Diabetes

Baishideng Publishing Group Inc


https://www.wjgnet.com/1948-9358
https://www.wjgnet.com/1948-9358
https://www.wjgnet.com

Diabetes

Editorial Board

2025-2028

The World Journal of Diabetes Editorial Board Members are composed of 46 distinguished experts active in the relevant
field, distributed in 19 countries/regions, including China (16), United States (4), Ttirkiye (3), Spain (3), India (3),
Taiwan (2), Greece (2), South Korea (2), Croatia (1), Australia (1), Brazil (1), Italy (1), Kuwait (1), Mexico (1), Poland (1),
Russia (1), Saudi Arabia (1), South Africa (1), and United Kingdom (1).

Editor-in-Chief
Lu Cai, MD, PhD, Professor, (E-mail: 10cai001@louisville.edu) Pediatric Research Institute, University of Louisville,
Louisville, KY 40202, United States

Michael Horowitz, PhD, MD, Professor, (E-mail: michael horowitz@adelaide.edu.au) Department of Medicine, Royal
Adelaide Hospital, Adelaide 5005, Australia

Md. Shahidul Islam, PhD, Professor, (E-mail: islamd@ukzn.ac.za) Department of Biochemistry, University of KwaZulu-
Natal, Durban 4000, South Africa

Associate Editor

Alessandra Fierabracci, MD, PhD, Department of Infectivology and Clinical Trials Research, Bambino Gesu Children's
Hospital, Istituto di Ricovero e Cura a Carattere Scientifico, Infectivology and Clinical Trials Area, Rome 00167, Italy

Chii-Min Hwu, MD, Professor, Section of Endocrinology and Metabolism, Department of Medicine, Taipei Veterans
General Hospital, Taipei 112, Taiwan

Joseph M Pappachan, MD, Professor, Chief Physician, Department of Endocrinology and Metabolism, Faculty of
Science, Faculty of Biology, Medicine and Health, Lancashire Teaching Hospitals NHS Trust, Manchester Metropolitan
University and The University of Manchester, Preston and Maqnchester PR2 9HT, United Kingdom

Editorial Board

Gulali Aktas, MD, PhD, Associate Professor, Professor, Department of Internal Medicine, Abant Izzet Baysal University
Hospital, Bolu 14030, Ttirkiye

Ebtesam Abdullah Al-Suhaimi, PhD, Professor, Imam Abdulrahman Bin Faisal University, Dammam 34221, Saudi
Arabia

Munmun Chattopadhyay, PhD, Associate Professor, Molecular and Translational Medicine, Texas Tech University
Health Sciences Center at El Paso, Paul L Foster School of Medicine, El Paso, TX 79905, United States

Maja Cigrovski Berkovic, MD, PhD, Associate Professor, Department for Sport and Exercise Medicine, University of
Zagreb Faculty of Kinesiology, Zagreb 10000, Croatia

https:/ /wjgnet.com/1948-9358 / editorialboard I April 15, 2026

Jaishideng®


https://www.wjgnet.com/1948-9358
https://www.wjgnet.com/1948-9358
https://wjgnet.com/1948-9358/editorialboard
https://referencecitationanalysis.com/00000001
https://www.wjgnet.com
https://wjgnet.com/1948-9358/editorialboard
https://referencecitationanalysis.com/00004288
https://referencecitationanalysis.com/00000223
https://referencecitationanalysis.com/00004289
https://referencecitationanalysis.com/00004301
https://referencecitationanalysis.com/00004279
https://referencecitationanalysis.com/00000636
https://referencecitationanalysis.com/00004831
https://referencecitationanalysis.com/00004327
https://referencecitationanalysis.com/00004704
https://referencecitationanalysis.com/00003710

2025-2028 Editorial Board Members of World Journal of Diabetes

Huan-Tian Cui, PhD, Assistant Professor, The First School of Clinical Medicine, Yunnan University of Chinese
Medicine, Kunming 650500, Yunnan Province, China

Pradeep Kumar Dabla, MD, Professor, Department of Biochemistry, Govind Ballabh Pant Institute of Postgraduate
Medical Education and Research, Delhi 110002, India

Mariusz Dabrowski, MD, PhD, Associate Professor, Department of Human Pathophysiology and Physiology, College of
Medical Sciences, University of Rzeszow, Al. T. Rejtana 16C, Rzeszéw 35-959, Poland

Wu-Quan Deng, PhD, MD, Professor, Department of Endocrinology and Metabolism, School of Medicine, Chongging
University Central Hospital, Chongqing Emergency Medical Centre, Chongqing University, Chongqing 400014, China

Javier Donate-Correa, PhD, Senior Researcher, Research Unit, University Hospital Nuestra Sefiora de Candelaria,
Servicio Canario de la Salud, Santa Cruz de Tenerife 38010, Spain

Sonia Eiras, PhD, Senior Researcher, Traslational Cardiology, Health Research Institute, University Hospital of Santiago
de Compostela, Santiago de Compostela 15706, Spain

Peng-Hua Fang, PhD, Associate Professor, Key Laboratory for Metabolic Diseases in Chinese Medicine, First College of
Clinical Medicine, Nanjing University of Chinese Medicine, Nanjing 210023, Jiangsu Province, China

Zhao-Jia Ge, PhD, Professor, College of Animal Science, Institute of Reproductive Sciences, Key Laboratory of Animal
Reproduction and Germplasm Enhancement in Universities of Shandong, Qingdao Agricultural University, No. 700
Changcheng Road, Qingdao 266109, Shandong Province, China

Guo-Hua Gong, PhD, Professor, Key Laboratory of Laboratory Medicine, Ministry of Education, School of Laboratory
Medicine and Life Sciences, Wenzhou Medical University, Wenzhou 325035, Zhejiang Province, China; Institute for
Regenerative Medicine, State Key Laboratory of Cardiology and Medical Innovation Center, Shanghai East Hospital,
Tongji University, Shanghai 200120, China

Osama Hamdy, MD, PhD, Associate Professor, Department of Clinical, Behavioral and Outcomes Research, Joslin
Diabetes Center, Boston, MA 02215, United States; Department of Medicine, Harvard Medical School, Boston, MA 02115,
United States

Bishideng® https:/ /wjgnet.com/1948-9358 / editorialboard 11 April 15, 2026


https://wjgnet.com/1948-9358/editorialboard
https://referencecitationanalysis.com/00042356
https://referencecitationanalysis.com/00002832
https://referencecitationanalysis.com/00003702
https://referencecitationanalysis.com/00041802
https://referencecitationanalysis.com/00004709
https://referencecitationanalysis.com/00004701
https://referencecitationanalysis.com/00043105
https://referencecitationanalysis.com/00046626
https://referencecitationanalysis.com/00041488
https://referencecitationanalysis.com/00042220
https://referencecitationanalysis.com/00042625
https://referencecitationanalysis.com/00042136
https://referencecitationanalysis.com/00026463
https://referencecitationanalysis.com/00044803
https://referencecitationanalysis.com/00004328
https://referencecitationanalysis.com/00043979
https://referencecitationanalysis.com/00042149

