Diabetes

Baishideng Publishing Group Inc



/{/ (]- ﬂ Diabetes

World Journal of

Contents Monthly Volume 10 Number 3 March 15, 2019
EDITORIAL
137 Do we need to screen every patient in intensive care unit for diabetes in community with high prevalence of

diabetes?
Dutt T, Kashyap R, Surani S

REVIEW
140  Cataract in diabetes mellitus
Kiziltoprak H, Tekin K, Inanc M, Goker YS
154  Crosstalk between gut microbiota and antidiabetic drug action
Kyriachenko Y, Falalyeyeva T, Korotkyi O, Molochek N, Kobyliak N
MINIREVIEWS
169  Antidiabetic treatment on memory and spatial learning: From the pancreas to the neuron
Xourgia E, Papazafiropoulou A, Melidonis A
ORIGINAL ARTICLE
Case Control Study
181  Screening the RFX6-DNA binding domain for potential genetic variants in patients with type 2 diabetes
Mahmoud IS, Homsi A, Al-Ameer HJ, Alzyoud J, Darras M, Shhab MA, Zihlif M, Hatmal MM, Alshaer W
Retrospective Cohort Study
189  Targeted genotyping for the prediction of celiac disease autoimmunity development in patients with type 1
diabetes and their family members
Leonard MM, Camhi S, Kenyon V, Betensky RA, Sturgeon C, Yan S, Fasano A
Observational Study
200  Burden of diabetic foot ulcer in Nigeria: Current evidence from the multicenter evaluation of diabetic foot
ulcer in Nigeria
Ugwu E, Adeleye O, Gezawa I, Okpe I, Enamino M, Ezeani I
212 Prevalence and associated factors of hospitalization for dysglycemia among elderly type 2 diabetes patients:

A nationwide study
Kaewput W, Thongprayoon C, Varothai N, Sirirungreung A, Rangsin R, Bathini T, Mao MA, Cheungpasitporn W

Reishidenge WJD | https://www.wjgnet.com I March 15,2019 | Volume10 | Issue3 |


https://www.wjgnet.com

World Journal of Diabetes
Contents
Volume 10 Number 3 March 15, 2019
Prospective Study
224  Optimized health care for subjects with type 1 diabetes in a resource constraint society: A three-year follow-
up study from Pakistan
Ahmedani MY, Fawwad A, Shaheen F, Tahir B, Waris N, Basit A
Raishidengs WJD | https://www.wjgnet.com I March 15, 2019

| Volume10 | Issue3 |



World Journal of Diabetes
Volume 10 Number 3 March 15, 2019

Contents

ABOUT COVER Editorial Board Member of World Journal of Diabetes, Dimiter Avtanski, PhD,
Assistant Professor, Department of Medicine, Friedman Diabetes Institute,
Northwell Health, New York, NY 10022, United States

AIMS AND SCOPE World Journal of Diabetes (World | Diabetes, W]D, online ISSN 1948-9358, DOI:
10.4239) is a peer-reviewed open access academic journal that aims to guide
clinical practice and improve diagnostic and therapeutic skills of clinicians.

The WD covers topics concerning a, 3, & and PP cells of the pancreatic
islet, the effect of insulin and insulinresistance, pancreatic islet transplanta-
tion, adipose cells, and obesity.

We encourage authors to submit their manuscripts to WJD. We will give
priority to manuscripts that are supported by major national and
international foundations and those that are of great clinical significance.

INDEXING/ABSTRACTING The W]D is now abstracted and indexed in Emerging Sources Citation Index (Web of
Science), PubMed, PubMed Central, Scopus, China National Knowledge
Infrastructure (CNKI), China Science and Technology Journal Database (CSTT), and

Superstar Journals Database.

RESPONSIBLE EDITORS

Responsible Electronic Editor: Yuz-Xiaojian Wu Proofing Editorial Office Director: Jin-Lei Wang

FOR THIS ISSUE

NAME OF JOURNAL COPYRIGHT

World Journal of Diabetes © 2019 Baishideng Publishing Group Inc

ISSN INSTRUCTIONS TO AUTHORS

ISSN 1948-9358 (online) https:/ /www.wjgnet.com/bpg/gerinfo/204
LAUNCH DATE GUIDELINES FOR ETHICS DOCUMENTS
June 15,2010 https:/ /www.wjgnet.com/bpg/Gerlnfo/287
FREQUENCY GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
Monthly https:/ /www.wignet.com/bpg/gerinfo/240
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Timothy R Koch https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wijgnet.com/1948-9358 /editorialboard.htm https:/ /www.wjgnet.com/bpg/getinfo/242
EDITORIAL OFFICE STEPS FOR SUBMITTING MANUSCRIPTS
Jin-Lei Wang, Director https:/ /www.wignet.com/bpg/Gerlnfo/239
PUBLICATION DATE ONLINE SUBMISSION

March 15, 2019 https:/ /www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Reishidenge WJD | https://www.wjgnet.com I March 15,2019 | Volume10 | Issue3 |


mailto:bpgoffice@wjgnet.com

w\J |0

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4239/wjd.v10.i3.189

World Journal of
Diabetes

World | Diabetes 2019 March 15; 10(3): 189-199

ISSN 1948-9358 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Targeted genotyping for the prediction of celiac disease
autoimmunity development in patients with type 1 diabetes and their

family members

Maureen M Leonard, Stephanie Cambhi, Victoria Kenyon, Rebecca A Betensky, Craig Sturgeon, Shu Yan,

Alessio Fasano

ORCID number: Maureen M Leonard
(0000-0002-5955-5102); Stephanie
Camhi (0000-0003-0691-5773);,
Victoria Kenyon
(0000-0002-7051-0124); Rebecca A
Betensky (0000-0002-3793-1437);
Shu Yan (0000-0003-4864-5134);
Craig Sturgeon
(0000-0002-5311-0903); Alessio
Fasano (0000-0002-2134-0261).

Author contributions: All authors
contributed to writing the
manuscript and reviewing the
manuscript.

Supported by The Center for Celiac
Research and Treatment, The
Nutrition Obesity Research Center
at Harvard, No. P30-DK04561; to
MML and RAB and The Harvard
Clinical and Translational Science
Center, the Harvard Catalyst,
NCRR and NCATS, NIH Award,
No. UL1 TR001102.

Institutional review board
statement: All study procedures
were reviewed and approved by
the Partners Human Research
Committee Institutional Review
Board (IRB).

Informed consent statement: All
patients signed informed consent
for the investigations carried out.

Conflict-of-interest statement: The
authors declare no conflict of
interest.

Data sharing statement: Data can
be provided on request by the
corresponding author.

Raishidengs  WJD | https://www.wjgnet.com 189

Maureen M Leonard, Stephanie Camhi, Victoria Kenyon, Craig Sturgeon, Shu Yan, Alessio
Fasano, Mucosal Immunology and Biology Research Center, Mass General Hospital for
Children, Boston, MA 02115, United States

Maureen M Leonard, Stephanie Camhi, Victoria Kenyon, Craig Sturgeon, Shu Yan, Alessio
Fasano, Center for Celiac Research and Treatment, Mass General Hospital for Children,
Boston, MA 02115, United States

Maureen M Leonard, Stephanie Camhi, Victoria Kenyon, Craig Sturgeon, Shu Yan, Alessio
Fasano, Department of Pediatric Gastroenterology and Nutrition, Mass General Hospital for
Children, Boston, MA 02114, United States

Rebecca A Betensky, Department of Biostatistics, Harvard T.H. Chan School of Public Health,
Boston, MA 02115, United States

Corresponding author: Maureen M Leonard, MD, MSc, Instructor, Clinical Director,
Department of Pediatric Gastroenterology, Mass General Hospital for Children, 55 Fruit Street
(Jackson 14), Boston, MA 02114, United States. mleonard7@mgh.harvard.edu

Telephone: +1-617-7244155

Abstract

BACKGROUND

Patients with type 1 diabetes (T1D) and their first-degree relatives (FDRs) have an
increased risk of developing celiac disease (CD) compared to the general
population. This is largely explained by the shared association with major
histocompatibility class II human leukocyte antigen (HLA) DQ2 and/or DQ8
between the two disease states.

