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Abstract

Aims—To determine if the presence of diabetes autoantibodies predicts the development of

diabetes among participants in the Diabetes Prevention Program.

Methods—A total of 3050 participants were randomized into three treatment groups: intensive

lifestyle intervention, metformin and placebo. Glutamic acid decarboxylase (GAD) 65

autoantibodies and insulinoma-associated-2 autoantibodies were measured at baseline and

participants were followed for 3.2 years for the development of diabetes.
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Results—The overall prevalence of GAD autoantibodies was 4.0%, and it varied across racial/

ethnic groups from 2.4% among Asian-Pacific Islanders to 7.0% among non-Hispanic black

people. There were no significant differences in BMI or metabolic variables (glucose, insulin,

HbA1c, estimated insulin resistance, corrected insulin response) stratified by baseline GAD

antibody status. GAD autoantibody positivity did not predict diabetes overall (adjusted hazard

ratio 0.98; 95% CI 0.56–1.73) or in any of the three treatment groups. Insulinoma-associated-2

autoantibodies were positive in only one participant (0.033%).

Conclusions—These data suggest that ‘diabetes autoimmunity’, as reflected by GAD antibodies

and insulinoma-associated-2 autoantibodies, in middle-aged individuals at risk for diabetes is not a

clinically relevant risk factor for progression to diabetes.

Introduction

The prevention or delay of diabetes in adults is possible based on a number of randomized

controlled trials [1-7]. Most studies have been conducted in individuals at high risk with

impaired glucose tolerance and/or impaired fasting glucose. Diabetes was diagnosed using

an oral glucose tolerance test and cases were presumed to have Type 2 diabetes. In addition

to this common form of diabetes among adults, there have been consistent findings of cases

of autoimmune diabetes occurring in adults over the age of 30–40 years, often termed latent

autoimmune diabetes of adulthood [8], with a more rapid requirement for insulin therapy

[9].

The Diabetes Prevention Program was designed to investigate the prevention of diabetes in

adults at high risk. During the design phase it was not clear what proportion of subjects

would have diabetes autoantibodies. Based on previous studies [10-13], we expected that the

Diabetes Prevention Program population would have a prevalence of diabetes autoantibodies

of <5%; therefore, it was decided that diabetes autoantibodies would not be an exclusion

criterion but, instead, the presence of diabetes autoantibodies would be characterized after

the study began. The aim of the present study was to explore whether the presence of

diabetes autoantibodies at baseline influenced diabetes risk, overall or by treatment group.

Participants and Methods

The Diabetes Prevention Program methods have been published previously [1]. Participants

had available data on elevated fasting and post-load glucose levels and were randomized to

either intensive lifestyle therapy, metformin or placebo. Diabetes was diagnosed using an

annual oral glucose tolerance test and semi-annual fasting glucose levels, with confirmation

of positive tests. The ClinicalTrials.gov registration number was NCT00004992

(www.clinicaltrials.gov). All participants provided written informed consent through their

local institutional review boards.

Diabetes autoantibody measurements were performed at the Northwest Lipid Research

Laboratory, University of Washington, Seattle, WA, USA. Glutamic acid decarboxylase

(GAD) 65 autoantibodies and insulinoma-associated-2 autoantibodies were measured at

baseline for all randomized participants according to assays used at the time. Of the 3234

randomized participants, 94.3% had samples for diabetes autoantibody analysis at
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randomization. The clinical and metabolic characteristics of these particpants did not differ

from participants without samples. After completion of these assays, an international

laboratory harmonization project was undertaken [14] to allow better comparison across

laboratories, including the Diabetes Prevention Program laboratory.When the harmonized

assay became available, we repeated the tests on all samples previously positive for either

the GAD antibody or insulinoma-associated-2 autoantibody assays (n=367) and a race/

ethnicity-stratified random sample of participants (n=500) previously negative on both tests.

Insulin autoantibody testing was not conducted since it was not standardized at the time of

the first assay and was not included in the subsequent harmonization effort.

Samples were analysed for GAD and insulinoma-associated-2 autoantibodies using the

harmonized protocol [14]. A radio-labelled human recombinant GAD65 was produced

(Promega Inc., Madison, WI, USA) using a pThGAD65 clone. The concentration of GAD

autoantibodies was determined using the standard curve and was expressed in GAD65

harmonized DK units. A DK value of ≥33, equivalent to the 99th percentile in 500 Diabetes

Autoantibodies Standardization Program control subjects, was considered positive, with

88% sensitivity and 94.9% specificity compared with Diabetes Autoantibodies

Standardization Program 2010 workshop standards. The insulinoma-associated-2

autoantibody assay was identical to the GAD65 autoantibody assay except that 35S-labelled

insulinoma-associated-2 was used as a tracer. The assay used a pSP64-PolyA-IA-2ic clone

(amino acids 601–979) in the in vitro insulinoma-associated-2 IC transcription and

translation system to produce 35S-IA2 trace. Using the standard curve a sample with DK

value ≥ 5 was positive (99th percentile in Diabetes Autoantibodies Standardization Program

control subjects) for a 62% sensitivity and 100% specificity, similar across laboratories [14].

