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Abstract

Aims/hypothesis—Islet autoantibodies, in addition to elevated blood glucose, define type 1 

diabetes. These autoantibodies are detectable for a variable period of time before diabetes onset. 

Thus, the occurrence of islet autoantibodies is associated with the beginning of the disease 

process. The age at, and order in, which autoantibodies appear may be associated with different 

genetic backgrounds or environmental exposures, or both.
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Methods—Infants with HLA-DR high-risk genotypes (DR3/4, DR4/4, DR4/8 and DR3/3) were 

enrolled and prospectively followed with standardised autoantibody assessments quarterly 

throughout the first 4 years of life and then semi-annually thereafter.

Results—Autoantibodies appeared in 549/8,503 (6.5%) children during 34,091 person-years of 

follow-up. Autoantibodies at 3 (0.1%) and 6 (0.2%) months of age were rare. Of the 549, 43.7% 

had islet autoantibodies to insulin (IAA) only, 37.7% had glutamic acid decarboxylase 

autoantibodies (GADA) only, 13.8% had both GADA and IAA only, 1.6% had insulinoma 

antigen-2 only and 3.1% had other combinations. The incidence of IAA only peaked within the 

first year of life and declined over the following 5 years, but GADA only increased until the 

second year and remained relatively constant. GADA only were more common than IAA only in 

HLA-DR3/3 children but less common in HLA-DR4/8 children.

Conclusions/interpretation—Islet autoantibodies can occur very early in life and the order of 

appearance was related to HLA-DR-DQ genotype.
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Introduction

As an autoimmune disease, type 1 diabetes is defined by the presence of one or more known 

islet cell autoantibodies, in addition to elevated blood glucose above the threshold set by the 

American Diabetes Association [1]. It is also well established that these autoantibodies are 

detectable for some variable period of time before the clinical onset of diabetes. The number 

of detected autoantibodies is related to the risk of clinical onset, with the largest increase in 

risk associated with the presence of two or more autoantibodies [2, 3]. Thus, it is natural to 

speculate that the initiation of the disease process begins with a single autoantibody 

followed by intermolecular epitope spreading to multiple autoantibodies, loss of insulin 

secretory capability resulting from a combination of beta cell destruction and inhibition of 

function, leading to metabolic changes, and finally diabetes.

The detection of islet autoantibodies in very young children has been reported to peak 

between 9 months and 2 years of age, with no seroconversion occurring at 3 or 6 months of 

age in children born to a mother or father with type 1diabetes [3–5]. In a larger study of 

children with HLA-conferred genetic risk, the peak in the incidence of conversion to 

autoantibody positivity occurred at age 1–2 years with islet autoantibodies to insulin (IAA) 

appearing first most commonly [5]. In these studies, the sampling frequency affected the 

observed incidence rates and similar changes in the incidence of autoantibodies by the age 

they were seen. This paper reports the predominant subsets of the first appearance of IAA 

only, glutamic acid decarboxylase autoantibodies (GADA) only and insulinoma antigen-2A 

(IA-2A) only as well as any combination of the three in The Environmental Determinants of 

Diabetes in the Young (TEDDY) study, a large cohort of genetically at-risk individuals 

followed from birth with uniform sampling from 3 months of age onwards [6, 7]. We 

Krischer et al. Page 2

Diabetologia. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



examined the temporal appearance of autoantibody subsets and the possible relationship 

with HLA-DR-DQ genotype.

Methods

Participants

The TEDDY study is a prospective cohort study funded by the National Institutes of Health 

and has the primary goal of identifying environmental causes of type 1 diabetes. It includes 

six clinical research centres—three in the USA (Colorado, Georgia/Florida, Washington) 

and three in Europe (Finland, Germany, Sweden). Detailed study design and methods have 

been previously published. For all study participants, written informed consents were 

obtained from a parent or primary carer, separately, for genetic screening and participation 

in the prospective follow-up. The high-risk genotypes for participants screened from the 

general population were as follows: DRB1*04-DQA1*03-DQB1*03:02/DRB1*03-

DQA1*05-DQB1*02:01 (DR3/4), DRB1*04-DQA1*03-DQB1*03:02/DRB1*04-DQA1*03-

DQB1*03:02 (DR4/4), DRB1*04-DQA1*03-DQB1*03:02/DRB1*08-DQA1*04-

DQB1*04:02 (DR4/8) and DRB1*03-DQA1*05-DQB1*02:01/DRB1*03-DQA1*05-

DQB1*02:01 (DR3/3). The HLA-DR genotype will be used throughout as an abbreviation. 