AIM

To describe the frequency of CD autoimmunity (CDA) and the distribution of
HLA and haptoglobin genotypes in patients with T1D and their FDRs.
Additionally, we aimed at identifying predictors associated with an increased
risk of developing CDA in patients with T1D and their family members.

METHODS

We obtained clinical information and blood samples from 1027 participants (302
with T1D and 725 FDRs) over a five-year period. Samples were tested for
autoantibodies associated with CD, HLA-DQ alleles, and haptoglobin genotype.
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We fit univariate and multiple logistic regression models for CDA separately for
subjects with T1D and for FDRs of subjects with T1D.

RESULTS

Implementation of a screening program increased the frequency of CDA by 2-
fold in participants with T1D and 2.8-fold in their FDRs. Multivariate analysis
found that, in participants with T1D, having both DR7-DQ2 and DR4-DQ8 was
associated with an increased frequency of CDA. In FDRs of T1D patients,
reported CD in the family was associated with an increased frequency of CDA
during screening. Haptoglobin 2 genotype was not associated with developing
CDA in the multivariate analysis.

CONCLUSION

Patients with T1D and their FDRs have a high frequency of CDA. Carrying both
DR7-DQ2 and DR4-DQ8 was associated with development of CDA in patients
with T1D.

Key words: Screening; Gluten; Diabetic; Coeliac; Haptoglobin; Human leukocyte antigen

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Serological screening for celiac disease (CD) autoimmunity in subjects with
type 1 diabetes (T1D) and their first-degree relatives (FDRs) found an underestimation
of CD by 2 fold in T1D patients and 2.8 fold in their FDRs. Participants with T1D who
carry DR7-DQ2/DR4-DQ8 were more likely to screen positive for CD autoimmunity.
There was no association between carrying zonulin genetics and an increased risk of
developing CD in our cohort. Patients with T1D and their FDRs have an increased risk
of developing CD compared to the general population and, given the often-asymptomatic
nature of disease, physicians should have a low threshold for screening.
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INTRODUCTION

Celiac disease (CD) is an autoimmune enteropathy that occurs in genetically
susceptible individuals in response to ingestion of gluten. While the worldwide
prevalence of this condition is estimated at 1%, prevalence is known to vary among
geographical locations and ethnic groups!'l. The prevalence of CD and other
autoimmune conditions appears to be on the rise, and yet most patients with CD
remain undiagnosed”’. Many of these individuals may be asymptomatic and
identified through the screening of high-risk groups. Patients with type 1 diabetes
(T1D) constitute a high-risk group given their risk of CD is reported at 3-8 times
higher than that of the general population®”.. This increased risk is likely due to a
shared genetic predisposition with the major histocompatibility (MHC) class II human
leukocyte antigen (HLA) DQ2 and/or DQ8 between the two disease states*”.. Recent
evidence suggests that, like T1D patients, relatives of those with T1D have an
increased risk of autoimmune disease. Screening studies detecting celiac-associated
antibodies have found a prevalence of CD in relatives of those with T1D ranging
between 2.5% and 6%\

Both T1D and CD are diseases for which increased permeability is crucial to the
pathogenesis!''*?l. Zonulin, a family of proteins belonging to the serine proteases
group, is a master regulator of paracellular permeability and works through
reversibly altering intercellular tight junctions!"**l. Serum zonulin levels correlate
with increased intestinal permeability and have been associated with many chronic
inflammatory disorders, including CD and T1D!"'*l. One of the zonulin isoforms is
the precursor of haptoglobin-2 (HP2)!"l. In humans, haptoglobin (HP) exists as two

March 15,2019 | Volume10 | Issue3 |


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Leonard MM et al. Targeted genotyping for CD prediction

common alleles, HP1 and HP2, giving rise to three different HP genotypes (HP1-1,
HP2-1, HP2-2). The HP2 allele is found only in humans and only individuals who
possess an HP2 can produce zonulin. Worldwide, the frequency of HP1-1 varies from
0.07-0.700%1, In the United States, the frequency ranges from 0.31-0.55, with a frequency
of 0.41 reported in Caucasians!’’l. Presence of the HP2 allele has been shown to
influence the course of inflammatory disease due to differences in antioxidants,
scavenging, and immunomodulatory properties!'. Previous work has shown that the
zonulin gene (HP2) is more frequent in chronic inflammatory diseases such as
inflammatory bowel disease”, CD!, and lupus?, and that homozygosity for HP2-2
is associated with more severe clinical manifestations of inflammatory conditions!!l.
In patients with T1D, the frequency of HP2-2 and HP2-1 genotypes is increased
compared to that reported in the general population™!. Further, the HP2-2 genotype
has been associated with increased risk of coronary artery disease in patients with
type-2l*! but not type-1°! diabetes. In patients with T1D, HP2-2 has not been
significantly associated with diabetic nephropathy!™], but has been associated with an
increased risk of cardio-renal mortality™], including a decline in kidney function and
progression to end-stage renal diseasel””*. Overall, the contribution of HP genotype to
development of other autoimmune diseases, specifically CD, has not been evaluated.
However, given the role of zonulin in the pathogenesis of both T1D and CD, we
postulated that patients with T1D or their first-degree relatives (FDRs) would be more
likely to develop CD if they carried the HP2-2 genotype.

Since approximately half of T1D patients who are diagnosed with CD present
asymptomatically, and there are no universally accepted screening guidelines to
evaluate for CD in patients with T1D or their FDRs, we employed a prospective
program to serologically screen patients with T1D and their FDRs for CD%. We
aimed at identifying predictors that may increase the risk of developing CD in
patients with T1D, and to understand which individuals from these high-risk families
were more likely to develop CD to identify which subjects may benefit most from
screening. We hypothesized that patients with T1D who develop CD are younger at
the age of T1D diagnosis, more likely to carry DR3-DQ2/DR4-DQ8 and more likely to
have zonulin genetics, HP2, than patients with T1D without CD. We also
hypothesized that FDRs of subjects with T1D will be more likely to develop CD if they
are female, complain of GI symptoms, carry DR3-DQ2, and carry the zonulin gene
HP2.

MATERIALS AND METHODS

Setting

This study was performed during the Children with Diabetes (CWD) annual
conference. CWD is a United States based organization that provides educational and
social support for families of children with T1D. We conducted serological screening
for CD at CWD's annual conference over five consecutive years (2013-2017).

Subjects

Children and adults attending the CWD conference diagnosed with T1D or with a
FDR (parent, child, or sibling) with T1D were eligible for participation. Participants
self-selected to participate by visiting our “booth” to conduct study procedures.
Written informed consent was obtained from all participants. All study procedures
were reviewed and approved by the Partners Human Research Committee
Institutional Review Board.

Clinical information

Participants and, when necessary, their caregivers (on behalf of a child), completed a
brief self-report clinical questionnaire targeted to assess the family history of T1D and
CD, presence or absence of CD-associated symptoms in the individual, current diet,
and other pertinent medical information.

Serology

All subjects underwent venipuncture with an on-site phlebotomist. A minimum of 8
cc of blood was collected from each participant. Serum was evaluated for antibodies
to IgA tissue transglutaminase (tTG) and IgG deamidated gliadin peptide (dGP) using
QUANTA Lite Rh-tTG IgA ELISA (INOVA Diagnostics, San Diego, CA, United
States) on the BioFlash platform. Individuals found to have IgA tTG levels above the
kit reference value (> 20 CU) were subjected to confirmatory testing for IgA
endomysial antibodies (EMA) using the NOVA Lite Monkey Oesophagus IFA Kit
(Inova Diagnostics, San Diego, CA, United States). Subjects found to have elevated
IgG dGP in the absence of elevated IgA tTG were further evaluated for potential IgA
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deficiency. Serum samples for these individuals were sent to an outside lab (LabCorp,
Burlington, NC, United States) and a total IgA level was performed using immuno-
turbidimetric methods.

