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Effects of age-at-diagnosis and duration of diabetes on GADA and IA-2A positivity 
 
Duration of diabetes was inversely correlated with age-at-diagnosis (ρ=-0.13). However, as backward 
stepwise regression was used to test which covariates were required when testing for associations with 
autoantibody positivity, GADA and IA-2A positivity were both associated with an older age-at-
diagnosis as well as a longer duration of disease. The effects attributable to both covariates (and also to 
sex with GADA) were accounted for in the models testing for genetic associations, (Methods) to ensure 
the associations obtained with autoantibody positivity were due to genotype. 
 
This can be illustrated by comparison of autoantibody positivity by age-at-diagnosis in those cases with 
the shortest duration of disease, to cases with the longest duration of disease. Within the cases having 
diabetes for ≤ 2yrs, GADA positivity was 53% in cases with an age-at-diagnosis of ≤ 4 yrs, 57% in 
cases diagnosed between 5-7 years of age, 69% in those diagnosed between 8-11 years and 70% in those 
diagnosed between 12-16 years of age. So there was, as expected, a clear trend, that in the cases with the 
shortest duration of diabetes, GADA positivity was associated with an older age-at-diagnosis. A similar 
trend was also seen with IA-2A positivity, with 59% of cases diagnosis at ≤ 4 yrs positive for IA-2A 
compared to 71% of those diagnosed between 12-16 years. 
 
Comparison with cases that have had diabetes for over 8 years, reveals the same trend, that autoantibody 
positivity is correlated with an older age-at-diagnosis (despite an overall lower frequency of 
autoantibody positivity). 33% of cases diagnosed at ≤ 4 yrs of age were GADA positive; 36% of cases 
diagnosed between 5-7 years of age were GADA positive; 46% of cases diagnosed between 8-11 years 
were GADA positive and 50% of cases diagnosed between 12-16 years were GADA positive. Again the 
same trend was observed for IA-2A, with 29% of those diagnosed at ≤ 4 yrs positive for IA-2A 
compared to 52% of those diagnosed between 12-16 years of age. 
 
HLA class II associations with type 1 diabetes 
 
In order to fully understand the associations of the class II genes, HLA-DRB1 and HLA-DQB1 with the 
autoantibodies GADA and IA-2A, it is necessary to re-visit the associations of these genes with type 1 
diabetes.  
 
We used control DNA samples from the British 1958 Birth Cohort (n=5,395). Cases and controls were 
matched, using place of recruitment and place of birth respectively, for each of 12 geographical regions 
across Great Britain (Southern England, South-western England, South-eastern England, Eastern 
England, London, Midlands, Wales, North-eastern England, North Midlands, East and West Ridings, 
Northern England and Scotland) to minimise bias in our association results owing to varying disease 
prevalence and allele frequencies across Great Britain. 
 
Despite being genotyped in a set of 6,227 type 1 diabetes cases and 5,395 geographically matched 
controls (6,176 cases and 5,225 controls genotyped at both loci) there remained many genotypes that 
were rare (< 0.01 frequency in either cases or controls). So at HLA-DQB1, all the 05 subtypes were 
grouped together as a single allele, HLA-DQB1*05. HLA-DQB1*0601 was grouped with the rare allele 
HLA-DQB1*0602. For rare genotypes all the 06 subtypes were grouped into a single two-digit allele, 
HLA-DQB1*06 (i.e. 0301/060X and 060X/060X). Similarly at HLA-DRB1 the alleles, 12, 16 and 1001 
were grouped as they had a frequency of less than 0.01. Genotypes were also grouped, as so many rare 
genotypes (<0.01 frequency) were generated which leads to inestimable parameters in the statistical 
model (see footnote to Supplementary Table 1 and 2 for details). Logistic regression using disease status 
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as dependent variable and genotype (or allele) as independent variable was used to test for association 
with type 1 diabetes. Note, geographical region was included as a confounder to account for variation in 
disease incidence and allele/genotype frequency across Great Britain (refer to methods of main text). A 
genotype effects model (which does not assume a specific mode of inheritance) was compared to a 
multiplicative allelic effects model. The multiplicative model, as is well known, was not an appropriate 
approximation (P < 7 x 10-20) (10; 11). 
 
