
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 November 26; 9(33): 10052-10391

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I November 26, 2021 Volume 9 Issue 33

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 33 November 26, 2021

REVIEW

Effects of alcohol consumption on viral hepatitis B and C10052

Xu HQ, Wang CG, Zhou Q, Gao YH

MINIREVIEWS

Effects of anti-diabetic drugs on sarcopenia: Best treatment options for elderly patients with type 2 
diabetes mellitus and sarcopenia

10064

Ma XY, Chen FQ

ORIGINAL ARTICLE

Retrospective Cohort Study

Utility of cooling patches to prevent hand-foot syndrome caused by pegylated liposomal doxorubicin in 
breast cancer patients

10075

Zheng YF, Fu X, Wang XX, Sun XJ, He XD

Retrospective Study

Clinicopathological features of small T1 colorectal cancers10088

Takashina Y, Kudo SE, Ichimasa K, Kouyama Y, Mochizuki K, Akimoto Y, Maeda Y, Mori Y, Misawa M, Ogata N, Kudo T, 
Hisayuki T, Hayashi T, Wakamura K, Sawada N, Baba T, Ishida F, Yokoyama K, Daita M, Nemoto T, Miyachi H

Comparison of dental pulp periodontal therapy and conventional simple periodontal therapy as treatment 
modalities for severe periodontitis

10098

Li L, Chen HJ, Lian Y, Wang T

Tripartite intensive intervention for prevention of rebleeding in elderly patients with hypertensive cerebral 
hemorrhage

10106

Li CX, Li L, Zhang JF, Zhang QH, Jin XH, Cai GJ

Clinical and electroencephalogram characteristics and treatment outcomes in children with benign 
epilepsy and centrotemporal spikes

10116

Chen RH, Li BF, Wen JH, Zhong CL, Ji MM

Endoscopic ultrasonography diagnosis of gastric glomus tumors10126

Bai B, Mao CS, Li Z, Kuang SL

Learning curves of robot-assisted pedicle screw fixations based on the cumulative sum test10134

Yu J, Zhang Q, Fan MX, Han XG, Liu B, Tian W

Value of GRACE and SYNTAX scores for predicting the prognosis of patients with non-ST elevation acute 
coronary syndrome

10143

Wang XF, Zhao M, Liu F, Sun GR



WJCC https://www.wjgnet.com II November 26, 2021 Volume 9 Issue 33

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 33 November 26, 2021

Effectiveness of enhanced recovery after surgery in the perioperative management of patients with bone 
surgery in China

10151

Zhao LY, Liu XT, Zhao ZL, Gu R, Ni XM, Deng R, Li XY, Gao MJ, Zhu WN

Clinical Trials Study

Association between plasma dipeptidyl peptidase-4 levels and cognitive function in perinatal pregnant 
women with gestational diabetes mellitus

10161

Sana SRGL, Li EY, Deng XJ, Guo L

Paricalcitol in hemodialysis patients with secondary hyperparathyroidism and its potential benefits10172

Chen X, Zhao F, Pan WJ, Di JM, Xie WN, Yuan L, Liu Z

Observational Study

Did the severe acute respiratory syndrome-coronavirus 2 pandemic cause an endemic Clostridium difficile 
infection?

10180

Cojocariu C, Girleanu I, Trifan A, Olteanu A, Muzica CM, Huiban L, Chiriac S, Singeap AM, Cuciureanu T, Sfarti C, 
Stanciu C

Effect of nursing intervention based on Maslow's hierarchy of needs in patients with coronary heart 
disease interventional surgery

10189

Xu JX, Wu LX, Jiang W, Fan GH

Impacts of statin and metformin on neuropathy in patients with type 2 diabetes mellitus: Korean Health 
Insurance data

10198

Min HK, Kim SH, Choi JH, Choi K, Kim HR, Lee SH

META-ANALYSIS

Is endoscopic retrograde appendicitis therapy a better modality for acute uncomplicated appendicitis? A 
systematic review and meta-analysis

10208

Wang Y, Sun CY, Liu J, Chen Y, Bhan C, Tuason JPW, Misra S, Huang YT, Ma SD, Cheng XY, Zhou Q, Gu WC, Wu DD, 
Chen X

Prognostic value of ground glass opacity on computed tomography in pathological stage I pulmonary 
adenocarcinoma: A meta-analysis

10222

Pan XL, Liao ZL, Yao H, Yan WJ, Wen DY, Wang Y, Li ZL

CASE REPORT

Atrial fibrillation and concomitant left subclavian, axillary and brachial artery embolism after fiberoptic 
bronchoscopy: A case report

10233

Yang CL, Zhou R, Jin ZX, Chen M, Zi BL, Li P, Zhou KH

Streptococcal toxic shock syndrome after hemorrhoidectomy: A case report10238

Lee CY, Lee YJ, Chen CC, Kuo LJ

Subsequent placenta accreta after previous mifepristone-induced abortion: A case report10244

