
INTRODUCTION

Type 1 diabetes (T1D) is caused by autoimmune-mediated selective destruc-
tion of insulin-producing β-cells [1]. Exocrine abnormalities, however, have 
been reported in the morphology, pathology, and function of the T1D pancre-
as over the past decades [2-4]. Exocrine pancreatic inflammation and reduced 
pancreatic weight have been identified in patients with acute-onset T1D [5] 
and slowly progressive insulin-dependent diabetes mellitus (SPIDDM) [6]. Un-
til now, the absence of insulinotropic effects on pancreatic exocrine tissue has 
been proposed as a possible explanation for the reduced pancreas size in T1D 
[2-4,7]. A previous report, however, has shown pancreatic exocrine atrophy in 
T1D patients with surviving β-cells [8].

Recent radiographic imaging modalities, including computed tomography 
(CT) [9,10] and magnetic resonance imaging [11-13], have also shown reduced 
pancreatic volume (PV) in patients with acute-onset T1D irrespective of the 
diabetes duration. Reduced pancreas size has recently been observed in both 
adults with newly diagnosed acute-onset T1D [12] and islet autoantibody- 
positive non-diabetic donors [14]. This observation suggests that the atrophy 
of the pancreas is likely to begin before the onset of T1D. Very recently, we also 
reported that the pancreatic volume assessed by CT was significantly reduced 
in the newly diagnosed acute-onset T1D patients, but not in the virus-induced 
fulminant T1D patients, when compared to non-diabetic controls (non-DCs) 
[15]. These findings suggest that the autoimmune process contributes to the 
pathogenesis of reduced PV in acute-onset T1D.

Although unlikely to be intrinsically diabetogenic, the circulating islet auto-

antibodies against glutamic acid decarboxylase antibody (GADAb), insulinoma- 
associated antigen-2 autoantibodies (IA-2Ab), zinc transporter 8 autoantibody 
(ZnT8Ab), and insulin (all of which are generated from destroyed β-cells) are 
strongly associated with the development of T1D. Among the several islet  
autoantibodies, GADAb has been measured worldwide by radioimmunoassay 
(RIA). Glutamic acid decarboxylase autoantibodies-radioimmunoassay (GAD-
Ab-RIA) is frequently used to diagnose autoimmune diabetes. Although the 
pathogenesis of T1D and residual β-cell function demonstrably differ between 
acute-onset T1D and SPIDDM, the reduced pancreatic size and the presence 
of circulating autoantibodies to islet autoantigens seem to be common to 
both forms of diabetes. There are limited data reported on the relationship 
between PV and the titers of GADAb, IA-2Ab, and ZnT8Ab in acute-onset T1D 
and SPIDDM.

The aim of the present study was therefore to investigate the relationship 
between islet autoimmunity and pancreatic size in the Japanese patients with 
T1D.

METHODS

Participants
A total of 71 patients with T1D and 39 age- and body mass index (BMI)-
matched non-DCs from the Showa University Hospital (Tokyo, Japan) were 
selected for enrolment in the present retrospective study. The study was con-
ducted by adding 37 patients with T1D to a population we studied in our pre-
vious research [15]. Based on the diagnostic criteria and clinical information 
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at diabetes onset, the patients with T1D were classified into two subtypes: 
acute-onset T1D (n = 32) [16] and SPIDDM (n = 39) [17]. 

The non-DCs with any one of the following criteria showed no clearly diag-
nosable evidence of diabetes: (1) blood glucose levels <110 mg/dL in fasting or 
<140 mg/dL after eating; and (2) HbA1c value of <6.0%. The exclusion criteria 
were as follows: (1) aged <20 years or >80 years; (2) any pancreatic disease 
(including acute pancreatitis); and (3) a history of alcohol abuse. The non-DCs 
in the current study were selected randomly from the patients who had un-
dergone abdominal CTs for the following medical indications: screening for 
pulmonary embolism (n = 8), esophageal cancer (n = 7), gastric cancer (n = 4), 
lung cancer (n = 4), primary aldosteronism (n = 3), rectal cancer (n = 2), colon 
cancer (n = 2), appendicitis (n = 3), kidney stone (n = 1), inguinal hernia (n = 1), 
germ cell tumor (n = 1), liver hemangioma (n = 1), small intestine ileus (n = 1), 
nephrotic syndrome (n = 1), assessment and screening for acute abdominal 
pain (n = 1). The study protocol was approved by the Ethics Committee of the 
Showa University School of Medicine.

