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ABSTRACT
Aim: To investigate the clinical characteristics of
diabetic patients with a low-titer positive for the
anti-glutamic acid decarboxylase 65 antibody
(GAD antibody). Methods: The subjects were 420
diabetic inpatients. The endogenous insulin secretion was estimated on the basis of the Cpeptide immunoreactivity from a 24 h urine collection (uCPR). Clinical variables were compared between patients negative for the GAD
antibody (GAD antibody titer < 1.5 U/mL), a lowtiter positive GAD antibody (1.5 U/mL ≤ GAD antibody titer < 10 U/mL) and a high-titer positive
GAD antibody (10 U/mL ≤ GAD antibody titer).
Results: The low and high-titer positive GAD
antibodies were found in 25 and 10 patients,
respectively. The uCPR was significantly lower
in both the patients with a low (37 ± 33 g/24h)
and high-titer (39 ± 27 g/24h) positive GAD antibodies than in those negative for GAD antibodies (71 ± 52 g/24h). The uCPR level was
significantly lower in the low-titer positive GAD
antibody group (29 ± 22 g/24h) than in the
negative group (67 ± 55 g/24h) among the patients not taking insulin secretagogues. The difference disappeared in the subjects taking insulin secreagogues. In the stepwise multiple regression analysis, a low-titer positive GAD antibody was independently associated with the
uCPR level. Conclusions: Endogenous insulin
secretion is reduced in diabetic patients positive
for GAD antibodies, even if the titer is low. Earlier initiation of insulin therapy might therefore
protect the pancreatic β-cell function in diabetic
patients with a low-titer positive GAD antibody.
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1. INTRODUCTION
Glutamic acid decarboxylase (GAD) is a major autoantigen involved in the pathogenesis of type 1 diabetes
mellitus, and is clearly associated with a cell-mediated
immune response [1]. A subgroup of patients with type 2
diabetes mellitus has circulating autoantibodies to GAD
[2-4]. This type of diabetes, which develops during
adulthood and progresses insidiously, is referred to as
slowly progressive insulin-dependent diabetes (SPIDDM)
or latent autoimmune diabetes in adults (LADA). It is
distinguished from common type 2 diabetes by the presence of pancreas-specific autoantibodies in the serum.
Clinically, early-stage SPIDDM or LADA is sometimes
classified as type 2 diabetes. After receiving oral hypoglycemic agents (OHAs) for several months to years,
most patients with SPIDDM or LADA require insulin
therapy. The presence of antibodies against GAD (GAD
antibodies) is a sensitive and specific marker for future
insulin dependency in such patients [3-7]. A high titer of
GAD antibodies is a common feature in insulin-dependent diabetics, including those with SPIDDM or LADA
[8,9].
Diabetic patients showing low positive GAD antibody
titers are often encountered in clinical practice. However,
the importance of low-titer positivity in term of the GAD
antibodies remains largely unexplored. We therefore
examined the clinical characteristics of diabetic patients
showing low positive GAD antibody titers.

2. PATIENTS AND METHODS
2.1. Patients
A total of 420 Japanese diabetic inpatients were selected for the study from 466 subjects who underwent a
13-day, in-hospital, diabetes education program at our
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hospital between October 2006 and September 2010. We
excluded 46 patients because their GAD antibodies and/
or C-peptide immunoreactivity in 24 hour urine collection (uCPR) were not measured. None of the patients had
infections that would potentially influence insulin resistance. The patients were divided into insulin secretagogue (n = 231) and non-insulin secretagogue (n =
189) groups according to their use of insulin secretagogues, such as sulfonylureas, glinides and/or dipeptidyl peptidase-4 inhibitors. The HbA1c levels were determined by a high performance liquid chromatography
method using an automated HLC-723G7 analyzer (Tosoh
Corporation, Tokyo, Japan) and were calibrated by the
Japan Diabetes Society (JDS) standard calibrators. The
value for HbA1c (%) was estimated as a National Glycohemoglobin Standardization Program (NGSP) equivalent value (%) calculated by the formula: HbA1c =
HbA1c (JDS) + 0.4, considering the relational expression
of HbA1c (JDS) measured by the previous Japanese
standard substance and measurement methods and the
HbA1c (NGSP) [10]. The estimated glomerular filtration
rate (eGFR) was calculated using the formula reported
by Matsuo et al. [11]. This equation originated from the
MDRD study group [12] arranged for Japanese individuals, and it is recommended by the Japanese Society of
Nephrology: eGFR (mL/min/1.73m2) = 194 × Scr−1.094 ×
Age−0.287 × 0.739 (if female).

2.2. Assays for Gad Antibodies and the
Urinary C-Peptide Concentrations
Biochemical assays for the GAD antibody and uCPR
were performed by SRL Co. (Tokyo, Japan). The GAD
antibody titer was analyzed by an immunoprecipitation
radioligand assay using a Cosmic kit (Cosmic Co., Tokyo,
Japan) according to the manufacturer’s instructions [13].
The detection limit of the assay was 0.3 U/mL, and the
reference value of the GAD antibody titer was less than
1.5 U/mL.
The patients were classified into three groups according to the titer of GAD antibody; a negative GAD antibody (GAD antibody titer < 1.5 U/mL), a low-titer positive GAD antibody (1.5 U/mL ≤ GAD antibody titer < 10
U/mL), and a high-titer positive GAD antibody (10
U/mL ≤ GAD antibody titer) group.