Zhao P, Zhao Y, He J, Bai XX, Chen J



WJCC https://www.wjgnet.com III November 26, 2021 Volume 9 Issue 33

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 33 November 26, 2021

Autosomal dominant tubulointerstitial kidney disease with a novel heterozygous missense mutation in the 
uromodulin gene: A case report

10249

Zhang LL, Lin JR, Zhu TT, Liu Q, Zhang DM, Gan LW, Li Y, Ou ST

Novel KDM6A mutation in a Chinese infant with Kabuki syndrome: A case report10257

Guo HX, Li BW, Hu M, Si SY, Feng K

Pancreatic cancer with synchronous liver and colon metastases: A case report10265

Dong YM, Sun HN, Sun DC, Deng MH, Peng YG, Zhu YY

Veno-venous-extracorporeal membrane oxygenation treatment for severe capillary leakage syndrome: A 
case report

10273

Nong WX, Lv QJ, Lu YS

Anticoagulant treatment for pulmonary embolism in patient with cerebral hemorrhage secondary to 
mechanical thrombectomy: A case report

10279

Chen XT, Zhang Q, Zhou CQ, Han YF, Cao QQ

Complete restoration of congenital conductive hearing loss by staged surgery: A case report10286

Yoo JS, Lee CM, Yang YN, Lee EJ

Blastic plasmacytoid dendritic cell neoplasm with skin and bone marrow involvement: Report of three 
cases

10293

Guo JH, Zhang HW, Wang L, Bai W, Wang JF

Extracranial multiorgan metastasis from primary glioblastoma: A case report10300

Luan XZ, Wang HR, Xiang W, Li SJ, He H, Chen LG, Wang JM, Zhou J

Transverse myelitis after infection with varicella zoster virus in patient with normal immunity: A case 
report

10308

Yun D, Cho SY, Ju W, Seo EH

Duodenal ulcer caused by coil wiggle after digital subtraction angiography-guided embolization: A case 
report

10315

Xu S, Yang SX, Xue ZX, Xu CL, Cai ZZ, Xu CZ

Crab lice infestation in unilateral eyelashes and adjacent eyelids: A case report10323

Tang W, Li QQ

Local random flaps for cervical circumferential defect or tracheoesophageal fistula reconstruction after 
failed gastric pull-up: Two case reports

10328

Zhang Y, Liu Y, Sun Y, Xu M, Wang XL

Incurable and refractory spinal cystic echinococcosis: A case report10337

Zhang T, Ma LH, Liu H, Li SK

Individualized treatment of breast cancer with chronic renal failure: A case report and review of literature10345

Cai JH, Zheng JH, Lin XQ, Lin WX, Zou J, Chen YK, Li ZY, Chen YX



WJCC https://www.wjgnet.com IX November 26, 2021 Volume 9 Issue 33

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 33 November 26, 2021

Persistent fibrinogen deficiency after snake bite: A case report10355

Xu MH, Li J, Han L, Chen C

Successful prolonged cardiopulmonary resuscitation after intraoperative cardiac arrest due to povidone-
iodine allergy: A case report

10362

Xiang BB, Yao YT, Jiao SL

Clinical algorithm for preventing missed diagnoses of occult cervical spine instability after acute trauma: A 
case report

10369

Zhu C, Yang HL, Im GH, Liu LM, Zhou CG, Song YM

Carbon ion radiotherapy for synchronous choroidal melanoma and lung cancer: A case report10374

Zhang YS, Hu TC, Ye YC, Han JH, Li XJ, Zhang YH, Chen WZ, Chai HY, Pan X, Wang X, Yang YL

Heart failure as an adverse effect of infliximab for Crohn's disease: A case report and review of the 
literature

10382

Grillo TG, Almeida LR, Beraldo RF, Marcondes MB, Queiróz DAR, da Silva DL, Quera R, Baima JP, Saad-Hossne R, 
Sassaki LY



WJCC https://www.wjgnet.com X November 26, 2021 Volume 9 Issue 33

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 33 November 26, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Jian-Wu Zhao, PhD, Chief Physician, Professor, 
Department of Orthopedics, Jilin University Second Hospital, Changchun 130000, Jilin Province, China. 
jianwu@jlu.edu.cn

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 indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Liu; Production Department Director: Xiang Li; 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

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng 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

November 26, 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/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 10198 November 26, 2021 Volume 9 Issue 33

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 November 26; 9(33): 10198-10207

DOI: 10.12998/wjcc.v9.i33.10198 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Observational Study

Impacts of statin and metformin on neuropathy in patients with type 
2 diabetes mellitus: Korean Health Insurance data

Hong Ki Min, Se Hee Kim, Jong Han Choi, Kyomin Choi, Hae-Rim Kim, Sang-Heon Lee

ORCID number: Hong Ki Min 0000-
0003-1147-1046; Se Hee Kim 0000-
0002-9987-7480; Jong Han Choi 
0000-0002-2667-4332; Kyomin Choi 
0000-0001-9730-3363; Hae-Rim Kim 
0000-0002-1911-6236; Sang-Heon 
Lee 0000-0002-7539-9330.