HLA-DQB1 and HLA-DRB1 genotypes were both strongly associated with type 1 diabetes (P = 0; 
Supplementary Table 1 and 2), further more, they had convincing independent effects on diabetes risk 
(P = 2.91x10-240, for addition of HLA-DQB1 genotypes to HLA-DRB1 genotypes; P = 1.28x10-240, for 
addition of HLA-DRB1 genotypes to HLA-DQB1 genotypes). Unexpectedly, a joint model including 
both HLA-DRB1 and HLA-DQB1, showed that the HLA-DQB1*0302/0302 genotype was more strongly 
associated with type 1 diabetes than HLA-DQB1*02/0302 (Supplementary Table 1). In contrast, the 
HLA-DRB1*03/04 genotypes were the most associated with type 1 diabetes after conditioning on HLA-
DQB1 (08/0401 had a larger OR but the 95% CIs overlapped those for 03/04 and this merely reflects the 
uncertainty in the effect estimate of the 08/0401 genotype as it is rare). Interestingly, the HLA-
DRB1*03/03 genotype which has an unconditional OR (4.57 [3.53 -5.92]; Supplementary Table 2) 
similar to HLA-DRB1*0401/0401 (OR = 4.79 [3.39-6.76]; Supplementary Table 2), following 
conditioning on HLA-DQB1, the susceptibility is significantly reduced with the 95% CI overlapping 
1.00. Similarly, the effects of HLA-DRB1*07/09, and *03/11 were reduced, while *03/13 is increased 
after conditioning on HLA-DQB1. 
 
Effects of duration of diabetes on genetic associations with autoantibody positivity 
 
As most cases were tested for autoantibodies after diagnosis, autoantibody positivity would be less than 
had all cases been tested for autoantibodies at time of diagnosis; we estimate the false negative rate to be 
less than 20%. This effect of duration on autoantibody positivity has been accounted for in the statistical 
analysis by including duration as a covariate in the regression models. Here we illustrate this with 
reference to the HLA-DRB1*03/04 genotype. 
 
First consider whether or not HLA-DRB1*03/04 is associated with GADA positivity. This can be tested 
in a logistic regression model, using GADA positivity as the outcome variable and HLA-DRB1*03/04 
genotype as independent variable. However, GADA is associated with increasing age-at-diagnosis, and 
HLA-DRB1*03/04 is also associated with age-at-diagnosis, i.e. age-at-diagnosis is a confounder to be 
included in the model. GADA positivity has a sex bias (more females are GADA positive than males) so 
sex is included as a covariate. Using a likelihood ratio test, this model (GADA ~ age-at-diagnosis + sex 
+ DR3/4) could be compared to a model without DR3/4, to determine whether or not DR3/4 is 
associated with GADA positivity. However, with this test, association of genotype with decline in 
GADA positivity with diabetes duration, could be detected but interpreted as association of GADA 
positivity with HLA-DRB1*03/04 genotype. Therefore, to account for decline in GADA positivity with 
diabetes duration, duration was included as a covariate. No evidence of association of GADA positivity 
with HLA-DRB1*03/04 genotype was obtained, P = 0.33. As the duration variable was included, 
decline in autoantibody positivity with disease duration was not tested. 
 
Association of the HLA-DRB1*03/04 genotype with decline in GADA positivity with increasing 
duration of disease can be tested. We do not have the appropriate study design for this and so the study 
(across individuals) does not have much statistical power to detect this, but we can apply the test. Using 
an interaction term in the logistic regression model with GADA positivity as the outcome variable, the 
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independent variables are then HLA-DRB1*03/04 genotype, age-at-diagnosis, sex, duration of disease, 
and the interaction of HLA-DRB1*03/04 with duration. This interaction term allows us to test the 
genotype dependence of decline in GADA positivity with duration of disease by comparing this model 
to a model without the interaction term using a likelihood ratio test. This was not significant, P = 0.15. 
So there was no association of genotype with decline in GADA positivity in our cohort with a median 
disease duration of 5 years.  
 
Note however, whether or not there is a genotype dependence of decline in autoantibody positivity with 
duration of disease a priori is unknown, so for all tests the duration variable was included to ensure we 
are testing association of GADA positivity with genotype without being confounded by decline in 
GADA positivity with diabetes duration. 
 
Using the same methods, there was no evidence of a HLA-DRB1*03/04 genotype dependence on 
decline in IA-2A positivity with duration of diabetes, P = 0.08. Furthermore, HLA-DRB1*03/04 was 
not associated with IA-2A positivity P=0.92. 
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Supplementary Table 1. Association of HLA-DQB1 with type 1 diabetes. Odds ratios (ORs) are reported for a model that only includes HLA-
DQB1 (unconditional model) and also for the model conditional on HLA-DRB1 genotypes. 
 