Measurement of Pancreatic Volume
CT images were acquired using a standard clinical protocol for abdominal/
pelvis CT by a multidetector CT (LightSpeed Plus [4DAS] or LightSpeed Plus, GE 
Healthcare Japan, Tokyo, Japan; SOMATOM Definition AS+ or SOMATOM Sen-
sation64, Siemens Healthcare, Erlangen, Germany). The CT scans were carried 
out at a tube voltage of 120 kVp, tube current of 180-200 mA (with partial  
auto-exposure control), tube rotation of 0.5-0.8 s/rotation, pitch factor of 0.6-
1.5, and scanning time of 6.2-16 s. PV was calculated from contrast-enhanced 
or non-contrast-enhanced 5-mm axial CT images. Iodine contrast medium ( 
Iomeron 300, Eisai, Tokyo, Japan; Omnipaque 300, Daiichi-Sankyo, Tokyo, Ja-
pan; Iopamiron 300, Bayer Health Care, Leverkusen, Germany) was intrave-
nously injected at a rate of 3.0 mL/s by a power injector. The pancreas was 
manually outlined on axial image slices for semi-automatic calculation of 
the pancreatic volume using Ziostation2 (Ziosoft Inc., Tokyo, Japan) software  
according to the methods previously reported [15]. The areas of the slices were 
summed throughout the volume of the pancreas. The images were initially an-

alyzed by one diabetologist (A. Fukase) well trained in the measurement of PV 
and then confirmed by one experienced radiologist (H. Sasamori). The mean 
intraobserver coefficient of variation (CV) of the PV was 5.28 % (range, 0.39-9.26 
%). The mean interobserver CV of the PV (five cases studied) was 3.31% (range, 
1.24-5.09 %). The difference in the measurement of PV by both contrast- 
enhanced and non-contrast enhanced CT image (five cases studied) was 
3.14% (range, 0.25-5.20 %).

Laboratory Analysis
GADAb titers were measured by RIA [18] and enzyme-linked immunosorbent 
assay (ELISA) methods [19], with cut-off values of 1.5 and 5.0 U/mL, respective-
ly. IA-2Ab titer was measured by RIA, with a cut-off value of 0.4 U/mL (range, 
0.4–50 U/mL) [20]. ZnT8Ab titer was measured by ELISA [21], with a cut-off 
value of 15 U/mL (range, 15–2000 U/mL). If the IA-2Ab and ZnT8Ab titers fell 
below the lower limits of detection, a fill value of 0.01 was used. The GAD-
Ab titer assessed by ELISA was the actually measured value, even if less than 
5.0 U/mL. The glycated haemoglobin (HbA1c) content (%) was estimated as 
a National Glycohaemoglobin Standardization Program-equivalent value (%), 
as calculated by the following formula: HbA1c (%) = HbA1c (Japan Diabetes 
Society) (%) + 0.4% [22].

Assessment of the Insulin Secretion Ability
Serum C-peptide and plasma glucose levels were measured with immunoenzy-
mometric assay and glucose oxidase methods, respectively. The ratio of 100 × 
random C-peptide (ng/mL) to plasma glucose levels (mg/dL). C-peptide index 
(CPI) was measured as the residual β-cell function. 

Measurement of Islet-Associated Autoantibodies
Among a total of 71 patients with T1D, titers of GADAb-RIA and -ELISA were 
measured in 22 and 29 patients with acute-onset T1D and 28 and 38 patients 
with SPIDDM, respectively. Among the patients with acute-onset T1D, the 
measurements were performed by GADAb-RIA in 3, by GADAb-ELISA in 10, 