Statistical analysis

The prevalence of diabetes autoantibody positivity and baseline characteristics was

estimated for all 3050 participants using a stratified sampling method with inverse

probability weighting [28]. The diabetes incidence rate by baseline diabetes autoantibody

status was calculated as number of new events per 100 person-years of follow-up. Cox’s

proportional hazard modelling [15] assessed the association between diabetes autoantibody

status and diabetes risk, without or with adjustment for covariates. Treatment groups by

antibody interactions were assessed as in previous Diabetes Prevention Program analyses

[1]. An a priori aim was to assess the effect of baseline diabetes autoantibody positivity on

diabetes incidence in each treatment group, with the hypothesis that any effect would be

apparent among untreated individuals (placebo), but treatment with metformin or intensive

lifestyle intervention would modify this association. Although interaction terms were not

statistically significant, we stratified the diabetes incidence analyses by treatment group as

an exploratory analysis.

Results

Among the 3050 participants, only one participant was insulinoma-associated-2

autoantibody-positive, an estimated prevalence of 0.033%. All subsequent analyses focused

only on GAD autoantibody status at baseline. Table 1 shows that there were no significant
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differences in age, BMI or metabolic variables according to baseline GAD autoantibody

status. Overall, the estimated prevalence of GAD autoantibodies was 4.0% and varied by

race/ethnicity, from 2.4% among Asian Pacific Islanders, 2.5% in Hispanic participants,

3.3% in non-Hispanic white participants, 5.4% in American-Indian participants, to 7.0% in

non-Hispanic black participants.

Next, we explored whether baseline GAD autoantibody status predicted diabetes incidence.

In none of the sequentially adjusted models tested was there a significant association of

GAD autoantibody positivity with incident diabetes (unadjusted hazard ratio: 0.77, 95% CI:

0.42–1.41; hazard ratio adjusted for age, sex, race/ethnicity and treatment assignment: 0.74,

95% CI: 0.40–1.37; hazard ratio additionally adjusted for fasting and 2-h glucose and

insulin, HbA1c, homeostatic model assessment of insulin resistance, corrected insulin

response and BMI: 0.98, 95% CI: 0.56–1.73). Interactions between treatment group and

GAD autoantibody positivity were not significant (P<0.05). Figure 1 shows that diabetes

incidence did not differ by GAD autoantibody status in any treatment group. GAD

autoantibodies were not significantly predictive using different thresholds for positivity or

when titres were analysed as a continuous variable (not shown).

Discussion

The present study provides evidence that positivity for GAD autoantibodies at baseline in

participants at high risk in the Diabetes Prevention Program did not predict the incidence of

diabetes over 3 years of follow-up. With the harmonized insulinoma-associated-2

autoantibody assay only one participant was positive, which was not informative.

Comparisons of our results with other studies should be performed with persons at risk of

diabetes and not with those with diagnosed diabetes. GAD autoantibody prevalence has been

reported to range from 0% in Japanese people with impaired glucose tolerance [16] to 3.6%

in the Finnish Botnia Study [17], with intermediate prevalence rates in other reports

[13,18-20]. The prevalence of insulinoma-associated-2 autoantibodies among adults at risk

for diabetes has been less well studied, but was found to be 0% in Northern Italy [18] and

1.2% in Sweden [20].

Our results for GAD autoantibodies, although not those for insulinoma-associated-2

autoantibodies, in a multiethnic population, are somewhat higher than these estimates.

Studies of autoantibodies in minority populations are limited. Among individuals at low risk

and aged ≥40 years in the third National Health and Nutrition Examination Survey, 2.0% of

non-Hispanic white people, 1.3% of non-Hispanic black people, and 2.6% of Hispanic

people were GAD autoantibody-positive [21]. Among young Pima Indian people with

diabetes, 5.6% were GAD antibody-positive, though at low titres [22], and none had typical

Type 1 diabetes. Among Filipino people with Type 2 diabetes and control subjects, no

insulinoma-associated-2 autoantibodies were detected [23]. These results are more

consistent with our estimates.

Our finding that GAD autoantibody positivity did not predict diabetes incidence is

consistent with some [18,24], but not all studies [12,25,26]. The Atherosclerosis Risk in
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Communities Study found no excess risk (hazard ratio: 1.04, 95% CI: 0.55–1.96) for GAD

autoantibody-positive participants [24]. In the Cremona Italy study, none of the participants

with normal glucose tolerance who were GAD autoantibody- and/or insulinoma-

associated-2 autoantibody-positive progressed to diabetes over an 8-year follow-up [18]. By

contrast, the Multiple Risk Factor Intervention Trial found an adjusted odds ratio for the

association between GAD autoantibodies and diabetes risk of 3.6 (0.7–18.8) [12] In the

