
World Journal of
Diabetes

ISSN 1948-9358 (online)

World J Diabetes  2021 August 15; 12(8): 1141-1362

Published by Baishideng Publishing Group Inc



WJD https://www.wjgnet.com I August 15, 2021 Volume 12 Issue 8

World Journal of 

DiabetesW J D
Contents Monthly Volume 12 Number 8 August 15, 2021

EDITORIAL

Clinical effects of antidiabetic drugs on psoriasis: The perspective of evidence-based medicine1141

Zhang MX, Zheng BY, Chen HX, Chien CW

REVIEW

Gut microbiota as a target for prevention and treatment of type 2 diabetes: Mechanisms and dietary 
natural products

1146

Xia F, Wen LP, Ge BC, Li YX, Li FP, Zhou BJ

Current progress in metabolomics of gestational diabetes mellitus1164

Wang QY, You LH, Xiang LL, Zhu YT, Zeng Y

Progress in treatment of type 2 diabetes by bariatric surgery1187

Jin ZL, Liu W

Genetics of macrovascular complications in type 2 diabetes1200

Tonyan ZN, Nasykhova YA, Danilova MM, Glotov AS

MINIREVIEWS

Place of intravitreal dexamethasone implant in the treatment armamentarium of diabetic macular edema1220

Karti O, Saatci AO

Cardiac changes in infants of diabetic mothers 1233

Al-Biltagi M, El razaky O, El Amrousy D

Effect of inflammatory bowel disease treatments on patients with diabetes mellitus1248

Bower JAJ, O'Flynn L, Kakad R, Aldulaimi D

Perioperative challenges in management of diabetic patients undergoing non-cardiac surgery1255

Galway U, Chahar P, Schmidt MT, Araujo-Duran JA, Shivakumar J, Turan A, Ruetzler K

ORIGINAL ARTICLE

Basic Study

Decabromodiphenyl ether causes insulin resistance and glucose and lipid metabolism disorders in mice1267

Alimu A, Abudureman H, Wang YZ, Li MY, Wang JS, Liu ZL

Case Control Study

Clinical significance of serum miR-129-5p in patients with diabetes mellitus presenting macrovascular 
complications

1282

He XY, Ou CL



WJD https://www.wjgnet.com II August 15, 2021 Volume 12 Issue 8

World Journal of Diabetes
Contents

Monthly Volume 12 Number 8 August 15, 2021

Retrospective Study

Association of β-cell function and insulin resistance with pediatric type 2 diabetes among Chinese children1292

Xu ZR, Du HW, Cui LW, Zheng RX, Li GM, Wei HY, Lu FY, Chen LL, Wu CS, Zhang SX, Zhang SL, Liu F, Zhang MY, Pei Z, 
Sun CJ, Wu J, Luo FH

Observational Study

Polymorphisms in HIF-1a gene are not associated with diabetic retinopathy in China1304

Liu YH, Guo C, Sun YQ, Li Q

SYSTEMATIC REVIEWS

Which predictors could effect on remission of type 2 diabetes mellitus after the metabolic surgery: A 
general perspective of current studies?

1312

Akkus G, Tetiker T

What can we learn from β-cell failure biomarker application in diabetes in childhood? A systematic review1325

Calderón-Hernández MF, Altamirano-Bustamante NF, Revilla-Monsalve C, Mosquera-Andrade MB, Altamirano-
Bustamante MM



WJD https://www.wjgnet.com III August 15, 2021 Volume 12 Issue 8

World Journal of Diabetes
Contents

Monthly Volume 12 Number 8 August 15, 2021

ABOUT COVER

Editorial Board Member, Vaia D Raikou, PhD, Chief Doctor, Department of Nephrology, Doctors' Hospital, Athens 
11257, Greece. vraikou@med.uoa.gr

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (WJD, World J 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, and PubMed Central. The 
2021 Edition of Journal Citation Reports® cites the 2020 impact factor (IF) for WJD as 3.763; IF without journal self 
cites: 3.684; 5-year IF: 7.348; Journal Citation Indicator: 0.64 Ranking: 80 among 145 journals in endocrinology and 
metabolism; and Quartile category: Q3. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Lin-YuTong Wang; Production Department Director: Yu-Jie Ma; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-9358 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

June 15, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Timothy Koch https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-9358/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 15, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