Table 1. Clinical Characteristics Between Type 1 Diabetes and Controls

Variable Type 1 Diabetes Non-DCs

Total Acute-Onset SPIDDM P1 P2

Number 71 32 39 NA 39 NA

Age, years 52.7 ± 14.4 46.0 ± 15.1 56.4 ± 12.1 <0.01 48.1 ± 11.3 NS

Onset age, years 44.0 ± 14.7 38.7 ± 16.8 48.4 ± 11.2 <0.05 NA NA

Height, cm 160.7 ± 9.38 160.9 ± 7.5 160.6 ± 10.8 NS 164.1 ± 9.6 NS

Weight, kg 59.1 ± 12.7 54.2 ± 9.0 63.0 ± 14.0 <0.01 58.7 ± 10.9 NS

Body mass index, kg/m2 22.8 ± 4.17 20.9 ± 3.2 24.3 ± 4.3 <0.01 21.7 ± 3.1 NS

Disease duration, years 8.1 ± 9.9 7.5 ± 11.3 8.5 ± 8.7 NS NA NA

HbA1c, % 9.6 ± 2.2 9.8 ± 2.3 9.4 ± 2.2 NS 5.5 ± 0.3 <0.01

C-peptide index 0.50 ± 0.54 0.24 ± 0.32 0.71 ± 0.60 <0.05 NA                            NA

GADAb titer, U/mLa 592 ± 3291 111 ± 657 969 ± 582 NS NA NA

GADAb titer, IU/mLb 501 ± 783 537 ± 139 473 ± 122 NS NA NA

IA-2Ab titer, U/mLc 5.6 ± 10.4 7.9 ± 1.7 3.6 ± 1.6 NS NA NA

ZnT8Ab titer, IU/mLd 35.5 ± 70.6 62.2 ± 86.2 1.5 ± 5.1 <0.05 NA NA
a GADAb titer assessed with RIA in 22 patients of the AT group and in 28 patients of the SPIDDM group. 
b GADAb titer assessed with ELISA in 29 patients of the AT group and in 38 patients of the SPIDDM group. 
c IA-2Ab titer assessed in 30 patients of the AT group and in 35 patients of the SPIDDM group. 
d ZnT8Ab titer assessed in 14 patients of the AT group and in 11 patients of the SPIDDM group.
Values are presented as mean ± standard deviation. P1 indicates a comparison between the AT group and the SPIDDM group; P2 indicates a comparison between the T1D patients and Non-DC pa-
tients. When C-peptide levels fall below the lower limit of detection (i.e., <0.02), a fill value of 0.001 is used. GADAb titers, as assessed with an ELISA, are actual measured values even when less than 
5.0 U/mL. When IA-2Ab titers fall below the lower limit of detection (i.e., <0.4), a fill value of 0.01 is used. When ZnT8Ab titers fall below the lower limit of detection (i.e., <0.4), a fill value of 0.01 is used. 
AT, acute-onset type 1 diabetes; SPIDDM, slowly progressive insulin-dependent diabetes mellitus; ELISA, enzyme-linked immunosorbent assay; GADAb, glutamic acid decarboxylase antibody; HbA1c, 
glycated haemoglobin; IA-2Ab, insulinoma-associated antigen-2 autoantibody; NA, not available; Non-DCs, non-diabetic controls; NS, not significant; RIA, radioimmunoassay; ZnT8Ab, zinc transporter 
8 autoantibody.
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and by both methods in 19 patients. Among the SPIDDM patients, the mea-
surements were performed by GADAb-RIA in 1, by GADAb-ELSA in 11, and by 
both methods in 27 patients.

IA-2Ab titer was measured in 30 patients with acute-onset T1D and 
35 patients with SPIDDM. IA-2Ab and ZnT8Ab titers were measured in 25  
patients (acute-onset T1D, n = 14; SPIDDM, n = 11) using samples that had been 
stored at -80°C until the analysis. These samples were taken when GADAb-RIA  
and -ELISA were measured simultaneously in December 2015.

Statistical Analysis
Comparisons between the groups were performed using the student’s t-test 
and the Mann-Whitney U test. Non-parametric correlations were identified 
using the Spearman’s rank correlation coefficient. The differences were con-
sidered significant at a two-tailed probability (P) value of <0.05. All the statisti-
cal analyses were conducted with JMP Pro 14.0 software (SAS Institute Japan 
Inc., Tokyo, Japan).