N (frequency) Unconditional  Conditional on HLA-DRB1 
Genotype Cases Controls OR [95% CI] OR [95% CI] 
0302/0302 404 (0.065) 54 (0.010) 0.77 [0.56-1.06] 7.94 [5.76-10.93] 1.92 [1.24-2.97] 5.53 [3.08-9.93] 
02/02 680 (0.110) 341 (0.064) 0.21 [0.17-0.25] 2.17 [1.79-2.63] 1.33 [0.66-2.69] 3.84 [1.85-7.99] 
0302/0604 141 (0.023) 43 (0.008) 0.33 [0.23-0.47] 3.37 [2.32-4.90] 1.11 [0.63-1.96] 3.20 [1.69-6.07] 
02/0302 2,382 (0.384) 247 (0.047) 1.00 [reference] 10.28 [8.47-12.48] 1.00 [reference] 2.89 [1.75-4.76] 
0302/0609 14 (0.002) 7 (0.001) 0.25 [0.10-0.64] 2.58 [1.01-6.57] 0.98 [0.33-2.91] 2.82 [0.92-8.70] 
0302/05 514 (0.083) 158 (0.030) 0.34 [0.27-0.42] 3.46 [2.75-4.35] 0.72 [0.45-1.15] 2.07 [1.22-3.52] 
0302/0603 96 (0.016) 61 (0.012) 0.17 [0.12-0.24] 1.72 [1.20-2.45] 0.57 [0.33-1.00] 1.65 [0.88-3.11] 
0302/04 132 (0.021) 25 (0.005) 0.51 [0.33-0.80] 5.25 [3.33-8.28] 0.53 [0.28-1.03] 1.54 [0.77-3.07] 
02/04 115 (0.019) 53 (0.010) 0.22 [0.16-0.32] 2.29 [1.60-3.29] 0.46 [0.27-0.77] 1.32 [0.78-2.22] 
05/05 48 (0.008) 110 (0.021) 0.04 [0.03-0.06] 0.45 [0.31-0.65] 0.44 [0.22-0.86] 1.27 [0.62-2.57] 
0302/0601 36 (0.006) 149 (0.028) 0.03 [0.02-0.04] 0.26 [0.18-0.39] 0.36 [0.18-0.72] 1.04 [0.51-2.14] 
02/0303 103 (0.017) 157 (0.030) 0.07 [0.05-0.09] 0.68 [0.51-0.91] 0.36 [0.21-0.61] 1.03 [0.61-1.76] 
02/0604 144 (0.023) 72 (0.014) 0.22 [0.16-0.30] 2.21 [1.61-3.05] 0.35 [0.19-0.66] 1.02 [0.50-2.05] 
02/05 390 (0.063) 414 (0.078) 0.10 [0.08-0.12] 1.00 [reference] 0.35 [0.21-0.57] 1.00 [reference] 
0302/0301 228 (0.037) 230 (0.043) 0.10 [0.08-0.13] 1.06 [0.84-1.34] 0.33 [0.23-0.47] 0.95 [0.57-1.59] 
05/04 29 (0.005) 36 (0.007) 0.09 [0.05-0.14] 0.88 [0.52-1.47] 0.26 [0.13-0.51] 0.75 [0.38-1.48] 
0302/0303 74 (0.012) 85 (0.016) 0.09 [0.06-0.12] 0.88 [0.62-1.24] 0.24 [0.16-0.36] 0.69 [0.39-1.23] 
0301/05 172 (0.028) 293 (0.055) 0.06 [0.05-0.08] 0.64 [0.51-0.81] 0.14 [0.09-0.23] 0.41 [0.24-0.70] 
0303/Y 34 (0.006) 231 (0.044) 0.02 [0.01-0.02] 0.15 [0.10-0.23] 0.13 [0.08-0.22] 0.38 [0.22-0.65] 
0301/0301 65 (0.011) 183 (0.035) 0.04 [0.03-0.05] 0.39 [0.28-0.53] 0.11 [0.07-0.17] 0.31 [0.18-0.55] 
02/0301 218 (0.035) 485 (0.092) 0.05 [0.04-0.06] 0.49 [0.39-0.60] 0.09 [0.07-0.11] 0.25 [0.15-0.40] 
05/0601 30 (0.005) 395 (0.075) 0.01 [0.01-0.01] 0.08 [0.05-0.12] 0.08 [0.04-0.15] 0.23 [0.12-0.44] 
0301/06 53  (0.009) 435 (0.082) 0.01 [0.01-0.02] 0.13 [0.09-0.18] 0.07 [0.04-0.11] 0.19 [0.11-0.34] 
02/0609 10 (0.002) 31 (0.006) 0.03 [0.02-0.07] 0.36 [0.17-0.75] 0.06 [0.02-0.15] 0.16 [0.06-0.45] 
0301/0303 17 (0.003) 123 (0.023) 0.01 [0.01-0.02] 0.14 [0.08-0.24] 0.05 [0.03-0.08] 0.14 [0.07-0.28] 
02/0603 31 (0.005) 138 (0.026) 0.02 [0.02-0.04] 0.26 [0.17-0.39] 0.04 [0.02-0.08] 0.12 [0.05-0.26] 
02/0601 12 (0.002) 354 (0.067) 0.004 [0.002-0.006] 0.04 [0.02-0.07] 0.04 [0.01-0.12] 0.12 [0.04-0.35] 
0402/X 7 (0.001) 50 (0.009) 0.01 [0.01-0.03] 0.14 [0.06-0.31] 0.04 [0.02-0.11] 0.12 [0.05-0.30] 
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0301/04 13 (0.002) 39 (0.007) 0.04 [0.02-0.07] 0.39 [0.20-0.75] 0.04 [0.01-0.10] 0.11 [0.04-0.30] 
06/06 6 (0.001) 296 (0.056) 0.002 [0.001-0.005] 0.02 [0.01-0.05] 0.02 [0.01-0.05] 0.06 [0.02-0.15] 

