
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2022 September 16; 10(26): 9180-9549

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I September 16, 2022 Volume 10 Issue 26

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 10 Number 26 September 16, 2022

REVIEW

Assisting individuals with diabetes in the COVID-19 pandemic period: Examining the role of religious 
factors and faith communities

9180

Eseadi C, Ossai OV, Onyishi CN, Ilechukwu LC

Role of octreotide in small bowel bleeding9192

Khedr A, Mahmoud EE, Attallah N, Mir M, Boike S, Rauf I, Jama AB, Mushtaq H, Surani S, Khan SA

MINIREVIEWS

Internet of things-based health monitoring system for early detection of cardiovascular events during 
COVID-19 pandemic

9207

Dami S

Convergence mechanism of mindfulness intervention in treating attention deficit hyperactivity disorder: 
Clues from current evidence

9219

Xu XP, Wang W, Wan S, Xiao CF

Clinical presentation, management, screening and surveillance for colorectal cancer during the COVID-19 
pandemic

9228

Akbulut S, Hargura AS, Garzali IU, Aloun A, Colak C

Early diagnostic value of liver stiffness measurement in hepatic sinusoidal obstruction syndrome induced 
by hematopoietic stem cell transplantation

9241

Tan YW, Shi YC

ORIGINAL ARTICLE

Case Control Study

Local inflammatory response to gastroesophageal reflux: Association of gene expression of inflammatory 
cytokines with esophageal multichannel intraluminal impedance-pH data

9254

Morozov S, Sentsova T

Retrospective Study

Evaluation of high-risk factors and the diagnostic value of alpha-fetoprotein in the stratification of primary 
liver cancer

9264

Jiao HB, Wang W, Guo MN, Su YL, Pang DQ, Wang BL, Shi J, Wu JH

One-half layer pancreaticojejunostomy with the rear wall of the pancreas reinforced: A valuable 
anastomosis technique

9276

Wei JP, Tai S, Su ZL



WJCC https://www.wjgnet.com II September 16, 2022 Volume 10 Issue 26

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 26 September 16, 2022

Development and validation of an epithelial–mesenchymal transition-related gene signature for predicting 
prognosis

9285

Zhou DH, Du QC, Fu Z, Wang XY, Zhou L, Wang J, Hu CK, Liu S, Li JM, Ma ML, Yu H

Observational Study

Incidence and risk factor analysis for swelling after apical microsurgery9303

Bi C, Xia SQ, Zhu YC, Lian XZ, Hu LJ, Rao CX, Jin HB, Shang XD, Jin FF, Li JY, Zheng P, Wang SH

CASE REPORT

Acute carotid stent thrombosis: A case report and literature review 9310

Zhang JB, Fan XQ, Chen J, Liu P, Ye ZD

Congenital ovarian anomaly manifesting as extra tissue connection between the two ovaries: A case report 9318

Choi MG, Kim JW, Kim YH, Kim AM, Kim TY, Ryu HK

Cefoperazone-sulbactam and ornidazole for Gardnerella vaginalis bloodstream infection after cesarean 
section: A case report

9323

Mu Y, Li JJ, Wu X, Zhou XF, Tang L, Zhou Q

Early-onset ophthalmoplegia, cervical dyskinesia, and lower extremity weakness due to partial deletion of 
chromosome 16: A case report

9332

Xu M, Jiang J, He Y, Gu WY, Jin B

Posterior mediastinal extralobar pulmonary sequestration misdiagnosed as a neurogenic tumor: A case 
report

9340

Jin HJ, Yu Y, He W, Han Y

Unexpected difficult airway due to severe upper tracheal distortion: A case report9348

Zhou JW, Wang CG, Chen G, Zhou YF, Ding JF, Zhang JW

Special epithelioid trophoblastic tumor: A case report9354

Wang YN, Dong Y, Wang L, Chen YH, Hu HY, Guo J, Sun L

Intrahepatic multicystic biliary hamartoma: A case report9361

Wang CY, Shi FY, Huang WF, Tang Y, Li T, He GL

ST-segment elevation myocardial infarction in Kawasaki disease: A case report and review of literature9368

Lee J, Seo J, Shin YH, Jang AY, Suh SY

Bilateral hypocalcaemic cataracts due to idiopathic parathyroid insufficiency: A case report9378

Li Y

Single organ hepatic artery vasculitis as an unusual cause of epigastric pain: A case report9384

Kaviani R, Farrell J, Dehghan N, Moosavi S

Congenital lipoid adrenal hyperplasia with Graves' disease: A case report9390

Wang YJ, Liu C, Xing C, Zhang L, Xu WF, Wang HY, Wang FT



WJCC https://www.wjgnet.com III September 16, 2022 Volume 10 Issue 26

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 26 September 16, 2022

Cytokine release syndrome complicated with rhabdomyolysis after chimeric antigen receptor T-cell 
therapy: A case report

