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Abstract:
Background & Aims: Little is known about the incidence of celiacedise in the general population of
children in the United States. We aimed to estintaeecumulative incidence of celiac disease in esk®Ents

born in the Denver metropolitan area.

Methods: We collected data on HLA-DR, DQ genotypes of 86,ihfants, born from 1993 through 2004 at
St. Joseph’s Hospital in Denver, from the Diabéteimmunity Study in the Young. Subjects with
susceptibility genotypes for celiac disease and tygiabetes were followed for up to 20 years for
development of tissue transglutaminase autoansadi GA). Outcomes were the development of celiac
disease autoimmunity (CDA) or celiac disease. CDe& defined as persistence of tTGA for at least 3
months or development of celiac disease. Celiszagdis was defined based on detection of Marsh 2 or
greater lesions in biopsies or persistent highlsegetTGA. For each genotype, the cumulative ieoice of
CDA and celiac disease were determined. To estithateumulative incidence in the Denver general
population, outcomes by each genotype were weigitedrding to the frequency of each of these g@masty

in the general population.

Results: Of 1339 subjects followed, 66 developed CDA aret amiteria for celiac disease and 46 developed
only CDA. Seropositivity for tTGA resolved spontansly, without treatment, in 21 of the 46 subjeith

only CDA (46%). The estimated cumulative incidefaxeCDA in the Denver general population at 5, 10,
and 15 years of age was 2.4%, 4.3%, and 5.1% régggcincidence values for celiac disease we6&4,.

2.8%, and 3.1%, respectively.



Conclusions: In a 20-year prospective study of 1339 childretin\genetic risk factors for celiac disease, we
found the cumulative incidence of CDA and celiagedise to be high within the first 10 years. AltHoug
more than 5% of children may experience a perio@DA, not all develop celiac disease or requirdegi

free diets.

KEY WORDS: transglutaminase, disease progression, DR3-D@&2-DQ8



Introduction

Recent trials to prevent celiac disease (CD) byifyiod) early infant experiences have not provencessful
[1 2]. Meanwhile, CD continues to increase witlnreat childhood incidence estimates increasindgpendS
[3 4] and Europe [5 6] with a reported prevaleat&-3%. A gluten-free diet is an effective treatthand
strategies for universal screening have been stefjesnce the low diagnostic rates imply many sade
CD remain unrecognized and untreated [7] [8 9]addition to the lack of a clear cost-benefit teesaing,
other major questions remain including the optiage to screen, the need for repeated testinghand t
relationship between serological markers and l@mgrtoutcomes. Prospective population-based stadlee

needed to clarify the natural history of celiacedise autoimmunity (CDA) and its evolution to CD.

We have previously reported a prospective cohadysin which the cumulative incidence of CD by &asse
of age was estimated to be 0.9% [10]. Howevas, bt known how long this high rate of developmaint
new onset CD continues throughout childhood. Hexeeport up to 15-year follow-up of this cohorheTl
cumulative incidence of CD is presented by eactaceisk HLA genotype along with an estimate foe th

general population by adjusting for the frequenbigsvhich these genotypes occur in the population.



M ethods

Study subjects and design: Between 1993 and 2004, the Diabetes AutoimmBtiigy in the Young
(DAISY), completed HLA-DR, DQ genotyping of 31,768wborns Table 1)[11]. This typing was
designed to detect DRB1*03 that is uniquely linkedQ2.5. All newborns born at St. Joseph’s Had it
Denver were eligible for screening; only newbornhwevere congenital abnormalities or extreme
prematurity were excluded. Approximately 75% of tiesvborns were members of Kaiser Permanente
Colorado while the others represented a mix of kkdi uninsured and privately insured populations.
Informed consent and cord blood samples were dadaddior 87% of the eligible newborns, while 7% were
discharged prior to being asked for consent anadbparents declined participation. Of those whdlided,
71% did not want to be involved in any kind of r@sd and 9% did not want to know the results. The
reasons for nonparticipation in the remaining 20étera mix of passive refusals, being too busy to
participate, a variety of family reasons and plengelocate. The refusal rate was similar amonigdta
Permanente members (5.8%) and non-members (6.3%@i@amot differ by ethnicity. Blood samples of

newborns for which consent could not be obtainecewlestroyed.