2025-2028 Editorial Board Members of World Journal of Diabetes

Athanasia Papazafiropoulou, MD, PhD, 1st Department of Internal Medicine and Diabetes Center, Tzaneio General
Hospital of Piraeus, Piraeus 18536, Greece

Jeong Hyun Park, MD, PhD, Professor, Department of Internal Medicine, Busan Paik Hospital, College of Medicine, Inje
University, Busan 47392, South Korea

Xing-Wu Ran, MD, Chief Physician, Professor, Innovation Research Center for Diabetic Foot, Diabetic Foot Care Center,
Department of Endocrinology and Metabolism, West China Hospital, Sichuan Univerisity, Chengdu 610041, Sichuan

Province, China

Seungil Ro, PhD, Professor, Department of Physiology and Cell Biology, University of Nevada School of Medicine,
Anderson Medical Sciences, Reno, NV 89557, United States

Susana Rovira-Llopis, PhD, Assistant Professor, Department of Endocrinology and Nutrition, Foundation for the
Promotion of Health and Biomedical Research in the Valencian Region, Valencia 46020, Spain

Mustafa Sahin, MD, Full Professor, Professor, Department of Endocrinology and Metabolism, Ankara University School
of Medicine, Ankara 06100, Tiirkiye

Debmalya Sanyal, MD, Professor, Department of Endocrinology, KPC Medical College and NHRTIICS, Kolkata, West
Bengal 700032, India

Jia-Zhong Sun, MD, PhD, Professor, Department of Endocrinology, Zhongnan Hospital, Wuhan University, No. 169
Donghu Road, Wuhan 430071, Hubei Province, China

Xiao-Dong Sun, MD, PhD, Chief Physician, Professor, Department of Endocrinology and Metabolism, Affiliated
Hospital of Shandong Second Medical University, No. 2428 Yuhe Road, Weifang 261031, Shandong Province, China

José Carlos Tatmatsu-Rocha, PhD, Professor, College of Medicine, Postgraduate Program in Physiotherapy and
Functionality, Federal University of Ceara-UFC, Fortaleza, Ceara 2853, Brazil

Samuel Trevino, PhD, Professor, Clinical Biochemistry, University Autonomous of Puebla, Puebla 72000, Mexico

Tao-Hsin Tung, PhD, Associate Professor, Evidence-based Medicine Center, Taizhou Hospital of Zhejiang Province

Bishideng® https:/ /wjgnet.com/1948-9358 / editorialboard 11 April 15, 2026


https://wjgnet.com/1948-9358/editorialboard
https://referencecitationanalysis.com/00002948
https://referencecitationanalysis.com/00004209
https://referencecitationanalysis.com/00024166
https://referencecitationanalysis.com/00044300
https://referencecitationanalysis.com/00042497
https://referencecitationanalysis.com/00046226
https://referencecitationanalysis.com/00004694
https://referencecitationanalysis.com/00045268
https://referencecitationanalysis.com/00040806
https://referencecitationanalysis.com/00041596
https://referencecitationanalysis.com/00041596
https://referencecitationanalysis.com/00004316
https://referencecitationanalysis.com/00002561
https://referencecitationanalysis.com/00003856
https://referencecitationanalysis.com/00047908
https://referencecitationanalysis.com/00003956
https://referencecitationanalysis.com/00044679
https://referencecitationanalysis.com/00043759
https://referencecitationanalysis.com/00003176
https://referencecitationanalysis.com/00044100

p World Journal of
Diabetes

Contents Monthly Volume 17 Number 4 April 15,2026

EDITORIAL

Collart-Dutilleul PY. Integrative management of periodontitis in type 2 diabetes patients: The emerging role of
herbal medicine. World | Diabetes 2026; 17(4): 116617 [DOI: 10.4239 / wjd.v17.i4.116617]

OPINION REVIEW

Cappellani F, Capobianco M, Visalli F, Khouyyi M, Musa M, Avitabile A, Leandro I, Giglio R, Tognetto D,
Gagliano C, D’Esposito F, Zeppieri M. From pixels to precision: Artificial intelligence in diabetic eye disease
screening and management. IVorld | Diabetes 2026; 17(4): 117094 [DOL: 10.4239 / wjd.v17.i4.117094]

REVIEW

Gembillo G, Soraci L, Spadaro G, Messina R, Cuzzola F, Calderone M, Ricca MF, Di Piazza S, Sudano F,
Gambuzza ME, Princiotto M, Lo Cicero L, Santoro D. Serum biomarkers in diabetic kidney disease: A compre-
hensive narrative review. World | Diabetes 2026; 17(4): 113748 [DOI: 10.4239 /wjd.v17.i4.113748]

Gembillo G, Visconti L, Tranchida V, Nardi C, Calimeri S, Gambuzza ME, Princiotto M, Chinigo C, Soraci L,
Santoro D. Evolving strategies for nephroprotection in diabetic kidney disease: From established therapies to novel
interventions. IWorld | Diabetes 2026; 17(4): 115058 [DOIL: 10.4239 /wjd.v17.i4.115058]

Pan CC, Xie QQ, Lu PY, Shi Z, Li HY, Ma Y], Ding TY, Zeng MQ, Luo C, Zhuge FY. Targeting sirtuins in diabetic
retinopathy: Differential roles in inflammation and mitochondrial dysfunction. World | Diabetes 2026; 17(4): 116208
[DOI: 10.4239/ wid.v17.i4.116208]

MINIREVIEWS

Xie LL, Li SW, Zou Y, Qin D, Sun J, Xiao YX, Li T, Hao YJ, Li B. Mining transcriptomic data for gestational
diabetes mellitus: What public datasets reveal. IWorld | Diabetes 2026; 17(4): 115275 [DOI: 10.4239 / wjd.v17.i4.115275]

ORIGINAL ARTICLE

Retrospective Cohort Study

Pecori Giraldi F, Leoni O. Environment and diabetes: Is there an association between the COVID-19 pandemic and
phenotypic variation in diabetes? IVorld | Diabetes 2026; 17(4): 115328 [DOI: 10.4239 /wjd.v17.14.115328]