9398

Zhang L, Chen W, Wang XM, Zhang SQ

Antiphospholipid syndrome with renal and splenic infarction after blunt trauma: A case report9404

Lee NA, Jeong ES, Jang HS, Park YC, Kang JH, Kim JC, Jo YG

Uncontrolled high blood pressure under total intravenous anesthesia with propofol and remifentanil: A 
case report

9411

Jang MJ, Kim JH, Jeong HJ

Noncirrhotic portal hypertension due to peripheral T-cell lymphoma, not otherwise specified: A case 
report

9417

Wu MM, Fu WJ, Wu J, Zhu LL, Niu T, Yang R, Yao J, Lu Q, Liao XY

Resumption of school after lockdown in COVID-19 pandemic: Three case reports9428

Wang KJ, Cao Y, Gao CY, Song ZQ, Zeng M, Gong HL, Wen J, Xiao S

Complete recovery from segmental zoster paresis confirmed by magnetic resonance imaging: A case 
report

9434

Park J, Lee W, Lim Y

Imaging findings of immunoglobin G4-related hypophysitis: A case report9440

Lv K, Cao X, Geng DY, Zhang J

Systemic lupus erythematosus presenting with progressive massive ascites and CA-125 elevation 
indicating Tjalma syndrome? A case report

9447

Wang JD, Yang YF, Zhang XF, Huang J

Locally advanced cervical rhabdomyosarcoma in adults: A case report9454

Xu LJ, Cai J, Huang BX, Dong WH

Rapid progressive vaccine-induced immune thrombotic thrombocytopenia with cerebral venous 
thrombosis after ChAdOx1 nCoV-19 (AZD1222) vaccination: A case report

9462

Jiang SK, Chen WL, Chien C, Pan CS, Tsai ST

Burkitt-like lymphoma with 11q aberration confirmed by needle biopsy of the liver: A case report9470

Yang HJ, Wang ZM

Common carotid artery thrombosis and malignant middle cerebral artery infarction following ovarian 
hyperstimulation syndrome: A case report

9478

Xu YT, Yin QQ, Guo ZR

Postoperative radiotherapy for thymus salivary gland carcinoma: A case report9484

Deng R, Li NJ, Bai LL, Nie SH, Sun XW, Wang YS

Follicular carcinoma of the thyroid with a single metastatic lesion in the lumbar spine: A case report9493

Chen YK, Chen YC, Lin WX, Zheng JH, Liu YY, Zou J, Cai JH, Ji ZQ, Chen LZ, Li ZY, Chen YX



WJCC https://www.wjgnet.com IX September 16, 2022 Volume 10 Issue 26

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 26 September 16, 2022

Guillain-Barré syndrome and hemophagocytic syndrome heralding the diagnosis of diffuse large B cell 
lymphoma: A case report

9502

Zhou QL, Li ZK, Xu F, Liang XG, Wang XB, Su J, Tang YF

Intravitreous injection of conbercept for bullous retinal detachment: A case report9510

Xiang XL, Cao YH, Jiang TW, Huang ZR

Supratentorial hemangioblastoma at the anterior skull base: A case report9518

Xu ST, Cao X, Yin XY, Zhang JY, Nan J, Zhang J

META-ANALYSIS

Certain sulfonylurea drugs increase serum free fatty acid in diabetic patients: A systematic review and 
meta-analysis

9524

Yu M, Feng XY, Yao S, Wang C, Yang P

LETTER TO THE EDITOR

Glucose substrate in the hydrogen breath test for gut microbiota determination: A recommended 
noninvasive test

9536

Xie QQ, Wang JF, Zhang YF, Xu DH, Zhou B, Li TH, Li ZP

A rare cause of acute abdomen after a Good Friday9539

Pante L, Brito LG, Franciscatto M, Brambilla E, Soldera J

Obesity is associated with colitis in women but not necessarily causal relationship9542

Shen W, He LP, Zhou LL

Risk stratification of primary liver cancer9545

Tan YW



WJCC https://www.wjgnet.com X September 16, 2022 Volume 10 Issue 26

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 26 September 16, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Youngmin Oh, MD, PhD, Associate Professor, Neuro-
surgeon, Department of Neurosurgery, Jeonbuk National University Medical School/Hospital, Jeonju 54907, 
Jeollabukdo, South Korea. timoh@jbnu.ac.kr

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central, 
Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology 
Journal Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 
impact factor (IF) for WJCC as 1.534; IF without journal self cites: 1.491; 5-year IF: 1.599; Journal Citation Indicator: 
0.28; Ranking: 135 among 172 journals in medicine, general and internal; and Quartile category: Q4. The WJCC's 
CiteScore for 2021 is 1.2 and Scopus CiteScore rank 2021: General Medicine is 443/826. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu; Production Department Director: Xu Guo; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