Author contributions: Min HK and 
Kim SH designed the research 
study; Min HK, Kim SH, Choi JH, 
Choi K and Kim HR performed the 
research; Min HK contributed 
analytic tools; Min HK analyzed 
the data and wrote the manuscript; 
all authors have read and approve 
the final manuscript.

Institutional review board 
statement: This study was 
approved by the Institutional 
Review Board of Konkuk 
University Medical Center 
(approval number: 2021-01-004).

Informed consent statement: The 
HIRA database is accessible to all 
researchers and holds anonymized 
patient information to protect the 
privacy of individuals. The HIRA 
database can be accessed by any 
researchers whose study protocols 
have been approved by an official 
review committee, and Informed 
consent of HIRA data is omitted. 
Therefore, written informed 
consent for enrollment was waived 
because the data were provided by 
HIRA.

Hong Ki Min, Se Hee Kim, Jong Han Choi, Department of Internal Medicine, Konkuk University 
Medical Center, Seoul KS013, South Korea

Kyomin Choi, Department of Neurology, Konkuk University Medical Center, Seoul KS013, 
South Korea

Hae-Rim Kim, Sang-Heon Lee, Division of Rheumatology, Department of Internal Medicine, 
Konkuk University School of Medicine, Seoul KS013, South Korea

Corresponding author: Sang-Heon Lee, MD, Professor, Division of Rheumatology, Department 
of Internal Medicine, Konkuk University School of Medicine, 120 Neung-dong Ro, Gwangjin-
gu, Seoul KS013, South Korea. shlee@kuh.ac.kr

Abstract
BACKGROUND 
Neuropathy is a common chronic complication in type 2 diabetes mellitus 
(T2DM). Statin and metformin are commonly used medications in T2DM patients, 
and some studies showed statin- or metformin-induced neuropathy.

AIM 
To evaluate the incidence of neuropathy among patients with T2DM associated 
with statin and metformin therapies.

METHODS 
Korean Health Insurance Review and Assessment national patient sample data 
from 2016 and 2017 were used. Patients with T2DM and no complications were 
divided into statin/metformin/statin + metformin users and non-users. 
Neuropathy incidence was defined by International Statistical Classification of 
Diseases and Related Health Problems, 10th revision codes and concomitant 
prescriptions for anticonvulsants or antidepressants. Logistic regression analyses 
were conducted to examine the associations between statin/metformin/statin + 
metformin therapies and the incidence of neuropathy. Propensity score (PS) 
matching was performed on the basis of age, sex and comorbidities.

RESULTS 
Overall, 34964 and 35887 patients with T2DM and no complications were 
included in the Korean Health Insurance Review and Assessment national patient 
sample datasets from 2016 and 2017, respectively. Statin therapy was associated 
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with increased risks of neuropathy in 2016 and 2017 [PS-matched odds ratio (OR) 
= 1.22, 95% confidence interval (CI): 1.08-1.38; PS-matched OR = 1.17, 95%CI: 1.03-
1.33, respectively]. Metformin therapy was associated with reduced risks of 
neuropathy in 2016 and 2017 (PS-matched OR = 0.30, 95%CI: 0.21-0.42; PS-
matched OR = 0.44, 95%CI: 0.32-0.60, respectively). Combined statin + metformin 
therapy was not significantly associated with neuropathy in 2016 or 2017 (PS-
matched OR = 0.85, 95%CI: 0.61-1.19; PS-matched OR = 0.95, 95%CI: 0.66-1.38, 
respectively).

CONCLUSION 
Statin therapy was associated with enhanced risk of new-onset neuropathy in 
patients with T2DM, but metformin therapy showed the opposite association.

Key Words: Diabetes mellitus; Neuropathies; Hydroxymethylglutaryl-CoA reductase 
inhibitors; Metformin

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetic neuropathy is one of the most common chronic complications in 
patients with type 2 diabetes mellitus. Statin is a commonly used lipid lowering agent 
in patients with type 2 diabetes mellitus, and metformin is background medication for 
type 2 diabetes mellitus. In some observational studies, statin and metformin were 
associated with an increased risk of neuropathy. In the present study using Korean 
Health Insurance Review and Assessment national patient sample data, the use of statin 
was associated with increased risk of diabetic neuropathy occurrence, whereas 
metformin use showed a negative association with diabetic neuropathy.