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

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.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJD https://www.wjgnet.com 1248 August 15, 2021 Volume 12 Issue 8

World Journal of 

DiabetesW J D
Submit a Manuscript: https://www.f6publishing.com World J Diabetes 2021 August 15; 12(8): 1248-1254

DOI: 10.4239/wjd.v12.i8.1248 ISSN 1948-9358 (online)

MINIREVIEWS

Effect of inflammatory bowel disease treatments on patients with 
diabetes mellitus

Joshua Ashley Jack Bower, Lauren O'Flynn, Rakhi Kakad, David Aldulaimi

ORCID number: Joshua Ashley Jack 
Bower 0000-0002-1610-3448; Lauren 
O'Flynn 0000-0001-9289-2269; Rakhi 
Kakad 0000-0001-7857-6040; David 
Aldulaimi 0000-0003-4799-4543.

Author contributions: Bower JAJ is 
the 1st author with assistance and 
review by O’Flynn L who is also 
the corresponding author; Kakad R 
and Aldulaimi D advised and 
reviewed the material.

Conflict-of-interest statement: No 
authors have any known conflicts 
of interest.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Endocrinology and 
metabolism

Joshua Ashley Jack Bower, Lauren O'Flynn, David Aldulaimi, Department of Gastroenterology, 
South Warwickshire Foundation Trust, Warwick CV34 5BW, United Kingdom

Rakhi Kakad, Department of Endocrinology, South Warwickshire Foundation Trust, Warwick 
CV34 5BW, United Kingdom

Corresponding author: Lauren O'Flynn, BSc, MBChB, MRCP, Doctor, Department of 
Gastroenterology, South Warwickshire Foundation Trust, Lakin Road, Warwick CV34 5BW, 
United Kingdom. l.oflynn@doctors.org.uk

Abstract
As medical care progresses and the number of patients with chronic conditions 
increases there is the inevitable challenge of managing patients with multiple co-
morbidities. Inflammatory bowel disease (IBD) is an umbrella term for are inflam-
matory conditions affecting the gastrointestinal tract, the two most common forms 
being Ulcerative Colitis and Crohn’s disease. These diseases, usually diagnosed in 
young adults, exhibit a relapsing and remitting course and usually require long-
term treatment. IBD can be treated with a number of topical and systemic 
treatments. We conducted a review of the current published evidence for the 
effects these medications can have on diabetes mellitus (DM) and glycaemic 
control. Searches were conducted on medline and embase with a timeframe from 
1947 (the date from which studies on embase are recorded) to November 2020. 
Suitable publications were selected and reviewed. Current evidence of the impact 
of aminosalicylates, corticosteroids, thiopurines, and biologic agents was 
reviewed. Though there was limited evidence for certain agents, IBD medications 
have been shown to have an effect of DM and these effects should be considered 
in managing patients with dual pathologies. The effects of steroids on blood sugar 
control is well documented, but consideration of other agents is also important. In 
patients requiring steroids for Ulcerative Colitis, locally acting steroid agents 
delivered rectally may be preferred to minimise side effects in those with distal 
bowel Ulcerative Colitis. A switch to other agents should be considered as soon as 
possible in people with diabetes to limit the impact on glycaemic control. 5-
aminosalicylates appear to play a role in the reduction of hemoglobin A1c 
(HbA1c), although the literature suggests these may be falsely low readings. 
Consequently, monitoring of people with diabetes on these agents may require 
daily monitoring of capillary blood sugars rather than relying simply on HbA1c; 
for example fructosamine performed 3-6 monthly, although this risks missing the 
rise in readings. There is only limited evidence of the effects of thiopurines on 
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diabetes and further investigation is needed into the possible relationship 
between them. However, given the current available evidence it may be 
preferable to commence patients with diabetes on thiopurines as soon as possible, 
whilst also monitoring for side effects such as pancreatitis. There appears to be 
more evidence supporting a link between tumor necrosis factor-α inhibitors and 
DM. Both infliximab and adalimumab have evidence suggesting that both can 
cause reduced blood sugar levels. Further studies on the effects of the various 
biological agents mentioned are required alongside any novel biologic therapy 
and the impact of dual biologic therapy in the future.