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

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

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

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

September 16, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 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/2307-8960/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


WJCC https://www.wjgnet.com 9524 September 16, 2022 Volume 10 Issue 26

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 September 16; 10(26): 9524-9535

DOI: 10.12998/wjcc.v10.i26.9524 ISSN 2307-8960 (online)

META-ANALYSIS

Certain sulfonylurea drugs increase serum free fatty acid in diabetic 
patients: A systematic review and meta-analysis

Ming Yu, Xiao-Yu Feng, Shuai Yao, Chang Wang, Ping Yang

Specialty type: Medicine, research 
and experimental

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B, B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Aydin S, Turkey; 
Balbaa ME, Egypt

Received: April 15, 2022 
Peer-review started: April 15, 2022 
First decision: June 7, 2022 
Revised: June 11, 2022 
Accepted: August 9, 2022 
Article in press: August 9, 2022 
Published online: September 16, 
2022

Ming Yu, Chang Wang, Ping Yang,  Department of Cardiology, China-Japan Union Hospital of 
Jilin University, Jilin Provincial Cardiovascular Research Institute, Jilin Provincial Engineering 
Laboratory for Endothelial Function and Genetic Diagnosis of Cardiovascular Disease, 
Changchun 130031, Jilin Province, China

Xiao-Yu Feng, Department of Endocrinology, Jilin Guowen Hospital, Changchun 130021, Jilin 
Province, China

Shuai Yao, Department of Neurology, China-Japan Union Hospital of Jilin University, 
Changchun 130031, Jilin Province, China

Corresponding author: Ping Yang, MD, PhD, Department of Cardiology, China-Japan Union 
Hospital of Jilin University, Jilin Provincial Cardiovascular Research Institute, Jilin Provincial 
Engineering Laboratory for Endothelial Function and Genetic Diagnosis of Cardiovascular 
Disease, No. 126 Xiantai Street, Changchun 130031, Jilin Province, China. pyang@jlu.edu.cn

Abstract
BACKGROUND 
Sulfonylurea (SU) is a commonly used antidiabetic drugs effective for type 2 
diabetes mellitus. Previous studies have reported that the SU treatment could 
alter the serum free fatty acid (FFA) concentration in diabetic patients; however, 
their exact effects remain unknown.

AIM 
To assess the impact of SU on the FFA level in diabetic patients.

METHODS 
A systematic literature search was conducted by consulting the PubMed, 
EMBASE, Cochrane Library, Reference Citation Analysis (https://www.referen-
cecitationanalysis.com/), and Web of Science databases from January 1, 1991 to 
July 30, 2021. Either a fixed-effects model or random-effects model was applied to 
study the association between SU treatment and FFA concentration according to 
the heterogeneity test. Two investigators independently performed data 
extraction. The mean difference (MD) and corresponding 95% confidence interval 
(CI) were used to measure effect size. R3.5.1 software was utilized for conducting 
statistical analyses.

RESULTS 
A total of 13 studies with 2273 individuals were selected. Results indicated that 

https://www.f6publishing.com
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FFA concentration increased slightly after treatment with SU (MD = 0.08, 95%CI: 0.03-0.12, P < 
0.01). In addition, we found that SU treatment combined with other antidiabetics could also 
increase the concentration of serum FFA (MD = 0.14, 95%CI: 0.01-0.28, P < 0.01). Regarding the 
type of SU, there was no significant difference in FFA concentration with glimepiride or gliben-
clamide. FFA concentration was higher at ≥ 12 wk (MD = 0.09, 95%CI: 0.04-0.13) but not at < 12 wk 
(MD = 0.01, 95%CI: -0.07-0.09).

CONCLUSION 
SU treatment could increase the serum FFA concentration in diabetic patients. The fundamental 
underlying mechanism still needs further investigation.

Key Words: Sulfonylurea; Free fatty acid; Cardiovascular disease; Diabetes mellitus; Systematic review; 
Meta-analysis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The effect of sulfonylurea (SU) therapy on free fatty acid (FFA) concentration in diabetic 
patients has not been determined. This is the first systematic review and meta-analysis to assess the impact 
of SU on FFA. The present study indicated that SU therapy could increase FFA concentration in diabetic 
patients. Further research is required to confirm the association between FFA concentration and SU 
treatment.

