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Abstract

Type 2 diabetes mellitus (T2DM) is increasingly known as a risk factor of hepatocellular car-

cinoma (HCC). In this study, we determined the risk factors associated with HCC in T2DM

patients. This was a matched case-control study conducted at two hepatobiliary referral cen-

tres in a developing country. Patients’ sociodemographic, clinical, and biochemical charac-

teristics between 1 January 2012 and 30 June 2018 were extracted from the electronic

medical records and analysed using multivariate logistic regression analysis. A total of 212

case-control pairs were included. Significant risk factors included Chinese and Malay ethnic-

ities that interacted with viral hepatitis (adjusted odds ratio [AOR] = 11.77, 95% confidence

interval [CI]: 1.39–99.79) and (AOR = 37.94, 95% CI: 3.92–367.61) respectively, weight loss

(AOR = 5.28, 95% CI: 2.29–12.19), abdominal pain/ discomfort (AOR = 6.73, 95% CI: 3.34–

13.34), alcohol (AOR = 4.08, 95% CI: 1.81–9.22), fatty liver (AOR = 3.29, 95% CI: 1.40–

7.76), low platelet (AOR = 4.03, 95% CI:1.90–8.55), raised alanine transaminase (AOR =

2.11, 95% CI: 1.16–3.86). and alkaline phosphatase (ALP) levels (AOR = 2.17, 95% CI:

1.17–4.00). Statins reduced the risk of HCC by 63% (AOR = 0.37, 95% CI: 0.21–0.65). The

identification of these factors aids the risk stratification for HCC among T2DM patients for

early detection and decision-making in patient management in the primary care setting.

Introduction

Hepatocellular carcinoma (HCC) is one of the commonest causes of cancer-related death glob-

ally. According to global statistics, HCC-related death is showing an increasing trend. It is cur-

rently the third leading cause of cancer-related death after lung cancer and colorectal cancer

[1, 2]. Furthermore, the incidence of HCC has escalated dramatically by almost 75% since

1990 [3]. It is projected to reach an even higher incidence by 2030, particularly in developing

countries [4] that are undergoing rapid demographic transition [5–7].

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0260675 December 9, 2021 1 / 20

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Azit NA, Sahran S, Voon Meng L,

Subramaniam M, Mokhtar S, Mohammed Nawi A

(2021) Risk factors of hepatocellular carcinoma in

type 2 diabetes patients: A two-centre study in a

developing country. PLoS ONE 16(12): e0260675.

https://doi.org/10.1371/journal.pone.0260675

Editor: Yun-Wen Zheng, University of Tsukuba,

JAPAN

Received: September 5, 2021

Accepted: November 13, 2021

Published: December 9, 2021

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0260675

Copyright: © 2021 Azit et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in

any medium, provided the original author and

source are credited.

Data Availability Statement: The medical record

dataset retrieved and analysed in this study is not

available publicly due to local regulation but it can

be obtained via a written request to the Director-

https://orcid.org/0000-0002-9645-2209
https://orcid.org/0000-0002-0009-5244
https://doi.org/10.1371/journal.pone.0260675
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260675&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260675&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260675&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260675&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260675&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260675&domain=pdf&date_stamp=2021-12-09
https://doi.org/10.1371/journal.pone.0260675
https://doi.org/10.1371/journal.pone.0260675
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Recently, epidemiological studies have observed a changing pattern in HCC aetiology [8].

HCC secondary to viral hepatitis has been slowly decreasing due to the widespread Hepatitis B

vaccination [9]. In contrast, metabolic disease-related HCC has risen globally, as a result of an

ageing population and rising prevalence of metabolic diseases. As one of the commonest meta-

bolic diseases, diabetes mellitus (DM) has been linked with HCC. Reports have shown a 2–-

3-fold increase in the risk for HCC development among patients with type 2 DM (T2DM)

compared with nondiabetic patients [10–12]. In view of that, there is a growing interest in elu-

cidating the predictors among diabetic patients diagnosed with HCC to add to the known risk

factors of HCC. However, most of the studies were conducted in countries with high viral hep-

atitis rates such as China and Taiwan [13–15] or moderate to high alcohol consumption rates

such as Japan and the United Kingdom [16–19] with relatively low diabetes prevalence [20].

Furthermore, there is a lack of research in this field from developing countries that suffer from

the double burden of non-communicable and communicable diseases.

Furthermore, with limited healthcare capacity, many developing countries will face a heavy

toll of premature death with the double burden of disease. Effective public health interventions

such as early disease detection and timely management are necessary to avert premature death

[21]. To begin with, risk factors identification and stratification should be incorporated as part

of early disease detection for DM patients at primary care clinics. Poor understanding of these

vital factors can result in delayed detection and poor survival outcomes. In the literature, HCC

patients were often diagnosed at a later stage (60.0–86.7%) [22] and many suffered from poorer

overall survival than patients with other types of cancer [23]. This study aimed to determine

the risk factors of HCC among T2DM patients to provide the necessary information for risk

stratification of HCC in outpatient clinics. We hypothesised that the sociodemographic and

clinical characteristics, as well as biochemical profiles, are associated with the risk of develop-

ing HCC among T2DM. Risk stratification based on the study findings will be helpful in early

detection and prevention of misdiagnosis of HCC in the high-risk population.

Materials and methods

Study site and ethics statement

This study was conducted at Hospital Selayang (HS) and Hospital Sultanah Bahiyah (HSB)

from 1 July 2020 to 31 December 2020. HS and HSB are among the five designated hepatobili-

ary referral centres in Malaysia [24]. HS, located in the state of Selangor, the country’s most

populous state, is the national referral centre of the hepatobiliary subspecialty. In 2015, the

prevalence of diabetes in Selangor was 15.5% before rising to 18.0% in 2019. HSB is the state

referral hospital for Kedah, the state that recorded the highest prevalence of diabetes in the

country in 2015 (25.4%) that remained high at 24.9% in 2019 [25, 26]. This study was con-

ducted according to ethical principles outlined in the Declaration of Helsinki and the Malay-

sian Good Clinical Practice Guideline. Ethical approval was obtained from the Medical

Research and Ethics Committee of the Malaysian Ministry of Health (NMRR-18-3704-45037)

and the National University of Malaysia Faculty of Medicine Ethics Committee (JEP-2019-

356). The study was exempted from the requirement for informed consent.

Study design and study population

This was a 1:1 matched case-control study to study the risk factors associated with HCC

among T2DM patients. A total of 212 adult patients (age� 18 years) with newly diagnosed

with HCC and with a prior diagnosis of T2DM were selected as cases based on the admission

lists of the HS and HSB hepatobiliary departments from 1 January 2012 to 30 June 2018.

Patients without diabetic treatment records or those with multiple cancer sites were excluded.
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The included cases were then matched with controls of similar age. The controls were ran-

domly selected from the list of diabetic patients in the electronic medical records who attended

the outpatient clinics between 1 January 2012 and 30 June 2018. The inclusion criteria for the

controls were: adults with a known diagnosis of T2DM, attended outpatient clinics in the same

year as the matched case, and had undergone hepatitis screening at the point of enrolment.

Patients without diabetic treatment records and cancer diagnosis were excluded. Fig 1 illus-

trates the overall study flow. The sociodemographic data, clinical characteristics and investiga-

tions (biochemical parameters and imaging), and treatment data were also extracted from the

electronic medical records. The sample size was calculated using Power and Sample Size Pro-

gram (PS) version 3.1.2 [27]. Using a power of 80% at a 95% confidence interval (CI) (with ref-

erence to Zheng et al. [28]), a minimum of 78 cases was required.

Study variables

Electronic medical records of the patients from both hospitals were reviewed to obtain the

study variables. In HS, the Cerner PowerChart1 Electronic Medical Record application was

used for medical record management whereas HSB operated with the electronic Hospital

Information System (eHIS). All the patient records can only be accessed via the workstation

within the hospital’s network and the user must obtain proper authority before accessing the

information.