Huang P, Qin XQ, Huang Q, Wang SD, Wu YY, Huang XR, Lin X. Prediction model for rapid estimated
glomerular filtration rate decline in type 2 diabetes mellitus. World | Diabetes 2026; 17(4): 116772 [DOI: 10.4239 / wijd.
v17.14.116772]

Observational Study

Zhang YW, Xu MR, Li MH, Li LX. Product of C-reactive protein and fasting C-peptide indicates cardiovascular
risk in type 2 diabetes: A real-world study. World | Diabetes 2026; 17(4): 117063 [DOI: 10.4239 /wjd.v17.i4.117063]

Zhu CY, Fang ZR, Hua LY, Jin H, Xu XY, Liu XL, Zhang YM, Rao ZC. Serum 25-hydroxyvitamin D and peripheral
thyroid hormone sensitivity in euthyroid type 2 diabetes: Linear estimates and low-range threshold. IWorld |
Diabetes 2026; 17(4): 117489 [DOI: 10,4239/ wid .v17.i4.117489]

Jaishideng®

https:/ /www.wjgnet.com/1948-9358 I April 15,2026 | Volumel17 | Issue4



https://www.wjgnet.com/1948-9358
https://www.wjgnet.com/1948-9358
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.116617
https://dx.doi.org/10.4239/wjd.v17.i4.116617
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.117094
https://dx.doi.org/10.4239/wjd.v17.i4.117094
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.113748
https://dx.doi.org/10.4239/wjd.v17.i4.113748
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.115058
https://dx.doi.org/10.4239/wjd.v17.i4.115058
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.116208
https://dx.doi.org/10.4239/wjd.v17.i4.116208
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.115275
https://dx.doi.org/10.4239/wjd.v17.i4.115275
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.115328
https://dx.doi.org/10.4239/wjd.v17.i4.115328
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.116772
https://dx.doi.org/10.4239/wjd.v17.i4.116772
https://dx.doi.org/10.4239/wjd.v17.i4.116772
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.117063
https://dx.doi.org/10.4239/wjd.v17.i4.117063
https://www.wjgnet.com/1948-9358
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.117489
https://dx.doi.org/10.4239/wjd.v17.i4.117489

World Journal of Diabetes

Contents
Monthly Volume 17 Number 4 April 15, 2026

Prospective Study

Jun JE, Hwang YC, Ahn HY, Jeong IK, Ahn KJ, Chung HY, Ryu HJ. Remnant cholesterol and the risk of incident
type 2 diabetes: A community-based 14-year prospective cohort study. World | Diabetes 2026; 17(4): 117215 [DOI: 10.
4239/wjd.v17.i4.117215]

Basic Study

He L, Zhu C, Yu XY, Dou HC, Shu MG. Clq tumor necrosis factor associated protein 3 protects HaCaT via
phosphoinositide 3-kinase/protein kinase B activation by PTEN reduction. World | Diabetes 2026; 17(4): 114061
[DOI: 10.4239/wjd.v17.14.114061]

Liu C, Li Y, Zhang Y, Gao M, Yang SF. Hyperoside attenuates diabetic nephropathy by activating the

Nrf2/SLC7A11/GPX4 axis to restrain ferroptosis. World | Diabetes 2026; 17(4): 114679 [DOI: 10.4239 /wjd.v17.i4.
114679]

Si W, Dai Y, Hu GP, Zhang Q, Lv F, Zhang Q. EP300 drives renal fibrosis in diabetic nephropathy via histone
acetyltransferase-mediated nephrocystin-4 expression. IWorld | Diabetes 2026; 17(4): 115437 [DOI: 10.4239 /wjd.v17.
i4.115437]

Xu L, Liu MT, He XM, Zhang SR, Yu DJ, Ding Y. Type 2 diabetes mellitus may be associated with a novel
mitochondrial tRNA™"/tRNA™ mutation. World | Diabetes 2026; 17(4): 115842 [DOI: 10.4239 /wjd.v17.14.115842]

SYSTEMATIC REVIEWS

Zou WH, Zhou ZY, Feng YQ, Wang RT, Jiang JJ, Zhang RZ, Li JW. Umbrella review protocol type 2 diabetes
mellitus and fracture risk. World | Diabetes 2026; 17(4): 116349 [DOI: 10.4239 /wjd.v17.i4.116349]

CORRESPONDENCE

Dong CF, He F, Kang GB. Letter to the Editor: Cardiovascular outcomes in high-risk type 2 diabetes mellitus:
Standard of care vs multifactorial intensive therapy. World | Diabetes 2026; 17(4): 115721 [DOI: 10.4239 /wjd.v17.i4.
115721]

CORRECTION

Lv SQ. Correction to “Jianpi Gushen Huayu decoction ameliorated diabetic nephropathy through modulating
metabolites in kidney, and inhibiting TLR4/NF-xB/NLRP3 and JNK/P38 pathways”. World | Diabetes 2026; 17(4):
119227 [DOI: 10.4239 /wjd.v17.i4.119227]

Guishidenge  NELPS:/ /WWw.wjgnet.com/1948-9358 I April 15,2026 | Volume17 | Issue4 |


https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.117215
https://dx.doi.org/10.4239/wjd.v17.i4.117215
https://dx.doi.org/10.4239/wjd.v17.i4.117215
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.114061
https://dx.doi.org/10.4239/wjd.v17.i4.114061
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.114679
https://dx.doi.org/10.4239/wjd.v17.i4.114679
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.115437
https://dx.doi.org/10.4239/wjd.v17.i4.115437
https://dx.doi.org/10.4239/wjd.v17.i4.115437
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.115842
https://dx.doi.org/10.4239/wjd.v17.i4.115842
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.116349
https://dx.doi.org/10.4239/wjd.v17.i4.116349
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.115721
https://dx.doi.org/10.4239/wjd.v17.i4.115721
https://www.wjgnet.com/1948-9358
https://dx.doi.org/10.4239/wjd.v17.i4.119227
https://dx.doi.org/10.4239/wjd.v17.i4.119227

World Journal of Diabetes

Contents
Monthly Volume 17 Number 4 April 15, 2026

ABOUT COVER

Peer Reviewer of World Journal of Diabetes, Abul Bashar Mohammad Kamrul Hasan, MD, Assistant Professor,
Department of Endocrinology, Mymensingh Medical College, Mymensingh 2200, Bangladesh.
rangassmc@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (W]D, World | Diabetes) is to provide scholars and readers from various
fields of diabetes with a platform to publish high-quality basic and clinical research articles and communicate their
research findings online.

WJD mainly publishes articles reporting research results and findings obtained in the field of diabetes and
covering a wide range of topics including risk factors for diabetes, diabetes complications, experimental diabetes
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus, gestational diabetes, diabetic angiopathies, diabetic
cardiomyopathies, diabetic coma, diabetic ketoacidosis, diabetic nephropathies, diabetic neuropathies, Donohue
syndrome, fetal macrosomia, and prediabetic state.