To reduce the number of rare genotype combinations, and create a model which had parameters that were estimable, some alleles and genotypes were 
grouped together. X and Y are used to represent a group of rare genotypes: X = all 05 alleles, all 06 alleles and 0402; Y = X and 0303. 
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Supplementary Table 2. Association of HLA-DRB1 with type 1 diabetes. Odds ratios (ORs) are reported for a model that only includes HLA-DRB1 
(unconditional model) and also for the model conditional on HLA-DQB1 genotypes. 
 

Genotype N ( frequency) Unconditional Conditional on HLA-DQB1 
 Cases Controls OR [95% CI] OR [95% CI] 

08/0401 113 (0.018) 17 (0.003) 0.73 [0.43-1.26] 6.12 [3.57-10.49] 2.12 [0.86-5.26] 
12.43 [5.10-
30.26] 

03/04 * 
1,629 
(0.263) 183 (0.034) 1.00 [reference] 8.33 [6.67-10.40] 1.00 [reference] 5.86 [4.32-7.94] 

03/0404 575 (0.093) 64 (0.012) 1.04 [0.77-1.41] 8.68 [6.39-11.79] 0.70 [0.50-0.96] 4.07 [2.79-5.94] 
0401/0401 257 (0.041) 51 (0.010) 0.58 [0.41-0.81] 4.79 [3.39-6.76] 0.69 [0.43-1.12] 4.05 [2.67-6.15] 
01/0401 520 (0.084) 153 (0.029) 0.38 [0.30-0.48] 3.17 [2.48-4.04] 0.68 [0.42-1.11] 3.98 [2.58-6.15] 
03/13 183 (0.030) 162 (0.030) 0.13 [0.10-0.18] 1.12 [0.86-1.47] 0.59 [0.32-1.12] 3.48 [1.87-6.47] 
4/04 ** 107 (0.017) 33 (0.006) 0.37 [0.24-0.57] 3.12 [2.04-4.79] 0.50 [0.29-0.87] 2.96 [1.82-4.81] 
03/R 204 (0.033) 97 (0.018) 0.23 [0.17-0.30] 1.89 [1.41-2.54] 0.45 [0.29-0.71] 2.65 [1.69-4.17] 
13/401 220 (0.036) 128 (0.024) 0.20 [0.15-0.26] 1.63 [1.24-2.14] 0.37 [0.22-0.61] 2.15 [1.35-3.45] 
0401/07 249 (0.040) 175 (0.033) 0.17 [0.13-0.21] 1.38 [1.07-1.78] 0.35 [0.26-0.47] 2.06 [1.48-2.86] 
01/03 304 (0.049) 186 (0.035) 0.18 [0.14-0.23] 1.52 [1.19-1.95] 0.32 [0.19-0.55] 1.89 [1.13-3.18] 
03/03 546 (0.088) 116 (0.022) 0.55 [0.43-0.71] 4.57 [3.53 -5.92] 0.25 [0.12-0.52] 1.48 [0.72-3.07] 
07/09 158 (0.026) 246 (0.046) 0.07 [0.06-0.09] 0.61 [0.47-0.79] 0.22 [0.14-0.34] 1.27 [0.81-1.97] 
Rares 322 (0.052) 302 (0.057) 0.12 [0.10-0.15] 1.00 [reference] 0.17 [0.13-0.23] 1.00 [reference] 
01/04 *** 119 (0.019) 96 (0.018) 0.15 [0.11-0.20] 1.21 [0.88-1.66] 0.16 [0.09-0.28] 0.95 [0.58-1.56] 
03/11 26 (0.004) 127 (0.024) 0.02 [0.02-0.04] 0.20 [0.13-0.31] 0.15 [0.09-0.25] 0.89 [0.53-1.51] 
0401/0404 117 (0.017) 78 (0.015) 0.17 [0.12-0.24] 1.41 [1.01-1.97] 0.13 [0.08-0.21] 0.76 [0.50-1.16] 
11/T 108 (0.017) 450 (0.085) 0.03 [0.02-0.04] 0.23 [0.17-0.30] 0.12 [0.08-0.17] 0.69 [0.50-0.95] 
13/U 114 (0.018) 495 (0.093) 0.03 [0.02-0.03] 0.22 [0.17-0.29] 0.09 [0.06-0.14] 0.52 [0.33-0.81] 
01/S 90 (0.015) 537 (0.101) 0.02 [0.01-0.03] 0.16 [0.12-0.21] 0.07 [0.04-0.13] 0.40 [0.23-0.71] 
03/15 9 (0.002) 211 (0.040) 0.005 [0.003-0.010] 0.04 [0.02-0.08] 0.07 [0.02-0.22] 0.40 [0.12-1.29] 
01/07 36 (0.006) 201 (0.038) 0.02 [0.01-0.03] 0.17 [0.12-0.25] 0.04 [0.02-0.08] 0.25 [0.14-0.44] 
15/V 52 (0.008) 698 (0.131) 0.009 [0.006-0.012] 0.07 [0.05-0.10] 0.04 [0.02-0.07] 0.24 [0.13-0.42] 
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03/07 129 (0.021) 228 (0.043) 0.07 [0.05-0.09] 0.55 [0.42-0.72] 0.04 [0.02-0.07] 0.21 [0.11-0.43] 
14/W 14 (0.002) 168 (0.032) 0.01 [0.01-0.17] 0.08 [0.05-0.14] 0.02 [0.01-0.04] 0.11 [0.05-0.21] 