Fig 1. The overall study design flow.

https://doi.org/10.1371/journal.pone.0260675.g001
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Dependent variables. In this study, the outcome variable of HCC was defined as a diag-

nosis of HCC in the hospital record, coded as ICD-10-CM = C22.0 (International Classifica-

tion of Diseases, Tenth Revision, Clinical Modification diagnostic code C22.0) and measured

as a dichotomous outcome (yes, no). Certified coders from the individual hospitals performed

the clinical classification coding according to the ICD-10 classification. The researcher also

verified the outcome variable with the medical records of the patient. The diagnosis of HCC

was made by the clinical specialist based on radiological findings from either computed

tomography (CT) or magnetic resonance imaging (MRI) in accordance with the American

Association for the Study of Liver Disease (AASLD) guideline [29].

Independent variables. The sociodemographic data, clinical characteristics, biochemical

profiles were included as independent variables in this study.

The sociodemographic characteristics included matched variables of patients: age (years),

calculated based on the date of birth in the year of diagnosis (case) or year of enrolment (con-

trol); sex (male, female); and race (Chinese, Malay, and Indian).

The clinical characteristics were based on the clinical presentations documented in the

medical records at diagnosis, including weight loss, lethargy, loss of appetite, abdominal pain

or discomfort, and jaundice. Liver-related comorbidities were either diagnosed by the clini-

cians or based on radiological reports, i.e. viral hepatitis (defined as hepatitis B or hepatitis C

infection diagnosed by medical practitioners), non-alcoholic fatty liver disease (fatty liver with-

out a history of high alcohol use), cirrhosis, and portal hypertension. Other comorbidities

included hypertension (reported history of hypertension or on antihypertensive medication or

blood pressure� 140/90 mmHg for two readings in the medical records) and overweight/obe-

sity (body mass index at the last follow-up before HCC diagnosis/time of enrolment� 23.0

kg/m2). Past medical and family history of interest included the history of blood transfusion

(reported transfusion of blood or blood-related products in the medical records) and family

history of malignancies (recorded family history of any cancers).

In addition, the medication history was also obtained, including the usage of DM medica-

tions at the time of diagnosis/enrolment (metformin [biguanide class], glibenclamide [sulfo-

nylureas class], gliclazide [sulfonylureas class], insulin); lipid-lowering drugs (statins);

antivirals for viral hepatitis; and traditional medication. Social history such as alcohol con-

sumption (reported intake irrespective of the amount) and smoking was also retrieved from

the records. DM-related characteristics of the cases were assessed in terms of the duration of

diabetes (number of years from diabetes diagnosis to the liver cancer diagnosis) and the num-

ber of years of diabetes diagnosis to the enrolment year for the controls. It was then categorised

as�10 years or <10 years. The glycated haemoglobin (HbA1c) level at the last follow-up

before HCC diagnosis (cases) or enrolment (controls) was obtained and categorised as�8.5%

or<8.5%.

As for the biochemical profiles, the data were retrieved from the routine blood investiga-

tions conducted in the primary care setting. The investigations included full blood count

(white blood cells [WBC, ×103/μL; >11,� 11], red blood cells [RBC, ×106/μL; high:�4 in

males,�3.5 in females; low:<4 in males,<3.5 in females], Hb [g/dL;�12,<12], platelets

[×103/μL,<150,�150], mean platelet volume [MPV, fL;>11,�11]). Liver function test

included albumin/globulin ratio (AGR, <1.1,�1.1), total bilirubin (TBil, μmol/L;�21,<21),

alkaline phosphatase (ALP, IU/L; >129,�129), and alanine transaminase (ALT, IU/L;�25,

<25). The coagulation profile included international normalised ratio (INR; >1.2,�1.2) while

the renal profile included creatinine level, μmol/L (low: <45 in females, <59 in males; normal:

59–104 in males, 45–84 in females; high: >104 in males,>84 in females).
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Data analysis

All statistical analyses were performed using IBM Statistical Package for the Social Sciences

(SPSS) version 21.

Missing data. As many retrospective studies commonly involve missing data, thus miss-

ing data processing was applied in this study. Variables with> 20% missing values were not

included in the analysis. These missing data may reflect the fact that they were not routinely

collected during clinical consultation. Thus, they might not be practical to be incorporated in

the predictive model for the clinical setting. However, for the analysis purpose, multiple impu-

tation was applied for the included variables to preserve the statistical power of the study. This

method has been proven to avoid bias as compared to complete case analysis [30]. Five

imputed datasets were generated using a fully conditional specification algorithm. The details

on the affected variables and the comparison of data analysis before and after imputation are

shown in the S1 Appendix.

Descriptive analysis. The descriptive characteristics of the cases and controls were pre-

sented as frequencies and percentages. Any differences between the matching variables were

analysed using Pearson’s chi-square test.

Univariable and multivariable analysis. An unconditional logistic regression analysis

was performed for the matched case-controls as the data were essentially loose-matching data

and might have benefited from the advantages of standard analysis[31, 32]. All variables with

p< 0.25 were included in the multiple logistic regression analysis, with the exception of vari-

ables with < 10 observed values to avoid sparse data bias. However, all DM-related variables

were included in the analysis because they were deemed as clinically important variables. The

significance level was established at p< 0.05. The models were checked for any multicollinear-

ity and interactions between the included variable. The model fit was examined using the Hos-

mer-Lemeshow goodness-of-fit test, classification table, and the receiver operating

characteristic (ROC) curve.

Results

A total of 424 patients (212 cases and 212 controls) who met the inclusion and exclusion crite-

ria were identified and included in the study. The age range of the study population was 37 to

92 years with a mean age of 66.9 (standard deviation [SD] 9.02). There were no significant dif-

ferences between the age of the cases and controls.

Table 1 presents the descriptive statistics of the sociodemographic, clinical, and biochemical

profiles of the patients, as well as the univariable logistic regression results. Univariate analyses

showed that being male, Chinese ethnicity, weight loss, abdominal pain or discomfort, jaun-

dice, viral hepatitis, cirrhosis, portal hypertension, history of blood transfusion, family history

of malignancy, statins, antivirals (for hepatitis treatment), history of alcohol consumption,

smoking, white blood cells (WBC), platelets as well as elevated levels of total bilirubin (TBil),

alkaline phosphatase (ALP), alanine transaminase (ALT), and creatinine levels were signifi-

cantly associated with increased HCC risk. All variables with p< 0.25 were included in the

multivariable analysis. Five variables (jaundice, cirrhosis, portal hypertension, family history

of malignancies, antiviral treatment) were not chosen because they had<10 observed values.

DM-related variables (DM medications, HbA1c, duration of DM) were included because of

their clinical importance based on the medical experts’ opinion.

Table 2 shows the independent predictors for developing HCC adjusted for age, sex, race,

DM duration, weight loss, loss of appetite, abdominal pain/discomfort, viral hepatitis, non-

alcoholic fatty liver, metformin, gliclazide, insulin, statins, blood transfusion, alcohol, smoking,
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Table 1. Univariate logistic regression analysis of risk factors for HCC among T2DM patients.