INDEXING/ABSTRACTING

The WJD is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central,
Reference Citation Analysis, China Science and Technology Journal Database, and Superstar Journals Database.
The 2025 Edition of Journal Citation Reports® cites the 2024 journal impact factor (JIF) for W]D as 4.6; JIF without
journal self cites: 4.3; 5-year JIF: 5.0; JIF Rank: 43/191 in endocrinology and metabolism; JIF Quartile: Q1; and 5-
year JIF Quartile: Q1.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Zi-Hang Xu; Production Department Director: Xiao-Mei Zheng, Cover Editor: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Diabetes https:/ /www.wijgnet.com/bpg/gerinfo/204

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

Monthly https:/ /www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Lu Cai, Md. Shahidul Islam, Michael Horowitz https:/ /www.wignet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-9358 /editorialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
April 15, 2026 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2026 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2026 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com https://www.wjgnet.com

JBaishideng®

https:/ /www.wjgnet.com/1948-9358 111 April 15,2026 | Volume17 | Issue4


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9358/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.wjgnet.com
https://www.f6publishing.com
https://www.wjgnet.com
mailto:office@baishideng.com
https://www.wjgnet.com

%

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

DOI: 10.4239/wjd.v17.i4.115328

World Journal of
Diabetes

World | Diabetes 2026 April 15; 17(4): 115328

ISSN 1948-9358 (online)

Retrospective Cohort Study

ORIGINAL ARTICLE

Environment and diabetes: Is there an association between the
COVID-19 pandemic and phenotypic variation in diabetes?

Francesca Pecori Giraldi, Olivia Leoni

Peer review: Externally peer
reviewed.

Peer-review model: Single blind
Peer-review report’s classification
Scientific quality: Grade A, Grade C
Novelty: Grade A, Grade C
Creativity or innovation: Grade A,
Grade C

Scientific significance: Grade B,
Grade C

P-Reviewer: Hua YC, PhD, China;
Ning SQ, MD, PhD, China
Received: October 14, 2025
Revised: December 8, 2025
Accepted: February 4, 2026
Published online: April 15, 2026
Processing time: 182 Days and 14.6
Hours

Copyright: ©Author(s) 2026. This
article is an open access article
distributed under the terms and
conditions of the Creative
Commons Attribution-
NonCommercial (CC BY-NC 4.0)
license. No commercial re-use. See
permissions. Published by
Baishideng Publishing Group Inc.

Jaishideng®

https:/ /dx.doi.org/10.4239/wjd.v17.i4.115328 1

Francesca Pecori Giraldi, Department of Clinical Sciences & Community Health, Deparment of
Excellence 2023-2027, University of Milan, Milan 20122, Lombardy, Italy

Olivia Leoni, Data Monitoring and Control Unit, Welfare Governance, Regione Lombardia,
Milan 20122, Lombardy, Italy

ORCID number: Francesca Pecori Giraldi 0000-0001-6065-7803.

Corresponding author: Francesca Pecori Giraldi, Associate Professor, Department of Clinical
Sciences & Community Health, University of Milan, Via Commenda 19, Milan 20122, Lom-
bardy, Italy. francesca.pecorigiraldi@unimi.it

Abstract

BACKGROUND

The development of diabetes is linked to the environment, and major lifestyle
changes are known to affect the incidence of diabetes. The recent coronavirus
disease 2019 (COVID-19) pandemic changed many aspects of daily life and re-
presents a major environmental effect.

AIM
To investigate whether the COVID-19 pandemic affected the presentation of
diabetes in adults.

METHODS

A retrospective fixed cohort study was performed on the Lombard population,
one of the hardest hit by the pandemic in Italy. Records from 57870 adults (40-65
years) with diabetes were extracted from the Lombard healthcare database for
pandemic (2020-2021) and control (2018-2019) cohorts. Demographic data and
data pertaining to concomitant cardiovascular disorders were analyzed. Cohen’s d
and rate ratio with 95% confidence interval (CI) were calculated.

RESULTS

During the pandemic, the incidence of newly diagnosed diabetes was greater
among men aged 40-46 years old (rate ratio = 1.07, 95%ClI: 1.01-1.14) and less am-
ong older men (59-65 years old; rate ratio = 0.94; 95%ClI: 0.90-0.96) compared with
the control cohort. The rate of incident diabetic men with hypertension, hyperlip-
idemia, cardiovascular events, or prescriptions for cardiovascular-acting medi-
cations during the pandemic was lower compared with individuals in the control
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cohort (rate ratio for cardiovascular risk factors = 0.893; 95%ClI: 0.87-0.92). A similar pattern was observed among
women diagnosed with diabetes during the pandemic (rate ratio for cardiovascular risk factors = 0.899; 95%CI:
0.87-0.93).

CONCLUSION

The COVID-19 pandemic was associated with greater incident diabetes in younger individuals with fewer car-
diovascular comorbidities and suggest that a potent environmental change such as the pandemic can affect the
diabetes phenotype in adults.

Key Words: Diabetes; Environment; COVID-19 pandemic; Heterogeneity; Cardiovascular disease; Diagnosis

Core Tip: The development of diabetes is linked to the environment, and major lifestyle changes are known to affect its
incidence . The coronavirus disease 2019 pandemic represented a major environmental disruption; however, its impact on
diabetes phenotype has not yet been fully evaluated. In this study, we compared adults diagnosed with diabetes during the
pandemic in Lombardy, one of the Italian regions most heavily affected, with individuals diagnosed before 2020. We
observed a higher incidence of diabetes among younger individuals without cardiovascular comorbidities in 2020-2021,
suggesting that a potent environmental factor, such as the pandemic, may influence the phenotype of incident diabetes.
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INTRODUCTION

Diabetes, once traditionally classified as type 1 or type 2, is now recognized as a far more heterogeneous disease. The
pathways leading to its development, from impaired islet function to insulin resistance[1], may overlap, resulting in
substantial variability in clinical presentation, progression and treatment response. Indeed, individuals with diabetes
exhibit varying degrees of impaired insulin secretion, insulin resistance and excess weight across different ages, which in
turn influence management strategies and therapeutic outcomes|[2]. All three determinants contribute to phenotypic
variation through the interaction between genetic background and environmental influences[3,4], with environmental
and behavioral risk factors acting upon underlying genetic predisposition. This concept has been exemplified in studies in
Pima Indians, a Native American population. The prevalence of diabetes among Pima Indians living in Arizona increased
dramatically following exposure to a Western lifestyle[5]. In contrast, Pima Indians residing in Northern Mexico - who
maintained a more traditional lifestyle - exhibit a substantially lower prevalence of diabetes[6]. These observations
underscore the profound impact of environmentally determined behaviors on the development of diabetes among
individuals sharing a similar genetic background.