Key Words: Inflammatory bowel disease; Diabetes mellitus; Crohn's disease; Ulcerative 
colitis; Anti-tumor necrosis factor-α; Corticosteroids
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Core Tip: For patients with diabetes mellitus and inflammatory bowel disease, 
medication may influence glycaemic control. Furthermore, immunosuppressive therapy 
may modify the likelihood of other autoimmune conditions. Further studies on the 
effects of the various biological agents mentioned are required alongside any novel 
biologic therapy and the impact of dual biologic therapy in the future.
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INTRODUCTION
As medical care progresses and the number of patients with chronic conditions 
increases there is the inevitable challenge of managing patients with multiple co-
morbidities. Inflammatory bowel disease (IBD) is an umbrella term for are inflam-
matory conditions affecting the gastrointestinal tract, the two most common forms 
being ulcerative colitis and Crohn’s disease. These diseases, usually diagnosed in 
young adults, exhibit a relapsing and remitting course and usually require long-term 
treatment.

Almost 6.8 million people globally have been diagnosed with IBD[1]; approximately 
one quarter of these people live in the United States, with a prevalence ranging from 
252 to 439 cases per 100000 population[2]. In the United Kingdom, the prevalence has 
been reported as high as 373 per 100000 people[3]. Australia had an estimated 89000 
people living with IBD in 2018[4].

The global prevalence of diabetes mellitus (DM) has been estimated as 9.3% in 2019; 
approximately 463 million people[5]. Given these figures, it is inevitable that these 
conditions will co-exist and treatment of one may have unintended consequences on 
the other.

IBDs can be treated with a number of topical and systemic treatments, including 
aminosalicylates, steroids and biological agents[6]. We conducted a review of the 
current published evidence for the effects these medications can have on DM and 
glycaemic control.

METHODOLOGY
Using Medline and Embase, the search terms “Inflammatory Bowel Disease” and 
“Diabetes Mellitus”, as well as specific medications “infliximab”, “adalimumab”, 
“vedolizumab”, “ustekinumab”, “thiopurine”, “budesonide”, “prednisolone” and 
“aminosalicylates” were utilised with a timeframe from 1947 (the date from which 
studies on Embase are recorded) to November 2020.

https://www.wjgnet.com/1948-9358/full/v12/i8/1248.htm
https://dx.doi.org/10.4239/wjd.v12.i8.1248
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Publications were included if the medications used in IBD treatment, as listed 
above, were linked to glycaemic control. All English language publications were 
included. Our search identified a wide range of publications that included case 
studies, cohort studies and clinical trials. These were all reviewed with heavier 
weighting given to clinical trials over case studies. Furthermore relevant publications 
from the search papers references were also reviewed.

RESULTS
Aminosalicylates
The British Society of Gastroenterology (BSG), the European Crohn´s and Colitis 
Organisation (ECCO) and American Gastroenterological Association (AGA) consensus 
guidance recommends 5-aminosalicylates (5-ASAs), such as mesalazine, as the 
standard initial therapy for induction and maintenance of remission in mild to 
moderate ulcerative colitis[6-8]. However, the AGA does not recommend 5-ASAs in 
patients with moderate to severe ulcerative colitis[9]. 5-ASAs are not shown to be 
efficacious in the induction or maintenance of remission in Crohn’s disease[6,10,11].

There is limited evidence of the effects of sulfasalazine on hemoglobin A1c (HbA1c) 
values. Sulfasalazine has been shown to cause haemolysis[12], which can cause falsely 
low HbA1c readings[13,14]. A case report of a patient with type 1 diabetes suggested 
sulfasalazine was associated with spuriously low HbA1c readings[15]. One study 
looking at people with diabetes concluded that sulfasalazine has glucose-lowering 
properties, after noting that patients on sulfasalazine had notably lower HbA1c values
[16].

Corticosteroids
The BSG and ECCO consensus guidelines on the management of IBD both recommend 
oral corticosteroids (prednisolone, budesonide or beclomethasone dipropionate) as the 
first line treatment for induction of remission in Crohn’s disease and for moderate to 
severe flares of ulcerative colitis[6,7] while AGA guidance recommends use of biologic 
treatments[9,11]. Corticosteroids are also recommended as second line treatment for 
mild to moderate flares of ulcerative colitis in patients who have failed to respond to 
aminosalicylate therapy by BSG, ECCO and AGA[2,7,8]. In patients with acute severe 
colitis, intravenous corticosteroids (hydrocortisone or methylprednisolone) are the 
recommended treatment to induce remission[6,7,9,10].