Those with HLA genotypes associated with CD, ad ageh small number (54 subjects) without an
identified genetic risk for type 1 diabetes or CBrevrecruited soon after birth. Subjects with addal
high-risk celiac genotypes, DR3-DQ2/X were enrofi@in the general population at age 2 to supplement
the group at risk for CD. A total of 1339 enrollietb prospective follow-up and all had completengtity
and HLA information Table2). A flowchart of all screened and eligible sultgefor recruitment is shown
in Figure 1. Information regarding family history (having a figdegree relative) of type 1 diabetes or CD
was obtained through questionnaires and updatedgistudy visits. Information about the presente o

symptoms and whether or not the subjects weregiaten-free diet was recorded during study visits.



Children with the following celiac-risk HLA genotgp were enrolled in follow-up:
DR3-DQ2/DR3-DQ2 (DR3-DQA1*05:01-DQB1*02:01/DR3-DQA1*05:01-DQB1*021)
DR3-DQ2/X (DR3-DQA1*05:01-DQB1*02:01/X)

DR3-DQ2/DR4-DQ8 (DR3-DQA1*05:01-DQB1*02:01/ DR4-DQA1*03:0X-DQB1*082)
DR4-DQ8/DR4-DQ8 (DR4-DQA1*03-DQB1*03:02/ DR4-DQA1*03-DQB1*03:02)
DR4-DQ8/X (DR4-DQA1*03-DQB1*03:02/X),

where X is neither DR3-DQA1*05:01-DQB1*02:01 or DRQA1*03-DQB1*03:02.

The self-reported ethnic distribution was represtvg of the entire Denver metro area based on ¢¢i$sus
data and on data for live births in the seven cp@nver metropolitan area during the study peridle
population base for this study that accounts fé®f the Colorado population. At least one copwgittier
DR3-DQ2 or DR4-DQ8 was present in 40% of the sa@dgropulation. Only 1.1% expressed the highest-
risk HLA DR3-DQ2/DR3-DQ2 genotype. The most commisk genotypes, a single copy of either DR3-

DQ2 or DR4-DQ8, were each present in about 17%.

Subjects had blood draws for tissue transglutareiaasoantibodies (tTGA) at 9, 15, and 24 monthesgef,
and yearly thereafter. Any positive test was régeban 3 to 6 months. After two positive blood sdes, the
family was referred to a pediatric gastroenterabgi standard letter was provided to the physitieat
encouraged further evaluation particularly whenti®A was >0.5. However, the decision as to whetihe
not to perform a biopsy was outside the protocahdf study, but if done, results were obtained gradlied

using the system described by Marsh[12] by a namdbtl clinical pathologist.



This study was approved by the Colorado Multipltitntional Review Board. Written informed consent

was obtained.

Autoantibody Assay:
A well-described radiobinding assay using humaomdzinant tissue transglutaminase protein was used t

detect tTGA[13 14]. A level of 0.05 was the cutfuff a positive test.

Definitions of celiac disease autoimmunity and celiac disease:

The primary outcome waliac disease autoimmunity (CDA), defined as either positive tTGA persistent

2 consecutive blood draws at least 3 months apagt single positive tTGA test plus intestinal =gp
confirming CD. The secondary outcome wdsac disease, defined as tTGA plus a Marsh 2 or 3 lesion on
intestinal biopsy or CDA with high tTGA levels (8).on at least 2 visits. The cutoff of >0.5 wass#n
because at 10x the normal cutoff of 0.05, the p@spiredictive value for finding villous atrophy d&mopsy

was 96% for children identified by screening[13|ll subjects with CD met criteria for CDA.