Citation: Yu M, Feng XY, Yao S, Wang C, Yang P. Certain sulfonylurea drugs increase serum free fatty acid in 
diabetic patients: A systematic review and meta-analysis. World J Clin Cases 2022; 10(26): 9524-9535
URL: https://www.wjgnet.com/2307-8960/full/v10/i26/9524.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i26.9524

INTRODUCTION
The worldwide epidemic of type 2 diabetes mellitus (T2DM) is an important public health problem. It is 
predicted that the number of people with diabetes will increase to 642 million by 2040. In 2015, about 5 
million people aged 20–79 years died from diabetes, accounting for 12.8% of all-cause mortality 
worldwide[1]. Sulfonylurea (SU) medicines are widely applied for T2DM management[2]. Their 
mechanism of action is based on enhanced insulin release from the pancreatic beta cells by binding to 
ATP-sensitive K+ channels[3]. There is also some evidence that SU can limit hepatic glucose production 
by sensitizing beta cells to glucose[4]. However, SU drugs have limitations, such as being useless against 
type 1 diabetes or post-pancreatectomy. Several studies have demonstrated that treatment with SU 
might increase cardiovascular disease-related death risk and stroke in T2DM patients[5,6]. SU 
medications include certain generations of drugs. The first-generation drugs consist of acetohexamide, 
glycyclamide, carbutamide, etc. The second-generation drugs comprise gliclazide, glibenclamide, 
glipizide, glibornuride, etc. The third-generation drugs include glimepiride, which is occasionally 
considered a second-generation drug as well.

Circulating free fatty acids (FFAs), also known as non-esterified fatty acids, are released from 
phospholipids and adipocyte triglyceride stores after hydrolysis by phospholipases and by lipolysis, 
respectively[7]. FFA is a key causal factor implied in the association between obesity and T2DM[8]. 
FFAs play pivotal roles in multiple metabolic processes[9,10]. They can work by promoting the creation 
and triglyceride release inducing the enhanced production of very-low-density lipoproteins, thereby 
leading to the development of atherogenic dyslipidemia[11,12]. Furthermore, higher very-low-density 
lipoproteins levels may enhance serum FFA flow to the liver, causing inflammation and hepatic insulin 
resistance[13,14]. In addition, they inhibit the production and release of insulin, which alongside insulin 
resistance is a cornerstone of T2DM etiology[15]. In recent years, an increasing number of studies has 
confirmed the association between FFA and heart disease, and serum FFA has been concomitant to an 
augmented risk of coronary heart disease. High FFA levels reflect the severity of myocardial ischemia 
and necrosis[16].

Fatty acid metabolism is considered an effective factor during the SU-mediated treatment of T2DM
[17]. However, because of the presence of different SUs and their varied combination with other 
antidiabetic drugs, such as metformin, rosiglitazone, or pioglitazone, the exact effect of SU therapy on 
serum FFA concentration remains unclear. As a result, the current meta-analysis searched for the 
possible link between SU therapy and serum FFA concentration. The analysis could help gain a better 
understanding of SU-mediated treatment impact on FFA of T2DM patients.

https://www.wjgnet.com/2307-8960/full/v10/i26/9524.htm
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MATERIALS AND METHODS
Search strategy
This meta-analysis was conducted according to PRISMA statement guidelines. A systematic literature 
search was conducted by consulting the PubMed, EMBASE, Cochrane Library, Reference Citation 
Analysis (https://www.referencecitationanalysis.com/), and Web of Science databases to find articles 
dedicated to the study of the relationship between SU therapy and plasma FFA concentration. A 
literature search was performed independently by two of the authors (Yu M and Feng XY) using 
keywords: “Sulfonylurea,” “glyburide,” “glipizide,” “glibenclamide,” “gliclazide,” “glimepiride,” “free 
fatty acids,” “FFA,” and “non-esterified fatty acids” in different combinations. For any further possible 
eligible research, suitable references from all prospective papers were also retrieved and studied. In the 
literature review, no language restrictions were implemented. The last retrieval was made on July 30, 
2021. The approval of the ethics committee was not needed because this meta-analysis does not contain 
patient personal information.

Selection criteria
The titles and abstracts of the primary studies were screened independently by two authors. The 
original studies were added in our meta-analysis if the below-mentioned conditions were met: (1) 
Studies using SU treatment for diabetic patients; (2) Studies where SU drugs used alone or in 
combination were equated to placebo or other active medications; (3) Studies examining the effect of SU 
treatment on serum concentration of FFA; and (4) Studies with sufficient data on FFA concentration at 
baseline and endpoint. Studies were omitted if they were: (1) Duplicate studies; (2) Non-human 
research; (3) Studies without sufficient data to extract the detailed information; (4) Pooled studies, 
comments, and review articles; and (5) Irrelevant studies.

Data extraction
The studies were thoroughly examined, and data were extracted using a predefined criterion. Data 
extraction was performed by two investigators independently, and disagreements were resolved by 
consensus. The following data were extracted: First author’s name, publication year, study location, 
ethnicity, number of participants in the SU and control groups, age, disease, median body mass index 
(BMI), and concentrations of serum FFA within the treatment group and control group.