Risk factor Cases, n (%) Controls, n (%) Crude OR 95%CI p-value

(N = 424) N = 212 N = 212

Sociodemographic characteristics

Age categories (years) 66.9 (9.02)a 66.9 (9.02)a 1.00 0.98–1.02 1.000

Sex <0.001�

Male 165 (77.8) 129 (60.8) 2.26 1.48–3.46

Female 47 (22.2) 83 (39.2) 1.00

Race <0.010�

Chinese 107 (50.5) 56 (26.4) 3.52 1.85–6.71

Malay 86 (40.6) 121 (57.1) 1.31 0.70–2.44

Indian 19 (9.0) 35 (16.5) 1.00

Clinical characteristic

Clinical presentation
Loss of weight <0.001�

Yes 48 (22.6) 14 (6.6) 4.14 2.20–7.77

No 164 (77.4) 198 (93.4) 1.00

Lethargy 0.279

Yes 36 (17.0) 28 (13.2) 1.34 0.79–2.30

No 176 (83.0) 184 (86.8) 1.00

Loss of appetite 0.037�

Yes 49 (23.1) 32 (15.1) 1.69 1.03–2.77

No 163 (76.9) 180 (84.9) 1.00

Abdominal pain or discomfort <0.001�

Yes 72 (34.0) 26 (12.3) 3.68 2.23–6.06

No 140 (66.0) 186 (87.7) 1.00

Jaundice 0.003�

Yes 20 (9.4) 1 (0.5) 21.98 2.92–165.33

No 192 (90.6) 211 (99.5) 1.00

Liver-related comorbidities
Viral hepatitis

Yes 104 (49.1) 12 (5.7) 16.05 8.45–30.49 <0.001�

Hepatitis B 65 (30.7) 11 (5.2)

Hepatitis C 39 (18.4) 1 (0.5)

No 108 (50.9) 200 (94.3) 1.00

Non-alcoholic fatty liver disease 0.181

Yes 30 (14.2) 21 (9.9) 1.50 0.83–1.17

No 182 (85.8) 191 (90.1) 1.00

Cirrhosis <0.001�

Yes 152 (71.7) 7 (3.3) 74.19 32.99–166.85

No 60 (28.3) 205 (96.7) 1.00

Portal hypertension <0.001�

Yes 49 (23.1) 3 (1.4) 20.94 6.41–68.40

No 163 (76.9) 209 (98.6) 1.00

Ascites <0.001�

Yes 47(22.2) 5(2.4) 11.79 4.58–30.32

No 165(77.8) 207(97.6) 1.00

Other comorbidities
Hypertension 0.736

(Continued)
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Table 1. (Continued)

Risk factor Cases, n (%) Controls, n (%) Crude OR 95%CI p-value

(N = 424) N = 212 N = 212

Yes 158 (74.5) 161 (75.9) 1.00

No 54 (25.5) 51 (24.1) 1.08 0.69–1.68

Overweight/obesity 0.285

No 37 (17.5) 29 (13.7) 1.00

Yes 175 (82.5) 183 (86.3) 0.75 0.44–1.27

Past medical and family history
History of blood transfusion 0.027�

Yes 38 (17.9) 22 (10.4) 1.89 1.07–3.32

No 174 (82.1) 190 (89.6) 1.00

Family history of malignancies 0.001�

Yes 23 (10.8) 4 (1.9) 6.32 2.15–18.63

No 189 (89.2) 208 (98.1) 1.00

Medications

DMmedication
Metformin 0.921

Yes 130 (61.3) 129 (60.8) 0.98 0.66–1.45

No 82 (38.7) 83 (39.2) 1.00

Gliclazide 0.765

Yes 81 (38.2) 84 (39.6) 0.94 0.64–1.39

No 131 (61.8) 128 (60.4) 1.00

Glibenclamide 0.212

Yes 9 (4.2) 15 (7.1) 0.58 0.25–1.36

No 203 (95.8) 197 (92.9) 1.00

Insulin 0.132

Yes 71 (33.5) 86 (40.6) 0.73 0.50–1.10

No 141 (66.5) 126 (59.4) 1.00

Lipid-lowering
Statins <0.001�

Yes 68 (32.1) 144 (67.9) 0.22 0.15–0.34

No 144 (67.9) 68 (32.1) 1.00

Others
Antiviral (for hepatitis treatment) <0.001�

Yes 43 (20.3) 2 (0.9) 26.72 6.38–111.88

No 169 (79.7) 210 (99.1) 1.00

Traditional medication 0.109

Yes 32 (15.1) 21 (9.9) 1.62 0.90–2.91

No 180 (84.9) 191 (90.1) 1.00

Social risk factors

History of alcohol consumption <0.001�

Yes 67 (31.6) 21 (9.9) 4.20 2.46–7.18

No 145 (68.4) 191 (90.1) 1.00

Smoking 0.001�

Yes 104 (49.1) 71 (33.5) 1.91 1.29–2.83

No 108 (50.9) 141 (66.5) 1.00

DM-related characteristics

Duration of T2DM, years 0.063

(Continued)
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Table 1. (Continued)

Risk factor Cases, n (%) Controls, n (%) Crude OR 95%CI p-value

(N = 424) N = 212 N = 212

�10 104 (49.1) 128 (60.4) 1.00

0–9 108 (50.9) 84 (39.6) 1.46 0.98–2.18

Biochemical profile

DMmonitoring
HbA1c, % 0.656

�8.5 82 (38.7) 78 (36.7) 1.09 0.74–1.62

<8.5 130 (61.3) 134 (63.3) 1.00

Full blood count

WBC, ×103/μL <0.001�

<11 37 (17.5) 76 (35.8) 1.00

�11 175 (82.5) 136 (64.2) 2.64 1.68–4.16

RBC, ×106/μL 0.106

High 166 (78.3) 179 (84.4) 1.00

Low 46 (21.7) 33 (15.6) 1.50 0.92–2.4

Hemoglobin, g/dL 0.300

�12 148 (69.8) 286 (67.5) 1.24 0.83–1.86

<12 64 (30.2) 138 (32.5) 1.00

Platelet, ×103/μL <0.001�

<150 83 (39.2) 19 (9.0) 6.54 3.79–11.28

�150 129 (60.8) 193 (91.0) 1.00

MPV, fL 0.286

>11 79 (37.3) 66 (31.1) 1.30 0.80–2.13

�11 133 (62.7) 146 (68.9) 1.00

Liver function test
AGR 0.052

<1.1 154 (72.6) 135 (63.7) 1.51 1.00–2.28

�1.1 58 (27.4) 77 (36.3) 1.00

TBil, μmol/L <0.001�

>21 79 (37.3) 30 (14.2) 3.54 2.19–5.7

�21 133 (62.7) 182 (85.8) 1.00

ALP, IU/L <0.001�

>129 98 (46.2) 48 (22.6) 2.87 1.93–4.47

�129 114 (53.8) 164 (77.4) 1.00

ALT, IU/L <0.001�

�25 162 (76.4) 87 (41.0) 4.72 2.99–6.92

<25 50 (23.6) 125 (59.0) 1.00

Coagulation profile

INR 0.537

>1.2 58 (27.4) 52 (24.5) 1.16 0.73–1.84

�1.2 154 (72.6) 160 (75.5) 1.00

Renal profile
Creatinine level, μmol/L <0.001�

Low 28 (13.2) 12 (5.7) 4.87 2.29–10.38

Normal 134 (63.2) 96 (45.3) 1.90 1.90–4.48

High 50 (23.6) 104 (49.1) 1.00

� indicates statistically significant factors (p<0.05)

https://doi.org/10.1371/journal.pone.0260675.t001

PLOS ONE Risk factors of hepatocellular carcinoma in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0260675 December 9, 2021 8 / 20

https://doi.org/10.1371/journal.pone.0260675.t001
https://doi.org/10.1371/journal.pone.0260675


traditional medication, HbA1c, WBC, RBC, platelet count, AGR, total bilirubin, ALP, ALT,

INR, and creatinine.

Patients who presented with weight loss had 5.28 higher odds of developing HCC as com-

pared to those who did not present with this symptom (95% CI: 2.29–12.19). Clinical presenta-

tion of abdominal pain or discomfort also led to 6.73 times higher odds of being diagnosed

with HCC (95% CI: 3.34–13.34). Besides, patients with a history of alcohol consumption had a

4.08 higher risk of developing HCC (95% CI: 1.81–9.22) and those with NAFLD had a 3.29

times higher HCC risk (95% CI: 1.40–7.76). For the biochemical parameters, low platelet

Table 2. Independent factors associated with HCC in T2DM patients.