The coronavirus disease 2019 (COVID-19) pandemic profoundly affected daily life, with physical activity, dietary
habits and access to healthcare all disrupted by lockdown measures. We hypothesized that the restrictions imposed
during 2020 and 2021 constituted a substantial environmental stressor that may have influenced the development of
diabetes. To evaluate this potential impact, exposure must be clearly defined in terms of time and population. In Italy,
Lombardy was among the regions most severely affected by the COVID-19 pandemic and therefore represents a partic-
ularly suitable setting in which to examine this exposure[7].

The aim of the present study was to investigate whether the COVID-19 pandemic influenced the phenotypic
presentation of diabetes. We therefore compared the clinical and demographic characteristics of individuals diagnosed
with diabetes during the COVID-19 pandemic with those of individuals diagnosed prior to the pandemic.

MATERIALS AND METHODS

A retrospective fixed cohort study was performed among individuals identified with diabetes by the Lombard regional
healthcare system from 2018 to 2021. The regional healthcare system provides publicly funded healthcare to all residents
of Lombardy. For certain chronic disorders, such as diabetes, hypertension, hyperlipidemia and cardiovascular diseases,
individuals can apply for exemption from costs related to exams, drugs and specialist visits that are otherwise subject to
prescription charges. Furthermore, novel drugs, e.g., GLP1ra, bempedoic acid, apixaban are prescribed free of charge only
to patients with disease exemptions. Along the same line, equipment for glucose monitoring and insulin administration is
provided by the healthcare system only to patients certified with diabetes; thus, essentially all individuals with diabetes
will apply for exemption and be identified in regional healthcare records. Individuals aged 40-65 at the time of diagnosis
were included in the analysis, and pregnant women with gestational diabetes were excluded.
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Access to the regional healthcare database was granted by the regional welfare authority. The regional healthcare data
warehouse was used to identify individuals granted an exemption for diabetes between January 1, 2018 and December
31, 2021. Data were available through December 31, 2023, allowing for up to 2 years of follow-up for individuals ex-
empted on the final day of recruitment, but only events occurring within 730 days of exemption were analyzed to ensure
comparable follow-up across cohorts. Information on exemptions and prescriptions for hypertension, hyperlipidemia and
cardiovascular diseases, as well as mortality, was collected. In addition, data on testing and vaccination for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) were obtained for individuals in the 2020-2021 cohort. The years 2018-
2019 served as the pre-pandemic control cohort and were compared with data from 2020-2021. Overall, 57870 individuals
were identified: 29081 in the first cohort (2018-2019) and 28789 in the second cohort (2020-2021). In 2018-2019, 18506 adult
men and 10575 adult women were granted an exemption for diabetes, compared with 18357 men and 10432 women in
2020-2021. Approximately 80% of individuals in both cohorts were born in Italy (80.6% and 80.1%, respectively). Among
the remainder, individuals were born in Africa (7.8% and 8.2% in 2018-2019 and 2020-2021, respectively), the Middle East
and Asia (8.8% and 8.6%, respectively) and Central and South America (2.7% and 3.2%, respectively).

Data pertaining to the general population in Lombardy was obtained from the Lombard registry (https://www.dati.
lombardia.it/ dataset). Individuals enrolled in the regional healthcare system as of January 1, 2018 and January 1, 2020
were considered at-risk population.

Statistical analysis

Data for men and women were analyzed separately[8,9]. Patients were subdivided into age quartiles: I quartile: 40-46
years old, II quartile: 47-52 years old, III quartile: 53-58 years old, IV quartile: 59-65 years old (Supplementary Table 1) for
age-related subanalyses. Individuals with exemption for either hypertension, hyperlipidemia or cardiovascular disease
were grouped in the composite variable “cardiovascular risk factors”.

Differences between continuous variables were assessed with ANOVA, Student’s ¢ test or Wilcoxon test, as ap-
propriate, and size effect statistics was estimated with Cohen’s d, i.e., standardized mean difference. Qualitative variables
were compared with ¥? statistics and rate ratios with 95%ClI calculated. Significance was accepted for P < 0.05. Incidence
was calculated over 2 years for both cohorts. Mortality was calculated as person-year within 730 days for both groups;
survival was estimated with Kaplan-Meier function. Disability-adjusted life years (DALY) was calculated using 0.2
disability weight for diabetes according to the Dutch Burden of Disease Group[10].

Given the cohorts’ sizes (approximately 18000 for men and 10000 for women), we calculated the standardized mean
difference (Cohen’s d) required to achieve significance. A standardized mean difference greater than 0.034 achieved two-
tailed probability less than 0.05 with 90% potency in men; in women, given the same error probabilities (a = 0.05, § =
0.10), standardized mean difference greater than 0.045 was required for significance. Corresponding values for quartile
analysis are given in the statistical analysis plan (Supplementary material). The smallest significant rate ratio corres-
ponded to > 0.07 or > 0.14 for men and > 0.09 or > 0.19 for women for 40% and 6% prevalence in the control cohort, res-
pectively. Further details are provided in the statistical analysis plan (Supplementary material).

Ethics statement
Access to the regional healthcare database was granted under the agreement between the Welfare Governance (Direzione
Generale Welfare) of the Regione Lombardia and the University of Milan, and the study was approved by the University
of Milan Ethical Committee. Data from individuals were anonymized by data warehouse software and informed consent
was not required.

RESULTS
Men

Presentation: The number of new exemptions for diabetes in men living in Lombardy was somewhat less in the
pandemic cohort: 469.1 per 100000 inhabitants (95%CI: 462.3-475.9) vs 485.8 per 100000 inhabitants (95%CI: 478.9-492.8) in
the reference cohort; the age-standardized rate ratio = 0.965 (95%CI: 0.946-0.985). The Lombard regional healthcare
system is subdivided into eight geographically distinct Health Care Agencies [i.e., Agenzia di Tutela della Salute (ATS)].
The number of new exemptions in each ATS was largely comparable between the two cohorts (Supplementary Table 2),
as was the proportion of exemptions across ATS (Supplementary Figure 1).

The rate of exemption according to age in the two cohorts is shown in Figure 1; the rate ratio across age quartiles
showed that the incidence in the pandemic cohort was higher for younger men (I quartile: 40-46 years of age) and lower
for older men (IV quartile: 59-65 years of age, Figure 1 inset and Table 1).