Risk of bias assessment
The Cochrane criteria were used to undertake a systematic assessment of methodological quality in the 
selected studies. The items used for evaluating studies were as follows: Randomization method, 
allocation concealment, blinding of participants, personnel and outcome assessors, incomplete/missing 
outcome data, selective reporting, and other potential bias. The quality was checked by two authors 
independently, and the disagreement was resolved by mutual discussion.

Statistical analysis
The FFA value change was measured according to the Cochrane handbook recommended formula if the 
study provided only endpoint and baseline FFA values, and the correlation coefficient was 0.5. There 
was a uniform unit for FF; thus, mean difference (MD) with a 95% confidence interval (CI) was used to 
assess the effect sizes by evaluating the association between SU therapy and FFA concentration. I2 index 
was used to assess the heterogeneity, and a random-effect model or fixed-effect model was used 
according to the test of heterogeneity. I2 of ≥ 50% and a P of < 0.1 indicating statistical heterogeneity 
were present between studies, and a random-effect model was implemented. Otherwise, the fixed-effect 
model was applied. The values were merged into a single group by the inverse variance method when 
performing the overall subgroup analysis if more than one SU group was provided. R3.5.1 software was 
utilized for conducting all the statistical analyses.

RESULTS
Selection process
The procedure for the selection of studies is shown in Figure 1. Initially, 116 studies were selected by 
comprehensively searching the electronic database. Following an assessment of the titles and abstracts, 
91 studies were excluded as irrelevant. Then, the remaining 25 studies were carefully assessed for 
eligibility through full-text reading. Among them, six studies were excluded without sufficient data to 
extract. Three studies were excluded as they were reviews, while two studies were non-human research, 
and one study was conducted without interventional design. Eventually, 13 studies comprising 16 
treatment arms were used in our meta-analysis.

https://www.referencecitationanalysis.com/
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Figure 1 The flow chart depicts the studies that were identified and incorporated in the meta-analysis.

Characteristics of included studies
Data of 2273 individuals were included in the present study, comprising 995 subjects in the control 
group and 1278 subjects in the SU treatment group. Thirteen studies included in our meta-analysis were 
published from 1991 to 2010. Among them, four were conducted in China, three were conducted in 
Germany, and two were conducted in Japan. The remaining four studies were conducted in Italy, 
Finland, Greece, and the United States. SU treatment time ranged from 2 wk to 52 wk. Two studies 
focused on non-insulin-dependent diabetes, and the rest focused on T2DM. Two studies were published 
in the Chinese language, while the rest were in the English language. Glibenclamide was used as a 
therapeutic drug in five randomized controlled trials (RCTs). Gliclazide was used as a therapeutic drug 
in two RCTs, and glimepiride was used as a therapeutic drug in seven RCTs. Four studies used SU 
combined with rosiglitazone, pioglitazone, or metformin. All detailed information is listed in Table 1.

Quality assessment
The detailed information on the risk of bias assessment is shown in Figure 2. Seven (53.8%) of the 
included studies generated random sequences adequately. Eight (61.5%) studies concealed allocation of 
treatment sufficiently, while two (15.4%) studies had a high risk of blinded participants and personnel. 
Six (46.2%) studies reported a low risk of outcome assessors. Three (23.1%) studies had an elevated risk 
of incomplete outcome data, and one (7.7%) study had an increased risk of selective reporting. Finally, 
all included studies had a low risk of other bias. Overall, the included studies were of high quality.

Main analysis
A total of 13 RCTs described the outcome of SU on the concentration of FFA. According to the hetero-
geneity test (I2 = 76%, P < 0.01), a random-effect model was utilized to evaluate the effect of SU 
treatment on the serum FFA concentration. The results indicated that FFA concentration was slightly 
increased after the treatment with SU (MD = 0.08, 95%CI: 0.03–0.12, P < 0.01) (Figure 3A). In addition, 
four studies reported the treatment with SU combined with rosiglitazone, pioglitazone, or metformin. 
The results indicated that treatment with SU combined with other antidiabetics could effectively raise 
the serum FFA concentration (MD = 0.14, 95%CI: 0.01–0.28, P < 0.01) (Figure 3B).

Regarding SU types, there was no significant difference in effect on FFA concentration using 
treatment with glimepiride or glibenclamide (interaction P = 0.72). Summaries of subgroup analyses are 
provided in Table 2. When the data were stratified by treatment length, serum FFA concentration was 
higher in subsets of time spanning several weeks, i.e. ≥ 12 wk (MD = 0.09, 95%CI: 0.04–0.13), and not in 
time durations of < 12 wk (MD = 0.01, 95%CI: -0.07–0.09) (Figure 4A). Thus, 12 wk was identified as a 
critical assessment point.