The study was approved by local Institutional Review or Ethics Boards and is monitored by 

an External Evaluation Committee formed by the National Institutes of Health.

Non-HLA genotyping

When the child was 9–12 months of age (n = 7,463), the HLA-DR-DQ genotypes were 

confirmed at the central HLA Reference Laboratory at Roche Molecular Systems, Oakland, 

CA, USA [8], together with three single-nucleotide polymorphism (SNP) primer pairs. 

These included the INS-23Hph1 (rs689), CTLA4 T17A (rs231775) and PTPN22 R620W 

(rs2476601). Briefly, the genomic DNA was extracted using Qiagen Kits (Qiagen, Hilden, 

Germany) and approximately 150 ng DNA was used for PCR amplification. The 

polymorphic exon 2 of the DRB1, DQB1 and DQA1 loci were specifically amplified by 

biotin-labelled primers. The DQA1 and DQB1 loci were co-amplified in a single reaction 

together with the three SNP primer pairs. Sequence-specific oligonucleotide probes were 

immobilised on a membrane in a linear fashion (strip). The DRB1 high-resolution strips 

contained 81 probes while the DQA1/DQB1 + SNPs strips contained 15 DQA1 and 40 

DQB1 probes, and two probes per SNP pair. The hybridisation of the amplicon and probe 

signal detection on the strip was semiautomated using a BeeBlot instrument (Bee Robotics, 

Caernarfon, Wales, UK). The genotype assignment was done by StripScan software 

developed by Roche (Oakland, CA, USA).

Islet autoantibodies

IAA, GADA and IA-2A were measured in two laboratories by radiobinding assays [6, 7]. In 

the USA, all sera were assayed at the Barbara Davis Center for Childhood Diabetes at the 

University of Colorado, Denver; in Europe, all sera were assayed at the University of 

Bristol, UK. Both laboratories show high sensitivity and specificity as well as concordance 

[9]. All positive islet autoantibodies and 5% of negative samples were re-tested in the other 

reference laboratory and deemed confirmed if concordant. Persistent islet autoimmunity (IA) 
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was defined as confirmed positive autoantibodies to insulin, GAD65 or IA-2 in at least two 

consecutive samples.

Maternal autoantibodies

As children can be born with circulating maternal islet cell autoantibodies [10, 11] it was 

necessary to exclude positive results that were due to maternal IgG transmission when 

defining the child’s autoantibody status. To distinguish between maternal autoantibodies and 

autoantibodies in the child, the status of the mother was measured when the child was aged 6 

or 9 months. The child’s autoantibody status was measured at 3 months of age and then 

every 3 months until 4 years of age. The child’s autoantibody status was determined based 

on both maternal and child autoantibodies over the first 18 months of the study. If a maternal 

antibody was present, the child was not considered positive for that autoantibody unless 

either the child had a negative sample prior to their first positive sample or the autoantibody 

persisted beyond 18 months of age. If the mother was negative for autoantibodies, then all 

positive results were associated with the child. While important to distinguish true child 

autoantibodies from maternal autoantibodies, a limitation of this approach is that the child’s 

positivity during the first 18 months of life could be masked by maternal autoantibodies.