Prevalence of clinical comorbidities, assessed by exemption for cardiovascular disorders or prescription of medication
for cardiovascular disease (i.e., class C in Anatomical Therapeutic Chemical classification), revealed clear differences
between the pandemic and prepandemic cohort (Figure 2 and Table 2). Indeed, the proportion of diabetic men with
concomitant exemption for hypertension was significantly smaller in the 2020-2021 cohort, as was the proportion of men
with exemption for cardiovascular disease or for hyperlipidemia. Furthermore, the proportion of men prescribed
medications for cardiovascular disease was significantly lower in 2020-2021 compared to 2018-2019 (Figure 2 and
Table 2). Overall, men exempted for diabetes in the 2020-2021 cohort had 10% less likelihood of cardiovascular risk
factors, i.e., hypertension, hyperlipidemia, and cardiovascular disease, compared with the prepandemic control cohort.
These differences were observed across all age quartiles (Figure 3 and Table 1).
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Table 1 Data across age quartiles in men and women with diabetes, rate ratio in pandemic vs reference cohort (95% confidence

interval)

40-46 years 47-52 years 53-58 years 59-65 years
Men
2-year incidence (per 100000 men) 1.07 (1.01-1.14) 0.97 (0.93-1.02) 0.94 (0.93-1.00) 0.94 (0.90-0.96)
Hypertension 0.81 (0.68-0.94) 0.79 (0.71-0.87) 0.88 (0.83-0.93) 0.92 (0.88-0.96)
Cardiovascular disease 0.82 (0.57-1.07) 0.92 (0.77-1.06) 0.83 (0.73-0.92) 0.94 (0.87-1.01)
Hyperlipidemia 1.11 (0.74-1.47) 0.78 (0.53-1.02) 0.88 (0.69-1.06) 0.92 (0.78-1.06)
Cardiovascular risk factors 0.86 (0.75-0.97) 0.83 (0.76-0.89) 0.86 (0.82-0.91) 0.94 (0.91, 0.97)
ATC class C drugs 0.75 (0.64-0.85) 0.69 (0.47-0.78) 0.54 (0.47-0.61) 0.46 (0.39-0.53)
Mortality rate (1000 person-year) 1.08 (0.58-1.75) 0.89 (0.62-1.28) 1.15 (0.92-1.43) 1.04 (0.89-1.22)
Women
2-year incidence (per 100000 women) 1.00 (0.92-1.09) 0.98 (1.92-1.05) 0.97 (0.92-1.02) 0.94 (0.91-0.98)
Hypertension 0.72 (0.53-0.92) 0.84 (0.73-0.94) 0.86 (0.79-0.93) 0.93 (0.88-0.98)
Cardiovascular disease 1.02 (0.48-1.56) 0.88 (0.54-1.22) 0.93 (0.73-1.13) 0.92 (0.78-1.06)
Hyperlipidemia 1.05 (0.14-1.97) 1.24 (0.79;1.69) 1.14 (0.87-1.42) 0.88 (0.69-1.06)
Cardiovascular risk factors 0.76 (0.59-0.94) 0.87 (0.77-0.96) 0.88 (0.82-0.94) 0.93 (0.89-0.97)
ATC class C drugs 0.64 (0.47-0.82) 0.58 (0.46-0.70) 0.51 (0.41-0.60) 0.40 (0.32-0.49)
Mortality rate (1000 person-year) 0.54 (0.23-1.20) 1.08 (0.69-1.71) 0.92 (0.68-1.24) 1.01 (0.82-1.25)

ATC: Anatomical Therapeutic Chemical.

Table 2 Clinical features in men and women with exemption for diabetes, % (95% confidence interval)

2018-2019 2020-2021 Size effect statistic P value
Men n =18506 n =18357
Hypertension 34.8 (33.7-36.0) 30.6 (29.4-31.8) RR = 0.879 (0.849-0.908) <0.0001
Cardiovascular disease 14.6 (13.3-15.9) 13.1 (11.8-14.5) RR = 0.897 (0.846-0.948) <0.001
Hyperlipidemia 4.39 (2.98-5.80) 3.90 (2.52-5.35) RR = 0.894 (0.796-0.992) <0.05
Cardiovascular risk factors 45.5 (44.5-46.6) 40.7 (39.6-41.8) RR = 0.893 (0.869-0.917) <0.0001
ATC class C drugs 32.3 (31.1-33.5) 18.1 (16.8:19.4) RR = 0.561 (0.524-0.599) <0.0001
DALYs, years (95%CI) 5.66 (5.61-5.71) 5.41 (5.36-5.45) 0.252 (0.184-0.320) <0.0001
Women n =10575 n =10432
Hypertension 37.5 (36.0-39.0) 33.3 (31.7-34.9) RR = 0.888 (0.851-0.925) <0.0001
Cardiovascular disease 6.26 (4.41-8.11) 5.79 (3.93-7.65) RR =0.925 (0.818-1.032) 0.15
Hyperlipidemia 3.52 (1.65-5.39) 3.42 (1.53-5.29) RR = 0.970 (0.827-1.113) 0.67
Cardiovascular risk factors 42.4 (40.9-43.8) 38.1 (36.6-39.6) RR = 0.899 (0.866-0.932) <0.0001
ATC class C drugs 31.9 (30.4-33.5) 15.4 (13.6-17.1) RR = 0.481 (0.429-0.534) <0.0001
DALYs, years (95%CI) 6.46 (6.38-6.53) 6.32 (6.25-6.38) 0.138 (0.02-0.243) <0.05

ATC: Anatomical Therapeutic Chemical; DALYs: Disability-adjusted life years; RR: Rate ratio; CI: Confidence interval.
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Figure 1 Age-related incidence per 100000 inhabitants of exemption for diabetes in 2018-2019 (reference cohort, white bars) and 2020-
2021 (pandemic cohort, black bars) among men and women in Lombardy. Inset: Rate ratio and 95% confidence interval for pandemic vs control cohort
across age quartiles.

Mortality: The number of deaths within 2 years from exemption was 607 men in the 2018-2019 cohort and 572 men in the
2020-2021 cohort, resulting in 16.7/1000 person-year and 15.8/1000 person-year mortality rates, respectively (Supple-
mentary Table 3). The mortality rate ratio (0.9498, 95%CI: 0.846-1.066, P = 0.38) and 2-year survival according to Kaplan-
Meier function (96.7% vs 96.9%, log-rank > = 0.80, P = 0.37) were comparable between the two cohorts. Mortality across
age quartiles was comparable (Table 1). Calculation of disease burden revealed slightly lower DALYs in the pandemic
cohort (Table 2), possibly a consequence of the different incidence in the two cohorts (see above).