Furthermore, elevation of FFA concentration was seen in both Asians (MD = 0.10, 95%CI: -0.01–0.20) 
and Caucasians (MD = 0.06, 95%CI: 0.02–0.11) (Figure 4B). The effect of SU medications on FFA concen-
tration was also proved in the age group of ≥ 55 years (MD = 0.09, 95%CI: 0.4–0.14) and in the age group 
of < 55 (MD = 0.05, 95%CI: -0.02–0.11) (Supplementary Figure 1A). We also assessed the effect of SU 
drugs on FFA concentration in the group with a BMI of ≥ 28 (MD = 0.08, 95%CI: 0.03–0.12) and in the 

https://f6publishing.blob.core.windows.net/71e30073-ebce-44c2-9e12-7071956bc9d2/WJCC-10-9524-supplementary-material.pdf
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Table 1 Demographic characteristics of the enrolled studies

Ref. Publication yr Country Ethnicity Disease Duration time Intervention N FFA in mmol/L SD Age Sex, M/F BMI

1 Hasegawa et al[24] 2008 Japan Asian T2DM 12 wk Control 11 0.50 0.19 56.1 ± 6.6 5/6 23.5 ± 3.3

Glimepiride 13 0.48 0.20 55.6 ± 7.0 6/7 23.5 ± 3.3

2 Ebeling et al[25] 2001 Finland Caucasian T2DM 24 wk Control 10 0.72 0.07 55.2 ± 1.8 NM 31.9 ± 1.5

Glibenclamide 10 0.73 0.06 55.2 ± 1.8 NM 30.2 ± 1.7

3 Hanefeld et al[26] 2007 Germany Caucasian T2DM 52 wk Control 195 0.70 0.30 60.4 ± 8.2 133/62 28.7 ± 3.7

Glibenclamide 203 0.80 0.30 60.1 ± 8.3 143/60 28.7 ± 3.9

4 Li et al[27] 2010 China Asian T2DM 4 wk Control 20 0.43 0.18 52.05 ± 8.06 9/11 24.91 ± 2.99

Glimepiride 16 0.61 0.44 51.93 ± 11.07 9/7 25.76 ± 3.37

Gliclazide 16 0.39 0.16 50.06 ± 8.68 7/9 25.17 ± 3.24

5 Pfützner et al[28] 2005 Germany Caucasian T2DM 26 wk Control 89 0.50 0.20 62.2 ± 8.4 55/34 31.7 ± 5.0

Glimepiride 84 0.56 0.19 63.0 ± 7.4 52/32 31.8 ± 4.3

6 Tang et al[29] 2004 China Asian T2DM 24 wk Control 29 0.60 0.20 53.8 ± 9.7 18/11 24.6 ± 2.2

Glimepiride 33 0.70 0.20 56.4 ± 8.8 21/12 23.3 ± 1.7

Glimepiride + metformin 32 0.60 0.20 56.8 ± 7.3 17/15 24.0 ± 2.8

7 Hamann et al[30] 2008 Germany Caucasian T2DM 52 wk Control 294 0.45 0.20 58.5 ± 9.6 155/139 33.0 ± 5.9

Glienclamide + metformin 301 0.58 0.27 59.3 ± 9.2 158/143 32.2 ± 4.9

8 Yu et al[31] 2003 China Asian T2DM 12 wk Control 48 0.52 0.19 54.9 ± 8.1 NM 25.9 ± 3.0

Glimepiride + pioglitazone 56 0.57 0.21 55.9 ± 8.5 NM 25.5 ± 3.5

9 Riccio et al[32] 1996 Italy Caucasian NIDDM 4 wk Control 17 0.26 0.06 52 ± 5 8/9 27.7 ± 0.5

Gliclazide 17 0.23 0.04 52 ± 5 8/9 27.7 ± 0.5

10 Shen et al[33] 1991 China Asian NIDDM 16 wk Control 6 0.11 0.63 60 ± 2 NM 26.1 ± 0.92

Glibenclamide 6 0.47 0.06 58 ± 5 NM 27.6 ± 1.35

11 Chou et al[34] 2008 United States Caucasian T2DM 28 wk Control 230 0.40 0.21 53.6 ± 10.7 138/92 31.3 ± 5.8

Glimepiride 222 0.47 0.22 53.0 ± 11 128/94 31.8 ± 7.2

Glimepiride ± rosiglitazone 224 0.41 0.20 54.5 ± 10.6 132/92 31.8 ± 6.4

12 Skrapari et al[35] 2001 Greece Caucasian T2DM 2 wk Control 8 0.80 0.30 54 ± 11 NM 26.9 ± 0.6
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Glibenclamide 8 1.0 0.7 54 ± 11 NM 26.9 ± 0.6