Statistical analysis: The dataset reflects follow-up of the cohort B8wgust 10, 2015. Statistical analyses
were performed using the SAS software version 945 Institute, Cary, North Carolina). Two groutes$ts
were used to compare cases to controls for agestatikit. Chi-square test or Fisher exact tesewsed for
the comparisons of categorical variables. Two @utes were analyzed: time to development of CDA and
time to CD. Ongoing recruitment since 1994 andiooimg follow-up have resulted in variable lengtfs
follow-up, producing right-censored data. Finallg have interval-censored data in that we know trdy
time of the last negative and first positive autdzdy blood draw, rather than the actual timeaf\wersion

to autoantibody positivity.



Cumulative risk of CDA and CD by HLA group was estited for each HLA group using nonparametric
survival analysis of interval-censored data (SA®RRCLIFETEST) with Turnbull’s algorithm[16]. The
cumulative risk for CD and CDA in the Denver pogiga was estimated by using genotype-specific risk

weighting for the population frequencies of HLA[17]

In order to examine the HLA effects on CD and CB#&vival analyses (SAS PROC LIFEREG) were
carried out using a parametric model with differentlerlying time to event distributions accountiag

right, left and interval censoring. Probabilitytd from models with Weibull, exponential, log-let,
lognormal and generalized gamma distribution weragared. The model based on the generalized gamma
distribution was the best fit. Calculations ofide¥-up time began at birth. HLA genotype, famiigtory of

CD and sex were included in the model becausedheiknown to affect the risk factors for CD.

Results are presented as acceleration factorsuihanarize the relative time to event compared to a
reference group. The acceleration fagtaflows evaluation of the effect of predictor vates on the
disease-free survival time. When two groups arepaoed for development of celiac disease, e.g., liEsna
vs. malesy < 1 indicates that female sex is harmful to swalvfree of CD, whiley >1 would indicate a

benefit to disease-free survival. A 2-sided p S0M@&s considered significant.

Results

Among the 1339 study subjects, 112 developed tkmme of CDA, including 66 subjects that met the
criteria for CD: 38 by biopsy criteria and 28 bygistent and high tTGA levels. None of the 54toan
subjects without an HLA genotype risk developedacallisease during this time period. Of the 3 wiD

confirmed by biopsy, 31 (81%) were known to be stonpatic, and all but 6 had reported 2 or more



symptoms. Of the 28 with CD based on persistedthagh tTGA levels, 15 (54%) were symptomatic, 8nd

of them had reported 2 or more symptoms. Ove3@# of the CD subjects were asymptomatic.

Predictors of celiac disease
Univariate comparisond @ble 2) confirmed that older age, female sex, HLA genetymn-Hispanic white
ethnicity and having a first-degree relative with @ere associated with both CDA and CD. Havings-f

degree relative with type 1 diabetes was not aatstiwith either outcome.

The gamma accelerated failure time model for pregjom to CDA and CDT{able 3) included HLA
genotype, family history of CD, and sex as covasgatEthnicity was not included because it didailotv

the model to converge when analyzed. After adjgsior covariates, subjects with DR3-DQ2 homozytyosi
had a median progression time of 42% (accelerdtictor 0.42) and 14% (acceleration factor 0.14)GBA
and CD respectively, when compared to the progradsne of the reference group with the lower-risk

genotype of DR4-DQ8/X.

Cumulative incidence by HLA genotype

The cumulative incidence by each HLA genotype lier development of CDA and celiac disease is shown i
Figure2. By 5, 10 and 15 years, the cumulative incidesfd€DA in those with DR3/3 was 14.8%, 22.1%,
and 26.4% respective(pupplementary Table S1). In those with a single DR3-DQ2 (as DR3-DQ2/X or

DR3-DQ2/DR4-DQ8), the cumulative incidence of CDA8.6%, 15.1%, and 16.3%.



The cumulative incidence of CD in those with DR®&/&s 9.8%, 14.2%, and 14.2% by 5, 10 and 15 years
respectively(Supplementary Table S2). In those with a single DR3 (as DR3-DQ2/X or DBQ2/DR4-

DQ8), the combined cumulative incidence of CD w&84G 10.3%, and 10.8%.