There was no significant difference between deceased men in the reference and pandemic cohort in regards to age at
diagnosis, age at death and time from diagnosis to death, nor in the proportion with exemption for cardiovascular risk
factors (Supplementary Table 3).

SARS-CoV-2 infection: A small proportion (11.8%) of men diagnosed with diabetes during the pandemic had tested
positive for SARS-CoV-2 prior to exemption. Positive testing was registered on average 5.1 months (range 0-21.9 months)
prior to diabetes exemption. There was no difference in the prevalence of hypertension and cardiovascular risk factors
between men exempted during the pandemic with or without positive SARS-CoV-2 testing (Supplementary Table 4).
Furthermore, the risk of death within 2 years was superimposable in diabetic men with or without prior positive testing
(mortality rate ratio = 1.22, 95%Cl: 0.96-1.54; Supplementary Table 4).
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Figure 2 Rate ratio and 95% confidence interval in diabetic men and women diagnosed in 2020-2021 (pandemic cohort) compared with
the reference cohort (2018-2019) for concomitant exemption for hypertension, cardiovascular disorders, dyslipidemia, cardiovascular
risk factors and for patients on cardiovascular drugs. Dashed line represents equal rates (= 1). CV: Cardiovascular.

Women

Presentation: The number of new exemptions for diabetes across the female population in Lombardy was slightly lower
in the pandemic cohort (266.1 per 100000 inhabitants, 95%CI: 261.1-271.3) compared with the control cohort (276.8 per
100000 inhabitants, 95%CI: 271.5-281.1), and the rate ratio for age-standardized incidence only just reached significance
(0.962, 95%ClI: 0.94-0.99). The number of new exemptions at local Health Care Agencies was largely comparable between
the two cohorts (Supplementary Table 2), as was the proportion of new exemptions across ATS (Supplementary Figure 1).

Exemptions according to age are shown in Figure 1. Quartile analysis revealed that the incidence of exemptions in
older women (IV quartile: 59-65 years old) was lower in the pandemic cohort compared with the reference cohort
(Figure 1 inset and Table 1).

Analysis of comorbidities revealed clear differences between women diagnosed during the COVID-19 pandemic and
the control cohort (Figure 2 and Table 2). In fact, the proportion of diabetic women with an exemption for hypertension
was significantly smaller in the 2020-2021 cohort across all age quartiles (Table 1). In addition, the proportion of women
with concomitant medication for cardiovascular diseases (i.e., class C in Anatomical Therapeutic Chemical classification)
was significantly lower in 2020-2021 compared with 2018-2019; women exempted for diabetes in the 2020-2021 cohort had
10% less likelihood of being exempted for cardiovascular risk factors compared with the prepandemic, control cohort.
Analysis across age quartiles confirmed this finding (Figure 3 and Table 1).

Mortality: Over the course of 2 years since exemption, 322 deaths were registered in women from the 2018-2019 cohort
and 329 deaths from the 2020-2021 cohort, resulting in 15.6/1000 person-year and 16.1/1000 person-year mortality rates,
respectively (Supplementary Table 3). Mortality was comparable among women with diabetes diagnosed before or
during the pandemic (mortality rate ratio = 1.033, 95%CI: 0.88-1.219). Likewise, 2-year survival was comparable between
the two groups (96.9% vs 96.8%, log-rank x> = 0.21, P = 0.65). Analysis of mortality across age quartile yielded comparable
results (Table 1). Differences in DALYs were borderline significant (Table 2).

There were no significant differences between deceased patients in the two cohorts in regards to age at diagnosis, age
at death and time from diagnosis to death, nor in the proportion of women with exemption for cardiovascular risk factors
(Supplementary Table 3).

SARS-CoV-2 infection: Among women diagnosed with diabetes during the pandemic, 11.8% tested positive for SARS-
CoV-2 prior to being exempted. In these individuals, positive testing was registered an average of 6 months (range 2 days
to 22.2 months) prior to diabetes exemption. There were no differences in the prevalence of hypertension, cardiovascular
risk factors or medication for cardiovascular disease between diabetic women exempted during the pandemic with or
without positive SARS-CoV-2 testing (Supplementary Table 4). Furthermore, the risk of death within 2 years was similar
in women with or without prior positive testing (mortality rate ratio = 1.09, 95%CI: 0.77-1.51; Supplementary Table 4).

DISCUSSION

Phenotypic variation underlies different clinical trajectories in individuals diagnosed with diabetes and has led to the
current emphasis on precision medicine[1,11]. Both cluster analysis[11] and models with continuous variables[12,13] have
been used to stratify diabetic individuals based upon their clinical presentation in order to forecast disease progression
and response to treatment[14]. The underlying heterogeneity is thought to result from gene-environment interaction[3,4],
with environmentally-determined circumstances and individual lifestyle choices acting upon the background of inherited
risk gene variants to determine phenotypic variability. Some of the best-known environmental factors include eating
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Figure 3 Percentage of diabetic men and women with exemption for cardiovascular risk factors according to age in 2018-2019 (reference
cohort, white bars) and 2020-2021 (pandemic cohort, black bars). Inset: Rate ratio and 95% confidence interval for pandemic vs control cohort across
age quartiles. CV: Cardiovascular.

habits and sedentary behavior, which have contributed heavily to the current diabetes epidemic among populations
previously spared from the disease. Indeed, “Westernization” led to major increases in diabetes among Native American
populations, most notably Pima Indians[5,6]. In addition to lifestyle changes, a variety of environmental factors have been
linked to the development of diabetes from pesticides[15] and ambient air fine particulate matter[16] to heat and artificial
light exposure[17,18]. In addition, individually determined circumstances, such as sleep loss[19] or diet-induced changes
in gut microbiome[20], have been associated with increased risk of diabetes.

Most recently, the COVID-19 pandemic represented a major, worldwide environmental impactor and its long-term
consequences are slowly coming to light, well beyond the initial devastating morbidity and mortality[21]. In Italy,
lockdown was imposed from February 2020 to June 2020, with some restrictions lifted during the summer but reimposed
during the second pandemic wave up to mid-2021. Similar restrictions were imposed globally with lockdown or social
distancing maintained until 2022 in some countries. Restrictions inevitably impacted individual behavior and had
detrimental consequences on diseases linked to lifestyle and environment, such as obesity[22] and mental health[23].