Botnia Study, GAD autoantibody positivity was associated with higher diabetes risk 8 years

later (14.2 vs 5.3%, P<0.00001) [26]; however, they reported that baseline GAD

autoantibody status did not predict diabetes in a subset of individuals with no family history

of diabetes, and low to medium levels of GAD autoantibodies, results similar to those of the

present study. In the follow-up of the Västerbotten County Project [25], 28% of the GAD

autoantibody-positive participants developed diabetes (relative risk: 7.2, 3.7–13.9). The

authors also found an overall increase in GAD autoantibody epitopes detected, a different

epitope pattern than was detected in school children with pre-diabetes developing Type 1

diabetes [27]. It is possible that the epitopes detected by our harmonized GAD autoantibody

assay differed from those in studies that did observe a higher risk of diabetes development

among GAD autoantibody-positive individuals. Interestingly, in the Diabetes Prevention

Program, the number of diabetes autoantibody-positive participants was lower when using

the harmonized GAD and insulinoma-associated-2 autoantibody assays than with the ones in

use at the start of the study (122 vs 367).

The present study has limitations and strengths. We only measured diabetes autoantibodies

in a single specimen at baseline; measurements were not repeated at diabetes onset, so their

persistence was not assessed. The sample size, despite being the largest study of individuals

with impaired glucose tolerance reporting diabetes autoantibodies testing, may have been

too small to detect a low excess risk associated with diabetes autoantibody positivity.

Importantly, the present study is one of only few studies to include a high proportion of

participants of minority race/ethnicity, with over 3 years of careful prospective follow-up,

high retention rates and standardized testing for diabetes outcomes.

We showed that GAD autoantibody positivity at baseline was not associated with higher

diabetes risk and the overall profile of other risk factors was similar according to baseline

GAD autoantibody status. These data suggest that ‘diabetes autoimmunity’ as reflected by

GAD and insulinoma-associated-2 autoantibody positivity in middle-aged individuals at

high risk for diabetes is not a clinically relevant risk factor for progression to diabetes.
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What’s new?

• It is unclear whether diabetes autoantibodies predict Type 2 diabetes among

people with pre-diabetes (impaired fasting glucose and impaired glucose

intolerance), especially in minority populations.

• Diabetes autoantibodies (such as glutamic acid decarboxylase autoantibodies

and insulinoma-associated-2 autoantibodies) were measured at baseline in the

Diabetes Prevention Program and participants were followed for 3 years

• Diabetes autoantibodies did not predict the development of diabetes in any

treatment or race/ethnic group.

• Measuring diabetes autoantibodies in middle-aged adults at high risk is not

clinically useful for diabetes prediction.
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FIGURE 1.
Incidence of diabetes over 3.2 years (per 100 person-years with 95% CIs), by treatment

group and glutamic acid decarboxylase (GAD) status at baseline in the Diabetes Prevention

Program.

et al. Page 9

Diabet Med. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

et al. Page 10

Table 1

Baseline characteristics of Diabetes Prevention Program participants, by glutamic acid decarboxylase

autoantibody positivity

GAD autoantibodies*

Characteristics Negative Positive P†

No. of particpants, n 2928 122

Median (IQR) age at randomization, years 50.7 (45.0–58.4) 49.5 (44.8–58.5) 0.5855

Sex, %

 Male 96.0 4.0 0.9652

 Female 96.0 4.0

Diabetes Prevention Program intervention %

 Placebo 96.8 3.2%

0.5921 Metformin 95.1 4.9%

 Lifestyle 96.0 4.0%

Median (IQR) BMI, kg/m2 32.2 (28.8–37.2) 30.7 (27.1–37.8) 0.5506

Median (IQR) fasting glucose, mmol/l 5.8 (5.5–6.1) 5.8 (5.6–6.1) 0.9539

Median (IQR) 2-h glucose, mmol/l 9.1 (8.3–10.0) 9.3 (8.5–9.9) 0.2891

Median (IQR) HbA1c

 mmol/mol 40 (38–44) 40 (38–44)
0.4641

 % 5.8 (5.6–6.2) 5.8 (5.6–6.2)

Median (IQR) fasting insulin, pmol/l 142.8 (99.6–192.6) 149.4 (106.2–207.6) 0.3048

Median (IQR) insulin resistance, HOMA‡ 6.3 (4.4–8.6) 6.5 (4.5–9.0) 0.3280

Median (IQR) insulin secretion, CIR§ 0.6 (0.3–0.8) 0.6 (0.3–0.9) 0.1648

GAD, glutamic acid decarboxylase; IQR, interquartile range; HOMA, homeostatic model assessment; CIR, corrected insulin response.

*
Values are estimates for all 3050 participants using a stratified sampling method with inverse probability weighting [28].

†
Pearson’s chi-squared test for quantitative variables, and Wilcoxon’s rank sum tests for qualitative variables.

‡
Fasting insulin (IU/mL) × fasting glucose (mmol/L) / 22.5 [29]: (100 × 30-min insulin) / (30-min glucose × 30-min glucose-70 mg/dl) [30].

§
CIR was expressed using glucose and insulin measured in conventional units, as a formula using SI units has not yet been developed).
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