Risk factors (N = 424) B SE (B) AORa± 95%CI χ2 statb Degree of freedom p-value

Race 8.78 2 0.012

Chinese 1.43 0.51 4.18 1.53–11.4 7.78 1 0.005

Malay 0.74 0.51 2.09 0.77–5.67 2.08 1 0.149

Indian 1.00

Weight loss

Yes 1.67 0.43 5.28 2.29–12.19 15.23 1 <0.001

No 1.00

Abdominal pain or discomfort

Yes 1.91 0.35 6.73 3.40–13.34 29.85 1 <0.001

No 1.00

Viral hepatitis

Yes -0.09 0.94 0.91 0.15–5.72 0.01 1 0.921

No 1.00

Non-alcoholic fatty liver

Yes 1.19 0.44 3.29 1.40–7.76 7.41 1 0.006

No 1.00

Statins

Yes -1.01 0.29 0.37 0.21–0.65 11.68 1 0.001

No 1.00

History of alcohol consumption

Yes 1.41 0.42 4.08 1.81–9.22 11.48 1 0.001

No 1.00

Platelet, ×103/μL

<150 1.39 0.38 4.03 1.90–8.55 13.20 1 <0.001

�150 1.00

ALP, IU/L

>129 0.77 0.31 2.17 1.17–4.00 6.10 1 0.014

�129 1.00

ALT, IU/L

�25 0.75 0.31 2.11 1.16–3.86 5.91 1 0.015

<25 1.00

Race × viral hepatitis 9.86 2 0.007

Chinese 2.47 1.09 11.77 1.39–99.78 5.11 1 0.024

Malay 3.64 1.16 37.94 3.92–367.61 9.85 1 0.002

Indian 1.00

aAOR used multiple logistic regression with backward likelihood ratio method
bWald test

https://doi.org/10.1371/journal.pone.0260675.t002
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counts (<150 × 103/μL), increased ALP levels (>129 IU/L), and ALT (�25 IU/L) were associ-

ated with higher odds of developing HCC (AOR = 4.03, 95% CI: 1.90–8.55; AOR = 2.17, 95%

CI: 1.17–4.00; AOR = 2.11, 95% CI: 1.16–3.86, respectively). Statin use was a protective factor

in which there was a 63% reduction in HCC risk compared to patients not on statins

(AOR = 0.37, 95% CI: 0.21–0.65). Furthermore, there was also a significant interaction

between ethnicity and viral hepatitis. Malays with viral hepatitis showed the highest odds of

developing HCC while Chinese had the highest odds of developing HCC in the absence of the

infection.

The model fitness was reasonably good (Hosmer Lemeshow test p-value = 0.248) and no

multicollinearity problems were detected as variance inflation factor (VIF) was less than 10 for

all variables. The sensitivity was 84.0%, the specificity was 85.4%, and the area under the ROC

curve (AUC) was 0.920. The model accuracy was 84.2% and the Nagelkerke R Square was

64.1%. The positive and negative predictive values were 85.0% and 83.4% respectively.

Interaction analysis

Table 3 displays the two-way interaction between the variable “ethnicity” and “viral hepatitis”.

In the absence of viral hepatitis infection, Chinese patients had the highest risk of HCC of 4.55

times the risk compared to Indians (95% CI: 1.60–12.96). However, in the presence of hepatitis

infection, Malay patients showed the highest risk of developing HCC (AOR = 48.27, 95% CI:

3.79–615.23), followed by Chinese patients (AOR = 31.28, 95% CI: 3.02–323.84) when com-

pared to the Indians.

When comparing within the same ethnicity, Chinese with viral hepatitis had an 11.7 times

higher chance of developing HCC than Chinese without the infection. For Malays with viral

hepatitis, the odds were even higher at 35.84 times compared to Malays without viral hepatitis.

However, no significant difference was observed in the development of HCC between Indians

with and without viral hepatitis infection. Fig 2 illustrates the interaction pattern between the

different ethnicities based on the viral hepatitis status.

Table 3. Adjusted odds ratio for the interaction between race and viral hepatitis.

Risk factors AOR 95%CI p-value

Viral Hepatitis = No 0.01

Chinese 4.55 1.60–12.96 0.004

Malay 2.14 0.76–6.08 0.151

Indian 1.00

Viral hepatitis = Yes 0.007

Chinese 31.28 3.02–323.84 0.004

Malay 48.27 3.79–615.42 0.003

Indian 1.00

Chinese ethnicity <0.001

Viral Hepatitis = Yes 11.70 3.55–38.56

Viral Hepatitis = No 1.00

Malay ethnicity <0.001

Viral Hepatitis = Yes 35.84 8.68–148.05

Viral Hepatitis = No 1.00

Indian ethnicity 0.583

Viral Hepatitis = Yes 0.45 0.03–7.79

Viral Hepatitis = No 1.00

https://doi.org/10.1371/journal.pone.0260675.t003
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Discussion

To the best of our knowledge, this is the first study to determine the risk factors of HCC

among T2DM patients in a developing country with a low prevalence of chronic liver disease

associated with viral hepatitis and alcohol consumption, both of which are known significant

contributors of HCC development [33, 34]. This study aimed to elucidate the predisposing fac-

tors of HCC in T2DM patients to facilitate risk stratification among this group of the high-risk

population.

Given the tremendous growth in DM, the study’s findings are extremely relevant. DM

appears to be on the rise in all world regions, with the western Pacific region having the sec-

ond-highest prevalence of the disease (11.4% [95%CI; 8.3–15.9]). Malaysia has a higher age-

adjusted comparative prevalence of 16.7% (95%CI; 14.9–19.2) [35]. According to the most

recent Malaysian National Health Morbidity and Mortality Survey (NHMS 2019), DM preva-

lence was 18.3% (95%CI;17.08–19.58), and it is anticipated to rise further in the future [25]. In

this multi-ethnic Asian population, DM prevalence was varied among different ethnicity. The

highest prevalence was among Indian (31.4% [95%CI;25.85–37.53]), followed by Malay (21.6%

[95%CI; 20.02–23.17) and Chinese (15.1% [95%CI;12.52–18.08]) [25]. Additionally, the inci-

dence of HCC related to DM was also on the rise, especially in previously low HCC prevalence

areas [36]. Diabetes/obesity accounts for 36.6% of the HCC population attributable fraction in

the United States [37]. According to Pearson-Stuttard et al., diabetes and a high body mass

index (BMI) accounted for 24.5% of HCC cases in the general population in 2012. The

researchers also demonstrated that the rising attributable risk was driven by the increased

prevalence of diabetes and obesity between 1980 and 2002, implying that the incidence of

HCC will continue to climb in the future [38]. Therefore, understanding the risk factors of

Fig 2. Interaction plot for the predicted probability of HCC by ethnicity and viral hepatitis status. The crossed

lines showed the evidence of interaction between these factors. Chinese had a significantly (p<0.05) highest risk of

HCC when there is no viral hepatitis infection. However, with the presence of viral hepatitis, Malay had significantly

highest odds of HCC, followed by Chinese ethnicity when compared to the Indian ethnicity (p<0.05).

https://doi.org/10.1371/journal.pone.0260675.g002
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HCC among T2DM patients is crucial to facilitate early detection of the disease in the DM pri-

mary care setting. The miss-opportunity of early diagnosis will lead to late detection and cause

a significant burden to the patients and the healthcare system.

Previously, DM was found to synergize with viral hepatitis, the main risk factor of HCC

globally [10]. Interestingly, this study had elucidated that the magnitude of HCC risk differed

by ethnicity among patients in a multi-ethnic Asian population. In the absence of viral hepati-

tis infection, Chinese ethnicity has the highest risk of HCC. This claim is supported by epide-

miological evidence from prior studies which consistently revealed that Chinese ethnicity had

the highest prevalence of HCC occurrence compared to Malay and Indian ethnicities.[22, 39,

40]. However, when viral hepatitis was present, Malay ethnicity was associated with the highest

risk of HCC, followed by Chinese but not Indian race. The multistage carcinogenesis involving

several risk factors may lead to synergy in the HCC development, contributing to a multiplica-

tive effect on the risk estimate [41]. Moreover, viral hepatitis and DM development were influ-

enced by genetic and ethnic variances [42, 43]. In the viral hepatitis infection, the viral-host

genome integration causes chromosomal instability, mutagenesis, and activation of tumour-

associated genes, resulting in uncontrolled proliferation of faulty hepatocytes that vary

depending on genetic influences [44, 45]. Aside from the genetic-environmental influence,

risk factors prevention, dietary composition, behavioural and biological factors differ greatly

between ethnicities [46]. In this study, Malay with hepatitis has the highest odds of HCC is

possible to the higher occurrence of metabolic diseases such as DM, obesity, and dyslipidaemia

among Malay compared to the Chinese population [47]. In Indians, the prevalence of viral

hepatitis is minimal; therefore, viral hepatitis is not a significant contributor to HCC in this

group. According to a previous study, the main causes of HCC among Indians are alcohol-

related and cryptogenic. Meanwhile, viral hepatitis B infection was the leading cause of HCC

among Malay and Chinese people [6, 40].