2.3. Statistical Analysis
The data are shown as the means ± SD. The clinical
characteristics were compared by two-tailed unpaired
t-tests or a one-way analysis of variance for continuous
variables, and χ2 tests for categorical variables. A univariate analysis was performed to investigate the correlations between two independent continuous variables. A
stepwise multiple regression analysis was performed to
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evaluate the associations of the uCPR level with other
clinical variables. Differences with P values < 0.05 were
considered to be statistically significant. The statistical
software package JMP, version 8.0 (SAS Institute, Cary,
NC, USA) was used to perform all analyses.

3. RESULTS
There were 25 (6%) and 10 (2%) individuals showing
low and high positive GAD antibody titers within the
population of diabetic patients. The patients who were
positive for GAD antibodies were significantly more
common within the population of 95 patients who were
receiving insulin therapy (3 high-titer and 11 low-titer
positives) than in the 325 patients without insulin therapy
(7 high-titer and 14 low-titer positives).
Table 1 shows the clinical characteristics of the patients in the groups divided by their GAD antibody titers.
Women and patients receiving insulin treatment were
more common in the positive GAD antibody groups. The
duration of diabetes was significantly shorter in the hightiter positive GAD antibody group than in the negative
and low-titer positive GAD antibody group. The levels of
HbA1c and eGFR were significantly elevated in the high
titer-positive GAD antibody group than in the other
groups.
The uCPR level was significantly higher in men than
in women (78 ± 55 vs. 54 ± 40 g/24h, P < 0.01). It was
also significantly elevated in the patients using insulin
secretagogues (n = 231, 73 ± 49 g/24h) compared to
those who were not (n = 189, 63 ± 53 g/24h, P = 0.03).
In the univariate analyses, the uCPR level correlated with
the age (r = −0.26, P < 0.01), duration of diabetes mellitus (r = −0.230, P < 0.01), body mass index (r = 0.27, P
< 0.01), and eGFR level (r = 0.23, P < 0.01) of the patients.
Figure 1 shows a comparison of the uCPR levels
among the negative, low- and high-titer positive GAD
antibody groups. The level was significantly reduced in
both the low- (37 ± 33 g/24h) and high-titer (39 ± 27
g/24h) positive GAD antibody groups than in the negative group (71 ± 52 g/24h). When the patients were
subgrouped according to gender, the uCPR level also
significantly decreased in both the female low-titer (23 ±
17 g/24h, n = 12) and high-titer (27 ± 15 g/24h, n = 6)
positive GAD antibody groups compared to the negative
GAD antibody group (57 ± 41 g/24h, n = 155, P <
0.01). The uCPR levels were not significantly different
among the male negative (80 ± 56 g/24h, n = 230), lowtiter (51 ± 39 g/24h, n = 13) and high-titer (57 ± 32
g/24h, n = 4) positive GAD antibody groups, although a
similar trend was observed.
After the division the patients according to their use of
insulin secretagogues, the uCPR level was found to be
OPEN ACCESS

98

Y. Takeuchi et al. / Journal of Diabetes Mellitus 2 (2012) 96-100

Table 1. The clinical characteristics of the patients in the groups divided by the GAD antibody titers.
Negative

Low-titer positive

High-titer positive

(n = 385)

(n = 25)

(n = 10)

Age (years)

62.8 ± 12.3

61.1 ± 14.6

53.3 ± 19.2**

0.11

Women (%)

40

48

60

<0.01

P

*#

Duration of diabetes (years)

10.0 ± 9.5

10.8 ± 9.5

4.7 ± 12

0.21

Body mass index (kg/m2)

25.6 ± 5.2

25.3 ± 5.4

22.7 ± 4.5*

0.21

Fasting plasma glucose (mg/dL)

171.9 ± 57.1

174.6 ± 76.1

163.5 ± 64.1

0.88

HbA1c (%)

9.8 ± 2.0

9.7 ± 2.6

12.0 ± 3.2***###

<0.01

eGFR (mL/min/1.73m2)

66.9 ± 22.7

61.2 ± 25.1

95.7 ± 47.7***###

<0.01

44

30

Insulin treatment (%)

21
*

**

eGFR: estimated glumerular filtration rate. P < 0.1, P < 0.05 and
low-titer positive (unpaired t-test).

***

<0.01

#

P < 0.01 vs. negative, P < 0.1 vs. negative (unpaired t-test); P < 0.1 and

Figure 1. A comparison of the uCPR levels among the negative,
low- and high-titer positive GAD antibody groups. * P < 0.05
and ** P < 0.01 vs. the negative GAD antibody group.

significantly lower in the low-titer positive GAD antibody group (29 ± 22 g/24h) than in the negative group
(67 ± 55 g/24h) among the patients in the non-insulin
secretagogues subgroup (Figure 2). On the other hand,
the significant difference disappeared between the two
groups (51 ± 44 and 74 ± 49 g/24h) in the patients using insulin secretagogues.
A stepwise multiple regression analysis was conducted
to examine the clinical variables related to the uCPR
(Table 2). The low-titer positive GAD antibody was independently associated with the level of uCPR.

