UC San Diego
UC San Diego Previously Published Works

Title
Association Between Ehlers-Danlos Syndrome and Celiac Disease

Permalink
bttgs:ggescholarshiQ.orgéucgitem45x46k6mg
Journal

Gastro Hep Advances, 4(9)

ISSN
2772-5723

Authors

Adjei-Frimpong, Nana Ama
Delacqua, Francesco
Oldenburg, Reid

Publication Date
2025

DOI
10.1016/j.gastha.2025.100719

Copyright Information
This work is made available under the terms of a Creative Commons Attribution-
NoDerivatives License, available at bttgs://creativecommons.org/licenses/bv—nd/4.0/{

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5x46k6mx
https://creativecommons.org/licenses/by-nd/4.0/
https://escholarship.org
http://www.cdlib.org/

Journal Pre-proof AdVinEes —

Association between Ehlers-Danlos syndrome and celiac disease

Nana Ama Adjei-Frimpong, MD, Francesco Delacqua, BS, Reid Oldenburg, MD PhD

raga

PII: S2772-5723(25)00106-2
DOI: https://doi.org/10.1016/j.gastha.2025.100719
Reference: GASTHA 100719

To appearin:  Gastro Hep Advances

Received Date: 14 February 2025
Revised Date: 3 June 2025
Accepted Date: 5 June 2025

Please cite this article as: Adjei-Frimpong NA, Delacqua F, Oldenburg R, Association between Ehlers-
Danlos syndrome and celiac disease, Gastro Hep Advances (2025), doi: https://doi.org/10.1016/
j-gastha.2025.100719.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2025 Published by Elsevier, Inc on behalf of the AGA Institute


https://doi.org/10.1016/j.gastha.2025.100719
https://doi.org/10.1016/j.gastha.2025.100719
https://doi.org/10.1016/j.gastha.2025.100719

Title: Association between Ehlers-Danlos syndrome and celiac disease
Authors: Nana Ama Adjei-Frimpong MD?, Francesco Delacqua BS?, Reid Oldenburg MD PhD?

Department of Dermatology, University of California San Diego, San Diego, CA, USA.
2Vanderbilt Institute for Clinical and Translational Research, Vanderbilt University Medical
Center, Nashville, TN, USA.

Corresponding author:

Nana Ama Adjei-Frimpong, MD
University of California, San Diego

9500 Gilman Dr.

La Jolla, CA 92093

E-mail: nadjeifrimpong@health.ucsd.edu

Funding information: AOU_WB999999

Authors' contributions

e NAF- conceptualization, methodology, validation, data curation, writing- original draft,
writing- review & editing, project administration, prepared figures, supervision

e FD- methodology, software, validation, formal analysis, data curation, writing- review &
editing, prepared figures

e RO- conceptualization, methodology, validation, writing- review & editing, project
administration, supervision

e All authors have approved the final version for submission.

Conflict of Interest: NA- none, FD- none, RO has received consulting fees from Blueprint
Medicines and Novartis

Ethics Statement: This study was reviewed and deemed exempt from human subjects research
regulations by the Institutional Review Board of the University of California, San Diego (IRB
#809009).

Availability of data and materials: Data available in the All of Us database website v7.
Reporting Guidelines: STROBE

List of abbreviations:

1. CD - Celiac disease
CTD - Connective tissue disorders
EDS — Ehlers-Danlos syndrome
cEDS — Classical EDS
VEDS — Vascular EDS
hEDS — Hypermobile EDS

I


mailto:nadjeifrimpong@health.ucsd.edu

7. AoU- All of Us

8. OR-0dds ratios

9. SNOMED - Systematized Nomenclature of Medicine
10. SD - Standard deviation

11. Al — Autoimmune

12. JHS — Joint hypermobility syndrome

Acknowledgements
e A special thank you to the participants in the All of Us program. The All of Us Research

Program is supported by the National Institute of Health, Office of the Director: Regional
Medical Centers grants OT2-0OD-026549, OT2-0D-026554, OT2-0D-026557, OT2-0OD-
026556, OT2-0OD-026550, OT2-0D-026552, OT2-OD-026553, OT2-0D-026548, OT2-0OD-
026551, and OT2-0D-026555, and IAA grant AOD 16037, Federally Qualified Health
Centers: grant HHSN 263201600085-U, Data and Research Center: grant U2C-OD-
023196, Biobank: grant U24-0D-023121, The Participant Center: grant U24-0D-023176,
Participant Technology Systems Center: grant U24-0OD-023163, Communications and
Engagement: grants OT2-0D-023205 and OT2-0D-023206, and Community Partners:
grants OT2-0OD-025277, OT2-0D-025315, OT2-0OD-025337, and OT2-0OD-025276.