Apart from the ethnic variances, in this study, the mean age of the cases (66.9 years, SD

9.02) highlighted that HCC development was more prevalent among the ageing population.

This was in line with the Malaysian Cancer Registry report and previous studies of the T2DM

population [11, 22]. Besides, the global epidemiological data also showed that HCC onset was

associated with the socioeconomic status of a country. Patients from lower-income countries

had a younger onset of HCC whereas the age of onset in middle-income countries had slowly

shifted to a much older age [48].

In Malaysia, the trend of population growth indicates that we are gradually becoming an

aged nation. Epidemiological transition such as this poses new challenges in the prevention

and control programme against cancer such as HCC. Early diagnosis is one of the critical strat-

egies in cancer prevention to ensure better survival. Our study findings showed that incorpo-

rating clinical presentation such as weight loss and abdominal pain/discomfort in the risk

assessment can help stratify the high-risk population. Even though certain symptoms will only

arise in the later stage of cancer, any suspicions of these symptoms may raise the red flag for

the need for an urgent workout to prevent any delay in diagnosis. In this study, patients with

abdominal pain/ discomfort and weight loss had higher odds of developing HCC. These infor-

mation can be obtained during history taking at the DM outpatient clinics. Based on previous

literature, abdominal pain and weight loss were among the most typical presenting symptoms

of HCC patients in primary care clinics [49]. However, the abdominal pain can be non-specific

with various severity from mild discomfort to severe abdominal pain depending on the under-

lying pathology. For instance, the patient may present with poorly localising pain arising from

an enlarging lesion that stretches or irritates the viscera [50]. In contrast, acute abdominal pain

may result from ruptured HCC [51]. Meanwhile, metabolic dysfunction in the advanced stage

of cancer is often characterised by weight loss associated with muscle wasting and atrophy of
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adipose tissue [40]. Given that these symptoms only appear at the later stage of the disease, cli-

nicians need to integrate information about these symptoms with other risk factors to conduct

a more vigilant workout to rule out malignancies and to ensure better clinical judgement in

patient management.

In addition, patient’s comorbidities are another vital component in the prediction of HCC.

After adjusting with the other confounding factors in the multivariable analysis, we found that

patients with NAFLD had higher odds of developing HCC. This association echoes the find-

ings of many previous studies [15, 52, 53]. In the last decade, the prevalence of NAFLD has

grown worldwide [54]. The complex integration of carcinogenic mechanisms in NAFLD such

as chronic inflammation, lipotoxicity, and hyperinsulinaemia can lead to a higher HCC risk,

especially among patients with underlying DM [55]. Statin is recommended for DM patients

with NAFLD for the prevention of cardiovascular disease [56]. In the present study, the pre-

scription of statin was found to be a protective factor against HCC, as reported in other studies

[57, 58]. Several meta-analyses published in the preceding year found that statins have a con-

sistent protective effect against HCC, with a dose-dependent relationship. This includes

patients with diabetes, viral hepatitis, and cirrhosis [59–62]. Statin is a lipid-lowering drug that

inhibits the 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase enzyme. Inhibi-

tion of HMG-CoA results in the blockage of the generation of mevalonate, a key intermediate

for activation of the Ras and RhosA signalling pathways, both of which are pro-oncogenic, i.e.

necessary for cell proliferation [63]. In addition, an experimental study by Relja et al. discov-

ered that simvastatin cast an anticarcinogenic effect on the human HCC cell lines by i) inhibit-

ing tumour cell growth, ii) inducing apoptosis iii) suppressing tumour cell cycles [64].

Therefore, statin use should be encouraged among T2DM patients.

In this study, we also found that alcohol consumption increased HCC risk by four-fold. The

carcinogenic effect of alcohol on humans has long been established. In recent decades, the syn-

ergistic effect of alcohol consumption and DM status has also been widely reported [65–67].

For diabetic patients, alcohol may have directly affected the HCC development through geno-

toxicity or indirectly through the cirrhosis pathway. In view of this, HCC surveillance should

be amplified among DM patients who consume alcohol [68].

Besides, this study discovered that low platelet count and increased liver enzyme levels

(ALP and ALT) were significantly associated with the development of HCC. In previous litera-

ture, low platelet was associated with HCC development in patients with cirrhosis, especially

since its high correlation with cirrhosis [69, 70]. As for the liver enzymes, ALT is primarily

located in liver tissue and is responsible for the protein energy metabolism in liver cells. How-

ever, when hepatocytes are damaged, ALT will be released into the bloodstream [71]. In

T2DM patients, a raised ALT level is associated with NAFLD, another risk factor of HCC [72].

In addition, several studies also reported that an increased ALP level could predict HCC recur-

rence after hepatectomy [73, 74]. Thus, it is used as an early predictor for HCC recurrence

after liver transplantation [75]. In the bivariate analysis, lower serum creatinine was associated

with HCC risk. However, the factor was not significantly associated with HCC after the adjust-

ment of the other confounding factors. As creatinine is synthesized in the liver, low serum cre-

atinine may be related to liver dysfunction. However, serum creatinine level was also affected

by other factors such as hyper-bilirubinaemia and low nutritional status [76].

We were unable to establish a link between DM duration and HCC development in this

investigation. The DM duration measured in this study may not represent the true duration

due to the late identification of this chronic illness, which is one possible explanation for the

finding. This assertion is supported by data from the nationwide NHMS survey, which found

that the proportion of undiagnosed DM was still high in the population, at 48.9%. The subjects

were unaware of the DM diagnosis before the survey [25]. Besides, the difference between
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HbA1c, a biomarker for persistent hyperglycemia, is similarly not statistically significant. Pre-

vious research has yielded inconclusive results about the relationship between HbA1c levels

and HCC. A large cohort research of 31,723 T2DM patients in Taiwan revealed that HbA1c

fluctuation is not statistically significant between 8.5 and 17.5% but only demonstrates a statis-

tically meaningful connection with HCC risk at>17.5% [12]. Tateishi et al. discovered in a

countrywide cohort study in Japan that lower HbA1c is connected to HCC risk, in contradic-

tion to earlier research that supports a linkage between greater HbA1c and HCC risk [13, 77–

79]. The differences in the results could be attributed to unmeasured confounding factors, as

HbA1c levels are altered by erythrocyte longevity, particularly in patients with chronic liver ill-

ness, chronic kidney disease, and severe metabolic abnormalities [80]. Furthermore, earlier

research has shown that metformin has a preventive impact on diabetic treatments, but insulin

and sulphonylureas are pro-oncogenic [81, 82]. In this study, the association was not signifi-

cant. This is possible due to the combination therapy widely practiced in this country, resulting

in a different direction of cancer modification effect; therefore, a pooled estimate of the cancer

risk will not be significant [83].

To the best of our knowledge, this is the first study to describe the risk factors of HCC in a

multiracial society with high DM prevalence and moderate burden of hepatitis infection with

low alcohol consumption rate. Furthermore, the study was conducted in a developing country

currently facing rapid population ageing and increasing the double burden of communicable

and non-communicable diseases. Thus, the findings will provide a different perspective on the

disease determinants of HCC as compared to existing studies in the literature. Besides, the

existence of an interaction between ethnicity and viral hepatitis in this population has not been

extensively discussed before. The similarity between the study findings and previous literature

strengthens the epidemiological evidence of the risk of developing HCC among T2DM

patients. Apart from that, the study finding highlighted important factors for HCC risk stratifi-

cation among DM patients. The biochemical information included in this study was part of

routinely collected data from T2DM patients at the DM outpatient clinics. Therefore, these cri-

teria can be easily incorporated in the HCC risk stratification of T2DM patients in the primary

care setting to aid practitioners in discovering HCC at an earlier stage and to prevent missed

diagnoses. Apart from safeguarding patient care, this study also provided helpful information

to improve DM and hepatitis prevention and control programmes. Another strength of this

study lies in the fact this study encompassed two large hepatobiliary centres in Peninsular

Malaysia that cater to patients from diverse demographic and geographic backgrounds, thus

allowing a representative sample size of wide variability to ensure the reliability and generalisa-

bility of the results. Finally, the use of electronic medical record databases enabled data integra-

tion from all involved departments to ensure data precision and reduced information bias. In

this country, the outpatient clinics in the hospitals also provide primary care services for DM

management [84]. Future research can look to the development of risk assessment tools to

facilitate HCC prediction among T2DM in the primary care setting with a prospective valida-

tion among the targeted population.