07/07 4 (0.001) 123 (0.023) 0.004 [0.001-0.010] 0.03 [0.01-0.08] 
0.003 [0.001-
0.009] 0.02 [0.01-0.05] 

 
* includes 03/0401, 03/0405 and 03/4 where 4 represents any 04 subtype with ambiguous 4 digit resolution.  
** 4/04, where 4 represents any 04 subtype with ambiguous 4 digit resolution, includes 4/4, 4/0401, 4/0403, 4/404, 4/405  
***01/04 includes 04 subtypes other than 0401. 
03/R includes 03/08, 03/09, 03/12, 03/16 and 03/1001; 01/S includes 01/01, 01/11, 01/13, 01/14, 01/15, 01/12, 01/16 and 01/1001; 11/T includes 11/11, 
11/13, 11/14, 11/15, 11/04 (all 04 subtypes); 13/U includes 13/12, 13/16, 13/1001, 13/13, 13/14, 13/15, 13/0402, 13/404, 13/405, 13/07, 13/09, 13/4 
(ambiguous 04 subtypes) ; 15/V includes 4/15, 15/12, 15/16, 15/1001, 15/15, 15/0401, 15/0403, 15/0404, 15/0405, 15/07, 15/09; 14/W includes 14/12, 
14/16, 14/1001, 14/14, 14/15, 14/401, 14/403, 14/404, 14/07, 14/09, 4/14. Rares are all remaining genotypes with a frequency of less than 0.01 in cases 
and controls combined. 
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Supplementary Table 3. Type 1 diabetes association of HLA-DRB1 coded using the classical 
alleles into DR3/4/X genotypes in 6,205 type 1 diabetes cases and 5,329 controls. DR3 denotes 
all HLA-DRB1*03 alleles, DR4 denotes all HLA-DRB1*04 except HLA-DRB1*0403, HLA-
DRB1*0407 which were included in the DRX group of all other HLA-DRB1 alleles and 
included HLA-DQB1*0301.  
 

Allele/Genotype Cases 
N(freq) 

Controls 
N(freq) 

OR [95% CI] P 

DR3 4,106 (0.33) 1,432 (0.13) 6.59 [6.03-7.21]  
DR4 4,795 (0.39) 1,648 (0.15) 9.67 [8.78-10.65]  
DRX 3,509 (0.28) 7,578 (0.71) 1.00 [reference]  
3/4 2,123 (0.34) 140 (0.03) 11.56 [9.59-13.93]  
4/4 430 (0.07) 62 (0.01) 5.21 [3.94-6.88]  
3/3 545 (0.09) 115 (0.02) 3.70 [2.98-4.60]  
4/X 1,812 (0.29) 1,384 (0.26) 1.00 [reference]  
3/X 893 (0.14) 1,062 (0.20) 0.64 [0.57-0.72]  
X/X 402 (0.06) 2,566 (0.48) 0.12 [0.11-0.14]  
    0 

 
 
 
 
 
 
Supplementary Table 4 GADA association with HLA-DRB1 coded as DR3/4/X (where X 
denotes any non HLA-DRB1*03 and any non HLA-DRB1*04 allele but includes HLA-
DRB1*0403 and *0407). There was no evidence for a DR3/4 interaction effect (P = 0.19). The 
effect of HLA-DRB1 (coded as DR3/4/X) with GADA was primarily due to DR3, P = 4.80x10-17. 
The association with DR4 did not differ to that of DRX. Following analyses conditioned on the 
class I effect marked by rs9266722, DR3 was still convincingly associated with GADA 
positivity. 
 

