher number of women with
GDM and GADA positivity needed insulin therapy than
those with GADA negativity.
In our study, no women in control group developed
type 1 diabetes while 2.9% of these women were
diagnosed with type 2 diabetes after delivery. These
data confirmed that circulating autoantibodies during
pregnancy in women with GDM could be a prominent
risk factor for type 1 diabetes. However, the strength of
our study was relatively low due to the relatively small
sample size that can affect the results. Furthermore, there
have been reports on the presence of other autoantibodies
such as IA-2A, ZnT8 and IAA in GDM which could
serve as predictors of autoimmunity in women with this
disease. In fact, the presence of multiple antibodies has
been shown to increase the risk of type 1 diabetes after
delivery.24 Therefore all the mentioned autoantibodies
should be measured in the screening process.
Some studies have shown that a significant proportion
of women who are autoantibody positive during
pregnancy develop diabetes few years after childbirth.2,3,20
In one study, about 42% of the GADA positive women
who developed diabetes at follow-up were diagnosed
with diabetes within 6 months, 50% within 1 year, and
nearly 83 % within 4 years. Even two cases developed
type 1 diabetes 5 and 8 years after delivery.2 In this study
we followed up patients for one year after delivery, and
therefore the frequency of women with diabetes may
increase after the longer follow-up(s).
Conclusion
The incidence of GADA in pregnant women with GDM

and its association with post-delivery diabetes were
demonstrated for first time in Iran in the present study.
Our findings revealed that GADA positivity increased
the risk of both type 1 and type 2 diabetes at one year
after delivery. It is therefore recommended to screen
autoantibodies in women with GDM after delivery to
detect women at risk early. To generalize the results of this
study and use GADA as markers for gestational diabetes,
systematic review and meta-analyses should be carried
out to include larger sample size and different ethnicities
across Iran.
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