Statistical methods

Among the children who developed persistent confirmed islet autoantibodies, time to 

seroconversion was described as a median and interquartile range (IQR). Comparisons 

between groups of children who had different types of islet autoantibodies at seroconversion 

were performed using Mann–Whitney tests. Because of the different lengths of follow-up 

time in the study, the incidence of these diabetes-related autoantibodies was described as a 

rate per 1,000 person-years. Exact 95% CIs in incidence rates were calculated using the χ2 

relationship to the Poisson distribution [12]. Of interest was a comparison in the risks of 

different types of islet autoantibody seroconversion (i.e. GADA only at seroconversion, IAA 

only at seroconversion). Separate proportional hazards (PH) models first examined factors 

related to the different types of islet autoantibody seroconversion (i.e. model 1 examined 

factors related to IAA only seroconversion, model 2 examined factors related to GADA only 

seroconversion, etc.). The magnitudes of the associations were described by HRs with 95% 

CIs. Also, multiple logistic regression models compared the children with different types of 

islet autoantibody seroconversion directly to test for factors that distinguished between the 

different islet autoantibody seroconversion groups. The ORs describe the odds of a single 

autoantibody seroconversion being GADA only compared with IAA only.

Differences in islet autoantibody risk between a first-degree relative (FDR) of an individual 

with type 1 diabetes as compared with children recruited from the general population (GP), 

HLA groups and countries were described first. As mentioned above, HLA-DR genotypes 

were generally used as abbreviations for the full HLA-DR-DQ genotypes used in the study. 

Age was included in the multivariate logistic regression when comparing the different types 

of autoantibody seroconversion groups.

Unless stated otherwise, all analysis was pre-planned and multivariate analysis was 

performed where possible. A p value < 0.05 was considered significant. No correction for 
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multiple comparisons was made. All p values were two sided. SAS 9.3 (SAS Institute, Cary, 

NC, USA) was used for the statistical analyses and GraphPad PRISM 5.03 (GraphPad 

Software, San Diego, CA, USA) was used for graphs.

Results

Included in this analysis were 8,503 of the 8,676 children enrolled in TEDDY study (116 

HLA ineligible and 57 with either no sample results or indeterminate autoantibody status 

were excluded). As of 30 April 2014, 549 children (6.5%) had persistent confirmed 

autoantibodies during 34,091 person-years of follow-up until 6 years of age (16.1/1,000 

person-years). Of the 549, 43.7% (240) had IAA only, 37.7% (207) GADA only, 13.8% (76) 

GADA and IAA, 1.6% (9) IA-2A only and 3.1% (17) had other combinations.

Ten children were autoantibody positive at 3 months of age and an additional 21 children 

developed autoantibodies at 6 months of age. The incidence of islet autoantibodies rose 

sharply until 9 months of age and declined slowly thereafter (Fig. 1). The incidence of IAA 

only was greatest within the first year of life and declined over the following 5 years; 

however, in contrast, the incidence of GADA only rose until the second or third year of life 

and remained relatively constant until 6 years of age (Fig. 2a). The incidence of 

simultaneous IAA and GADA was much less discernable and seemed to occur before 3 

years of age (Fig. 2a, Table 1). Although the incidence overall was lower for GP than for 

FDR children, the incidence pattern by age was similar (Fig. 2b, c) and the relative disparity 

in the median time to seroconversion for IAA only (median 18 months) as compared with 

GADA only (median 33 months) was seen (p < 0.001, Table 1) in both the GP and the FDR 

(median 19 vs 28 months, p < 0.01) populations. The simultaneous appearance of IAA and 

GADA were intermediary between IAA only and GADA only (Table 1).

The delay in the incidence of GADA only, relative to IAA only, was evident in HLA-DR3/4 

(p < 0.001) and DR4/8 (p < 0.001) but not in the DR4/4 (p = 0.07) or DR3/3 (p = 0.75) 

children (Fig. 3). The relative delay in the appearance of GADA only was statistically 

significant across all TEDDY study sites, with the exception of Germany (Table 1).

Overall, the appearance of GADA only relative to IAA only was close to even (odds of 

GADA only over IAA only was 207/240 = 0.86). After accounting for age, FDRs, country 

and examining each of the four HLA genotypes separately, the adjusted ratio of GADA only 

relative to IAA only was significantly higher among the HLA-DR3/3 children compared 

with other children (OR 4.5, 95% CI 2.3, 8.8, p < 0.001) and significantly lower among the 

HLA-DR4/8 children (OR 0.45, 95% CI 0.24, 0.80, p = 0.007).