HLA determination
HLA was determined from whole blood samples using the DQ-CD Typing Plus
(BioDiagne, Palermo, Italy) according to the manufacturer’s instructions.

HP genotyping

HP genotype was determined by either PCR or immunoblot depending on availability
of biological samples. For determination by PCR, genomic DNA was extracted from
venous blood using QlAamp DNA kit (Qiagen, Hilden, Germany). The genotypes
were determined by a novel one step PCR method using primers designed with
Primer3 in exon 2 and exon 5 of HP1 corresponding to exons 2 and 7 of HP2. The
primers were designed as follows: forward: TTTCTGGCTGCTAAGTTG and reverse:
AATGTCTTTCGCTGTTGC. The PCR was performed in 10 uL reactions containing
100 ng purified DNA, 5 uL of 2x MyTaq Red Mix (Bioline, Taunton, MA, United
States), and 300 nM of each primer. After PCR, the amplicons were electrophoresed
on a 1% agarose gel and read under a UV bulb. The duplication in HP2 results in a
size difference of the PCR products (2.5 kb HP1 and 4.3 kb HP2) allowing for
differentiation of the two genotypes.

Following screening, all participants were informed of their serological status and
genetic compatibility (in regard to HLA only). In the event of abnormal serological
findings, patients were instructed regarding necessary follow-up procedures with a
local physician or specialist.

Definition of CD, Celiac disease autoimmunity (CDA) and IgA deficiency
Participants who self-reported a diagnosis of CD prior to screening were classified as
“previous CD” if their diagnosis was based on biopsy or “history of CDA” if their
diagnosis was based on bloodwork alone. Patients with positivity for both IgA tTG
and IgA EMA at screening were considered, for this study, positive for CD. In the
absence of IgA EMA (IgA tTG elevated alone), subjects were classified as de-
monstrating CDA. Patients with elevated IgG dGP in the absence of elevated IgA tTG
were evaluated for potential IgA deficiency. Serum IgA levels less than 7 mg/dL were
regarded as IgA deficient. Individuals found to have elevated IgG dGP and IgA
deficiency were classified as CDA. For the purposes of the univariate and multivariate
analyses, all patients with CD and CDA were combined and are referred to having
CDA.

Statistical analysis

Categorical data are presented as frequency (percentage). Continuous data are
described as mean * SD if normally distributed and median (interquartile range; IQR)
otherwise. All tests of significance were two-sided with a = 0.05, and all analysis was
performed with SAS 9.4 (Cary, NC). We fit univariate and multiple logistic regression
models for CDA, separately for subjects with T1D and for FDRs of subjects with T1D.
We included all covariates that had P-values less than 0.10 in univariate analyses and
in the multiple regression models. We used generalized estimating equations to
account for the correlation within families in all analyses; we used an exchangeable
working correlation matrix, except for the multiple regression models for individuals
with T1D for which we used an independence working correlation matrix due to
convergence issues.

RESULTS

Demographics

Demographic data for participants with T1D, T1D and CDA (T1D+CDA), and FDRs
of T1D patients with (FDR + CDA) and without CDA are shown in Table 1. The
majority of patients in the study were female, White and not Hispanic. As expected,
since screening took place at a conference for children with T1D and their family
members, participants with T1D were younger than their FDRs at the time of
screening. More than 50% of participants reported being asymptomatic at screening.
Participants with CDA prior to or at the time of screening had a higher frequency of
reporting a relative with CD and a higher frequency of reporting a relative diagnosed
with any autoimmune disease.

HLA and haptoglobin genetics
Table 1 demonstrates the frequency of the HLA and haptoglobin genetics for
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Table 1 Demographic data: Participants with type 1 diabetes and their first-degree relatives n (%)

Demographics T1Donly (n=280) T1D+CD (n=22) FDR only (n = 689) FDR +CDA (n = 36)
White 249 (88.9) 22 (100) 629 (91.3) 35 (97.2)
Not hispanic 188 (67.1) 15 (68.2) 451 (65.5) 27 (75.0)
Female 178 (63.6) 17 (77.3) 409 (59.4) 26 (72.2)
Age at screening (yr), median (range) 19 (2-72) 14.5 (7-43) 40 (1-74) 39.5 (3-55)
Age at diagnosis of T1D (yr), median (range) 10 (0.1-64) 6.5 (1-21)

Presence of gastrointestinal symptoms (GI sx) 113 (40.5) 6(27.3) 216 (31.4) 13 (36.1)
Presence of extraintestinal symptoms (Ex sx) 78 (27.9) 3 (13.6) 176 (25.5) 7 (19.4)
Both GI and Ex symptoms 56 (20) 3 (13.6) 98 (14.2) 4 (11.1)
Asymptomatic 144 (51.6) 16 (72.7) 394 (57.3) 20 (55.6)
Human leukocyte antigen (HLA) genotype

DR3-DQ2 49 (18) 2(9.1) 148 (21.8) 10 (28.6)
DR3-DQ2 homozygote 18 (6.6) 3 (13.6) 25 (3.7) 3(8.6)
DR7-DQ2 12 (4.4) 1(4.6) 41 (6.1) 2(5.7)
DR7-DQ2 homozygote 2(0.7) 0 (0) 13 (1.9) 0 (0)
DR3/DR7-DQ2 homozygote 1(0.37) 0(0) 203.0) 3(8.6)
DR4-DQ8 83 (30.5) 5(22.7) 205 (30.2) 10 (28.6)
DR3-DQ2/DR4-DQ8 70 (25.7) 7 (31.8) 50 (7.4) 6 (17.1)
DR7-DQ2/DR4-DQ8 6(2.2) 4(18.2) 33 (4.9) 0(0)
DQ2/DQ8 negative 31 (11.4) 0(0) 142 (20.9) 1(2.9)
Haptoglobin genotype (HP) (Zonulin)

HP 1-1 46 (16.4) 2(9.1) 120 (17.4) 8(222)
HP 21 118 (42.1) 10 (45.5) 278 (40.4) 21 (58.3)
HP 2-2 116 (41.4) 10 (45.5) 290 (42.2) 7 (19.4)
Any HP2 234 (83.6) 20 (90.9) 568 (82.6) 28 (77.7)

T1D: Type 1 diabetes; CDA: Celiac disease autoimmunity; FDRs: First-degree relatives; GI sx: Gastrointestinal Symptoms; Ex sx: Extraintestinal Symptoms;
HLA: Human leukocyte antigen; HP: Haptoglobin genotype.

participants who underwent screening. All individuals with known or newly
diagnosed CDA, except for one, carried HLA-DQ2 or 8. The T1D + CDA and FDR +
CDA groups demonstrated a higher frequency of HLA DQ2 compared to T1D and
FDRs without CDA. Overall, participants in this cohort had a higher frequency of
carrying HP?2 (in heterozygosity or homozygosity) than previously published work
reporting the frequency of HP genotypes in the general population!'**..

Prevalence of CD and CDA

Table 2 reports the prevalence of CD and CDA in the screened participant cohort.
Prior to our screening program, 3.7% of participants with T1D and 1.8% of FDRs
reported a diagnosis of CD or history of CDA. After screening, the estimated
prevalence of CDA in our cohort increased by two-fold in patients with T1D and by
2.8-fold in FDRs. One participant in the cohort was found to have elevated IgG dGP
and IgA deficiency and was classified as CDA.