RESULTS

Characteristics of the Participants
Table 1 shows the patient backgrounds of the T1D group and the non-DCs 
group. There was no difference in the age or BMI between the T1D group 
and the non-DCs group. The patient age and the age at disease onset were 
significantly lower in the patients with acute-onset T1D than in the patients 

with SPIDDM. Body weight and BMI were significantly higher in SPIDDM than 
in acute-onset T1D. While no significant difference was found in the HbA1c 
value between acute-onset T1D and SPIDDM, the average (standard devia-
tion: SD) HbA1c of T1D was 9.6 (2.2) %, indicating that a large proportion of the 
subjects had poor metabolic control. As expected, CPI was significantly lower 
in acute-onset T1D than in SPIDDM. GADAb-RIA titer tended to be higher in 
SPIDDM than in acute-onset T1D. GADAb-ELISA and IA-2Ab titers, in contrast, 
tended to be higher in acute-onset T1D than SPIDDM, but not to a degree 
reaching statistical significance. ZnT8Ab titers were significantly higher in pa-
tients with acute-onset T1D than in patients with SPIDDM. 

Analysis of Pancreatic Volume
As shown in Figure 1, the PV was significantly correlated with body weight in 
both the non-DCs and the patients with T1D. Thus, the pancreatic volume in-
dex (PVI, PV/body weight) was used for comparisons across multiple groups in 
the present study. The mean PVI in the patients with T1D was approximately 
40% lower than that in the non-DCs (0.65 cm³/kg vs. 1.09 cm³/kg, P <0.0001, 
Figure 2A). The mean PVI was significantly lower in both the acute-onset T1D 
(0.57 cm³/kg) and SPIDDM (0.71 cm³/kg) compared to the non-DCs (Figure 2B).

A significant correlation was found between the PVI and the duration of 
diabetes in T1D and SPIDDM, but not in acute-onset T1D (Figure 3). All of the 
patients with acute-onset T1D were under intensive-insulin therapy alone. In 
contrast, the treatment of SPIDDM varied as insulin in combination with oral 
hypoglycemic agents (OHAs), insulin monotherapy, OHAs, and diet and exer-
cise alone. Thus, we performed additional analysis to examine the correlation 

Table 2. Comparison of Pancreatic Volume Index Between SPIDDM (n=39) and NDC (n=39) Patients

Variable SPIDDM Non-DCs

Insulin plus OHAsa P1 Insulin Monotherapy P2 OHAsb P3 Diet and Exercise Alone P4

Number 6 NA 18 NA 7 NA 8 NA 39

Age, years 63.5 ± 9.9 NA 57.3 ± 12.0 NA 52.0 ± 15.8 NA 53.0 ± 8.9 NA 48.1 ± 11.3

Disease duration, years 12.5 ± 9.9 NA 11.1 ± 9.7 NA 4.6 ± 4.5 NA 3.4 ± 4.1 NA NA

PVI, cm³/kg 0.57 ± 0.27 <0.05 0.64 ± 0.20 <0.05 0.83 ± 0.31 <0.01 0.86 ± 0.28 NS 1.09 ± 0.29
a dipeptidyl peptidase-4 inhibitors (DPP-4i, n = 2); α-glucosidase inhibitors (αGI, n = 3); biguanides (BG, n = 2); thiazolidinediones (TZDs, n = 1); sulfonylureas (SU, n = 1).  
b DPP-4i (n = 5); αGI (n = 2); BG (n = 4); TZDs (n = 2); rapid-acting insulin secretagogues (n = 1); sodium-glucose cotransporter 2 inhibitors (n = 1); SU (n = 4).
Values are presented as mean ± standard deviation. P1 indicates a comparison between insulin plus OHAs group and non-DCs; P2 indicates a comparison between insulin monotherapy group and non-
DCs; P3 indicates a comparison between OHAs group and non-DCs;  P4 indicates a comparison between diet and exercise alone group and non-DCs. NA, not-available; Non-DCs, non-diabetic controls; 
NS, not significant; OHAs, oral hypoglycemic agents; PVI, pancreatic volume index.

Figure 1. Relationship between the pancreatic volume and body weight. Pancreatic volume has been significantly correlated with body weight in patients with type 1 diabetes (panel 
A) as well as non-diabetic controls (panel B).
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between PVI and the treatment for diabetes among the patients with SPIDDM. 
The PVI was significantly lower in insulin in combination with OHAs, insulin 
monotherapy, and OHAs compared to non-DCs. There was no difference in 
PVI between the diet-and-exercise-alone group and the non-DCs (Table 2).