Citation: Min HK, Kim SH, Choi JH, Choi K, Kim HR, Lee SH. Impacts of statin and 
metformin on neuropathy in patients with type 2 diabetes mellitus: Korean Health Insurance 
data. World J Clin Cases 2021; 9(33): 10198-10207
URL: https://www.wjgnet.com/2307-8960/full/v9/i33/10198.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i33.10198

INTRODUCTION
The prevalence of type 2 diabetes mellitus (T2DM) and dyslipidemia are increasing 
with increased population aging worldwide[1,2]. These two diseases are related to 
cardiovascular disease (CVD), such that they result in higher incidences of CVD-
related morbidities and mortalities. Therefore, the proper management of T2DM and 
dyslipidemia is important for preventing CVD[3,4]. Furthermore, the treatment targets 
for dyslipidemia differ among comorbidities, and patients with very high risks of CVD 
are recommended to have low-density lipoprotein-cholesterol levels below 70 mg/dL
[3]. Several major risk factors for CVD are known, including dysglycemia (e.g., T2DM)
[3]. In practice, statins (i.e. hydroxymethylglutaryl-CoA reductase inhibitors) are used 
as first-line therapy for dyslipidemia[3]. Despite their broad usage, some studies have 
shown that statins may induce neuropathy[5,6].

Metformin, a biguanide, is a first-line oral medication for patients with T2DM that 
can reduce hepatic glucose production and intestinal glucose absorption, but it also 
enhances insulin sensitivity[4]. In addition to its primary therapeutic effects, 
metformin has demonstrated anti-inflammatory effects through the modulation of the 
AMPK/mTOR pathway[7]. Furthermore, metformin does not induce hypoglycemia, 
which is a critical side effect of other anti-diabetic drugs. Although metformin is 
commonly used as a background medication in patients with T2DM[4,8], a potential 
risk for metformin-induced neuropathy has recently been proposed. Patients with 
T2DM and neuropathy reportedly have lower vitamin B12 levels, and a higher 
metformin dose is associated with lower vitamin B12 levels[9]. However, the 
association between metformin and diabetic neuropathy remains controversial[10].

Dyslipidemia in patients with T2DM is more severe in terms of inducing athero-
sclerosis, high triglyceride levels, reduced high-density lipoprotein-cholesterol levels 
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and elevated low-density lipoprotein-cholesterol levels[11]. Furthermore, there are 
shared risk factors (e.g., old age and obesity) between T2DM and dyslipidemia[12,13]. 
Therefore, the use of anti-diabetic medications and statins in both groups of patients 
are common situations in clinical practice. In addition, neuropathy is a chronic 
microvascular complication in patients with T2DM that depends on the duration and 
severity of T2DM. Therefore, primary prevention via proper glycemic control is 
important[12]. In addition, the avoidance of additional risk of neuropathy is an 
important consideration. However, little is known regarding the impact of commonly 
used medications, i.e. statins and metformin, on neuropathy development in patients 
with T2DM.

The Korean health insurance system covers the entire population of residents in 
Korea. All health care facilities provide medical services to patients, then submit 
insurance benefit claims to the national health insurance service. These insurance 
claims are collected in the Health Insurance Review and Assessment (HIRA) database, 
which is used annually to produce representative sample data comprising approx-
imately 3% of all insurance claims, the HIRA national patient sample (NPS). HIRA-
NPS data are useful for analyzing various medical insurance-related data including 
treatments, procedures, prescriptions, patient demographics and health care provider 
information. Furthermore, these data can be used to analyze the incidences of specific 
disorders based on operational definitions.

In the present study, we evaluated the influence of statin, metformin and statin + 
metformin therapies on the incidence of neuropathy in patients with T2DM using 
Korean HIRA-NPS data from 2016 and 2017.

MATERIALS AND METHODS
Data sources
Korean HIRA-NPS data are produced annually, and this study included HIRA-NPS 
data from 2016 and 2017. Korea has a unique government-funded insurance system, in 
which claims data are generated when healthcare facilities file insurance benefit claims 
with HIRA. These claims data include diverse information such as patient demo-
graphics; detailed information concerning treatments, costs, prescriptions and 
healthcare provider information. The Korean HIRA annually provides sample data, 
the NPS, by randomly extracting nationwide health insurance claims data using a 
sampling strategy stratified according to sex and age. Each HIRA-NPS dataset 
includes data collected for the entire index year. Approximately 3% of all covered 
patients, approximately 1.45 million individuals, are selected for inclusion in the 
sample, and their personal information is anonymized. Therefore, HIRA-NPS claims 
data represent real-world clinical circumstances that occur throughout Korea.

This study was conducted in accordance with the tenets of the Declaration of 
Helsinki (1964). Written informed consent for enrollment was waived because the data 
were provided by HIRA. This study was approved by the Institutional Review Board 
of Konkuk University Medical Center (Approval number: 2020-12-057).