Estimated population cumulative incidence

After weighting for the general population frequiescof each HLA genotype, the estimated cumulative
incidence of CDA and CD in the Denver general papoh is shown ifFigure 3. The estimated cumulative
incidence in the Denver general population for Ob&s 2.4% (95% CI 1.8-3.2) by age 5 years, 4.3% (3.5
5.3) by 10 years, and 5.1% (4.2-6.1) by 15 yeaFke estimated cumulative incidence of CD in the\zes
general population was 1.6% (95% CI 1.0-2.2) by&agears. 2.8% (95% CI 2.1-3.6) by 10 years, athéc3
(2.3-3.8) by 15 years. As a subgroup analysissevesidered only those with biopsy-proven CD. The
estimated cumulative incidence in this group dt®and 15 years of age was 1.2%, 1.9% and 1.9%.

However, it should be noted that this would be adeanestimation of CD in the general population.

Transient or fluctuating CDA

Of the 46 study subjects who developed CDA but@iof 21 (46%) had transient tTGA that self-resolved
and did not reappear and an additional 6 (13%)th&a that fluctuated between positive and negative
before becoming positive again despite remaining gluten-containing diet. All of these subjedther
had tTGA levels < 0.5 (n = 23) or had a tTGA meamgnt >0.5 only once, followed immediately by a
declining tTGA level 3-6 months later, with levélet eventually became negative (2 transients, 2
fluctuating). None of the 4 subjects in this grauith biopsies had Marsh 2 or 3 lesions. In mosjects,
duration of tTGA positivity was between 6-18 montt$owever, there were 4 subjects with tTGA pogifiv

lasting for 2, 3, 5 years and 9 years before spaatasly becoming negative while continuing on degiu



containing diet. There was no association betvieese with transient/fluctuating tTGA and havigpe 1

diabetes or islet autoimmunity, nor was there @oasation with a specific HLA genotype.



Discussion

Forty percent of the general population carries HRA2 or DQS8, and is therefore at risk for CDA and.C
We have previously estimated the risk of CDA andi@ihe first 5 years of life[10]. We now show tha
children continue to develop CDA and CD throughatuieast the first 10 years of life, with a relativ
decrease in incidence by 10-15 years of age. Timaasd cumulative incidence of CDA of 5.1% andC@
of 3.1% by age 15 years suggests a significaneass from historical estimates in the US. Howevés
assessment of rising incidence is consistent weitkemt studies using different approaches in NorttreAca

[3 4 18]and Europe[5 19].

The 3.1% cumulative incidence of CD in Denver bg 4§ is the highest to date in North America and is
consistent with the 3% prevalence reported in Swdolel2 year olds born during an “epidemic” thoutgh
be due to early introduction of large amounts ateyh in the infant diét Although timing of gluten
introduction is likely not a factor in the incredsacidence, it is possible that tamount of gluten at the

time of introduction could be a factor for both otnies [20].

While it is possible that this high incidence of €8uld be an isolated cohort effect limited to Catip
children, the findings are consistent with the obsé trend of increasing incidence noted worldwiégior
estimates of prevalence in the US are much lowdfo®f US blood donors in 1998[21], and then 0.716%
2010[22] followed by 0.79% in 2012[23] accordingthe NHANES study. However, these numbers are
based on screening of both adults and childreappssed to our study, which was in only childred an
adolescents. Therefore, the marked increase idence in our study may be a new phenomenon tlsat ha

affected this current generation of youth.



The reasons for the dramatic increase are unknownpn the absence of identified genetic differenaed
rapid changes in CD frequency over the past twadkes, environmental causes seem likely. The fole o
early infant factors related to timing of glutetraduction and breast feeding duration has beereplato
serious doubt based on two recent clinical triaBj[and a prospective cohort study[24]. Other pszal
causes include the amount of gluten consumed durfagcy[20 25] and early infections[26 27] such as

rotavirus[28] possibly causing alterations of the gpicrobiome[29 30].