Pancreatic Volume Index and Titers of Islet-Autoantibodies
No statistically significant correlation was found between the PVI and titers 
of GADAb-RIA and -ELISA in acute-onset T1D or SPIDDM (Figure 4). While a 
significant inverse correlation was found between the PVI and IA-2Ab titer in 
T1D (r = -0.259, P = 0.0372) in agreement with our previous research [15], no 
statistically significant correlation was found between the PVI and IA-2Ab titer 
in either acute-onset T1D or SPIDDM (Figure 5). In addition, no statistically sig-
nificant correlation was found between the PVI and ZnT8Ab titer in total T1D, 
acute-onset T1D, or SPIDDM (data not shown).

Next, to further clarify the characteristics of the patients with higher titers 
of IA-2Ab, the patients with T1D were divided into three groups for PVI analy-

sis by a nonparametric multiple comparison among them: a high-IA-2Ab-titer 
group (n = 12, IA-2Ab ≥10 U/ml), low-IA-2Ab-titer group (n = 22, 10 > IA-2Ab ≥ 
0.4 U/ml), and IA-2Ab-negative group (n = 31, IA-2Ab <0.4 U/ml).

The PVI was significantly lower in the high-IA-2Ab group than in the 
IA-2Ab-negative group (0.50 cm³/kg vs. 0.70 cm³/kg, P = 0.0283) (Figure 6). 
The high-IA-2Ab group had a higher prevalence of acute-onset cases, high-
er titers of GADAb-ELISA and ZnT8Ab, and lower BMI when compared to the 
IA-2Ab-negative group (Table 3).

Pancreatic Volume Index and Number of Positive Islet 
Auto-Antibodies
We investigated the correlation between the PVI and the number of positive is-
let autoantibodies (n = 25, GADAb [RIA and ELISA], IA-2Ab, and ZnT8Ab, Figure 
7). The single-positive islet autoantibody group (GADAb-RIA, GADAb-ELISA, or 
both) included 3 patients with acute-onset T1D and 8 patients with SPIDDM. 
The double-positive islet autoantibodies group (GADAb & IA-2Ab, n = 7; GAD-

Table 3. Comparison Between IA-2Ab High Titer Group and IA-2Ab-Negative Group

Variable High Titer Negative P

Number 12 31 NA

Sex, male /female 3 / 9 10 / 21 NS

Frequency of acute-onset type 1 diabetes, % 75.0 29.0 0.013

Age, years 47.7 ± 4.4 54.7 ± 2.8 NS

Body mass index, kg/m² 20.8 ± 1.26 24.2 ± 0.78 0.027

C-peptide index 0.35 ± 0.18 0.60 ± 0.11 NS

GADAb titers, U/mLa 32.25 ± 8.78 6.53 ± 5.07 NS

GADAb titers, U/mLb 976.8 ± 195.6 218.4 ± 123.7 0.002

ZnT8Ab titers, U/mLc 83.1 ± 25.5 1.43 ± 18.0 0.039
a GADAb titer assessed with RIA in 8 patients of the high titer group and in 24 patients of the negative group. 
b GADAb titer assessed with ELISA in 12 patients of the high titer group and in 30 patients of the negative group. 
c ZnT8Ab titer assessed in 6 patients of the high titer group and in 12 patients of the negative group.

Values are presented as mean ± standard deviation. We classify patients into 3 groups according to IA-2Ab titer following (1) IA-2Ab  ≥10.0 U/mL defined as high titer, (2) 0.4 to 10.0 U/ml defined as low 
titer, and (3) <0.4 U/mL defined as negative. ELISA, enzyme-linked immunosorbent assay; GADAb, glutamic acid decarboxylase antibody; NA, not available; NS, not significant; RIA, radioimmunoassay; 
ZnT8Ab, zinc transporter 8 autoantibody.
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Figure 2. Pancreatic volume index of type 1 diabetes and non-diabetic controls. (A) The mean pancreatic volume index (PVI, pancreatic volume / body weight) is significantly lower in 
T1D (0.65 cm³/kg) than in non-diabetic controls (1.09 cm³/kg, P <0.0001). (B) The mean PVI is significantly lower in acute-onset T1D (n = 32, 0.57 cm³/kg) and SPIDDM (0.71 cm³/kg) than 
in non-diabetic controls (P <0.0001). The mean PVI is significantly lower in acute-onset T1D than in SPIDDM (P = 0.0218). The horizontal line represents the group mean value. SPIDDM, 
slowly progressive insulin-dependent diabetes mellitus; T1D, Type 1 diabetes.
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Figure 3. A significant inverse correlation is found between pancreatic volume index (pancreatic volume / body weight) and the disease duration in type 1 diabetes 
(panel A, r = -0.23, P = 0.049) and SPIDDM (panel C, r = -0.36, P = 0.026), but not in acute-onset type 1 diabetes (panel B). SPIDDM, slowly progressive insulin-dependent 
diabetes mellitus.