The median (IQR) age of children having either IAA only or GADA only at seroconversion 

was 24 (13–40) months. After adjusting for HLA genotype, the age disparity favours IAA 

only under 13 months (OR 0.31, 95% CI 0.17, 0.57, p = 0.0002), IAA only from 13 to < 24 

months (OR 0.56, 95% CI 0.32, 0.98, p = 0.04) and GADA only from 40 months of age 

onwards (OR 2.57, 95% CI 1.44, 4.58, p = 0.001), with the 24 to < 40 month age group as 

the reference.
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Non-HLA genotypes were next examined in relation to IAA only, GADA only and the ratio. 

The susceptible T allele of the PTPN22 SNP was associated with IAA only (HR 1.71, 95% 

CI 1.36, 2.16, p < 0.001) and GADA only (HR 1.51, 95% CI 1.16, 1.99, p = 0.003) but not 

with the GADA/IAA ratio. The susceptible A allele of the INS SNP was associated with 

IAA only (HR 1.85, 95% CI 1.44, 2.38, p < 0.001) and the minor G allele of the CTLA4 

SNP with risk of GADA only (HR 1.28, 95% CI 1.05, 1.56, p = 0.01) and both were 

associated with the GADA/IAA ratio (INS OR 0.55, 95% CI 0.39, 0.82, p = 0.003 and 

CTLA4 OR 1.40, 95% CI 1.02, 1.92, p = 0.04).

Finally, the presence of maternal autoantibodies and the sex of the child were examined 

separately in relation to the risk of the child’s autoantibodies. The presence of maternal 

autoantibodies showed a tendency towards an association on risk for IAA only (HR 0.49, 

95% CI 0.22, 1.06, p = 0.07) and GADA only (HR 0.40, 95% CI 0.14, 1.10, p = 0.07) but 

neither was statistically significant. The risk of IAA was lower in girls than in boys (HR 

0.69, 95% CI 0.53, 0.89, p = 0.005) but no association was seen with risk of GADA only 

(HR 0.90, 95% CI 0.69, 1.19, p = 0.47) or the GADA/IAA ratio (OR 1.29, 95% CI 0.83, 

2.00, p = 0.26).

While some variables may increase or decrease the risk of an autoantibody appearing alone, 

they may not alter the relative incidence of the autoantibodies. After adjusting for age of 

seroconversion, HLA-DR-DQ, FDR and country, GADA only (compared with IAA only) at 

the time of seroconversion was protective for multiple autoantibodies in the first year after 

seroconversion (HR 0.60, 95% CI 0.43, 0.85, p = 0.006) but thereafter the HR changed 

significantly (p < 0.01) and protection was no longer seen (HR 1.24, 95% CI 0.73, 2.11, p = 

0.43).

Although not statistically significant, a similar early association was seen for the risk of type 

1 diabetes. Participants who had GADA only were marginally less likely to develop type 1 

diabetes in the first year after seroconversion compared with those who had IAA only (HR 

0.35, 95% CI 0.12, 1.04, p = 0.06). The protective effect did reach statistical significance in 

the first two years after seroconversion as compared with participants who had IAA only 

(HR 0.47, 95% CI 0.23, 0.94, p = 0.03). This protection was no longer seen after the second 

year (HR 0.92, 95% CI 0.51, 1.67, p = 0.78).

Discussion

TEDDY is perhaps the largest study to date to screen and enroll the highest genetically at-

risk infants from families in the GP (89%) and from families with an FDR with type 1 

diabetes (11%). These proportions reflect epidemiological data indicating that only 13–15% 

of children with newly diagnosed type 1 diabetes have an FDR with the disease [13, 14].

The size of the TEDDY study cohort and the standardised approach to autoantibody 

assessment [9] give rise to a high level of precision when estimating incidence and 

associated risk factors. Diabetes-related autoantibodies that are not maternal in origin may 

be found possibly as early as 3 months of age and with increasing numbers in children at 6 

months of age, suggesting a narrow window of possible exposure that may affect the 
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initiation of IA. Similar observations were reported in the DiPP (Diabetes Prediction and 

Prevention) [5] and BABY DIAB (Baby Diabetes) [4] studies. Our observation that a higher 

percentage of children seroconverting at 6 months of age had the HLA-DR3/4 genotype 

(81.0%) compared with children seroconverting at 3 months (50.0%) or seroconverting from 