Data extraction
Considering the characteristics of HIRA-NPS data, operational definitions of T2DM 
and new-onset neuropathy were used in this study. Patients were selected based on 
the International Statistical Classification of Diseases and Related Health Problems, 
10th revision (ICD-10). At baseline, ICD-10 codes for T2DM without chronic complic-
ations were selected by searching for the following ICD-10 codes: E110, E111, E119, 
E120, E121, E129, E130, E131, E139, E140, E141 and E149. In addition, participants were 
included if they had anatomic therapeutic chemical codes for prescriptions of the anti-
diabetic medications A10A and A10B for more than 30 d within the first 3 mo. Patients 
were excluded if they were prescribed antidepressants (N06A) or anticonvulsants 
(N03AX12 and N03AX16) within the first 3 mo because these could be used for 
diabetic neuropathy[14]. Considering the etiology of T2DM, patients older than 30 
years of age were included in the study. To exclude other causes of neuropathy, 
patients with connective tissue diseases (ICD-10 codes: M05, M06, M30, M31, M32, 
M33, M34, M35 and M45), renal failure (ICD-10 codes: I120, I131, I132, N17, N18 and 
N19) and malignancy (ICD-10 codes: C00–C97) were excluded at baseline. The first 3 
mo were selected as the duration of exposure to statin/metformin/statin + metformin, 
and exposure to each medication was defined as a prescription for more than 30 d of 
treatment. Patients who had never been prescribed these medications were defined as 
the non-exposure group. The statin + metformin non-exposure group was defined as 
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patients who had not been exposed to statins or metformin. Anatomic therapeutic 
chemical codes were used to identify prescriptions for statins (C10AA01–C10AA08) 
and metformin (A10BA02). Patients with combination medications, such as statins 
with other dyslipidemia or antihypertensive medications or metformin with other 
anti-diabetic medications, were excluded from the assessment of medication exposure 
to specifically evaluate the influence of statins or metformin on neuropathy incidence. 
The incidence of new-onset neuropathy was investigated within the final 9 mo of the 
index year. The combined disease codes for diabetic neuropathy (ICD-10 codes: E114, 
E124, E134, E144, G590 and G632) and prescriptions of either tricyclic antidepressants, 
serotonin–norepinephrine reuptake inhibitors or anticonvulsants recommended by the 
American Diabetes Association[14] [anatomic therapeutic chemical codes: N03AX12 
(gabapentin), N03AX16 (pregabalin), N06AA01 (desipramine), N06AA02–N06AA03 
(imipramine), N06AA09 (amitriptyline), N06AA10 (nortriptyline), N06AX16 
(venlafaxine) and N06AX21 (duloxetine)] for more than 30 d were used to identify 
patients with new-onset neuropathy. The ICD-10 codes for diabetic neuropathy were 
selected because the use of anticonvulsants or serotonin–norepinephrine reuptake 
inhibitors is covered by national health insurance for patients with diabetic 
neuropathy but not for patients with nonspecific neuropathy. Therefore, in Korea, 
neuropathy medications (i.e. anticonvulsants or antidepressants) are usually 
prescribed after the submission of the ICD-10 codes for diabetic neuropathy in patients 
with T2DM. In this study, we identified drug-induced neuropathy by only including 
patients with ICD-10 codes for diabetic neuropathy and combined prescriptions of 
antidepressants or anticonvulsants after at least 90 d of exposure to statin/ 
metformin/statin + metformin therapies. The schematic diagram of the research 
protocol is presented in Figure 1. The patients were divided into the following 10-year 
age-group intervals: 30–39, 40–49, 50–59, 60–69 and > 70 years.

Statistical analysis
Baseline demographic characteristics are summarized as numbers and percentages 
and compared using the χ2 test or Fisher’s exact test. Propensity score (PS)-matching 
was performed by 1:1 matching according to age, sex and comorbidities included in 
the Charlson Comorbidity Index[15]. Logistic regression analyses were performed to 
calculated crude and PS-matched odds ratios (ORs) for new-onset neuropathy. Values 
of P < 0.05 were considered to indicate statistical significance. All tests were performed 
using R software (R for Windows 3.3.2; The R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS
Comparison of baseline characteristics and incidence of neuropathy between 
statin/metformin/statin + metformin users and non-users
The HIRA-NPS datasets for 2016 and 2017 included 1468033 and 1473083 patients, 
respectively. In each year, 34964 and 35887 patients had T2DM without diabetic 
complications, respectively (Figure 2). Statin therapy analyses showed that 17413 
patients received statin therapy, and 17267 patients did not receive statin therapy in 
2016. In 2017, 18707 patients received statin therapy, and 16882 patients did not. The 
overall age distributions between the two groups were comparable in both 2016 and 
2017 (Supplementary Tables 1 and 2). The incidence of neuropathy was greater in 
statin users than in statin non-users in 2016 [582/17413 (3.34%) vs 477/17267 (2.76%), P 
= 00017]. In 2017, statin users had a greater incidence of neuropathy compared with 
statin non-users, but this difference was not statistically significant [562/18707 (3.00%) 
vs 449/16882 (2.66%), P = 0.0507]. However, comparisons after PS matching showed 
similar results in both 2016 and 2017, such that the incidence of neuropathy was 
greater in statin users than in statin non-users [2016: 579/17267 (3.35%) vs 477/17267 
(2.76%), P = 0.0014; 2017: 523/16882 (3.10%) vs 449/16882 (2.66%), P = 0.0160; Table 1].