According to the 2010 US Census data, the Denwex laas a higher percentage of children of Hispanic
ethnicity (32% vs 16%), and a lower percentage Witican American ethnicity when compared to the US
general population. These ethnicity differencesualikely to substantially bias extrapolation loé t
estimates of CD and CDA, although additional stei@iee needed to determine if our data accuratégcts

the US general population.

It is also important to note that while all subgeatere recruited from the general population, theas a
higher likelihood that a subject having a first degrelative with type 1 diabetes would consent to
enrollment and have better study retention. Howema data and a prior study demonstrates thaeinl
those with a first degree relative for CD, havinfyst degree relative for type 1 diabetes doesmgpact the

risk of developing celiac disease when adjustedHioh and sex[31].

The results from this study provide unique datahennatural history of CD that has implications foiblic
health issues such as universal screening. Frienstiindy, it might be argued that more aggressiveesing
during early childhood would be indicated for tlrstf5-10 years, followed by less frequent testimgreafter

given the decrease in the rate of seroconversianglthis time.



Our results emphasize that the presence of CDA woiggredict universal progression to CD. Such
transient autoantibodies may limit public accepgaocuniversal screening[15][38]. Others have also
observed fluctuating tTGA[15] and transient tTGAibadies in children with serial testing[39-41].
Continued long term follow-up will identify wheth#ére autoimmunity in these subjects truly abates an
tolerance develops, or if CDA will recur in timeggsibly in response to additional stimulating eseAt
present, low positive tTGA results should be intetgd with caution, and do not necessarily indicated

for biopsy or for treatment.

One of the limitations is that our study did not@ant for the DR5/DR7 risk genotype present in3.386

the general population[42 43] and accounting fdvo<& all patients with CD[44]. These individuabgeess

a single copy of the DQ2 heterodimer as DQA1*03@1B1*02:02 in trans. An additional 5% are negative
for DQ2 and DQS8 heterodimer in both cis and trapstpn; most have only half of the DQ2 heterodimer
(DQA1*05 or DQB1*02)[45] and many have the DQA1*02; DQB1*02:02 haplotype (also known as
DQ2.2)[46]. It also doesn’t take in to accountddan the general population with DR3/DR7 who can b
considered high risk and present in about 2.6%efeneral population[42]. Therefore, this regbiduld

be seen as conservative since we may underestihgataie cumulative incidence of CD and CDA by not

accounting for subjects with these genotypes.

Another potential limitation involves the definitis of CDA and CD. We considered persistent
seropositivity (CDA) with a well-characterized agse sufficient to identify cases since many subjda
not pursue biopsy. Of those undergoing biopsy, Ba@#normal villous architecture similar to other

reports[47 48]. These children were not considépdtave CD unless the tTGA levels were very higth a



persistent (greater than 10x the normal cutoff)er€fore, only those with biopsy-proven CD or vieigh
tTGA levels were included, while subjects with petent low tTGA levels and no biopsy were considee
not have CD. Symptoms were not considered in &tegorization of CD in this study since half of all

screening-identified children with CD are knowrbeasymptomatic [49].

In summary, this study of a population-based kihort in Denver, CO shows continuing developmént o
CD throughout early childhood. By 15 years of agegestimated 3.1% of the Denver population develops
CD and an additional 2% develops a lesser degr&®éi. Although approximately 5% of children may
experience a period of time with CDA, a high prdjmor will remit without treatment. It seems liketlyat

the majority of celiac autoimmunity develops inldhbod, and mostly before age 10, which could imfor

future efforts for universal screening.