Univariate and Multivariate Analysis

Participants with T1D: The univariate analyses of participants with T1D (Table 3)
showed that an older age at study entry and older age of onset of T1D are associated
with lower risk of screening positive for CDA. In addition, the following charac-
teristics (in T1D patients) were associated with higher risk of CDA in our cohort:
absence of symptoms, carrying DR7-DQ2/DR4-DQ8, first-degree relation to an
individual with CD and first-degree relation to an individual with thyroid disease
and/or any autoimmune disease. In multiple regression analysis of subjects with T1D
(Table 3), carrying DR7-DQ2/DR4-DQ8 remained highly significantly associated with
screening positive for CDA.

FDRs of Participants with T1D: The univariate analyses of FDRs of participants with
T1D (Table 4) showed that absence of DQ2/DQ8 and presence of HP2-2 are both
associated with lower risk of CDA. Carrying DR3-DQ2 in homozygosity, DR3-
DQ2/DR4-DQ8, and HP2-1 are all associated with a higher risk of screening positive
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Table 2 Cohort prevalence of celiac disease and celiac disease autoimmunity

n CcD CDA CD at screening CDA at screening CDA prevalence estimation
Type 1 diabetes 302 827  3(1.0) 8 (2.5) 3(0.7) 22 (7.3)
First-degree relative 725 9(1.2) 4 (0.6) 18 (2.7) 5 (1.0) 36 (5.0)

T1D: Type 1 diabetes; FDRs: First-degree relatives; CD: Celiac disease; CDA: Celiac disease autoimmunity.

for CDA. Risk of CDA was increased in those who reported a diagnosis of CD in a
FDR and a history of any other autoimmune disease in a FDR. In multiple regression
analyses of FDRs of subjects with T1D (Table 4), including the significant predictors
from the univariate analyses, only reporting CD in a FDR is highly significantly
associated with screening positive for CDA.

DISCUSSION

Though patients with T1D have been identified as a population at risk for CD who
would benefit from routine screening, the optimal timing, frequency, and provider to
spearhead this effort remain the object of debate. Implementation of our screening
program in this known high-risk population and their FDRs revealed that a large
proportion of individuals with undiagnosed CDA. Indeed, our active screening
uncovered a two-fold increase in CDA in participants with T1D and a 2.8-fold
increase in CDA in their FDRs. Furthermore, participants with T1D who screened
positive for CDA were more frequently asymptomatic than participants with T1D
only suggesting that routine screening is necessary to identify these patients.

Our study aimed at identifying clinical and laboratory characteristics to predict
which individuals among this high-risk subgroup (T1D patients and their FDRs) may
benefit most from screening for CD. While we did not find any significant clinical
predictors of developing CD in our cohort, patients with T1D who screened positive
for CDA had a trend towards a younger age of T1D onset and were less likely to
report extra-intestinal or gastrointestinal symptoms than participants with T1D alone.
Previous work has shown that up to 85% of patients with T1D who screen positive for
CD are asymptomatic*l. While data is mixed, some studies suggest gastrointestinal
symptoms are more frequent in patients with long-term T1D compared to control
patients®. Given that patients with T1D and CDA had a lower median age at the time
of screening and had a narrower age range than patients with T1D alone, it is possible
that patients with both T1D and CDA were diagnosed with T1D for a shorter period
of time. Additionally, studies suggest that patients with T1D and poor glycemic
control have more frequent GI symptoms!”*?. Since we did not perform additional
testing to assess glycemic control it is possible that more patients with T1D alone had
poor glycemic control and a greater frequency of GI symptoms. Finally, our analysis
of patients with T1D and CDA included eight patients who were diagnosed with CD
prior to our screening program and thus were already on treatment for CD. Therefore,
the low frequency of symptoms in patients with T1D and CDA may be explained by
the inclusion of these patients already on a gluten free diet.

We also sought to describe the distribution of HLA and haptoglobin genotypes in
our cohort and for the first time utilize the haptoglobin genotypes in a translational
approach to identify predictors that may help to establish which patients among this
unique cohort are more likely to develop CD. Our findings that participants with T1D
are more likely to carry HLA DQ8 and participants with CD are more likely to carry
HLA DQ2 compared to those without these conditions are in agreement with the
published literaturel**~*l. Moreover, our findings that HP2-1 and HP2-2 are more
frequent in this cohort compared to the general population is expected and in
agreement with previous work due to the association of HP2 with autoimmune
conditions!™!. These findings, along with those from our univariate analysis showing
that lack of HLA DQ2/8 is associated with a lower risk of CDA, further establish that
our cohort is well defined and that HLA DQ typing and analysis is robust.

The HLA genetics DR7-DQ2/DR4-DQ8 was significantly associated with screening
positive for CDA in participants already diagnosed with T1D in our cohort. This is
particularly interesting given that, while DR3-DQ2 is known to have a strong
association with CD, DR7-DQ2 for some time had been overlooked as a risk allele for
CD, with commercial clinical labs often not evaluating for this allele or mistakenly
interpreting it as not increasing the risk of CD. While DR3-DQ2 is more frequent in
patients with CD, 4.4% of patients carry DR7-DQ2Fl. Furthermore, studies suggest
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Table 3 Univariate and multiple regression models: Factors related to celiac disease autoimmunity in participants with type 1 diabetes

Estimate Se Lower limit ~ Upper limit Z stat P-value
Univariate Model (exchangeable correlation)
Female 0.6562 0.5151 -0.3534 1.6659 1.27 0.2027
Age -0.0314 0.0152 -0.0611 -0.0017 -2.07 0.0383*
Onset of T1ID -0.0658 0.0342 -0.1329 0.0013 -1.92 0.0546
Gastrointestinal (GI) symptoms -0.5812 0.491 -1.5435 0.3811 -1.18 0.2365
Extraintestinal (EX) symptoms -0.9204 0.6391 -2.1731 0.3323 -1.44 0.1498
Both GI and EX symptoms -0.4724 0.6385 -1.7239 0.7791 -0.74 0.4594
No GI or EX symptoms 0.9074 0.4931 -0.059 1.8737 1.84 0.0657
Human Leukocyte Antigen (HLA) DQ2-DR3 Heterozygous -0.7402 0.7571 -2.2241 0.7437 -0.98 0.3282
HLA DQ2-DR3 Homozygous 0.7843 0.67 -0.5332 2.1019 117 0.2433
HLA DQ2-DR7 Heterozygous 0.028 1.0649 -2.0592 2.1152 0.03 0.979
HLA DQ8 -0.3975 0.5234 -1.4233 0.6283 -0.76 0.4475
HLA DQ2-DR3/DQ8 0.2767 0.4814 -0.6668 1.2203 0.57 0.5654
HLA DQ2-DR7/DQ8 2.4851 0.6507 1.2098 3.7604 3.82 0.00018
HLA DQ2 Heterozygous -0.575 0.6367 -1.823 0.6729 -0.9 0.3665
HLA DQ2 Homozygous 0.6192 0.666 -0.6862 1.9246 0.93 0.3525
Haptoglobin genotype (HP) 1-1 -0.6932 0.7671 -2.1967 0.8104 -0.9 0.3662
HP 2-1 0.1539 0.4414 -0.7112 1.0191 0.35 0.7273
HP 2-2 0.1525 0.4422 -0.7141 1.0192 0.34 0.7301
Any HP2 0.693 0.767 -0.81 2197 0.9 0.366
First degree relative (FDR) with celiac disease (CD) 1.4091 0.6188 0.1962 2.622 2.28 0.0228¢
FDR with Type 1 diabetes (T1D) 0.0724 0.557 -1.0193 1.1641 0.13 0.8966
FDR with thyroid disease 0.7839 0.4619 -0.1215 1.6892 1.7 0.0897
FDR with other autoimmune disease 1.1634 0.4432 0.2947 2.0321 2.62 0.0087°
CD in another relative 0.4136 0.6598 -0.8796 1.7068 0.63 0.5307
Multiple Regression Model (independence working correlation)
Intercept -3.3213 0.927 -5.1383 -1.5043 -3.58 0.0003
Age -0.0121 0.019 -0.0494 0.0252 -0.64 0.5246
Onset of T1ID -0.0396 0.0425 -0.1229 0.0436 -0.93 0.3509
DQ2-DR7/DQ8 24131 0.8401 0.7666 4.0596 2.87 0.0041%
No GI or EX symptoms 1.1905 0.6566 -0.0963 24774 1.81 0.0698
FDR with CD 0.6927 1.3443 -1.9421 3.3274 0.52 0.6064
FDR with thyroid disease -0.8976 1.6214 -4.0756 2.2804 -0.55 0.5799
FDR with other autoimmune disease 1.9765 1.7861 -1.5241 54771 111 0.2685