Metformin therapy analyses showed that 30683 patients received metformin 
therapy, and 3922 patients did not receive metformin therapy in 2016. In 2017, 31624 
patients received metformin therapy, and 4004 patients did not. The overall age distri-
bution did not differ significantly between the two groups in 2016 or 2017 (
Supplementary Tables 3 and 4). The incidence of neuropathy was lower in metformin 
users than in metformin non-users in 2016 [914 (2.98%) vs 158 (4.03%), P = 0.0004]. In 
2017, metformin users had a reduced incidence of neuropathy compared with 
metformin non-users, but this difference was not statistically significant [959 (3.03%) vs 
143 (3.57%), P = 0.0635]. Comparisons after PS matching showed lower incidences of 

https://f6publishing.blob.core.windows.net/c891c77f-2153-4cbc-9c86-e922ded8de7a/WJCC-9-10198-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c891c77f-2153-4cbc-9c86-e922ded8de7a/WJCC-9-10198-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c891c77f-2153-4cbc-9c86-e922ded8de7a/WJCC-9-10198-supplementary-material.pdf
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Table 1 Incidence of neuropathy in statin user and non-user group

Propensity score-matched1

Statin user, n (%) Statin non-user, n 
(%) P value Statin user, n (%) Statin non-user, n 

(%) P value

2016

Neuropathy incidence 582/17413 (3.34) 477/17267 (2.76) 0.0017 579/17267 (3.35) 477/17267 (2.76) 0.0014

2017

Neuropathy incidence 562/18707 (3.00) 449/16882 (2.66) 0.0507 523/16882 (3.10) 449/16882 (2.66) 0.0160

1Propensity score-matching was performed by including baseline age, gender and comorbidities (myocardial infarction, congestive heart failure, peripheral 
vascular disease, cerebrovascular accident or transient ischemic attack, dementia, chronic obstructive pulmonary disease, connective tissue disease, peptic 
ulcer disease, liver disease, hemiplegia, moderate to severe chronic kidney disease, solid tumor, leukemia, lymphoma, AIDS).

Figure 1 Schematic of the study plan including the medication exposure period and event (newly developed neuropathy) detection 
period. Neuropathy was checked as new onset neuropathy that was detected at least 90 d after first exposure to issued medication to reduce detection bias and 
determine whether new onset neuropathy was affected by these medications. T2DM: Type 2 diabetes mellitus; ICD-10: International Statistical Classification of 
Diseases and Related Health Problems, 10th revision; SNRI: Serotonin-norepinephrine reuptake inhibitor.

neuropathy in metformin users in both 2016 and 2017 (Table 2).
Combined statin + metformin therapy analyses showed that 14524 patients received 

both therapies in 2016, but 2175 patients received neither therapy. In 2017, 16096 
received both therapies, but 2040 patients received neither therapy. The age distri-
butions were comparable between statin + metformin users and non-users in both 
2016 and 2017 (Supplementary Tables 5 and 6). In 2016, statin + metformin users had a 
lower incidence of neuropathy compared with statin + metformin non-users [438 
(3.02%) vs 83 (3.82%), P = 0.0452]. This difference was also present in 2017 but was not 
statistically significant [472 (2.93%) vs 65 (3.19%), P = 0.5239]. Comparisons after PS 
matching showed that the incidences of neuropathy were comparable between the two 
groups in both 2016 and 2017 (Table 3).

Risks of neuropathy in statin/metformin/statin + metformin users
Logistic regression analysis demonstrated that statin therapy was significantly and 
positively associated with neuropathy incidence in both 2016 and 2017 [PS-matched 
OR = 1.22, 95% confidence interval (CI): 1.08-1.38; PS-matched OR = 1.17, 95%CI: 1.03-
1.33, respectively]. Furthermore, metformin therapy was consistently negatively 
associated with neuropathy incidence in both 2016 and 2017 (PS-matched OR = 0.30, 
95%CI: 0.21-0.42; PS-matched OR = 0.44, 95%CI: 0.32-0.60, respectively). Combined 
statin + metformin therapy was not associated with a significant risk of neuropathy in 
2016 or 2017. The results of logistic regression analyses are summarized in Table 4.

https://f6publishing.blob.core.windows.net/c891c77f-2153-4cbc-9c86-e922ded8de7a/WJCC-9-10198-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c891c77f-2153-4cbc-9c86-e922ded8de7a/WJCC-9-10198-supplementary-material.pdf
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Table 2 Incidence of neuropathy in metformin user and non-user group

Propensity score-matched1

Metformin user, n 
(%)