Figure 4. Relationship between the pancreatic volume index and titer of GADAb by the RIA and ELISA method. No statistically significant correlation has been found 
between the pancreatic volume index (pancreatic volume / body weight) and titers of GADAb-RIA and -ELISA in acute-onset type 1 diabetes or SPIDDM. ELISA, en-
zyme-linked immunosorbent assay; GADAb, glutamic acid decarboxylase antibody; RIA, radioimmunoassay; SPIDDM, slowly progressive insulin-dependent diabetes 
mellitus.
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Figure 5. Relationship between the pancreatic volume index (pancreatic volume / body weight; PVI) and titer of IA-2Ab. A significant inverse correlation has been 
found between the PVI and titer of IA-2Ab in T1D patients (A). However, no statistically significant correlation has been found between PVI and IA-2Ab titer in acute-on-
set T1D patients (B) or SPIDDM patients (C). IA-2Ab, insulinoma-associated antigen-2 autoantibodies; N.S., not significant; SPIDDM, slowly progressive insulin-depen-
dent diabetes mellitus; TID, type 1 diabetes.

Figure 7. Relationship between the pancreatic volume index and stratification of the number of positive islet-autoantibodies. The mean pancreatic volume index 
(pancreatic volume / body weight) is not associated with the triple-positive islet autoantibodies (GADAb & IA-2Ab & ZnT8Ab) in patients with T1D (open triangles, 
acute-onset T1D; closed circles, SPIDDM). The horizontal line represents the group mean value. GADAb, glutamic acid decarboxylase antibody; IA-2Ab, insulinoma-as-
sociated antigen-2 autoantibodies; N.S., not significant; SPIDDM, slowly progressive insulin-dependent diabetes mellitus; T1D, type 1 diabetes; ZnT8Ab, zinc transporter 
8 autoantibody.

Figure 6. Relationship between the pancreatic volume index and titer of IA-2Ab. The mean pancreatic volume index (pancreatic volume / body weight) is significantly 
lower in the high-IA-2Ab group (n = 12, IA-2Ab ≥10 U/ml) than in IA-2Ab-negative group (n = 31, IA-2Ab <0.4 U/ml). The horizontal line represents the group mean value. 
IA-2Ab, insulinoma-associated antigen-2 autoantibodies; N.S., not significant.



Ab & ZnT8Ab, n = 1) included 5 patients with acute-onset T1D and 3 patients 
with SPIDDM. All the patients in the triple-positive islet autoantibodies group 
(GADAb & IA-2Ab & ZnT8Ab) had acute-onset T1D. The mean PVI tended to 
decrease as the number of positive islet autoantibodies increased, but the dif-
ferences in the PVI among the groups were not significant.

Comparison of the Pancreatic Volume Index Between the 
GADAb-ELISA (+) and GADAb-ELISA (-) SPIDDM Patients Who 
Tested Positive for GADAb by RIA
From December 2015, the method for measuring GADAb was switched from 
the RIA method to the ELISA method in Japan. Although the commercially 
available GADAb-ELISA is reported to have higher specificity for the diagnosis 
of T1D compared with the GADAb-RIA in western countries [23], approximate-
ly 30% of the SPIDDM patients who test positive on GADAb-RIA are reported 
to test negative on GADAb-ELISA [24].