Celiac disease (CD) is an auto-immune condition triggered in genetically susceptible individuals
when consuming gluten. The relationship between CD and connective tissue disorders (CTD)
has been studied to varying degrees. Ehlers-Danlos syndrome (EDS) encompasses a
heterogeneous group of CTD resulting from abnormal collagen, the primary structural
component of connective tissue.!

The 2017 international classification of EDS identifies 13 subtypes, each associated with specific
genetic variants affecting collagen structure and function. Notably, classical EDS (cEDS) is
commonly linked to mutations in the COL5A1 and COL5A2 genes, which encode type V
collagen, while vascular EDS (VEDS) is linked to mutations in the COL3A1 gene, affecting type llI
collagen. Hypermobile EDS (hEDS), the most prevalent subtype, has an unknown genetic cause,
though suspected to have an autosomal dominant inheritance pattern. This genetic
heterogeneity may lead to joint hypermobility, skin hyperextensibility, and tissue fragility,
varying considerably among the different subtypes.?

Few studies have examined the CD-EDS association and findings have been inconsistent. To our
records, only one population-based study has been done investigating the EDS-CD association,
with only two smaller studies examining this link, all in Europe.! To assess the risk of a clinical
diagnosis of EDS in CD patients in the United States (US), we used the All of Us (AoU) database,
a National Institutes of Health (NIH) initiative designed to advance research in
underrepresented populations in the US.? Our study is the first to highlight this association in
this nationwide, US cohort of over 400,000 participants.

We conducted a case-control study with US adults, enrolled in the the AoU program from May
6, 2018 to February 2, 2025. We followed the STROBE reporting guidelines. Fisher’s exact tests



or Chi-square tests were used to analyze categorical variables such as sex, race, and ethnicity.
Unpaired t test was used for continuous variables, such as age and body mass index (BMI). We
applied logistic regression to estimate odds ratios (OR).

EDS ad CD were identified using electronic health record (EHR) data within AoU, utilizing
Systematized Nomenclature of Medicine (SNOMED) codes (detailed in the supplement). Each
CD case was matched by age, sex, race, ethnicity, and BMI to four controls. Two-sided P-value
of less than 0.05 was determined statistically significant. Analyses were performed in Python
using Pandas, NumPy, SciPy, Statsmodels, and Seaborn libraries.

We identified 1,866 CD cases (mean [SD] age: 57.8 [17.0] years) and 7,290 matched controls
(mean [SD] age: 57.8 [16.8] years). CD cases were matched 4:1 with controls by age, sex, race
and ethnicity, and BMI. CD participants had higher EDS diagnoses than controls (51 [2.7%] vs 29
[0.3%]; p<0.001 (Table 1).

Our univariable and multivariable models were as follows, EDS (OR, 9.73; 95% Cl, 5.84-16.21)
and (OR, 8.93; 95% Cl, 5.31-15.01; p<.001), respectively. We found a significant association
between EDS and CD before and after adjusting for autoimmune disease (Al) (Sjogren’s
syndrome, rheumatoid arthritis, and systemic lupus erythematosus). Out of over 400,000 AoU
participants, 721 had EDS, yielding a prevalence of ~0.18%.

This is the first large-scale, US investigation linking CD and EDS. We found an 8.93- fold increase
in odds of CD individuals being diagnosed with EDS compared to controls. Prior studies have
been limited to European populations and yielded mixed results. Laszkowska et al reported a
49% increased risk of EDS or joint hypermobility syndrome (JHS) in CD patients, though this was
not seen when compared to biopsy-negative controls, suggesting possible surveillance bias.!
They also found an increased risk in CD patients diagnosed with EDS, though to a lesser degree.
Fikree et al found 31% of CD patients had JHS, compared to 25% of individuals with other
gastrointestinal diseases, though the odds were not statistically significant.® Danese et al
screened 31 patients with confirmed EDS/JHS and reported a significantly higher prevalence of
CD compared to the general population.* These findings suggest CTD may predispose
individuals to autoimmunity and systemic inflammation, increasing the risk of developing CD.