9 months onwards (49.6%) (test of difference in percentage across the three groups; p = 

0.02) suggests an important genetic interaction. Our observations that the appearance of IAA 

only tends to be associated with the HLA-DR4 haplotype while GADA only was associated 

with the HLA-DR3 haplotype is of considerable interest. Similar associations between HLA 

and islet autoantibodies have previously been observed at the time of clinical diagnosis [15, 

16] extended to the observation that IA-2A was associated with HLA-DR4 but negatively 

associated with HLA-DR3 [15, 17]. The strong association between HLA and the 

seroconversion to a specific islet autoantibody therefore underscores prior observations that 

the association between HLA and type 1 diabetes at the time of clinical diagnosis are 

secondary to a primary association between HLA and an autoimmune response to either 

IAA only or GADA only. Further studies are needed to clarify whether the association 

between HLA and the seroconversion to IAA only or GADA only in turn as secondary to a 

primary association with a hypothetical trigger.

The differences seen between HLA-DR genotypes and between the effects of INS and 

CTLA4 gene polymorphisms also suggest specific interactions or immunogenic pathways 

(e.g. the total absence of DR3/3 and a higher proportion of DR3/4 among those who 

seroconverted at 3 or 6 months as compared with those who seroconverted at 9 months of 

age or after). Although genes in the HLA region remain the most important genetic risk 

factors for type 1 diabetes, other non-HLA genetic factors may contribute to seroconversion 

to IAA, GADA or both. The TEDDY study recently revealed that the non-HLA genes 

PTPN22, ERBB3, SH2B3 and INS were primarily associated with seroconversion to IA, the 

first step in the pathogenesis of type 1 diabetes, and the progression of the disease [18]. 

TEDDY has carefully documented possible exposures that may be important to IA including 

prenatal and perinatal events, the introduction of first foods, breast-feeding practices, early 

childhood illness, changes in the gut microbiome and gene expression in blood cells, as well 

as vaccinations and immunisations [3]. The advantage of delineating different subgroups 

from the larger TEDDY cohort is that they may be more homogeneous with respect to 

genetic risk factors and environmental exposures and this may facilitate the discovery of 

triggers from a relatively age-restricted set of possibilities. The present TEDDY data suggest 

for the first time that triggers of IAA only may differ from those of GADA only and that 

islet autoimmunity may be the result of a combination of triggers. It cannot be excluded that 

the mechanisms by which a trigger induces IA are associated with HLA-DR or HLA-DQ, or 

both, haplotypes. The findings are consistent in both FDRs and the GP.

Conclusions

Diabetes-related persistent confirmed islet autoantibodies first appeared singly with IAA 

only appearing at an earlier age than GADA only. Autoantibodies may occur as early as 3 

months of age. The order of appearance was related to HLA-DR-DQ genotypes and to that 

extent carry differential risks for type 1 diabetes. Also, the appearance of multiple 

autoantibodies following GADA only antibodies was slower than following the appearance 

Krischer et al. Page 7

Diabetologia. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of IAA only. The age difference in the relative incidence of GADA and IAA was quite 

dramatic, consistent with the generally held view that IAA appears first. The appearance of 

IAA would mark only a fraction of the very young as the incidence dropped precipitously. 

However, the simultaneous appearance of IAA and GADA suggest an intermediary 

phenotype with marked increased risk for type 1 diabetes (Figs 2, 3). The TEDDY study 

identified ten children who had persistent confirmed islet autoantibodies from 3 months of 

age and an additional 21 who had them by 6 months of age. These children may point to 

different risk factors, limited to genetics, and prenatal or perinatal exposures, which may 

suggest a different aetiological pathway for IA and type 1 diabetes than exposures occurring 

later in life. Although this is a very large study of children with increased genetic risk from 

the GP or who are FDRs of an individual with type 1 diabetes, the ongoing follow-up should 

prove useful to fully describe the relationship between the order of autoantibody appearance 

and the risk of type 1 diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Incidence of antibodies among 0- to 6-year-old children in the TEDDY study by age of 

seroconversion (incidence and 95% piecewise confidence bands). Autoantibodies appeared 

in 549/8,503 children
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Fig. 2. 
Incidence of IAA only (dark grey lines and squares), GADA only (black lines and circles) 

and IAA and GADA only (light grey lines and triangles) in all participants (a), GP (b) or 