Nevertheless, there are several limitations to this research. There were missing data due to

retrospective data collection. However, subjects with extensive missing data were excluded ear-

lier on in the study to ensure the accuracy of data analysis. Besides, multiple imputation was

performed to preserve the cases with minimal missing data during data analysis. Furthermore,

the control group was drawn from the hospital-based outpatients that could also lead to selec-

tion bias because hospital patients might have different characteristics than the general popula-

tion. For example, they might have advanced kidney disease requiring hemodialysis, thus

altering their risk exposure to viral hepatitis infection [85]. In view of this, the risk estimates of

the association should be interpreted carefully.
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In conclusion, an in-depth understanding of the predisposing risk factors of HCC among

patients with T2DM is essential in the management of HCC to ensure better survival rate. Sig-

nificant parameters in this study can be used to guide HCC risk stratification in primary care

facilities for better decision-making following the diagnosis of T2DM.

Supporting information

S1 Appendix. Missing data analysis.

(DOCX)

Acknowledgments

We thank the Director-General of Health Malaysia for permission to publish the research find-

ings, the Directors of Hospital Sultanah Bahiyah and Hospital Selayang, and all information

technology and medical records staff members for their assistance in this study.

Author Contributions

Conceptualization: Noor Atika Azit, Azmawati Mohammed Nawi.

Data curation: Noor Atika Azit, Shahnorbanun Sahran, Leow Voon Meng, Manisekar Subra-

maniam, Suryati Mokhtar.

Formal analysis: Noor Atika Azit, Shahnorbanun Sahran, Azmawati Mohammed Nawi.

Funding acquisition: Noor Atika Azit, Azmawati Mohammed Nawi.

Investigation: Noor Atika Azit, Azmawati Mohammed Nawi.

Methodology: Noor Atika Azit, Azmawati Mohammed Nawi.

Project administration: Noor Atika Azit, Leow Voon Meng, Azmawati Mohammed Nawi.

Resources: Noor Atika Azit, Leow Voon Meng, Manisekar Subramaniam, Suryati Mokhtar,

Azmawati Mohammed Nawi.

Software: Noor Atika Azit, Azmawati Mohammed Nawi.

Supervision: Shahnorbanun Sahran, Leow Voon Meng, Azmawati Mohammed Nawi.

Validation: Noor Atika Azit, Azmawati Mohammed Nawi.

Visualization: Noor Atika Azit, Azmawati Mohammed Nawi.

Writing – original draft: Noor Atika Azit, Shahnorbanun Sahran, Azmawati Mohammed

Nawi.

Writing – review & editing: Noor Atika Azit, Shahnorbanun Sahran, Leow Voon Meng, Man-

isekar Subramaniam, Suryati Mokhtar, Azmawati Mohammed Nawi.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLO-

BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: CA Cancer

J Clin. 2018; 68: 394–424. https://doi.org/10.3322/caac.21492 PMID: 30207593

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics

2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA

Cancer J Clin. 2021; caac.21660. https://doi.org/10.3322/caac.21660 PMID: 33538338

PLOS ONE Risk factors of hepatocellular carcinoma in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0260675 December 9, 2021 15 / 20

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260675.s001
https://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1371/journal.pone.0260675


3. Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu MA, Allen C, et al. The Burden of Primary Liver

Cancer and Underlying Etiologies From 1990 to 2015 at the Global, Regional, and National Level.

JAMA Oncol. 2017; 3: 1683. https://doi.org/10.1001/jamaoncol.2017.3055 PMID: 28983565

4. Valery PC, Laversanne M, Clark PJ, Petrick JL, McGlynn KA, Bray F. Projections of primary liver cancer

to 2030 in 30 countries worldwide. Hepatology. 2018; 67: 600–611. https://doi.org/10.1002/hep.29498

PMID: 28859220

5. Bray F, Jemal A, Grey N, Ferlay J, Forman D. Global cancer transitions according to the Human Devel-

opment Index (2008–2030): a population-based study. Lancet Oncol. 2012; 13: 790–801. https://doi.

org/10.1016/S1470-2045(12)70211-5 PMID: 22658655

6. Raihan R, Azzeri A, H Shabaruddin F, Mohamed R, Shabaruddin FH, Mohamed R. Hepatocellular Car-

cinoma in Malaysia and Its Changing Trend. Ozkan H, editor. Euroasian J Hepatogastroenterol 2018; 8:

54–56. https://doi.org/10.5005/jp-journals-10018-1259 PMID: 29963463

7. Said A, Ghufran A. Epidemic of non-alcoholic fatty liver disease and hepatocellular carcinoma. World J

Clin Oncol. 2017; 8: 429–436. https://doi.org/10.5306/wjco.v8.i6.429 PMID: 29291167

8. Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR. A global view of hepatocellular car-

cinoma: trends, risk, prevention and management. Nat Rev Gastroenterol Hepatol. Nature Publishing

Group; 2019. pp. 589–604. https://doi.org/10.1038/s41575-019-0186-y PMID: 31439937

9. Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, et al. Increased risk of hepatocellular carcinoma in

patients with diabetes mellitus: A systematic review and meta-analysis of cohort studies. Int J Cancer.

2012; 130: 1639–1648. https://doi.org/10.1002/ijc.26165 PMID: 21544812

10. Li X, Wang X, Gao P. Diabetes Mellitus and Risk of Hepatocellular Carcinoma. Biomed Res Int. 2017;

2017: 1–10. https://doi.org/10.1155/2017/5202684 PMID: 29379799

11. Si WK, Chung JW, Cho J, Baeg JY, Jang ES, Yoon H, et al. Predictors of increased risk of hepatocellu-

lar carcinoma in patients with type 2 diabetes. PLoS One. 2016;11. https://doi.org/10.1371/journal.

pone.0158066 PMID: 27359325

12. Li T-C, Li C-I, Liu C-S, Lin W-Y, Lin C-H, Yang S-Y, et al. Risk score system for the prediction of hepato-

cellular carcinoma in patients with type 2 diabetes: Taiwan Diabetes Study. Semin Oncol. 2018; 45:

264–274. https://doi.org/10.1053/j.seminoncol.2018.07.006 PMID: 30342872

13. Li C-I, Chen H-J, Lai H-C, Liu C-S, Lin W-Y, Li T-C, et al. Hyperglycemia and chronic liver diseases on

risk of hepatocellular carcinoma in Chinese patients with type 2 diabetes—National cohort of Taiwan

Diabetes Study. Int J Cancer. 2015; 136: 2668–2679. https://doi.org/10.1002/ijc.29321 PMID:

25387451

14. Chen J, Han Y, Xu C, Xiao T, Wang B. Effect of type 2 diabetes mellitus on the risk for hepatocellular

carcinoma in chronic liver diseases: A meta-analysis of cohort studies. Eur J Cancer Prev. 2015; 24:

89–99. https://doi.org/10.1097/CEJ.0000000000000038 PMID: 24809655

15. Rau H-HH, Hsu C-YY, Lin Y-AA, Atique S, Fuad A, Wei L-MM, et al. Development of a web-based liver

cancer prediction model for type II diabetes patients by using an artificial neural network. Comput Meth-

ods Programs Biomed. 2016; 125: 58–65. https://doi.org/10.1016/j.cmpb.2015.11.009 PMID:

26701199

16. Arase Y, Kobayashi M, Suzuki F, Suzuki Y, Kawamura Y, Akuta N, et al. Effect of type 2 diabetes on

risk for malignancies includes hepatocellular carcinoma in chronic hepatitis C. Hepatology. 2013; 57:

964–973. https://doi.org/10.1002/hep.26087 PMID: 22991257

17. Torisu Y, Ikeda K, Kobayashi M, Hosaka T, Sezaki H, Akuta N, et al. Diabetes mellitus increases the

risk of hepatocarcinogenesis in patients with alcoholic cirrhosis: A preliminary report. Hepatol Res.