Metformin non-user, 
n (%) P value Metformin user, n 

(%)
Metformin non-user, 
n (%) P value

2016

Neuropathy incidence 914/30683 (2.98) 158/3922 (4.03) 0.0004 49/3922 (1.25) 158/3922 (4.03) < 0.0001

2017

Neuropathy incidence 959/31624 (3.03) 143/4004 (3.57) 0.0635 64/4004 (1.60) 143/4004 (3.57) < 0.0001

1Propensity score-matching was performed by including baseline age, gender, and comorbidities (myocardial infarction, congestive heart failure, 
peripheral vascular disease, cerebrovascular accident or transient ischemic attack, dementia, chronic obstructive pulmonary disease, connective tissue 
disease, peptic ulcer disease, liver disease, diabetes mellitus, hemiplegia, moderate to severe chronic kidney disease, solid tumor, leukemia, lymphoma, 
AIDS).

Table 3 Incidence of neuropathy in statin + metformin user and non-user group

Propensity score-matched1

Statin + metformin 
user, n (%) Non-user, n (%) P value Statin + metformin 

user, n (%) Non-user, n (%) P value

2016

Neuropathy incidence 438/14524 (3.02) 83/2175 (3.82) 0.0452 71/2175 (3.26) 83/2175 (3.82) 0.3248

2017

Neuropathy incidence 472/16096 (2.93) 65/2040 (3.19) 0.5239 62/2040 (3.04) 65/2040 (3.19) 0.7868

1Propensity score-matching was performed by including baseline age, gender, and comorbidities (myocardial infarction, congestive heart failure, 
peripheral vascular disease, cerebrovascular accident or transient ischemic attack, dementia, chronic obstructive pulmonary disease, connective tissue 
disease, peptic ulcer disease, liver disease, diabetes mellitus, hemiplegia, moderate to severe chronic kidney disease, solid tumor, leukemia, lymphoma, 
AIDS).

DISCUSSION
In the present study, we demonstrated an elevated risk of neuropathy among statin 
users and a reduced risk of neuropathy among metformin users in patients with 
T2DM. Notably, combined statin + metformin therapy was not associated with new-
onset neuropathy in patients with T2DM. These findings were based on real-world 
insurance claims data from the Korean population. Statins can cause neuropathy, and 
impaired mitochondrial transport and a reduction in vitamin E levels have been 
proposed as underlying mechanisms[16]. An analysis of 757 patients with diabetes 
revealed a significantly greater relative risk of peripheral neuropathy in patients with 
diabetes who were receiving statin therapy[6]. Our results included a larger sample 
size than in previous studies and confirmed the elevated risk of neuropathy in patients 
with T2DM during statin therapy.

The influence of metformin therapy on neuropathy incidence is not yet established. 
Strict control of hyperglycemia is the most important treatment principle for 
preventing diabetic microvascular complications including neuropathy[17], and 
metformin exerts anti-diabetic effects via several mechanisms. Therefore, metformin 
can function to prevent the onset of diabetic neuropathy. In an animal study, 
metformin treatment protected against neural damage by increasing the levels of 
neural growth factor, vascular endothelial growth factor and anti-inflammatory factors
[18]. Another animal study demonstrated that metformin preserved peripheral nerve 
fiber density and that the beneficial effects of metformin were comparable with those 
of alpha lipoic acid, an antioxidant used in the clinical treatment of diabetic 
neuropathy[19].

By contrast, metformin causes vitamin B12 deficiency and may subsequently induce 
diabetic neuropathy[20]. In a cross-sectional study, low to borderline vitamin B12 
levels were more common in patients with diabetic neuropathy than in patients 
without (64% vs 17%)[9]. However, another study demonstrated a non-significant 
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Table 4 Logistic regression analyses for neuropathy occurrence in 2016 and 2017 Health Insurance Review and Assessment national 
patient sample data

Propensity score-matched1

OR 95%CI OR 95%CI
2016

Statin use 1.22 1.07-1.38 1.22 1.08-1.38

Metformin use 0.73 0.61-0.87 0.30 0.21-0.42

Statin + metformin use 0.78 0.62-1.01 0.85 0.61-1.19

2017

Statin use 1.13 1.00-1.29 1.17 1.03-1.33 

Metformin use 0.84 0.71-1.02 0.44 0.32-0.60

Statin + metformin use 0.92 0.70-1.21 0.95 0.66-1.38

1Propensity score-matching was performed by including baseline age, gender, and comorbidities (myocardial infarction, congestive heart failure, 
peripheral vascular disease, cerebrovascular accident or transient ischemic attack, dementia, chronic obstructive pulmonary disease, connective tissue 
disease, peptic ulcer disease, liver disease, diabetes mellitus, hemiplegia, moderate to severe chronic kidney disease, solid tumor, leukemia, lymphoma, 
AIDS). OR: Odds ratio; CI: Confidence interval.