FDR (c) of a proband with type 1 diabetes. In (a), of 8,503 children, IAA only appeared in 

240, GADA only in 207 and IAA and GADA in 76. In (b), of 7,584 children, IAA only 

appeared in 184, GADA only in 166 and IAA and GADA in 58. In (c), of 919 children, IAA 

only appeared in 56, GADA only in 41 and IAA and GADA in 18
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Fig. 3. 
Incidence of IAA only (dark grey lines and squares), GADA only (black lines and circles) 

and IAA and GADA only (light grey lines and triangles) by HLA genotype: DR3/4 (a), 

DR4/8 (b), DR4/4 (c) and DR3/3 (d). In (a), of 3,318 children, IAA only appeared in 120, 

GADA only in 101 and IAA and GADA in 49. In (b), of 1,470 children, IAA only appeared 

in 51, GADA only in 21 and IAA and GADA in 6. In (c), of 1,660 children, IAA only 

appeared in 42, GADA only in 31 and IAA and GADA in 10. In (d), of 1,781 children, IAA 

only appeared in 14 children, GADA only in 50 and IAA and GADA in 3

Krischer et al. Page 12

Diabetologia. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Krischer et al. Page 13

T
ab

le
 1

In
ci

de
nc

e 
of

 I
A

A
 o

nl
y,

 G
A

D
A

 o
nl

y 
an

d 
a 

co
m

bi
na

tio
n 

of
 I

A
A

 a
nd

 G
A

D
A

 a
nd

 ti
m

e 
to

 s
er

oc
on

ve
rs

io
n

P
ar

ti
ci

pa
nt

 g
ro

up
s

IA
A

 o
nl

y 
at

 s
er

oc
on

ve
rs

io
n 

(n
=2

40
)a

G
A

D
A

 o
nl

y 
at

 s
er

oc
on

ve
rs

io
n 

(n
=2

07
)a

p 
va

lu
e 

(v
s 

IA
A

 
on

ly
)

IA
A

 a
nd

 G
A

D
A

 a
t 

se
ro

co
nv

er
si

on
 (

n=
76

)a
p 

va
lu

e 
(v

s 
IA

A
 

on
ly

)
N

o.
/1

,0
00

 p
er

so
n-

ye
ar

s
T

im
e 

(m
on

th
s)

 t
o 

se
ro

co
nv

er
si

on
, 

m
ed

ia
n 

(I
Q

R
)

N
o.

/1
,0

00
 p

er
so

n-
ye

ar
s

T
im

e 
(m

on
th

s)
 t

o 
se

ro
co

nv
er

si
on

, 
m

ed
ia

n 
(I

Q
R

)

N
o.

/1
,0

00
 p

er
so

n-
ye

ar
s

T
im

e 
(m

on
th

s)
 t

o 
se

ro
co

nv
er

si
on

, 
m

ed
ia

n 
(I

Q
R

)

 
A

ll 
(n

=
8,

50
3)

7.
0

18
.4

 (
10

.5
–3

0.
6)

6.
1

33
.0

 (
19

.2
–4

8.
4)

<
0.

00
1

2.
2

24
.1

 (
12

.9
–3

4.
8)

0.
00

8

FD
R

 
N

o 
(n

=
7,

58
4)

6.
1

18
.4

 (
10

.4
–3

0.
3)

5.
5

33
.0

 (
19

.4
–4

8.
1)

<
0.

00
1

1.
9

27
.0

 (
12

.9
–3

5.
8)

0.
00

6

 
Y

es
 (

n=
91

9)
14

.5
18

.7
 (

11
.9

–3
4.

7)
10

.6
28

.2
 (

18
.5

–4
9.

8)
0.

00
3

4.
6

22
.4

 (
12

.2
–2

7.
9)

0.
64

H
L

A
-D

R
 g

en
ot

yp
e

 
D

R
3/

4 
(n

=
3,

31
8)

9.
1

18
.2

 (
10

.0
–2

7.
5)

7.
6

35
.4

 (
21

.1
–5

0.
8)

<
0.