2007; 37: 517–523. https://doi.org/10.1111/j.1872-034X.2007.00077.x PMID: 17539994

18. Grecian SM, McLachlan S, Fallowfield JA, Kearns PKA, Hayes PC, Guha NI, et al. Non-invasive risk

scores do not reliably identify future cirrhosis or hepatocellular carcinoma in Type 2 diabetes: The Edin-

burgh type 2 diabetes study. Liver Int. 2020; 40: 2252–2262. https://doi.org/10.1111/liv.14590 PMID:

32638496

19. World Bank. World Bank-Data Development Indicators (Total Alcohol Consumption per person, 2016).

2017 [cited 27 Jul 2021]. Available: https://ourworldindata.org/grapher/hepatitis-b-incidence-sdgs

20. International Diabetes Federation. Diabetes Prevalence 2017. In: OurWorldInData.org [Internet]. 2017

[cited 5 Aug 2021]. Available: https://ourworldindata.org/grapher/diabetes-prevalence

21. OECD. Avoidable mortality (preventable and treatable). OECD Publishing; 2020. pp. 72–74. https://doi.

org/10.1787/6cf53429-en

22. Azizah AM, Nor Saleha IT, Noor Hashimah A, Asmah ZA, Mastulu W. Malaysian National Cancer Reg-

istry Report 2007–2011, Malaysia Cancer Statistics, Data and Figure. National Cancer Institue. 2016;

16: 203. MOH/P/KN/01.16(AR)

PLOS ONE Risk factors of hepatocellular carcinoma in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0260675 December 9, 2021 16 / 20

https://doi.org/10.1001/jamaoncol.2017.3055
http://www.ncbi.nlm.nih.gov/pubmed/28983565
https://doi.org/10.1002/hep.29498
http://www.ncbi.nlm.nih.gov/pubmed/28859220
https://doi.org/10.1016/S1470-2045%2812%2970211-5
https://doi.org/10.1016/S1470-2045%2812%2970211-5
http://www.ncbi.nlm.nih.gov/pubmed/22658655
https://doi.org/10.5005/jp-journals-10018-1259
http://www.ncbi.nlm.nih.gov/pubmed/29963463
https://doi.org/10.5306/wjco.v8.i6.429
http://www.ncbi.nlm.nih.gov/pubmed/29291167
https://doi.org/10.1038/s41575-019-0186-y
http://www.ncbi.nlm.nih.gov/pubmed/31439937
https://doi.org/10.1002/ijc.26165
http://www.ncbi.nlm.nih.gov/pubmed/21544812
https://doi.org/10.1155/2017/5202684
http://www.ncbi.nlm.nih.gov/pubmed/29379799
https://doi.org/10.1371/journal.pone.0158066
https://doi.org/10.1371/journal.pone.0158066
http://www.ncbi.nlm.nih.gov/pubmed/27359325
https://doi.org/10.1053/j.seminoncol.2018.07.006
http://www.ncbi.nlm.nih.gov/pubmed/30342872
https://doi.org/10.1002/ijc.29321
http://www.ncbi.nlm.nih.gov/pubmed/25387451
https://doi.org/10.1097/CEJ.0000000000000038
http://www.ncbi.nlm.nih.gov/pubmed/24809655
https://doi.org/10.1016/j.cmpb.2015.11.009
http://www.ncbi.nlm.nih.gov/pubmed/26701199
https://doi.org/10.1002/hep.26087
http://www.ncbi.nlm.nih.gov/pubmed/22991257
https://doi.org/10.1111/j.1872-034X.2007.00077.x
http://www.ncbi.nlm.nih.gov/pubmed/17539994
https://doi.org/10.1111/liv.14590
http://www.ncbi.nlm.nih.gov/pubmed/32638496
https://ourworldindata.org/grapher/hepatitis-b-incidence-sdgs
https://ourworldindata.org/grapher/diabetes-prevalence
https://doi.org/10.1787/6cf53429-en
https://doi.org/10.1787/6cf53429-en
https://doi.org/10.1371/journal.pone.0260675


23. Manan A, Abdullah NH, Mohd Yusof K. Malaysian study on cancer survival (MySCan). National Cancer

Institute, Ministry of Health Malaysia. 2018. Available: http://nci.moh.gov.my/index.php/ms/main-menu-

2/laporan

24. Ministry of Health Malaysia (MOH). Specialty & Subspecialty Framework Of Ministry of Health Hospitals

Under 11th Malaysia Plan (2016–2020). Med Dev Div Minist Heal Malaysia. 2016. Available: http://

www.moh.gov.my/penerbitan/PelanStrategikBahagianPerkembanganPerubatan.pdf

25. Institute for Public Health Malaysia. National Health and Morbidity Survey (NHMS) 2019: Non-commu-

nicable diseases, healthcare demand, and health literacy—Key Findings. 2020. https://doi.org/10.

18356/be4d1601-en

26. Institute for Public Health (IPH). National Health and Morbidity Survey 2015 (NHMS 2015). Vol. II: Non-

Communicable Diseases, Risk Factors & Other Health Problems. Ministry of health. 2015. https://doi.

org/10.1017/CBO9781107415324.004

27. Dupont WD. Power Calculations for Matched Case-Control Studies. Biometrics. 1988; 44: 1157. https://

doi.org/10.2307/2531743 PMID: 3233252

28. Zheng Z, Zhang C, Yan J, Ruan Y, Zhao X, San X, et al. Diabetes mellitus is associated with hepatocel-

lular carcinoma: a retrospective case-control study in hepatitis endemic area. PLoS One. 2013; 8:

e84776. https://doi.org/10.1371/journal.pone.0084776 PMID: 24386416

29. Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, et al. Diagnosis, Staging, and Man-

agement of Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the

Study of Liver Diseases. Clinical Liver Disease. John Wiley and Sons Inc.; 2019. p. 1. https://doi.org/10.

1002/cld.802

30. Seaman SR, Keogh RH. Handling missing data in matched case-control studies using multiple imputa-

tion. Biometrics. 2015; 71: 1150–1159. https://doi.org/10.1111/biom.12358 PMID: 26237003

31. Kuo C-L, Duan Y, Grady J. Unconditional or Conditional Logistic Regression Model for Age-Matched

Case–Control Data? Front Public Heal. 2018;6. https://doi.org/10.3389/fpubh.2018.00057 PMID:

29552553

32. Pearce N. Analysis of matched case-control studies. BMJ. 2016;352. https://doi.org/10.1136/bmj.i969

PMID: 26916049

33. Janevska D, Chaloska-Ivanova V, Janevski V. Hepatocellular carcinoma: Risk factors, diagnosis and

treatment. Open Access Maced J Med Sci; 2015. pp. 732–736. https://doi.org/10.3889/oamjms.2015.