Drug-induced hyperglycaemia is most commonly the result of steroid therapy[17,
18] and undiagnosed diabetes can also be unmasked by steroid therapy[19]. A meta-
analysis of 12 studies assessing the incidence of DM in patients receiving steroid 
treatment reported rates of 18.6%[20]. A recent cohort study demonstrated a 
significant dose-dependent rise in cumulative risk of diabetes in patients with 
immune-mediated diseases (including IBD) treated with steroids[21]. One case-control 
study reported a significant increase in relative risk of hyperglycaemia in patients 
treated with steroids compared to non-steroid treated patients[22].

Up to 50% of IBD patients treated with prednisolone suffer from adverse effects 
such as glucose intolerance[23]. However, with increasing use of controlled colonic 
release formulations of corticosteroids, such as Budesonide[24], there is the potential to 
reduce the rate of steroid-induced hyperglycaemia in the future.

In patients requiring recurrent or prolonged courses of corticosteroids, BSG 
guidelines recommend the baseline recording of fasting serum glucose or HbA1c and 3 
moly monitoring thereafter[6].

Thiopurines
Thiopurines (azathioprine and its metabolite 6-mercaptopurine) are purine analogues 
that target the metabolism of nucleic acids[25]. They are used as steroid sparing agents 
in the management of IBD. Although they are not effective monotherapy in the 
induction of remission[6-11], the AGA recommends dual treatment with anti-tumor 
necrosis factor (TNF) therapy to induce remission in Crohn’s disease[11]. Thiopurines 
are recommended as maintenance monotherapy for Crohn’s disease and for the 
escalation of maintenance therapy in patients with ulcerative colitis requiring 2 or 
more courses of steroids in the past year on 5-ASAs by the BSG and ECCO guidance[6,
7,10]. The AGA guidance suggests early escalation to biologic therapy in cases of 
moderate to severe ulcerative colitis[9] and though thiopurine therapy is preferred to 
no treatment, biologic therapy is also preferred in Crohn’s disease[11].
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A double-blind randomised control trial comparing azathioprine to placebo 
demonstrated no effect on insulin dose or HbA1c at one year[26]. A prior unmasked 
randomised trial compared azathioprine with prednisolone to no treatment had 
reported lower insulin needs at one year[27].

Biologics
Escalation to treatment with a biological agent is internationally recommended in 
patients with acute severe colitis who fail to respond to intravenous corticosteroids by 
day 3 of treatment[6,7,9]. Additionally, according to BSG and ECCO use of biologics 
may be appropriate for patients who have persistent disease activity in ulcerative 
colitis and Crohn’s disease that has failed to respond to oral therapies[6,7,10]. The 
AGA suggests that early use of biologic therapy is preferable to a “step up” approach 
for the management of moderate to severe ulcerative colitis[9] and anti-TNF therapy is 
recommended in combination with thiopurines for induction of remission in Crohn’s 
disease[11]. However, for maintenance therapy no guidance is offered as to whether 
dual therapy is beneficial compared to monotherapy with anti-TNF due to insufficient 
evidence at time of review[11]. The AGA also recommends biologic monotherapy over 
thiopurine monotherapy for the maintenance of remission in moderate to severe 
ulcerative colitis[9]. Biological agents used in ulcerative colitis and Crohn’s disease 
include infliximab, adalimumab, vedolizumab and ustekinumab.

Infliximab
Infliximab is a monoclonal antibody that inhibits the action of TNF-α[28]. Elevated 
levels of TNF-α have been linked to insulin resistance[29]. In a study using mice as an 
animal model, infliximab treatment was associated with improved signal transduction 
through the liver’s insulin receptors in mice with high fat diet-induced obesity and 
diabetes[30].

Overexpression of TNF-α in adipose tissue and skeletal muscle has been docu-
mented in insulin-resistant patients[31,32]. Administration of TNF-α was shown to 
induce insulin resistance in a healthy subject group[33].