Significant findings indicated by superscripts. T1D: Type 1 diabetes; FDRs: First-degree relatives; CD: Celiac disease; CDA: Celiac disease autoimmunity;
GI sx: Gastrointestinal symptoms; Ex sx: Extraintestinal symptoms; HLA: Human leukocyte antigen; HP: Haptoglobin genotype.

that, in patients at-risk for CD, the presence of DR7-DQ2 with DR3-DQ?2 is associated
with an increased frequency of developing CD . Our findings are similar given that,
despite a low frequency of participants with T1D carrying DR7-DQ2, those that do in
combination with DR4-DQ8 have a high frequency of screening positive for CDA.

Our analysis did not demonstrate an association between carrying HP2 and an
increased risk of developing CD in participants with T1D or their family members.
While we did not identify significant differences in HP genotype in this cohort, HP2
was highly represented in our cohort. Additionally, there was a trend towards an
underrepresentation of HP1 in patients with both T1D and CD. Interestingly in FDRs
there was a trend towards increased representation of HP2-1. These trends require
further investigation with larger cohorts and should be compared to a group of
individuals without a risk of autoimmune disease. Considering this, true trends may
be somewhat masked by the nature of our study population; our cohort is made up of
patients with a personal or family history of autoimmune disease, and thus a higher
overall frequency of HP2. However, the purpose of our study was to identify
predictors from a high-risk group. In our study, HLA type and having a family
history of CD were the strongest predictors of developing CD. While we found that
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Table 4 Univariate and multiple regression models: Factors related to celiac disease autoimmunity in first degree relatives of

participants with type 1 diabetes

Estimate Se Lower limit ~ Upper limit Z stat P-value
Univariate model (exchangeable correlation)
White 1.26 0.88 -0.47 2.98 143 0.154
Female 0.5433 0.3674 -0.1768 1.2635 1.48 0.1392
Age -0.0046 0.0097 -0.0236 0.0144 -0.47 0.6355
Gastrointestinal (GI) symptoms 0.2551 0.3395 -0.4103 0.9206 0.75 0.4524
Extraintestinal (EX) symptoms -0.3748 0.4596 -1.2756 0.526 -0.82 0.4148
Both GI and EX symptoms -0.2715 0.5305 -1.3113 0.7682 -0.51 0.6087
No GI or EX symptoms -0.085 0.3419 -0.7551 0.5851 -0.25 0.8036
Human Leukocyte Antigen (HLA) DQ2-DR3 Heterozygous 0.4255 0.383 -0.3251 1.1761 111 0.2666
HLA DQ2-DR3 Homozygous 0.8042 0.7654 -0.696 2.304 1.05 0.2934
HLA DQ2-DR7 Heterozygous -0.0376 0.6636 -1.3382 1.263 -0.06 0.9548
HLA DQ2-DR3/DR7 Homozygous 1.02 0.715 -0.381 242 143 0.153
HLA DQ8 -0.0981 0.4058 -0.8934 0.6972 -0.24 0.809
HLA DQ2-DR3/DQ8 0.9272 0.472 0.0021 1.8523 1.96 0.0495*
HLA DQ2/DQ8 Negative -2.1836 1.0232 -4.1891 -0.1781 -2.13 0.0328°
HLA DQ2 Heterozygous 0.3561 0.388 -0.4043 1.1166 0.92 0.3586
HLA DQ2 Homozygous 0.6842 0.5435 -0.3811 1.7495 1.26 0.2081
Haptoglobin genotype (HP) 1-1 0.2901 0.4341 -0.5607 1.1409 0.67 0.5039
HP 2-1 0.6823 0.3429 0.0103 1.3544 1.99 0.0466°
HP 2-2 -1.0763 0.4252 -1.9096 -0.2429 -2.53 0.0114°
Any HP2 -0.29 0.434 -1.141 0.561 -0.67 0.503
First degree relative (FDR) with CDceliac disease (CD) 1.6768 0.3809 0.9303 24233 44 <.0001E
FDR with thyroid disease -0.503 0.4849 -1.4533 0.4473 -1.04 0.2995
FDR with other autoimmune disease 0.6817 0.3606 -0.025 1.3884 1.89 0.0587
CD in other relative 0.5217 0.7115 -0.8728 1.9161 0.73 0.4634
Multiple regression model (independence working correlation)
Intercept -2.8829 0.404 -3.6746 -2.0912 -7.14 <0.0001
HLA DQ2-DR3/DQ8 0.9407 0.5381 -0.1139 1.9953 1.7 0.0804
HLA DQ2/DQ8 Negative -1.9348 1.0275 -3.9487 0.0791 -1.88 0.0597
HP 2-1 0.0804 0.4492 -0.8001 0.9609 0.18 0.858
HP 2-2 -1.0149 0.563 -2.1185 0.0886 -1.8 0.0715
FDR with CD 2.3635 0.7576 0.8787 3.8483 3.12 0.0018"
FDR with other autoimmune disease -0.8269 0.7245 -2.2468 0.5932 -1.14 0.2538

Significant findings indicated by superscripts. T1D: Type 1 diabetes; FDRs: First-degree relatives; CD: Celiac disease; CDA: Celiac disease autoimmunity;
GI sx: Gastrointestinal symptoms; Ex sx: Extraintestinal symptoms; HLA: Human leukocyte antigen; HP: Haptoglobin genotype.

carrying HP2 is not a predictor of developing autoimmune disease in this already
high-risk population there was a trend towards an increased representation of HP2 in
patients with T1D and CDA. Further, it is unclear why FDR have a lower risk of
developing CDA if they carry HP2 in homozygosity and future work evaluating this
finding in a larger cohort is needed.

Limitations of our study include utilization of self-reported family history of CD,
T1D, and other autoimmune diseases, and lack of endoscopy to confirm CD in
patients found to have CDA at screening. While this was not feasible in this screening
study, all patients that had a positive serologic test for CD were advised to undergo
further confirmatory testing with repeat blood work and an endoscopy. All patients
with a positive IgA tTG had a second confirmatory test with IgA EMA. The majority
of patients in our cohort with elevated IgA tTG additionally tested positive for IgA
EMA making a diagnosis of CD likely. However, for the purposes of analysis, we
combined participants with a positive IgA tTG alone and those with a positive IgA
tTG and EMA in our CDA estimate. The possibility for falsely elevated or transiently
elevated IgA tTG in patients with T1D and other autoimmune disorders is well
known, thus our CDA estimate may be an overestimation. However, our prevalence
estimates are in line with previously published work!>"l. Finally, to assess follow-up

Reishidenge WJD | https://www.wjgnet.com 196 March 15,2019 | Volume10 | Issue3 |



Leonard MM et al. Targeted genotyping for CD prediction

care in our cohort, a questionnaire was sent to participants during three years of the
five-year study. Approximately 40% (n = 24) of participants with CDA responded to
the questionnaire. Of those 38% (n = 9) of participants sought follow-up of their
positive serology with a physician and the majority underwent endoscopy (n = 7).
This highlights an additional limitation of screening studies in that appropriate
follow-up is not ensured despite our efforts to provide educational materials and
guidance.