FigureLegends

Figure 1. Flow chart for subject screening anduiément

Figure 2. Cumulative incidence (%) of celiac dgeautoimmunity (CDA) and celiac disease (CD)efach

HLA genotype through the first 15 years of lifeuNber of subjects in study grouped by 5-year iratistv

Figure 3. Estimated cumulative incidence (%) difacedisease autoimmunity (CDA) and celiac disease

(CD) in the Denver, Colorado general population.
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Table1. Ethnicity and HLA frequency, N (%) for 31,766 subjects undergoing newborn

Screening.
Asian- African- Non- Biracial &
: . Hispanic Hispanic Total
American | American ; others
White
DR3-DQ2/
DR3-D02 1(0.2) 28 (1.2) 58 (0.6) 250 (1.4) 22 (1.4) 359 (1.1)
DR3-DQ2/
DR4-DQ8 4 (0.7) 30 (1.3) 235 (2.4) 415 (2.4) 19 (1.2) 703 (2.2)
DR3-DQ2/X | 68 (11.8) | 472 (20.6) | 1234 (12.7) | 3376(19.2) | 296 (19.0) | 5446 (17.1)
DR4-DQ8/
DR4-DQ8 5(0.9) 6 (0.3) 280 (2.9) 385 (2.2) 27 (1.7) 703 (2.2)
DR4-DQ8/X | 51(8.9) | 172(7.5) | 2388 (24.6) | 2803 (15.9) | 225 (14.4) | 5639 (17.8)
DRX/X 447 (77.6)| 1582 (69.1)| 5530 (56.9) | 10386 (59.0)| 971 (62.2) | 18916 (59.5)
Total 576 2290 9725 17615 1560 31766




Table 2. Demographic characteristics of the 1339 subjectsfollowed prospectively for

outcome of celiac disease autoimmunity or celiac disease.

Celiac disease autoimmunity

Celiac disease

No Yes No Yes
N=1227 N=112 p value [ N=1273 N=66 p value
ﬁe’(‘%) Female | 569 (46.4) 64 (57.1) 003 |595(46.7) 38 (57.6) 0.09
DR3-DQ2/DR3-DQ2| 109 (8.9) 21 (18.8) 117 (9.2) pElCERY
DR3-DQ2/DR4-DQ8| 337 (27.5) 40 (35.7) 343 (27.7) REER
HLA
genotype DR3-DQ2/X | 224 (18.3) 26 (23.2) <0.0001 | 230 (18:1) 20(30.3) 455y
N (%)
DR4-DQ8/DR4-DQ8| 127 (10.4) 11 (9.8) 133 (10.4)  5(7.6)
DRA-DQ8/X | 430 (35.0) 14 (12.5) 440(346) 4(6.1)
Black 33(2.7)  0(0) 33(26) 0(0)
Ethnicity Hispanic 333 (27.1) 15(13.4) 0,002 341 (26.8 7 (10.6) 0,003
N (%) - | .
NHW 800 (65.2) 92 (82.1) 834 (65.5 58 (87.9)
Other 61(50) 5 (4.5) 65(5.1) 1 (L5)
Family
ggory of Yes 14(11) 17(152) <0.0001 | 16(L.3) 15(22.7) <0.0001
N (%)
Family
history of 80 5
s Yes 75(6.1) 10(8.9)  0.24 63) e 06
N (%)

SD - standard deviation; T1D — type 1 diabetes

NHW - non-Hispanic white; “other” ethnicity: Asiabjracial or “other” self-reported ethnicities
X =not DR3-DQ2 or DR4-DQ8

* Indicates Fisher exact test p value instead eékghare test p value.




Table3. Adjusted Survival Analysisof Timeto Progression for Celiac Disease

Autoimmunity (CDA) and Celiac Disease (CD). Accderation factor summarizesthe

relative time to event compar ed to a reference group.