We adjusted for Al, which are independently associated with both CD and EDS and were not
considered in prior studies. These conditions share common immunological and genetic
underpinnings that may contribute to the increased prevalence of EDS among CD patients, and
vice versa. Of note, we found a link of hypothyroidism and diabetes mellitus type 1 with CD
during our literature review, but not with EDS so we refrained from adjusting for these
conditions. This may also help clarify why our observed association is stronger than in prior
studies, which did not account for these potential confounders and often relied on smaller or
more homogenous populations.

One potential explanation causing a higher prevalence of Al in EDS cases is increased intestinal
permeability (leaky gut), a phenomenon implicated in autoimmunity. Paray et al, suggests that



defects in the intestinal barrier allow luminal antigens to enter the bloodstream, initiating
immune activation and contributing to disease.? It is plausible that connective tissue
dysfunction contributes to barrier instability, facilitating heightened immune responses. This
mechanism has been associated with CD, suggesting that CTD may predispose individuals to
autoimmunity via impaired gut integrity. We present this as a hypothesis that warrants further
investigation.

Our limitations include the lack of data on disease severity, potential misclassification of
diagnoses, and observational study. Prospective research should focus on examining the
temporal relationship between CD and EDS. Genetic studies investigating shared genetic
markers between CD and EDS could explain potential common pathways. Biochemical and
nutritional assessments evaluating the role of nutrient deficiencies in contributing to CTD in CD
patients may provide further insight. Mechanistic studies exploring inflammatory pathways and
immune-mediated mechanisms underlying the EDS-CD association would also be beneficial.

This study highlights a robust association between CD and EDS, suggesting that EDS-related
connective tissue dysfunction may contribute to autoimmune susceptibility, including CD.
Clinicians should perform a review of systems to evaluate for the development of inflammatory
bowel disease in EDS patients. Further research is needed to elucidate shared genetic and
immunological pathways.
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Table 1 Clinical Characteristics of celiac disease (CD) Cases and Matched Controls, and odds ratios (OR) of Ehlers-Danlos syndrome (EDS) in CD

Patients vs Controls

Participants, No. (%)°

OR (95% CI)°

Characteristic Patients with Matched P-value® Univariable P-value Multivariable P-value
CU, (n=1,866) | controls, (n Analysis Analysis
=7,290)
Age, mean (SD), y 57.8 (17.0) 57.8(16.8) | 0.92
Sex 1.00
Female 1453 (77.9) 5685 (78.0) | 0.91
Male 382 (20.5) 1501 (20.6) | 1.00
Other® 31(1.7) 104 (1.4) 0.52
Race and ethnicity
Not Hispanic or Latino >0.99
Asian <20 49 (0.7)
Black 74 (4.0) 292 (4.0)
White 1510 (80.9) 5924 (81.3)
Hispanic or Latino
Asian <20 <20
Black <20 <20
White 29 (1.6) 112 (1.5)
Other © 238 (12.8) 905 (12.4)
BMI, mean (SD) 27.1(7.9) 27.1(7.7) 0.9
Autoimmune Disease 324 (17.4) 369 (5.1) <0.001
EDS 51 (2.7) 21(0.3) <0.001 9.73 (5.84-16.21) <0.001 8.93 (5.31-15.01) <0.001

2 In line with the data and statistics dissemination policy of the NIH All of Us Research Program, any values involving fewer than 20 individuals are presented in
this manner to ensure participant privacy.
bIncludes participants who either had no matching concept or who did not identify as male or female, preferred not to answer, or skipped the question.

¢Includes participants who did not indicate Hispanic or Latino, skipped, did not identify with any of the races, identified with more than one Hispanic or Latino
population, identified with more than one non-Hispanic or non-Latino origin, or belonged to single population not Hispanic or Latino.
dStatistical p-values highlighting prevalence variations between CU cases and controls.
€ Statistical p-values assessing the significance of the OR.
fSjogren’s syndrome, rheumatoid arthritis, and systemic lupus erythematosus.