In conclusion, implementation of a screening program increased identification of
CDA in participants with T1D and their FDRs by 2 and 2.8-fold respectively.
Participants with T1D carrying DR7-DQ2/DR4-DQ8 were more likely to screen
positive for CDA. Haptoglobin genotype did not predict the development of CDA in
this high-risk population. Patients with T1D and their FDRs have an increased risk of
developing CD compared to the general population, and given the often
asymptomatic nature of disease; physicians should have a low threshold for
screening.

ARTICLE HIGHLIGHTS

Research background

Patients with type 1 diabetes (T1D) and their first-degree relatives (FDRs) are at increased risk of
developing celiac disease (CD). The majority of patients with T1D and CD are asymptomatic at
diagnosis and there are no universally accepted screening guidelines to evaluate for CD in
patients with T1D or their FDRs. We employed a prospective program to serologically screen
patients with T1D and their FDRs for CD. We then retrospectively aimed to identify clinical and
genetic predictors that may increase the risk of developing CD in this cohort of individuals at
high-risk of developing CD.

Research motivation

Patients with T1D are up to eight times more likely to develop CD, and their FDR’s are up to six
times more likely to develop CD. Given that many may be asymptomatic, there is a need to
identify predictors of CDA development in this high-risk cohort. The main topics, the key
problems to be solved, and the significance of solving these problems for future research in this
field should be described in detail.

Research objectives

Our objective was to identify clinical and genetic predictors that may increase the risk of
developing CD in patients with T1D. In addition, we aimed to understand which FDRs of the
patients with T1D, who are already at an increased risk of developing autoimmune disease, were
more likely to develop CD. Our ultimate goal was to identify which subjects may benefit most
from screening to help guide future screening recommendations.

Research methods

Participants included patients diagnosed with T1D or FDR of a patient with T1D attending the
annual Children with Diabetes (CWD) conference over a 5 year time period. Participants
answered clinical questionnaires and had blood drawn for CD serological testing and
genotyping. Prevalence of celiac disease autoimmunity (CDA) was described. We then
retrospectively fit univariate and multiple logistic regression models for CDA, separately for
subjects with T1D and for FDRs of subjects with T1D accounting for the correlation within
families when indicated in order to identify predictors of developing CDA.

Research results

Implementation of a prospective screening program in patients with T1D and their FDRs
increased identification of CDA by 2 and 2.8-fold respectively. Participants with T1D carrying
DR7-DQ2/DR4-DQ8 were more likely to screen positive for CDA. In FDRs of patients with T1D,
screening positive for CDA was significantly increased in those who reported having a family
member diagnosed with CD. Haptoglobin genotype did not predict the development of CDA in
this high-risk population.

Research conclusions

CDA is under recognized in patients with T1D and their FDR’s and that prospective screening in
this high-risk cohort increased the identification of CDA by at least 2 fold. Clinical symptoms
were not helpful in distinguishing patients with CDA, as the majority of patients reported no
symptoms. Haptoglobin genotype was not found to be a predictor of CDA in this cohort. In our
cohort, FDRs of patients with T1D were more likely to screen positive for CDA if they had a
family history of CD, while patients with T1D who carried the HLA genotype DR7-DQ2/DR4-
DQ8 were more likely to screen positive for CDA.

Research perspectives

Given the high frequency of CDA in patients with T1D and their FDRs, physicians should have a
low threshold to screen for CDA even in the absence of symptoms.

Baishidengs WID | https://www.wjgnet.com 197 March 15,2019 | Volume10 | Issue3 |



Leonard MM et al. Targeted genotyping for CD prediction

ACKNOWLEDGEMENTS

We would like to thank the Children with Diabetes organization and the patients and
families that participated in this study.

REFERENCES

1

10

11

12

13

14

15

16

17

18

19

20

Raishidengs  WJD | https://www.wjgnet.com

Fasano A, Berti I, Gerarduzzi T, Not T, Colletti RB, Drago S, Elitsur Y, Green PH, Guandalini S, Hill ID,
Pietzak M, Ventura A, Thorpe M, Kryszak D, Fornaroli F, Wasserman SS, Murray JA, Horvath K.
Prevalence of celiac disease in at-risk and not-at-risk groups in the United States: a large multicenter study.
Arch Intern Med 2003; 163: 286-292 [PMID: 12578508 DOIL: 10.1001/archinte.163.3.286]

Catassi C, Kryszak D, Bhatti B, Sturgeon C, Helzlsouer K, Clipp SL, Gelfond D, Puppa E, Sferruzza A,
Fasano A. Natural history of celiac disease autoimmunity in a USA cohort followed since 1974. Ann Med
2010; 42: 530-538 [PMID: 20868314 DOI: 10.3109/07853890.2010.514285]

Bach JF. The effect of infections on susceptibility to autoimmune and allergic diseases. N Engl J Med
2002; 347: 911-920 [PMID: 12239261 DOI: 10.1056/NEJMra020100]

Pham-Short A, Donaghue KC, Ambler G, Phelan H, Twigg S, Craig ME. Screening for Celiac Disease in
Type 1 Diabetes: A Systematic Review. Pediatrics 2015; 136: e170-e176 [PMID: 26077482 DOI:
10.1542/peds.2014-2883]

Craig ME, Prinz N, Boyle CT, Campbell FM, Jones TW, Hofer SE, Simmons JH, Holman N, Tham E,
Frohlich-Reiterer E, DuBose S, Thornton H, King B, Maahs DM, Holl RW, Warner JT; Australasian
Diabetes Data Network (ADDN); T1D Exchange Clinic Network (T1DX); National Paediatric Diabetes
Audit (NPDA) and the Royal College of Paediatrics and Child Health; Prospective Diabetes Follow-up
Registry (DPV) initiative. Prevalence of Celiac Disease in 52,721 Youth With Type 1 Diabetes:
International Comparison Across Three Continents. Diabetes Care 2017; 40: 1034-1040 [PMID:
28546222 DOI: 10.2337/dc16-2508]

Maltoni G, Franceschi R, D'Annunzio G, Toni S, Rabbone I, Zucchini S. Comment on Craig et al.
Prevalence of Celiac Disease in 52,721 Youth With Type 1 Diabetes: International Comparison Across
Three Continents. Diabetes Care 2017;40:1034-1040. Diabetes Care 2017; 40: 167 [PMID: 29061595
DOI: 10.2337/dc17-1348]

Parkkola A, Hérkonen T, Ryhénen SJ, Uibo R, Ilonen J, Knip M; Finnish Pediatric Diabetes Register.
Transglutaminase antibodies and celiac disease in children with type 1 diabetes and in their family
members. Pediatr Diabetes 2018; 19: 305-313 [PMID: 28745034 DOI: 10.1111/pedi.12563]
Gutierrez-Achury J, Romanos J, Bakker SF, Kumar V, de Haas EC, Trynka G, Ricano-Ponce I, Steck A,
Kumar V, de Haas EC, Type 1 Diabetes Genetics Consortium, Chen WM, Onengut-Gumuscu S, Simsek S,
Diabeter. Rewers M, Mulder CJ, Liu E, Rich SS, Wijmenga C. Contrasting the Genetic Background of
Type 1 Diabetes and Celiac Disease Autoimmunity. Diabetes Care 2015; 38 Suppl 2: S37-S44 [PMID:
26405070 DOI: 10.2337/des15-2007]

Larizza D, Calcaterra V, Klersy C, Badulli C, Caramagna C, Ricci A, Brambilla P, Salvaneschi L,
Martinetti M. Common immunogenetic profile in children with multiple autoimmune diseases: the
signature of HLA-DQ pleiotropic genes. Autoimmunity 2012; 45: 470-475 [PMID: 22686660 DOI:
10.3109/08916934.2012.697594]