To compare the PVI between the GADAb-ELISA (+) group and -ELISA (-) 
group, we analyzed the PVIs of 26 participants in whom GADAb-RIA and -ELISA 
were measured simultaneously (Table 4). Through this analysis, 13 (50%) of 
the 26 patients with SPIDDM were found to be negative in the GADAb-ELI-
SA measurement (1 patient who tested negative in both the RIA and ELISA 
measurements was excluded in this analysis). The GADAb-ELISA (-) group 
had a higher BMI and higher CPI when compared to the -ELISA (+) group. The 
GADAb-RIA titers were significantly lower in the GADAb-ELISA (-) group than in  

the -ELISA (+) group (average ± standard deviation, 4.36 ± 4.05 IU/mL vs. 2083 
± 6376 IU/mL, P = 0.0044).

The PVI was significantly lower in the GADAb-ELISA (+) group and -ELISA (-)  
group compared to the non-DCs group (Figure 8). No significant difference 
was found in the mean PVI between the GADAb-ELISA (+) group and -ELISA (-) 
group (0.67 cm³/kg vs. 0.79 cm³/kg, respectively, P = 0.3299).

DISCUSSION 

We recently reported an inverse correlation between IA-2Ab titers and PVI 
among the patients with T1D [15]. The association of PVI with islet autoanti-
body status (type, number, and methods) remains to be elucidated, however, 
in acute-onset T1D and SPIDDM. The present study has demonstrated two 
never-before-reported findings on the PVI of patients with acute-onset T1D 
and SPIDDM. First, the PVI was significantly reduced in T1D patients with high 
IA-2Ab titer (≥10.0U/ml) compared to the T1D patients who tested negative 
for IA-2Ab titer. These patients had more prevalence of acute-onset cases, 
GADAb-ELISA and ZnT8Ab in high levels, and less BMI, indicating phenotypic 
characteristics in acute-onset T1D. In addition, we found that neither GADAb 
titer, ZnT8Ab titer nor the number of positive islet autoantibodies were all as-
sociated with PVI in both the acute-onset T1D and SPIDDM patients. 

Accumulating evidence suggests that the noninvasive imaging of the 
pancreas often reveals a reduced pancreas size in acute-onset T1D [5] and 
SPIDDM [6]. The clinical implications of this reduction in the size of the pan-
creas have yet to be fully understood. The earlier research on pathology has 
assumed that the mechanisms underlying the reduced pancreas size in T1D 
largely stems from a loss of insulinotropic effects acting on the exocrine pan-
creas, as insulin is a potent growth factor for the exocrine pancreas [2-4].  
Several groups, however, have reported an absence of any relationship be-
tween the PV and residual β-cell function in the acute-onset T1D and SPIDDM 
patients [12,15]. The data from these reports suggest that the reduced PV of 
T1D (irrespective of subtypes) is unrelated to the loss of β-cell function. 

Reduced pancreatic size has recently been observed in adults with newly 
diagnosed acute-onset T1D [12] and islet autoantibody-positive non-diabet-
ic donors [14]. In addition, Wiberg et al. reported that the histopathological 
finding of CD45+ cells infiltration were shown in exocrine pancreas and those 
cells might contribute to the development of exocrine autoantibodies in the 
islet-autoantibody positive non-diabetic donors [26]. These suggest that the 
exocrine pancreatic atrophy and exocrine inflammation might stem from 
autoimmunity development against both pancreatic endocrine and exo-
crine cells and precede the onset of acute-onset T1D. Among the different 
islet autoantibodies, IA-2Ab is well recognized to be a more specific marker of 
autoimmune-mediated destruction of beta cells than GADAb [20] or ZnT8Ab 
[21]. Considering that higher titers of IA-2Ab are associated with reduced PVI 
in T1D, especially acute-onset T1D with high titers of GADAb and ZnT8Ab, we 
presume that the autoimmune pathogenesis of the disease contributes to re-
duced PVI in the patients with acute-onset T1D. 

Second, the PVI reduction is found to take place over time in SPIDDM, 
although it begins at or near the disease onset and is minimally altered in 

Figure 8. Comparison of the pancreatic volume index between GADAb-ELI-
SA-positive and GADAb-ELISA-negative SPIDDM patients. The mean pancreatic 
volume index (pancreatic volume / body weight) is significantly lower in the GAD-
Ab-ELISA-positive group and -ELISA-negative group compared to non-diabetic 
controls (P <0.0001, P = 0.007, respectively). The horizontal line represents the 
group mean value. ELISA, enzyme-linked immunosorbent assay; GADAb, glutam-
ic acid decarboxylase antibody; N.S., not significant; SPIDDM, slowly progressive 
insulin-dependent diabetes mellitus.
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Table 4. Comparison Between GADAb-ELISA (+) and GADAb-ELISA (-) SPIDDM Patients