There is anecdotal evidence suggesting TNF inhibitors improve glycaemic control in 
individuals with Diabetes. One case report showed a 29-year-old man with Autoim-
mune Diabetes had improved glycaemic control, with reduced incidence of 
hypoglycaemic episodes, after initiating treatment with infliximab; remission of his 
Crohn’s disease occurred alongside an immediate and sustained 2.4-fold increase in 
insulin secretion, and progressive 6.9-fold reduction in insulin resistance[34]. Another 
case report detailed a patient with type 2 DM who was able to cease insulin treatment 
altogether when on infliximab; once infliximab was withdrawn, insulin needed to be 
restarted[35]. A study involving 45 patients with either Rheumatoid Arthritis or 
Ankylosing Spondylitis found a significant decrease in insulin resistance with minimal 
confounding factors reported[36].

Of note, however, is that anti-TNF therapy has not been shown to prevent the 
development of type 1 diabetes in two separate case reports[37,38]. TNF-α may 
predispose to type 2 DM by inducing impaired glucose tolerance, but this is not con-
clusive.

Adalimumab
Adalimumab is also a monoclonal antibody to TNF-α[39], and can be used as an 
alternative to infliximab[6,10]. In a study using obese rats as test subjects, adminis-
tration of adalimumab was shown to significantly reduce the fasting blood sugar 
levels of treated rats vs untreated[40]. A case report highlighted a previously well-
controlled type 1 diabetic patient who reported erratic blood sugar control within 12 h 
of receiving adalimumab treatment, causing severe hypoglycaemic episodes[41]. 
Separate case reports have also shown that patients who received adalimumab 
experienced improvement in their glycaemic control, in some cases resulting in 
hypoglycaemic episodes[42,43].

A United States study with n = 67756 found a significantly increased risk of 
developing diabetes in patients commencing infliximab and adalimumab vs abatacept 
in patients with Rheumatoid Arthritis. Obesity was a confounding factor however, as 
the incidence of obesity was higher in patients on infliximab or adalimumab therapy
[44]. No clinical trials have established a link between patients with IBD s commencing 
infliximab or adalimumab and the development of DM.

Vedolizumab and ustekinumab
Vedolizumab and ustekinumab have been recommended in patients whom anti-TNF 
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Table 1 Summary of medications and glycaemic effect

IBD medication Glycaemic effect

Aminosalicylates Potential hypoglycaemic effect

Corticosteroids Significant cause of hyperglycaemia

Thiopurines Possible reduced insulin resistance

Infliximab Appears to reduce insulin resistance

Adalimumab Potential hypoglycaemic effect

IBD: Inflammatory bowel disease.

therapy has failed for the induction and maintenance of remission of Crohn’s disease
[6,7,10].

No relevant papers were identified showing a link between these medications and 
diabetes (Table 1).

DISCUSSION
As our review of the literature demonstrates, some IBD medications have been shown 
to have an effect of DM. Though far from comprehensive in view of the paucity of 
evidence, these effects should be considered in managing patients with dual 
pathologies. The effects of steroids on blood sugar control is well documented, but 
consideration of other agents is also important. In patients requiring steroids for 
ulcerative colitis, locally acting steroid agents delivered rectally may be preferred to 
minimise side effects in those with distal bowel ulcerative colitis[6]. A switch to other 
agents should be considered as soon as possible in people with diabetes to limit the 
impact on glycaemic control.

Of 5-ASAs appear to play a role in the reduction of HbA1c, although the literature 
suggests these may be falsely low readings. Consequently, monitoring of people with 
diabetes on than relying simply on HbA1c; for example fructosamine performed 3-6 
monthly, although this risks missing the rise in readings[45].

There is only limited evidence of the effects of thiopurines on diabetes. Although 
one randomized control trials was promising in showing lower insulin requirements 
after one year of treatment[18], further investigation is needed into the possible 
relationship between them. However, given the result of this trial it may be preferable 
to commence patients with diabetes on thiopurines as soon as possible, whilst also 
monitoring for side effects such as pancreatitis.

CONCLUSION
There appears to be more evidence supporting a link between TNF-α inhibitors and 
DM. Both infliximab and adalimumab have evidence suggesting that both can cause 
reduced blood sugar levels. Although evidence is largely anecdotal or animal studies, 
for physicians commencing patients on biologic therapy, the effect of on diabetes 
control may factor into the decision. Further studies on the effects of the various 
biological agents mentioned are required alongside any novel biologic therapy and the 
impact of dual biologic therapy in the future.
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