Figure 2 Flow charts of the step-wise inclusion of participants from the 2016 and 2017 Health Insurance Review and Assessment national 
patient sample. A: 2016; B: 2017. HIRA: Health Insurance Review and Assessment; NPS: National patient sample; T2DM: Type 2 diabetes mellitus.

association between metformin therapy and vitamin B12 levels and showed that 
vitamin B12 levels were not associated with the severity or prevalence of neuropathy 
in patients with T2DM[10]. The vitamin B12 reductions were dose-dependent in 
patients with T2DM who were receiving metformin therapy, and patients with 
metformin daily doses greater than 1500 mg had a significant risk of vitamin B12 
deficiency[21]. In the present study, we found a reduced risk of neuropathy in patients 
with T2DM who were receiving metformin therapy. Further studies to stratify patients 
according to metformin daily doses and prospectively collect vitamin B12 and blood 
glucose levels could reveal whether metformin dose influences the incidence of 
neuropathy and which aspect (vitamin B12 or blood glucose) more strongly influences 
neuropathy development during metformin therapy.

We demonstrated that combined metformin + statin therapy did not enhance or 
reduce the risk of neuropathy in patients with T2DM, although statin therapy 
enhanced the risk of neuropathy and metformin therapy reduced the risk of 
neuropathy in these patients. The present results do not clearly indicate whether 
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concomitant metformin administration can reduce the risk of statin-induced 
neuropathy in patients with T2DM because the findings were based on epidemi-
ological data. However, metformin is regarded as background anti-diabetic 
medication and is used in most patients with T2DM, except those with contraindic-
ations or severe metformin-related side effects[4,8]. Our results suggest a beneficial 
effect of metformin in terms of reducing the risk of neuropathy, especially in patients 
with T2DM who are receiving statin therapy.

There were some limitations in the present study. First, the data were retros-
pectively collected and did not include important baseline characteristics (e.g., 
duration of T2DM and doses of each medication). Although PS matching was used to 
reduce the effects of confounders, unidentified confounders or selection biases might 
have been present. Therefore, the enhanced neuropathy risk associated with statin 
therapy does not directly indicate a role for statins in the onset of neuropathy. 
Similarly, the reduced neuropathy risk associated with metformin therapy does not 
directly indicate a protective role of metformin against the onset of neuropathy. 
Second, claims data have intrinsic limitations in terms of possible misdiagnosis and 
misprescription, and it is difficult to distinguish between T2DM-induced and 
medication-induced neuropathies. However, HIRA-NPS data are extracted from the 
overall Korean population and are therefore suitable for the assessment of specific 
disease risks. Third, HIRA-NPS data only provide 1-year follow-up data for each index 
year, which is a relatively short time period. Fourth, although the NPS sample was 
collected using a stratification strategy and could be analyzed easily, it only included 
approximately 3% of the overall health insurance claims data. Therefore, the analysis 
of data collected over longer time periods from larger samples should be performed in 
future studies. Furthermore, in vivo and in vitro basic research is needed to determine 
the mechanisms by which statins and metformin contribute to the onset or prevention 
of neuropathy.

CONCLUSION
We demonstrated the influence of statin and metformin therapies on the incidence of 
neuropathy in patients with T2DM. Statin therapy enhanced the risk of neuropathy in 
patients with T2DM, whereas metformin therapy reduced this risk. Combined statin + 
metformin therapy did not have a significant impact on the incidence of neuropathy. 
Therefore, when prescribing statin therapy for patients with T2DM, physicians should 
assess the potential for neuropathy development and consider the addition of 
metformin to reduce this risk.

ARTICLE HIGHLIGHTS
Research background
Statin and metformin are widely used medications in patients with type 2 diabetes 
mellitus (T2DM). These medications have been claimed as causative agents for 
neuropathy.

Research motivation
To identify the incidence and risk of statin, metformin and statin + metformin therapy 
on new onset neuropathy.

Research objectives
The incidence of neuropathy was evaluated and compared between T2DM patients 
who used or did not use statin/metformin/statin + metformin by using Korean Health 
Insurance Review and Assessment - national patient sample data.

Research methods
The prospective cohort study used nation-wide health insurance data.

Research results
Statin therapy showed a positive association (odds ratio = 1.22, 95% confidence 
interval: 1.08-1.38], whereas metformin therapy showed a negative association with 
new onset neuropathy (odds ratio = 0.30, 95% confidence interval: 0.21-0.42) in 
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patients with T2DM. Combination therapy of statin and metformin did not have an 
effect on new onset neuropathy of T2DM patients.

Research conclusions
The widely used medications in T2DM, statin and metformin, could have an effect on 
neuropathy development in T2DM patients. Physicians should pay attention to new 
onset neuropathy when using statin in T2DM patients.

Research perspectives
Nevertheless, further studies are required to reveal underlying mechanisms of statin 
and metformin on new onset neuropathy of T2DM.
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