4. DISCUSSION
In the present study, 8% of the study subjects were
positive for GAD antibodies. Individuals who were positive for the GAD antibody were significantly more common in the group receiving insulin therapy (15%) than in
the group of patients who were not (6%). This frequency
Copyright © 2012 SciRes.

*

###

P < 0.01 vs.

Figure 2. Comparisons of the uCPR levels among the negative,
low- and high-titer positive GAD antibody groups after the
division of patients according to their use of insulin secretagogues. *P < 0.01 vs. negative GAD antibody group.
Table 2. The associations between the uCPR and clinical variables as determined by a stepwise multivariate regression
analysis.
Variables

F

R2

P

Duration of diabetes

33.4

0.11

<0.01

Body mass index

47.9

0.06

<0.01

Sex

28.2

0.05

<0.01

eGFR

19.8

0.04

<0.01

Use of insulin secretagogues

13.0

0.03

<0.01

GAD antibody positivity

7.6

0.01

<0.01

eGFR: estimated glomerular filtration rate. The independent variables were
as follows: Age (years old), sex (men = 1, women = 2), duration of diabetes
(years), body mass index (kg/m2), eGFR (mL/min/1.73m2), use of insulin
secretagogues (yes = 1, no = 2), and GAD antibody positivity (negative = 1,
low titer-positive = 2).
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is similar to the previous reports in the Japanese population [14,15]. The uCPR levels were lower in both the
low- and high-titer positive GAD groups than in the
negative GAD group. Furthermore, a low-titer positive
GAD antibody was independently associated with the
uCPR in the multiple regression analysis. A low-titer
positive GAD antibody might therefore be a potential
predict or of insufficient endogenous insulin secretion,
similar to a high-titer positive GAD antibody.
Kasuga et al. demonstrated that the titer of GAD antibodies was significantly higher in patients who required
insulin treatment (199 U/mL) than in those who did not
(5.8 U/mL) among 43 GAD antibody positive diabetic
subjects. A higher titer of GAD antibodies (≥10 U/mL)
was also detected in a higher proportion of patients requiring insulin than in those not requiring insulin [16].
Buzzetti et al. also reported that diabetic patients showing a high titer of
GAD antibodies were common in the subjects with
insulin deficiency [7]. Kulmala et al. observed 53 children with detectable titers of GAD antibody for 9 years
and found that the GAD antibody titer was higher in
subjects who progressed to an insulin-dependent state
than in those who did not [17]. Tuomi et al. described a
negative correlation between the fasting serum C-peptide
concentration and the titer of GAD antibody [18]. In
contrast, Maruyama et al. reported that the earlier initiation of insulin therapy prevented the progression to insulin-dependent stage compared with the administration of
sulfonylureas in patients with low-titer positive GAD
antibodies, even if the endogenous insulin secretion was
preserved [19]. This suggested the possibility of the slow
deterioration of insulin secretion in patients with lowtiter positive GAD antibodies. In the present study, the
uCPR level was not different between the low- and
high-titer positive GAD antibody groups, although the
duration of diabetes was significantly shorter in the patients in the high-titer positive GAD antibody group than
in those with low-titer positivity (Table 1).
The uCPR level was significantly higher in men than
in women in the present study. After subgrouping the
patients according to gender, the uCPR level was found
to be significantly lower in both the low- and high-titer
positive GAD antibody groups compared to the negative
GAD antibody group only in women. However, a similar
trend was also observed in men. The lack of a statistically significant difference might have been caused by
the small number of the subjects showing positive GAD
antibodies in our study.
The uCPR level was significantly increased in the patients who received insulin secretagogues in the present
study. Although the uCPR level in the low-titer positive
GAD antibody group was not different between the noninsulin and insulin secretagogue groups, the significant
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difference in the uCPR disappeared between the negative
and low-titer positive GAD antibody groups in the noninsulin secretagogure group compared to the insulin secretagogue group (Figure 2). The response to the insulin
secretagogues might thus have been preserved in the
group with a low-titer positive GAD antibody in our
study.
Our study had several important limitations. First, it
was a small, cross-sectional study that was unable to
show a causal relation between the low-titer positive
GAD antibody and the uCPR level. Validation of our
results and further elucidation of the potential mechanisms involved are therefore essential. Second, the uCPR
level was determined only once in a 24 h urine collection.
Although patients with urinary tract infections, which
decrease the uCPR level, were excluded from the study,
it would have been better to use the mean uCPR levels
derived from multiple determinations, because the uCPR
levels can fluctuate.
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GAD: Glutamic acid decarboxylase
OHAs: oral hypoglycemic agents
uCPR: C-peptide immunoreactivity in 24 hour urine collection
eGFR: estimated glomerular filtration rate
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