13 Yamanouchi et al[36] 2005 Japan Asian T2DM 48 wk Control 38 0.24 0.14 55.2 ± 9.2 18/20 25.8 ± 4.2

Glimepiride 37 0.48 0.20 55.6 ± 9.3 19/18 25.6 ± 3.5

FFA: Free fatty acid; M/F: Male/female; BMI: Body mass index; T2DM: Type 2 diabetes mellitus; NIDDM: Non-insulin dependent diabetes mellitus; NM: Not mentioned; SD: Standard deviation.

group with a BMI of < 28 (MD = 0.08, 95%CI: -0.01–0.17) (Supplementary Figure 1B). The results showed 
that there was no significant difference between the two groups.

Sensitivity analysis
By removing one study at a time, the sensitivity examination was done to explore the robustness of our 
results. The data indicated that the significance of the comprehensive effect size did not significantly 
change throughout the analysis, suggesting that our results were relatively steady (Figure 5).

DISCUSSION
Different FFA concentrations have been shown to alter various biological processes in metabolism[18]. 
High expression of FFA has been reported to induce oxidative stress insulin resistance and facilitate 
inflammation by modulating the nuclear factor-kappa B pathway[14]. As a result, the altered FFA 
concentration might have important clinical roles in regulating the risk of cardiovascular disease and 
atherogenesis progression. FFA can be produced from adipose tissue lipolysis via lipase[19]. FFA 
interacts with peroxisome proliferator-activated receptors after being derived from lipolysis. 
Peroxisome proliferator-activated receptor activation boosts FFA oxidation, decreases triglyceride 
levels, raises plasma high-density lipoprotein, and lowers very-low-density lipoprotein production and 
secretion[20]. The current study attempted to examine the effects of SU therapy on FFA in-depth and 
produce a reliable conclusion by merging as many valuable studies as feasible. This could be the first 
meta-analysis to investigate the relationship between SU and FFA.

In the present study, the results indicated that SU treatment could increase the concentration of FFA 
(MD = 0.08, 95%CI: 0.03–0.12). Importantly, when combined with other antidiabetics, such as rosigl-
itazone, pioglitazone, or metformin, the effects of SU treatment on FFA concentration were more 
pronounced (MD = 0.14, 95%CI: 0.01–0.28). To further elaborate our findings, we performed a subgroup 
analysis, which assisted us in reaching a firmer conclusion. We found that there was no significant 
difference in the efficacy of different SU types. In addition, no apparent alteration of the effects was 
found between the Asian and Caucasian populations, indicating that ethnicity did not affect the impact 
of SU treatment on FFA concentration. Furthermore, we discovered that serum FFA had no discernible 
effect on SU therapy in highly obese (BMI of ≥ 28) individuals compared to moderately underweight 
people (BMI of < 28). Additionally, the elevation of FFA was only observed when T2DM patients were 
treated with SU for a duration time ≥ 12 wk.

https://f6publishing.blob.core.windows.net/71e30073-ebce-44c2-9e12-7071956bc9d2/WJCC-10-9524-supplementary-material.pdf
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Table 2 Summaries of overall and subgroup analysis

Subtype Categories RCTs No. of patients MD 95%CI I2 (%) P value

Total effect analysis 13 2273 0.08 0.03-0.12 76 < 0.01

Combination drug therapy 4 613 0.14 0.01-0.28 96 < 0.01

Duration time (interaction P < 0.01) ≥ 12 wk 10 2171 0.09 0.04-0.13 71 < 0.01

< 12 wk 3 102 0.01 -0.07-0.09 9 0.33

Ethnicity (interaction P = 0.59) Asian 6 361 0.10 -0.01-0.20 74 < 0.01

Caucasian 7 1912 0.06 0.02-0.11 78 < 0.01

Different SU (interaction P = 0.72) Glimepiride 6 941 0.10 0.02-0.19 78 < 0.01

Glibenclamide 4 528 0.08 0.01-0.15 39 0.18

Age (interaction P = 0.34) ≥ 55 8 1395 0.09 0.04-0.14 65 < 0.01

< 55 5 878 0.05 -0.02-0.11 65 0.02

BMI (interaction P = 0.57) ≥ 28 5 1895 0.07 0.03-0.11 96.2 0.03

< 28 8 379 0.10 -0.01-0.21 88.1 < 0.01

SU: Sulfonylurea; BMI: Body mass index; MD: Mean difference; CI: Confidence interval; RCT: Randomized controlled trial.

Figure 2 Quality assessment of the studies incorporated in the meta-analysis.