N (Frequency) Single locus  Conditional on rs9266722 Genotype 
or allele GADA 

positives 
GADA 

negatives 
OR [95% CI] P OR [95% CI] P 

DR4 843 
(0.353) 

1,012 
(0.417) 

0.88 [0.74-1.05]  0.96 [0.80-1.15]  

DR3 909 
(0.381) 

693 (0.286) 1.69 [1.45-1.98]  1.77 [1.51-2.07]  

DRX 636 
(0.266) 

719 (0.297) 1.00 [reference]  1.00 [reference]  

   1.92x10-16  5.62x10-16

3/3 162 (0.14) 63 (0.05) 2.57 [1.83-3.61]  2.48 [1.76-3.50]  
3/X 186 (0.16) 144 (0.12) 1.21 [0.92-1.59]  1.11 [0.84-1.47]  
3/4 399 (0.33) 423 (0.35) 1.00 [reference]  1.00 [reference]  
X/X 71 (0.06) 83 (0.07) 0.74 [0.51-1.06]  0.65 [0.45-0.94]  
4/4 68 (0.06) 90 (0.07) 0.71 [0.49-1.02]  0.74 [0.51-1.07]  
4/X 308 (0.26) 409 (0.34) 0.65 [0.53-0.81]  0.63 [0.50-0.78]  
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SUPPLEMENTARY DATA 
 
Supplementary Table 5. Genotype associations with GADA positivity of the HLA-DQB1.HLA-
DRB1 haplotypes. Only the most common alleles and genotypes could be analyzed due to the 
sparsity of data, hence all rare alleles and genotypes (< 0.01 frequency) were grouped together. 
 

Genotype  
DQ.DR / DQ.DR OR [95% CI] 
02.03 / 02.03 2.62 [1.87-3.67] 3.31 [2.05-5.35] 
02.03 / 0303.rares 2.34 [0.98-5.57] 2.96 [1.17-7.52] 
02.03 / 02.07 1.55 [0.82-2.93] 1.96 [0.96-4.03] 
0302.04 / 0301.rares 1.48 [0.69-3.17] 1.87 [0.81-4.31] 
02.03 / 04.08 1.46 [0.60-3.58] 1.85 [0.71-4.82] 
0302.04 / 0301.04 1.32 [0.66-2.63] 1.67 [0.77-3.60] 
02.03 / 05.01 1.17 [0.76-1.79] 1.48 [0.86-2.55] 
02.03 / 0301.04 1.17 [0.57-2.42] 1.48 [0.67-3.30] 
02.03 / 0302.04 1.00 [reference] 1.27 [0.85-1.88] 
02.07 / 0302.04 0.95 [0.62-1.48] 1.21 [0.69-2.10] 
02.07 / 0301.04 0.89 [0.38-2.07] 1.12 [0.45-2.79] 
Rares 0.83 [0.62-1.11] 1.05 [0.68-1.64] 
0302.04 / 0302.04 0.79 [0.53-1.17] 1.00 [reference] 
02.03 / 06.13 0.65 [0.37-1.16] 0.83 [0.43-1.61] 
0301.04 / 05.01 0.58 [0.33-1.01] 0.73 [0.38-1.41] 
0302.04 / 05.01 0.54 [0.38-0.75] 0.68 [0.42-1.10] 
0302.04 / 0402.08 0.44 [0.25-0.76] 0.56 [0.29-1.06] 
0302.04 / 06.13 0.36 [0.23-0.58] 0.46 [0.26-0.81] 

 
Supplementary Table 6. HLA-B.HLA-DRB1.HLA-DQB1 haplotype associations with GADA. 
Haplotype ORs are given relative to the two most common haplotypes, HLA-B*08.HLA-
DRB1*03.HLA-DQB1*02 and HLA-B*X.HLA-DRB1*04.HLA-DQB1*0302. Haplotypes below 
0.01 frequency were grouped together and labeled as “Rares”. Alleles other than HLA-B*08, 
*18, and *15 at HLA-B or HLA-DRB1*03, *04 and *01 at HLA-DRB1 are denoted by X. 
 

Haplotype GADA 
positives 

GADA 
negatives 

OR [95% CI] 

08.03.02 0.268 0.183 1.00 [reference] 2.21 [1.69-2.89]
X.X.0301 0.018 0.008 1.03 [0.50-2.12] 2.27 [1.08-4.79]
08.04.0302 0.019 0.009 0.89 [0.49-1.63] 1.97 [1.10-3.55]
X.03.02 0.067 0.049 0.88 [0.62-1.24] 1.95 [1.36-2.80]
18.03.02 0.056 0.049 0.72 [0.50-1.03] 1.59 [1.08-2.35]
Rares  0.67 [0.47-0.96] 1.49 [1.01-2.19]
X.X.02 0.036 0.041 0.63 [0.41-0.96] 1.38 [0.89-2.15]
X.04.0301 0.044 0.044 0.56 [0.39-0.81] 1.25 [0.87-1.79]
X.04.0302 0.212 0.248 0.45 [0.35-0.59] 1.00 [reference]
X.X.06 0.059 0.079 0.41 [0.29-0.57] 0.90 [0.63-1.29]
18.04.0302 0.014 0.017 0.40 [0.22-0.74] 0.89 [0.50-1.60]
X.01.05 0.062 0.093 0.36 [0.26-0.51] 0.80 [0.57-1.14]
15.04.0302 0.081 0.112 0.36 [0.26-0.50] 0.79 [0.59-1.05]
15.01.05 0.004 0.012 0.23 [0.11-0.49] 0.52 [0.24-1.12]
15.X.06 0.004 0.011 0.21 [0.11-0.43] 0.47 [0.23-0.98]
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SUPPLEMENTARY DATA 
 