Jaeger C, Hatziagelaki E, Petzoldt R, Bretzel RG. Comparative analysis of organ-specific autoantibodies
and celiac disease--associated antibodies in type 1 diabetic patients, their first-degree relatives, and healthy
control subjects. Diabetes Care 2001; 24: 27-32 [PMID: 11194235 DOIL: 10.2337/diacare.24.1.27]

Watts T, Berti I, Sapone A, Gerarduzzi T, Not T, Zielke R, Fasano A. Role of the intestinal tight junction
modulator zonulin in the pathogenesis of type I diabetes in BB diabetic-prone rats. Proc Natl Acad Sci U S
A2005; 102: 2916-2921 [PMID: 15710870 DOI: 10.1073/pnas.0500178102]

Drago S, El Asmar R, Di Pierro M, Grazia Clemente M, Tripathi A, Sapone A, Thakar M, Iacono G,
Carroccio A, D'Agate C, Not T, Zampini L, Catassi C, Fasano A. Gliadin, zonulin and gut permeability:
Effects on celiac and non-celiac intestinal mucosa and intestinal cell lines. Scand J Gastroenterol 2006;
41: 408-419 [PMID: 16635908 DOI: 10.1080/00365520500235334]

Fasano A. Regulation of intercellular tight junctions by zonula occludens toxin and its eukaryotic
analogue zonulin. Ann N 'Y Acad Sci 2000; 915: 214-222 [PMID: 11193578 DOI:
10.1111/4.1749-6632.2000.tb05244 ]

Fasano A, Not T, Wang W, Uzzau S, Berti I, Tommasini A, Goldblum SE. Zonulin, a newly discovered
modulator of intestinal permeability, and its expression in coeliac disease. Lancet 2000; 355: 1518-1519
[PMID: 10801176 DOI: 10.1016/S0140-6736(00)02169-3]

Wang W, Uzzau S, Goldblum SE, Fasano A. Human zonulin, a potential modulator of intestinal tight
junctions. J Cell Sci 2000; 113 Pt 24: 4435-4440 [PMID: 11082037]

Sapone A, de Magistris L, Pietzak M, Clemente MG, Tripathi A, Cucca F, Lampis R, Kryszak D, Carteni
M, Generoso M, lafusco D, Prisco F, Laghi F, Riegler G, Carratu R, Counts D, Fasano A. Zonulin
upregulation is associated with increased gut permeability in subjects with type 1 diabetes and their
relatives. Diabetes 2006; 55: 1443-1449 [PMID: 16644703 DOI: 10.2337/db05-1593]

Tripathi A, Lammers KM, Goldblum S, Shea-Donohue T, Netzel-Arnett S, Buzza MS, Antalis TM,
Vogel SN, Zhao A, Yang S, Arrietta MC, Meddings JB, Fasano A. Identification of human zonulin, a
physiological modulator of tight junctions, as prehaptoglobin-2. Proc Natl Acad Sci U S A 2009; 106:
16799-16804 [PMID: 19805376 DOI: 10.1073/pnas.0906773106]

Carter K, Worwood M. Haptoglobin: a review of the major allele frequencies worldwide and their
association with diseases. Int J Lab Hematol 2007; 29: 92-110 [PMID: 17474882 DOI:
10.1111/4.1751-553X.2007.00898.x]

Gaensslen RE, Bell SC, Lee HC. Distributions of genetic markers in United States populations: III. Serum
group systems and hemoglobin variants. J Forensic Sci 1987; 32: 1754-1774 [PMID: 3480937 DOI:
10.1520/JFS11232]]

Papp M, Lakatos PL; Hungarian IBD Study Group, Palatka K, Foldi I, Udvardy M, Harsfalvi J, Tornai I,
Vitalis Z, Dinya T, Kovacs A, Molnar T, Demeter P, Papp J, Lakatos L, Altorjay I. Haptoglobin
polymorphisms are associated with Crohn's disease, disease behavior, and extraintestinal manifestations in
Hungarian patients. Dig Dis Sci 2007; 52: 1279-1284 [PMID: 17357835 DOI:

198 March 15,2019 | Volume10 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/12578508
https://dx.doi.org/10.1001/archinte.163.3.286
http://www.ncbi.nlm.nih.gov/pubmed/20868314
https://dx.doi.org/10.3109/07853890.2010.514285
http://www.ncbi.nlm.nih.gov/pubmed/12239261
https://dx.doi.org/10.1056/NEJMra020100
http://www.ncbi.nlm.nih.gov/pubmed/26077482
https://dx.doi.org/10.1542/peds.2014-2883
http://www.ncbi.nlm.nih.gov/pubmed/28546222
https://dx.doi.org/10.2337/dc16-2508
http://www.ncbi.nlm.nih.gov/pubmed/29061595
https://dx.doi.org/10.2337/dc17-1348
http://www.ncbi.nlm.nih.gov/pubmed/28745034
https://dx.doi.org/10.1111/pedi.12563
http://www.ncbi.nlm.nih.gov/pubmed/26405070
https://dx.doi.org/10.2337/dcs15-2007
http://www.ncbi.nlm.nih.gov/pubmed/22686660
https://dx.doi.org/10.3109/08916934.2012.697594
http://www.ncbi.nlm.nih.gov/pubmed/11194235
https://dx.doi.org/10.2337/diacare.24.1.27
http://www.ncbi.nlm.nih.gov/pubmed/15710870
https://dx.doi.org/10.1073/pnas.0500178102
http://www.ncbi.nlm.nih.gov/pubmed/16635908
https://dx.doi.org/10.1080/00365520500235334
http://www.ncbi.nlm.nih.gov/pubmed/11193578
https://dx.doi.org/10.1111/j.1749-6632.2000.tb05244.x
http://www.ncbi.nlm.nih.gov/pubmed/10801176
https://dx.doi.org/10.1016/S0140-6736(00)02169-3
http://www.ncbi.nlm.nih.gov/pubmed/11082037
http://www.ncbi.nlm.nih.gov/pubmed/16644703
https://dx.doi.org/10.2337/db05-1593
http://www.ncbi.nlm.nih.gov/pubmed/19805376
https://dx.doi.org/10.1073/pnas.0906773106
http://www.ncbi.nlm.nih.gov/pubmed/17474882
https://dx.doi.org/10.1111/j.1751-553X.2007.00898.x
http://www.ncbi.nlm.nih.gov/pubmed/3480937
https://dx.doi.org/10.1520/JFS11232J
http://www.ncbi.nlm.nih.gov/pubmed/17357835

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Raishidengs  WJD | https://www.wjgnet.com

Leonard MM et al. Targeted genotyping for CD prediction

10.1007/s10620-006-9615-1]

Papp M, Foldi I, Nemes E, Udvardy M, Harsfalvi J, Altorjay I, Mate I, Dinya T, Varvolgyi C, Barta Z,
Veres G, Lakatos PL, Tumpek J, Toth L, Szathmari E, Kapitany A, Gyetvai A, Korponay-Szabo IR.
Haptoglobin polymorphism: a novel genetic risk factor for celiac disease development and its clinical
manifestations. Clin Chem 2008; 54: 697-704 [PMID: 18258668 DOI: 10.1373/clinchem.2007.098780]
Pavon EJ, Mufioz P, Lario A, Longobardo V, Carrascal M, Abian J, Martin AB, Arias SA, Callejas-Rubio
JL, Sola R, Navarro-Pelayo F, Raya-Alvarez E, Ortego-Centeno N, Zubiaur M, Sancho J. Proteomic
analysis of plasma from patients with systemic lupus erythematosus: increased presence of haptoglobin
alpha2 polypeptide chains over the alphal isoforms. Proteomics 2006; 6 Suppl 1: S282-S292 [PMID:
16544281 DOI: 10.1002/pmic.200500404]