Interestingly, another meta-analysis provided a slightly different conclusion compared to our 
findings. Chen et al[21] focused on the lipid alteration after administration of SU in T2DM treatment. 
Our study specifically focused on the FFA concentration after SU treatment in diabetic patients. 
Moreover, Chen et al[21] only included eight RCTs, which reported the effect of SU on FFA concen-
tration in T2DM (based on their criteria for inclusion). They excluded all other studies focusing on the 
FFA concentration instead of lipids. We also investigated the impact of FFA changes when paired with 
other antidiabetics. Following treatment with SU, both studies found an increase in FFA concentration. 
However, Chen et al[21] enrolled three RCTs that reported that FFA elevation was only observed after 
glibenclamide treatment. Our results were more robust compared to the analysis of Chen et al[21].
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Figure 3 Forest plot. A: The assessment of overall effects of sulfonylurea therapy on free fatty acid concentration; B: Subgroup analysis assessing the effects of 
sulfonylurea therapy on free fatty acid concentrations based on different sulfonylurea drugs and forest plot assessing the effects of combination drugs therapy on free 
fatty acid concentration. CI: Confidence interval; MD: Mean difference.

The underlying mechanism of this FFA concentration alteration after SU treatment is still unknown. It 
has been reported that SU could open Ca2+ channels in pancreatic beta cells; thus, the influx of calcium 
ions increases. This ultimately leads to enhanced insulin secretion. The potassium channel, which 
regulates lipid metabolism, is another essential membrane protein[22]. SU could form proteins, 
anchored to membranes, and interact with yeast glycosyl-phosphatidyl-inositol[23]. Thus, SU could 
affect the FFA concentration in patients with diabetes. However, the specific mechanism still needs 
further research.

Despite a thorough review, there are several limitations to our research. The most important is the 
existence of significant heterogeneity between the studies. Although we conducted the subgroup 
analysis to find the potential for bias, the heterogeneity still existed. The random-effect model was used 
to check the variation of treatment effect and limit heterogeneity, yet it still existed. It could be due to 
variations in patients’ age, a dose of a drug, etc. Secondly, the quality assessment indicated that not all 
studies generated random sequences adequately. Thus, they might have influenced the outcome of our 
analysis. Finally, the sample size in several included studies was comparatively small. Hence, more 
studies concentrating on the association between FFA concentration and SU treatment are encouraged.
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Figure 4 Subgroup analysis. A: Subgroup analysis assessing the effects of sulfonylurea therapy on free fatty acid concentration based on time duration; B: 
Subgroup analysis assessing the effects of sulfonylurea therapy on free fatty acid concentration based on ethnicity. CI: Confidence interval; MD: Mean difference.

Figure 5 Sensitivity analysis among included studies, reporting the effects of sulfonylurea treatment on free fatty acid concentration. CI: 
Confidence interval; MD: Mean difference.

CONCLUSION
SU treatment may raise the serum FFA concentration in T2DM patients. The elevated FFA concentration 
was also observed when SU was combined with other antidiabetics. The change in FFA is more sensitive 
than that of triglycerides and total cholesterol. Therefore, FFA levels can be tested regularly for diabetic 
patients as a reference indicator of whether their lipid metabolism is well controlled.

ARTICLE HIGHLIGHTS
Research background
Previous studies suggested that free fatty acid (FFA) concentration was potentially associated with anti-
diabetic drugs of sulfonylurea (SU). The results were inconsistent. We assessed the effects of SU on the 
level of FFA concentration in diabetic patients.

Research motivation
SU is one of the most commonly used anti-diabetic medications. Several studies reported that SU 
treatment increased the risk of cardiovascular death and stroke in diabetic patients. Despite the reason 
for this result is unclear but may be related to the effect of SU on FFA and blood lipids.

Research objectives
The primary objective was to perform a meta-analysis of diabetic patients treated with SU and analyze 
changes in FFA concentration.
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Research methods
We reviewed PubMed, EMBASE, Cochrane Library, Reference Citation Analysis (https://www. 
referencecitationanalysis.com/), and Web of Science databases to identify studies using SU for diabetic 
patients. The FFA value change was measured. A random-effect model or fixed-effect model was used 
according to the test of heterogeneity, and I2 index was used to assess the heterogeneity.

Research results
We included 13 observational studies comprising 16 treatment arms in the meta-analysis. FFA concen-
tration was increased after the treatment of SU in diabetic patients. When combined with other antidia-
betics, the effects of SU treatment on FFA concentration were more pronounced. There was no 
significant different effect of FFA concentration when treated with glimepiride or glibenclamide.

Research conclusions
Some SU drugs increased serum FFA concentration in diabetic patients.

Research perspectives
The association between FFA concentration and SU treatment requires more studies and longer follow-
up.
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