Supplementary Table 7. IA-2A association with HLA-DRB1 coded as DR3/4/X (where X 
denotes any non HLA-DRB1*03 and any non HLA-DRB1*04 allele but includes HLA-
DRB1*0403 and *0407). There was no convincing evidence of deviation from a multiplicative 
allelic effects model (P = 0.0042 without conditioning on HLA-A and P = 0.059 with 
conditioning on HLA-A*24). 
 

N (Frequency) Single locus Conditional on HLA-
A*24 

Genotype 
or allele 

IA-2A 
positives 

IA-2A 
negatives 

OR [95% 
CI] 

OR [95% 
CI] 

P OR [95% 
CI] 

P 

DR4 1,197 
(0.43) 

646 
(0.32) 

 1.75 [1.45-
2.10] 

 1.65 [1.32-
2.07] 

 

DR3 749 
(0.27) 

850 
(0.42) 

 0.56 [0.48-
0.65] 

 0.48 [0.40-
0.58] 

 

DRX 834 
(0.30) 

518 (26)  1.00 
[reference] 

 1.00 
[reference] 

 

     8.59x10-

38 
 1.94x10-

31 
3/3 78 (0.06) 147 

(0.15) 
0.36 [0.23-
0.55] 

0.33 [0.24-
0.46] 

 0.33 [0.22-
0.48] 

 

3/X 133 
(0.10) 

197 
(0.20) 

0.48 [0.32-
0.71] 

0.44 [0.34-
0.59] 

 0.45 [0.32-
0.63] 

 

3/4 460 
(0.33) 

359 
(0.36) 

1.07 [0.74-
1.54] 

1.00 
[reference] 

 1.00 
[reference] 

 

 X/X 90 (0.06) 64 (0.06) 1.00 
[reference] 

0.93 [0.65-
1.35] 

 1.35[0.85-
2.13] 

4/4 108 
(0.08) 

47 (0.05) 1.96 [1.19-
3.21] 

1.83 [1.24-
2.70] 

 2.34 [1.44-
3.80] 

 

4/X 521 
(0.37) 

193 
(0.19) 

2.11 [1.45-
3.07] 

1.97 [1.57-
2.47] 

 2.23 [1.70-
2.94] 

 

HLA-DQB1*02/0302, which is highly predisposing to type 1 diabetes, was not associated with IA-
2A positivity (P = 0.47; 532 IA-2A positive cases (38%) carried the HLA-DQB1*02/0302 genotype, 
while 397 cases (40%) who were not IA-2A positive had the HLA-DQB1*02/0302 genotype).  

©2011 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db11-0131/-/DC1 
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Supplementary Table 8. IA-2A association with HLA-A.HLA-DRB1 haplotypes. 
 

Frequency OR [95% CI] HLA-A.HLA-DRB1 
haplotype IA-2A 

positives 
IA-2A 

negatives 
  

X.04  0.222 0.143 3.80 [2.96-4.87] 2.21 [1.59-3.06]
02.04 0.204 0.134 3.47 [2.66-4.52] 2.02 [1.49-2.73]
02.08  0.009 0.003 2.67 [1.22-5.85] 1.56 [0.70-3.43]
X.08  0.009 0.008 2.28 [1.09-4.81] 1.32 [0.61-2.87]
X.X 0.118 0.085 1.88 [1.46-2.42] 1.09 [0.82-1.46]
02.X  0.084 0.081 1.72 [1.31-2.26] 1.00 [reference]
24.04  0.042 0.050 1.61 [1.14-2.27] 0.94 [0.63-1.40]
X.03  0.222 0.314 1.00 [reference] 0.58 [0.44-0.76]
02.03  0.047 0.079 0.95 [0.72-1.24] 0.55 [0.39-0.77]
24.X  0.028 0.041 0.91 [0.62-1.33] 0.53 [0.36-0.79]
24.03  0.011 0.039 0.42 [0.29-0.62] 0.25 [0.16-0.38]
24.08  0.004 0.022 0.40 [0.19-0.81] 0.23 [0.11-0.49]

X~ any non HLA-A*24, or HLA-A*02 allele at HLA-A and any non-HLA-DRB1*04, *03, *08 allele 
at HLA-DRB1 and included HLA-DQB1*0301, HLA-DRB1*0403, *0407. 
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Supplementary Table 9. IA-2A association with HLA-A.HLA-B.HLA-DRB1 haplotypes. Rare 
haplotypes were grouped to form the reference group. 
 