Variable ELISA Positive (n = 13) ELISA Negative (n = 13) P

Age 56.7 ± 10.2 60.3 ± 13.1 NS

Disease duration, years 8.4 ± 9.8 9.9 ± 8.5 NS

BMI, kg/m² 21.9 ± 2.77 27.6 ± 3.89 <0.001

C-peptide index 0.50 ± 0.35  1.21 ± 0.66 0.006

GADAb titers (RIA), U/mL 2083 ± 6376 4.36 ± 4.05 0.004

Values are presented as mean ± standard deviation. We classified patients who measured GADAb by RIA and ELISA both simultaneously into 2 groups, ELISA positive group and ELISA negative 
group. GADAb-RIA was positive for all cases. ELISA, enzyme-linked immunosorbent assay; GADAb, glutamic acid decarboxylase antibody; NS, not significant; RIA, radioimmunoassay; SPIDDM, slowly 
progressive insulin-dependent di-abetes mellitus.
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the patients with acute-onset T1D who have suffered the disease for as long 
as several decades. Our group previously reported that SPIDDM patients 
had reduced pancreatic weight, along with intraepithelial neoplasia (PanIN) 
lesions accompanied by inflammatory changes [6]. The acinar cells around 
the PanIN in these subjects were extensively injured or completely lost, with  
extensive infiltration of inflammatory cells into the area, and ultimately lobu-
lar atrophy (unpublished observations by T. Fukui). According to descriptions 
of postmortem pancreatography by Suda et al., the findings of PanIN increase 
in frequency as the age of the individual advances [27]. Given that SPIDDM 
is characterized by a late age of onset and slowly but progressive functional 
impairment of β-cells [17], a ductcentric lobular atrophy that progressed with 
time over the course of the disease independently of islet auto-immunity and 
residual β-cell function might have partly contributed to the reduced PVI of 
the SPIDDM patients observed in the current study. 

Another novel finding from the current study was a similar reduction of 
the PVI in SPIDDM patients with GADAb-RIA (+) / GADAb-ELISA (+) and those 
with GADAb-RIA (+) / GADAb-ELISA (-), when compared to the PVI of the non-
DCs patients. Thirteen (50%) of the 26 GADAb-RIA-positive SPIDDM patients 
in the present study turned out to be GADAb-ELISA (-), which agreed with the 
previous reports [24]. While the reason for this seroconversion in SPIDDM pa-
tients has yet to be explained, the CPI of the patients who tested negative on 
GADAb-ELISA was significantly preserved compared to the CPI of the patients 
who tested positive (1.21 ± 0.66 vs. 0.50 ± 0.35, P = 0.0066). The disease of the 
patients who tested negative on GADAb-ELISA, it would seem, ran a less pro-
gressive course than the disease of the patients who tested positive. 

There are several limitations in the current study. First, we examined a 
relatively small sample, and the retrospective and cross-sectional design of 
the study limited the precision of the results. Second, our outpatient results 
should be interpreted with caution, as the CT scans and measurements of 
islet-autoantibodies were not carried at the same time. Third, among islet- 
autoantibodies, we were not able to clarify the reason why titers of IA-2 Ab 
alone was associated with reduced PV in patients with T1D. However, since 
these pa-tients with high IA-2Ab titer had GADAb-ELISA and ZnT8Ab in high 
levels, titers of IA-2Ab was presumed to be indica-tive of reduced PV in auto-
immune-related T1D. Finally, the study shed no light on the precise mecha-
nism(s) underlying the PVI reduction in acute-onset T1D or any explana-tion 
as to why the reduction took place irrespective of the disease duration. A large 
cohort of patients at high risk of developing acute-onset T1D would be re-
quired to clarify the mechanism(s) of the decreased PVI in acute-onset T1D.

CONCLUSION

A higher titer of IA-2Ab reflects a reduced pancreatic size in the patients with 
T1D, especially in those with the acute-onset form of the disease. The poten-
tial mechanisms underlying the reduced pancreatic size might differ between 
acute-onset T1D and SPIDDM.
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