Celiac Disease Autoimmunity

Cedliac Disease

Acceleration Acceleration
Parameter 95% ClI P value 95% ClI P value
Factor Factor
Female 0.83 0.66 - 1.04 0.11) Female 0.65 0.42 - 1.0 0.06
Sex reference
Male Male reference group
group
DR3-DQ2/ DR3-DQ2/
0.42 0.25-0.73| 0.002 0.14 0.06 -0.33| <0.0001
DR3-DQ2/ DR3-DQ2/
DR3-DQ2/ DR3-DQ2/
0.60 0.42 - 0.86] 0.006 0.24 0.12 - 0.48| <0.0001
DR4-DQ8 DR4-DQ8
HLA DR3- DR3-
0.61 0.41-0.91] o0.01 0.21 0.10 - 0.44| <0.0001
genotype DQ2/X DQ2/X
DR4-DQ8/ DR4-DQ8/
0.81 0.50-1.31 0.39 0.40 0.16-1.00 0.05
DR4-DQ8 DR4-DQ8
DR4- reference DRA4-
reference group
DQ8/X group DQ8/X
First-degree yes 0.64 0.311.32 0.23 Yes 0.13 0.05 - 0.36).0001
relative with
reference
CD no no reference group
group

Cl — confidence interval



ACCEPTED MANUSCRIPT

Total Eligible

Total followed

=112
66

With CDA, n

5793

n=

n=1339

With CD, n

31,766 general population
newborns completed HLA DR,

DQ screening
A 4 l y l v
DR3/3 eligible DR3/4 eligible DR3/X eligible DR4/4 eligible DR4/X eligible
subjects subjects subjects subjects subjects
n=358 n=711 n=1945 n =499 n=2280
A 4 l l
DR3/3 followed DR3/4 followed DR3/X followed DR4/4 followed DR4/X followed
n=130 n=377 n=250 n=138 n =444
B l l l
DR3/3 with CDA DR3/4 with CDA DR3/X with CDA DR4/4 with CDA DR4/X with CDA
n=21 n=40 n=26 n=11 n=14
DR3/3 with CD DR3/4 with CD DR3/X with CD DR4/4 with CD DR4/X with CD
n=13 n=24 n=20 n=5 n=4
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Supplementary Table S1 Cumulative risk for celiac disease autoimmunity (CDA) for each HLA genotype

after 5, 10 and 15 years follow-up.

Table S1
Number of Cumulative
HLA erars of cumulative risk for CDA | Lower Cl (%) | Upper Cl (%)
ollow-up events for CDA (%)
5 13 14.8 9.6 22.4
DR3-DQ2/DR3-DQ2 10 19 22.1 15.9 30.3
15 21 26.4 19.5 35.1
5 18 8.1 5.8 11.4
DR3-DQ2/DR4-DQS8 10 38 14.6 114 18.6
15 39 15.1 11.9 19.2
5 9 10.6 7.2 15.3
DR3-DQ2/X 10 22 17.1 12.9 224
15 24 18.4 14.1 23.9
5 2 2.7 0.8 8.1
DR4-DQ8/DR4-DQS8 10 10 11.5 7.2 18.1
15 10 11.5 7.2 18.1
5 3 0.9 0.3 2.5
DR4-DQ8/X 10 8 3.1 1.8 5.3
15 14 5.7 3.9 8.3




Supplementary Table S2 Cumulative risk for celiac disease (CD) (Table S1B) for each HLA

genotype after 5, 10 and 15 years follow-up.

Table S2
Number of Cumulative
HLA erars of cumulative risk for CD Lower CI (%) | Upper Cl (%)
ollow-up events for CD (%)

5 8 9.8 5.7 16.7

DR3-DQ2/DR3-DQ2 10 12 14.2 9.2 21.5
15 13 14.2 9.2 21.5

5 12 4.9 3.1 7.6

DR3-DQ2/DR4-DQS8 10 24 9.2 6.7 12.6
15 24 9.2 6.7 12.6

5 8 7.7 4.9 11.9

DR3-DQ2/X 10 16 12.3 8.8 17.1

15 18 13.6 9.9 18.6

5 1 1.0 0.2 5.2

DR4-DQ8/DR4-DQS8 10 4 4.5 2.1 9.6
15 4 4.5 2.1 9.6

5 1 0.3 0.1 1.6

DR4-DQ8/X 10 3 1.5 0.7 3.1

15 4 1.5 0.7 3.1