A.B.DRB1 Frequency OR [95% CI] 
haplotype IA-2A positives IA-2A negatives   
01.X.04 0.035 0.020 2.66 [1.63-

4.33] 
2.61 [1.63-
4.18] 

X.X.04 0.171 0.103 2.59 [1.89-
3.56] 

2.54 [1.92-
3.36] 

01.08.04 0.017 0.010 2.28 [1.21-
4.28] 

2.23 [1.20-
4.16] 

02.X.04 0.187 0.138 2.01 [1.47-
2.75] 

1.97 [1.47-
2.64] 

X.X.01 0.046 0.027 1.47 [0.93-
2.31] 

1.44 [0.94-
2.21] 

02.X.X 0.058 0.037 1.33 [0.89-
1.98] 

1.30 [0.91-
1.86] 

X.X.X 0.043 0.041 1.07 [0.70-
1.63] 

1.00 [reference] 

Rares 0.092 0.093 1.00 [reference] 1.00 [reference] 
24.X.04 0.024 0.030 0.94 [0.61-

1.47] 
0.92 [0.60-
1.41] 

02.08.03 0.026 0.026 0.86 [0.52-
1.44] 

0.85 [0.52-
1.38] 

X.18.03 0.034 0.041 0.84 [0.55-
1.27] 

0.82 [0.55-
1.22] 

02.X.01 0.025 0.034 0.76 [0.48-
1.20] 

0.74 [0.48-
1.15] 

24.X.01 0.010 0.008 0.73 [0.35-
1.52] 

0.71 [0.35-
1.47] 

X.08.03 0.028 0.040 0.66 [0.42-
1.05] 

0.65 [0.42-
1.00] 

X.X.03 0.027 0.034 0.64 [0.41-
1.00] 

0.62 [0.41-
0.95] 

01.08.03 0.128 0.197 0.60 [0.44-
0.82] 

0.59 [0.44-
0.78] 

02.X.03 0.017 0.035 0.51 [0.31-
0.83] 

0.50 [0.31-
0.80] 

02.18.03 0.007 0.015 0.49 [0.24-
1.02] 

0.48 [0.23-
1.00] 

24.X.X 0.012 0.029 0.44 [0.24-
0.81] 

0.43 [0.24-
0.77] 

24.39.X 0.008 0.021 0.39 [0.20-
0.76] 

0.39 [0.20-
0.74] 

24.08.03 0.005 0.021 0.27 [0.13-
0.54] 

0.26 [0.13-
0.52] 
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Supplementary Table 10 IA-2A association with HLA-DRB1.HLA-B haplotypes. The haplotypes 
listed without an OR were grouped together and labeled “Rares” as they were individually too rare to 
estimate effects in the regression model. ORs are reported using the most common haplotype as 
reference (HLA-B*X.HLA-DRB1*04) and also using the neutral rare haplotypes as reference.  
 

Frequency OR [95% CI] HLA-B.HLA-
DRB1 haplotype IA-2A positives IA-2A negatives   
18.04   0.020 0.008 2.24 [1.17-4.29] 1.07 [0.58-1.95]
X.04  0.417 0.295 2.10 [1.61-2.74] 1.00 [reference] 
08.04   0.018 0.014 1.94 [1.08-3.50] 0.93 [0.53-1.61]
39.04   0.013 0.014 1.43 [0.74-2.74] 0.68 [0.37-1.25]
X.1   0.085 0.068 1.10 [0.79-1.52] 0.52 [0.37-0.74]
X.X    0.121 0.111   
18.X   0.011 0.003   
08.X   0.005 0.005   
08.01  0.003 0.006   
18.01  0.000 0.003   
39.01  0.009 0.012   
39.03   0.003 0.010   
Rares 0.152 0.150 1.00 [reference] 0.48 [0.36-0.62]
18.03  0.046 0.064 0.71 [0.49-1.02] 0.34 [0.23-0.49]
X.3   0.050 0.074 0.60 [0.42-0.86] 0.29 [0.20-0.41]
08.03   0.185 0.283 0.60 [0.47-0.78] 0.29 [0.22-0.37]
39.X   0.014 0.030 0.58 [0.34-1.00] 0.28 [0.16-0.48]

X denotes, any allele other than HLA-B*18, *08 or *39 at HLA-B and any allele other than HLA-
DRB1*04, HLA-DRB1*03 or HLA-DRB1*01 at HLA-DRB1. 
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