Studies published to date on the impact of COVID-19 on diabetes have focused on increased diagnoses during and
after the pandemic. Case reports on individuals with insulin-dependent diabetes mellitus after SARS-CoV-2 infection
were published shortly after the first pandemic wave[24,25], followed by larger studies reporting an increased incidence
of diabetes type 1 in individuals positive for SARS-CoV-2[26-29]. The role of viral infections on type 1 diabetes[30] and
the detection of SARS-CoV-2 antigens at postmortem examination in islets of Langerhans and pancreatic vascular
endothelial cells[31,32] suggested a possible pathophysiological link. Evidence for increased incident diabetes type 2[33,
34] or all-cause diabetes[35] after SARS-CoV-2 infection is less straightforward[36-39].

Our study was distinct from previous studies, as we investigated whether a major environmental stressor-such as the
pandemic- affected the phenotype of incident diabetes, in order to further our understanding of gene-environment
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interaction on diabetes heterogeneity[1]. Specifically, the aim of the present study was to establish whether adult
individuals newly diagnosed with diabetes during the COVID-19 pandemic presented different demographic and
cardiovascular profiles compared with individuals diagnosed prior to the pandemic. Lombardy was one of the most
heavily affected regions in Italy[7] and was deemed the most representative; thus, we retrieved data from the Lombard
regional healthcare and compared entries from the 2 years preceding the pandemic to the same collected during the
pandemic.

Interestingly, we observed that incident diabetes during the pandemic biennial was greater among younger men, i.e.,
40-46 years of age, and less among older adults, i.e., 59-65 years of age. Further, concomitant exemption for cardiovascular
comorbidities, e.g., hypertension, cardiovascular disease, hyperlipidemia, as well as the use of cardiovascular drugs, was
less common among diabetic men diagnosed during the pandemic, and this held true across all ages. Overall, the
likelihood of concomitant cardiovascular risk factors was 10% less in adult men exempted for diabetes in 2020-2021
compared to prepandemic newly diagnosed diabetic men. To a lesser extent, the same findings were also observed in
adult women diagnosed with diabetes in 2020-2021: Lower incidence in the older (i.e., 59-65 years) age group, lower
prevalence of hypertension and use of cardiovascular drugs. Again, adult women diagnosed with diabetes during the
pandemic had 10% less likelihood of presenting cardiovascular risk factors compared with prepandemic years.

Our findings suggest that the pandemic may have acted as an environmental driver and affected the diabetes
phenotype. Of note, in our series, most patients diagnosed with diabetes during the pandemic did not present a positive
SARS-CoV-2 test, thus the change in presentation was not associated with full-blown infection or steroid treatment[40].
Milder, asymptomatic infection could have taken place and gone undetected; indeed, positive tests are known to be a
gross underestimation of the real extension of SARS-CoV-2 infection[41]. However, the likelihood of long-term
consequences in asymptomatic COVID appears low[42]; overall, viral infection per se is unlikely to play a major role in the
phenotypic change in incident diabetes. In this context, it is worth noting that SARS-CoV-2 infection did not appear to
play a role in the increased severity of newly diagnosed type 1 diabetes reported during the COVID-19 pandemic[27,43].
In fact, the higher proportion of children requiring treatment for ketoacidosis compared with a prepandemic series was
not restricted to children infected with SARS-CoV-2[44,45]; reticence to access health care during the pandemic may
underlie the greater number of patients presenting with incident diabetic ketoacidosis. In fact, a recent study on the
severity of diabetes in youths diagnosed after the pandemic revealed lower rates of diabetic ketoacidosis and hyper-
glycemia[46].

Aside from SARS-CoV-2 itself, the pandemic was associated with significant restrictions, leading to changes in eating
behavior, alcohol consumption, physical activity and weight gain[47,48], with evidence for further increases even after
restrictions were lifted[49]. The prevalence of obesity increased with the pandemic[22], and an increase in individuals
with metabolic syndrome and greater risk of cardiovascular disorders would be expected. Surprisingly, however, in the
2 years that followed the start of the pandemic, most individuals with newly diagnosed diabetes presented fewer
cardiovascular risk factors. Of note, we analyzed 40-65-year-old individuals, an age group where hypertension, hyperlip-
idemia and cardiovascular disease account for a considerable risk of diabetes onset[50,51]. Evaluation of body weight or
waist circumference was outside the scope of this study but is certainly of interest in follow-up studies.

Therefore, the increase in diabetes in younger adults with less cardiovascular risk factors was not linked to either
SARS-CoV-2 or adverse metabolic profiles. Obviously, some lifestyle changes imposed by the pandemic, e.g., increased
consumption of processed food and alcohol intake[52,53] may have accelerated diabetes development and diagnosis in
these subjects. In this context, it is worth noting that diabetes is likely widely underdiagnosed[54] and, in fact, the
widespread media coverage of the link between diabetes and COVID-19 mortality may have led to heightened awareness
and increased testing in individuals without known risk factors, at least in Italy.

As this is the first report on distinctive diabetes phenotype during the pandemic, the causes underlying our
observation are unknown, and further studies on diabetes heterogeneity after COVID-19 will hopefully shed light on its
determinants. Obviously, any study on diabetes from 2020 onward will have to consider the phenotypic variability
associated with the pandemic. From a clinical viewpoint, an increase in diabetes among younger adults translates into
longer exposure to the disease and mandates stricter surveillance for target organ damage, be it cardiovascular, kidney or
eye disease.

Major strengths of our study are the large sample size and near-to-complete coverage of the regional population. Our
study also has some limitations. First, failure to submit the request for exemption in the midst of the upheaval brought by
the pandemic may have led to the selection of younger patients, who may have been less afraid to reach out for
healthcare. However, the difference we observed occurred between 40-45- and 60-65-year-old individuals, age groups
that were not likely to be at risk for COVID-19-determined age discrimination[45]. Indeed, studies that evaluated access
to healthcare during the pandemic observed a marked disruption in individuals aged over 65 years of age[55-57].

Furthermore, as with any study conducted on electronic healthcare records, missing or incorrectly imputed data may
lead to biased findings. The variables analyzed in the present study, i.e., age, sex, and exemption for chronic diseases,
represent basic patient data with little chance for gross errors. Lastly, no data on ethnicity is available in healthcare
records; immigrants from Asia, Africa or Central-South America account for 20% of residents in both cohorts but the
proportion of individuals born in Italy to immigrant parents is unknown. Therefore, the impact of ethnic background
cannot be assessed.

CONCLUSION

In conclusion, our study has shown that a major environmental factor, the COVID-19 pandemic, was associated with a
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change in clinical presentation of incident diabetes in the adult population. We observed a greater incidence of diabetes in
younger individuals without cardiovascular comorbidities during the pandemic, a presentation which is at odds with the
current trend for diabetes[58]. This finding adds an additional layer of complexity to the heterogeneity of diabetes,
linking a potent environmental factor to the emergence of distinctive clinical presentation.
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