Amor AJ, Canivell S, Oriola J, Ricart MJ, de Hollanda AM, Bosch-Comas A, Esmatjes E. Haptoglobin
genotype and risk of diabetic nephropathy in patients with type 1 diabetes mellitus: a study on a Spanish
population. Nefiologia 2014; 34: 212-215 [PMID: 24658196]

Adams JN, Cox AJ, Freedman BI, Langefeld CD, Carr JJ, Bowden DW. Genetic analysis of haptoglobin
polymorphisms with cardiovascular disease and type 2 diabetes in the Diabetes Heart Study. Cardiovasc
Diabetol 2013; 12: 31 [PMID: 23399657 DOI: 10.1186/1475-2840-12-31]

Orchard TJ, Backlund JC, Costacou T, Cleary P, Lopes-Virella M, Levy AP, Lachin JM; DCCT/EDIC
Research Group. Haptoglobin 2-2 genotype and the risk of coronary artery disease in the Diabetes Control
and Complications Trial/Epidemiology of Diabetes Interventions and Complications study (DCCT/EDIC).
J Diabetes Complications 2016; 30: 1577-1584 [PMID: 27539884 DOI: 10.1016/j.jdiacomp.2016.07.014]
Costacou T, Orchard TJ. The Haptoglobin genotype predicts cardio-renal mortality in type 1 diabetes. J
Diabetes Complications 2016; 30: 221-226 [PMID: 26684170 DOI: 10.1016/j.jdiacomp.2015.11.011]
Costacou T, Ferrell RE, Ellis D, Orchard TJ. Haptoglobin genotype and renal function decline in type 1
diabetes. Diabetes 2009; 58: 2904-2909 [PMID: 19720796 DOI: 10.2337/db09-0874]

Orchard TJ, Sun W, Cleary PA, Genuth SM, Lachin JM, McGee P, Paterson AD, Raskin P, Anbinder Y,
Levy AP; DCCT/EDIC Research Group. Haptoglobin genotype and the rate of renal function decline in
the diabetes control and complications trial/epidemiology of diabetes interventions and complications
study. Diabetes 2013; 62: 3218-3223 [PMID: 23761102 DOTI: 10.2337/db13-0256]

Bakker SF, Tushuizen ME, Stokvis-Brantsma WH, Aanstoot HJ, Winterdijk P, van Setten PA, von
Blomberg BM, Mulder CJ, Simsek S. Frequent delay of coeliac disease diagnosis in symptomatic patients
with type 1 diabetes mellitus: clinical and genetic characteristics. Eur J Intern Med 2013; 24: 456-460
[PMID: 23414771 DOI: 10.1016/j.¢jim.2013.01.016]

Weiss B, Pinhas-Hamiel O. Celiac Disease and Diabetes: When to Test and Treat. J Pediatr Gastroenterol
Nutr2017; 64: 175-179 [PMID: 27574884 DOI: 10.1097/MPG.0000000000001388]

Schvarcz E, Palmér M, Ingberg CM, Aman J, Berne C. Increased prevalence of upper gastrointestinal
symptoms in long-term type 1 diabetes mellitus. Diabet Med 1996; 13: 478-481 [PMID: 8737031 DOI:
10.1002/(SICI)1096-9136(199605)13:53.0.CO;2-5]

Bytzer P, Talley NJ, Hammer J, Young LJ, Jones MP, Horowitz M. GI symptoms in diabetes mellitus are
associated with both poor glycemic control and diabetic complications. Am J Gastroenterol 2002; 97: 604-
611 [PMID: 11922554 DOIL: 10.1111/5.1572-0241.2002.05537 ]

Ricaiio-Ponce I, Wijmenga C, Gutierrez-Achury J. Genetics of celiac disease. Best Pract Res Clin
Gastroenterol 2015; 29: 399-412 [PMID: 26060105 DOI: 10.1016/j.bpg.2015.04.004]

Moheb-Alian A, Forouzesh F, Sadeghi A, Rostami K, Aghamohammadi E, Rostami-Nejad M, Rezaei-
Tavirani M, Zali MR. Contribution of HLA-DQ2/DQ8 haplotypes in type one diabetes patients
with/without celiac disease. J Diabetes Complications 2019; 33: 59-62 [PMID: 30415877 DOI:
10.1016/j.jdiacomp.2018.10.001]

Redondo MJ, Steck AK, Pugliese A. Genetics of type 1 diabetes. Pediatr Diabetes 2018; 19: 346-353
[PMID: 29094512 DOI: 10.1111/pedi.12597]

Mubarak A, Spierings E, Wolters V, van Hoogstraten I, Kneepkens CM, Houwen R. Human leukocyte
antigen DQ2.2 and celiac disease. J Pediatr Gastroenterol Nutr 2013; 56: 428-430 [PMID: 23085892
DOI: 10.1097/MPG.0b013e31827913f9]

Almeida LM, Gandolfi L, Pratesi R, Uenishi RH, de Almeida FC, Selleski N, Nobrega YK. Presence of
DQ2.2 Associated with DQ2.5 Increases the Risk for Celiac Disease. Autoimmune Dis 2016; 2016:
5409653 [PMID: 28042478 DOI: 10.1155/2016/5409653]

P- Reviewer: Klimontov VV, Sahoo J, Surani S
S- Editor: DouY L- Editor: A E- Editor: Wu YXJ

199 March 15,2019 | Volume10 | Issue3 |


https://dx.doi.org/10.1007/s10620-006-9615-1
http://www.ncbi.nlm.nih.gov/pubmed/18258668
https://dx.doi.org/10.1373/clinchem.2007.098780
http://www.ncbi.nlm.nih.gov/pubmed/16544281
https://dx.doi.org/10.1002/pmic.200500404
http://www.ncbi.nlm.nih.gov/pubmed/24658196
http://www.ncbi.nlm.nih.gov/pubmed/23399657
https://dx.doi.org/10.1186/1475-2840-12-31
http://www.ncbi.nlm.nih.gov/pubmed/27539884
https://dx.doi.org/10.1016/j.jdiacomp.2016.07.014
http://www.ncbi.nlm.nih.gov/pubmed/26684170
https://dx.doi.org/10.1016/j.jdiacomp.2015.11.011
http://www.ncbi.nlm.nih.gov/pubmed/19720796
https://dx.doi.org/10.2337/db09-0874
http://www.ncbi.nlm.nih.gov/pubmed/23761102
https://dx.doi.org/10.2337/db13-0256
http://www.ncbi.nlm.nih.gov/pubmed/23414771
https://dx.doi.org/10.1016/j.ejim.2013.01.016
http://www.ncbi.nlm.nih.gov/pubmed/27574884
https://dx.doi.org/10.1097/MPG.0000000000001388
http://www.ncbi.nlm.nih.gov/pubmed/8737031
https://dx.doi.org/10.1002/(SICI)1096-9136(199605)13:53.0.CO;2-5
http://www.ncbi.nlm.nih.gov/pubmed/11922554
https://dx.doi.org/10.1111/j.1572-0241.2002.05537.x
http://www.ncbi.nlm.nih.gov/pubmed/26060105
https://dx.doi.org/10.1016/j.bpg.2015.04.004
http://www.ncbi.nlm.nih.gov/pubmed/30415877
https://dx.doi.org/10.1016/j.jdiacomp.2018.10.001
http://www.ncbi.nlm.nih.gov/pubmed/29094512
https://dx.doi.org/10.1111/pedi.12597
http://www.ncbi.nlm.nih.gov/pubmed/23085892
https://dx.doi.org/10.1097/MPG.0b013e31827913f9
http://www.ncbi.nlm.nih.gov/pubmed/28042478
https://dx.doi.org/10.1155/2016/5409653

JRnishideng®

Published By Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wijgnet.com
Help Desk:https:/ /www.f6publishing.com/helpdesk

https://www.wjgnet.com

© 2019 Baishideng Publishing Group Inc. All rights reserved.



mailto:bpgoffice@wjgnet.com