00
1

3.
7

24
.2

 (
12

.9
–3

3.
2)

0.
00

8

 
D

R
4/

4 
(n

=
1,

66
0)

6.
3

22
.9

 (
10

.0
–3

7.
1)

4.
6

26
.9

 (
21

.3
–4

3.
1)

0.
07

1.
5

31
.4

 (
19

.3
–3

9.
1)

0.
17

 
D

R
4/

8 
(n

=
1,

47
0)

8.
8

16
.1

 (
10

.2
–2

9.
5)

3.
6

33
.0

 (
19

.1
–4

8.
4)

<
0.

00
1

1.
0

27
.0

 (
20

.9
–3

3.
7)

0.
19

 
D

R
3/

3 
(n

=
1,

78
1)

2.
0

25
.7

 (
15

.3
–4

3.
8)

7.
0

27
.8

 (
16

.7
–4

5.
3 

)
0.

75
0.

4
12

.8
 (

12
.4

–1
8.

3)
0.

18

 
FD

R
 H

L
A

b  
(n

=
27

4)
11

.0
19

.1
 (

15
.3

–4
0.

2)
3.

4
37

.6
 (

29
.3

–5
5.

6)
0.

19
6.

8
22

.8
 (

11
.0

–3
3.

1)
0.

64

C
ou

nt
ry

 
U

SA
 (

n=
3,

62
7)

5.
2

21
.4

 (
13

.1
–3

0.
0)

6.
5

31
.3

 (
19

.4
–4

7.
8)

<
0.

00
1

1.
7

24
.2

 (
15

.2
–3

3.
7)

0.
31

 
Fi

nl
an

d 
(n

=
1,

80
5)

9.
6

15
.3

 (
9.

2–
27

.1
)

4.
5

32
.8

 (
22

.1
–4

8.
4)

<
0.

00
1

2.
0

27
.5

 (
21

.9
–3

3.
3)

0.
00

7

 
Sw

ed
en

 (
n=

2,
49

7)
7.

5
19

.0
 (

10
.2

–3
5.

7)
7.

0
33

.0
 (

19
.3

–4
8.

6)
<

0.
00

1
2.

4
26

.8
 (

12
.3

–4
0.

5)
0.

29

 
G

er
m

an
y 

(n
=

57
4)

9.
0

16
.3

 (
9.

5–
35

.3
)

5.
5

28
.2

 (
13

.0
–5

0.
8)

0.
10

6.
5

22
.1

 (
12

.4
–2

3.
5)

0.
67

a In
ci

de
nc

es
 a

nd
 ti

m
es

 to
 s

er
oc

on
ve

rs
io

n 
ar

e 
sh

ow
n 

by
 F

D
R

, H
L

A
-D

R
 a

nd
 c

ou
nt

ry
. T

im
es

 to
 G

A
D

A
 o

nl
y 

or
 I

A
A

 a
nd

 G
A

D
A

 a
re

 c
om

pa
re

d 
w

ith
 ti

m
e 

to
 s

er
oc

on
ve

rs
io

n 
fo

r 
IA

A
 o

nl
y 

ch
ild

re
n

b FD
R

 H
L

A
 g

en
ot

yp
es

 a
re

 D
R

B
1*

04
-D

Q
A

1*
03

-D
Q

B
1*

03
:0

2 
w

ith
 e

ith
er

 D
R

B
1*

04
- 

D
Q

A
1*

03
-D

Q
B

1*
02

, D
R

B
1*

01
-D

Q
A

1*
01

:0
1-

D
Q

B
1*

05
:0

1,
 D

R
B

1*
13

-D
Q

A
1*

01
:0

2-
D

Q
B

1*
06

:0
4,

 D
R

B
1*

09
- 

D
Q

A
1*

03
-D

Q
B

1*
03

:0
3 

or
 g

en
ot

yp
e 

D
R

B
1*

03
-D

Q
A

1*
05

-D
Q

B
1*

02
:0

1/
D

R
B

1*
09

-D
Q

A
1*

03
-D

Q
B

1*
03

:0
3

Diabetologia. Author manuscript; available in PMC 2016 May 01.