111 PMID: 27275318

34. Gao J, Xie L, Yang WS, Zhang W, Gao S, Wang J, et al. Risk factors of hepatocellular carcinoma—Cur-

rent status and perspectives. Asian Pac J Cancer Prev. Asian Pacific Organization for Cancer Preven-

tion; 2012. pp. 743–752. https://doi.org/10.7314/apjcp.2012.13.3.743 PMID: 22631642

35. International Diabetes Federation. IDF Diabetes Atlas, Ninth Edition 2019. The Lancet. 2019. https://

doi.org/10.1016/S0140-6736(55)92135-8

36. McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of Hepatocellular Carcinoma. Hepatology. 2021;

73: 4–13. https://doi.org/10.1002/HEP.31288 PMID: 32319693

37. Welzel TM, Graubard BI, Quraishi S, Zeuzem S, Davila JA, El-Serag HB, et al. Population-attributable

fractions of risk factors for hepatocellular carcinoma in the United States. Am J Gastroenterol. 2013;

108: 1314–1321. https://doi.org/10.1038/ajg.2013.160 PMID: 23752878

38. Pearson-Stuttard J, Zhou B, Kontis V, Bentham J, Gunter MJ, Ezzati M. Worldwide burden of cancer

attributable to diabetes and high body-mass index: a comparative risk assessment. Lancet Diabetes

Endocrinol. 2018; 6: 95–104. https://doi.org/10.1016/S2213-8587(17)30366-2 PMID: 29195904

39. Azmawati MN, Krisnan R. Roles of ethnicity in survival of hepatocellular carcinoma patients in Malaysia.

Asian Pacific J Cancer Prev. 2012; 13: 6023–6026. https://doi.org/10.7314/apjcp.2012.13.12.6023

PMID: 23464397

40. Goh K-L, Razlan H, Hartono JL, Qua C-S, Yoong B-K, Koh P-S, et al. Liver cancer in Malaysia: Epidemi-

ology and clinical presentation in a multiracial Asian population. J Dig Dis. 2015; 16: 152–158. https://

doi.org/10.1111/1751-2980.12223 PMID: 25512092

41. Chiang CH, Huang KC, Kuo CS, Lin WW, Su JH, Chen J De. Chronic viral hepatitis signifies the associ-

ation of premixed insulin analogues with liver cancer risks: A nationwide population-based study. Int J

Environ Res Public Health. 2019; 16: 1–11. https://doi.org/10.3390/ijerph16122097 PMID: 31200528

42. Abdullah N, Abdul Murad NA, Attia J, Oldmeadow C, Mohd Haniff EA, Syafruddin SE, et al. Characteriz-

ing the genetic risk for Type 2 diabetes in a Malaysian multi-ethnic cohort. Diabet Med. 2015; 32: 1377–

1384. https://doi.org/10.1111/dme.12735 PMID: 25711284

43. Tang R, Liu H, Yuan Y, Xie K, Xu P, Liu X, et al. Genetic factors associated with risk of metabolic syn-

drome and hepatocellular carcinoma. Oncotarget. 2017; 8: 35403–35411. https://doi.org/10.18632/

oncotarget.15893 PMID: 28515345

PLOS ONE Risk factors of hepatocellular carcinoma in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0260675 December 9, 2021 17 / 20

http://nci.moh.gov.my/index.php/ms/main-menu-2/laporan
http://nci.moh.gov.my/index.php/ms/main-menu-2/laporan
http://www.moh.gov.my/penerbitan/PelanStrategikBahagianPerkembanganPerubatan.pdf
http://www.moh.gov.my/penerbitan/PelanStrategikBahagianPerkembanganPerubatan.pdf
https://doi.org/10.18356/be4d1601-en
https://doi.org/10.18356/be4d1601-en
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.2307/2531743
https://doi.org/10.2307/2531743
http://www.ncbi.nlm.nih.gov/pubmed/3233252
https://doi.org/10.1371/journal.pone.0084776
http://www.ncbi.nlm.nih.gov/pubmed/24386416
https://doi.org/10.1002/cld.802
https://doi.org/10.1002/cld.802
https://doi.org/10.1111/biom.12358
http://www.ncbi.nlm.nih.gov/pubmed/26237003
https://doi.org/10.3389/fpubh.2018.00057
http://www.ncbi.nlm.nih.gov/pubmed/29552553
https://doi.org/10.1136/bmj.i969
http://www.ncbi.nlm.nih.gov/pubmed/26916049
https://doi.org/10.3889/oamjms.2015.111
https://doi.org/10.3889/oamjms.2015.111
http://www.ncbi.nlm.nih.gov/pubmed/27275318
https://doi.org/10.7314/apjcp.2012.13.3.743
http://www.ncbi.nlm.nih.gov/pubmed/22631642
https://doi.org/10.1016/S0140-6736%2855%2992135-8
https://doi.org/10.1016/S0140-6736%2855%2992135-8
https://doi.org/10.1002/HEP.31288
http://www.ncbi.nlm.nih.gov/pubmed/32319693
https://doi.org/10.1038/ajg.2013.160
http://www.ncbi.nlm.nih.gov/pubmed/23752878
https://doi.org/10.1016/S2213-8587%2817%2930366-2
http://www.ncbi.nlm.nih.gov/pubmed/29195904
https://doi.org/10.7314/apjcp.2012.13.12.6023
http://www.ncbi.nlm.nih.gov/pubmed/23464397
https://doi.org/10.1111/1751-2980.12223
https://doi.org/10.1111/1751-2980.12223
http://www.ncbi.nlm.nih.gov/pubmed/25512092
https://doi.org/10.3390/ijerph16122097
http://www.ncbi.nlm.nih.gov/pubmed/31200528
https://doi.org/10.1111/dme.12735
http://www.ncbi.nlm.nih.gov/pubmed/25711284
https://doi.org/10.18632/oncotarget.15893
https://doi.org/10.18632/oncotarget.15893
http://www.ncbi.nlm.nih.gov/pubmed/28515345
https://doi.org/10.1371/journal.pone.0260675


44. Colerangle JB. Gene-environmental interactions and susceptibility to liver cancer. Environmental Fac-

tors, Genes, and the Development of Human Cancers. New York, NY: Springer New York; 2010. pp.

331–365. https://doi.org/10.1007/978-1-4419-6752-7_13

45. Hatta MNA, Hanif EAM, Chin S-F, Neoh H. Pathogens and Carcinogenesis: A Review. Biol 2021, Vol

10, Page 533. 2021; 10: 533. https://doi.org/10.3390/biology10060533 PMID: 34203649

46. Abdullah N, Murad NAA, Attia J, Oldmeadow C, Kamaruddin MA, Jalal NA, et al. Differing contributions

of classical risk factors to type 2 diabetes in multi-ethnic Malaysian populations. Int J Environ Res Public

Health. 2018;15. https://doi.org/10.3390/ijerph15122813 PMID: 30544761

47. Jamal R, Syed Zakaria SZ, Kamaruddin MA, Abd Jalal N, Ismail N, Mohd Kamil N, et al. Cohort Profile:

The Malaysian Cohort (TMC) project: A prospective study of non-communicable diseases in a multi-eth-

nic population. Int J Epidemiol. 2015; 44: 423–431. https://doi.org/10.1093/ije/dyu089 PMID: 24729425

48. Are C, Meyer B, Stack A, Ahmad H, Smith L, Qian B, et al. Global trends in the burden of liver cancer. J

Surg Oncol. 2017; 115: 591–602. https://doi.org/10.1002/jso.24518 PMID: 28345140

49. Hughes DL, Neal RD, Lyratzopoulos G, Rubin G. Profiling for primary-care presentation, investigation

and referral for liver cancers: Evidence from a national audit. Eur J Gastroenterol Hepatol. 2016; 28:

428–432. https://doi.org/10.1097/MEG.0000000000000555 PMID: 26684694

50. Magram YC, Puttanniah V. Visceral pain in cancer. Cancer Rehabil Princ Pract Second Ed. 2018; 539–

544. https://doi.org/10.1891/9780826121646.0041

51. Sahu SK, Chawla YK, Dhiman RK, Singh V, Duseja A, Taneja S, et al. Rupture of Hepatocellular Carci-

noma: A Review of Literature. J Clin Exp Hepatol. 2019; 9: 245. https://doi.org/10.1016/j.jceh.2018.04.

002 PMID: 31024207

52. Marengo A, Rosso C, Bugianesi E. Liver Cancer: Connections with Obesity, Fatty Liver, and Cirrhosis.

Annu Rev Med. 2016; 67: 103–117. https://doi.org/10.1146/annurev-med-090514-013832 PMID:

26473416

53. Doycheva I, Zhang T, Amjad W, Thuluvath PJ. Diabetes and Hepatocellular Carcinoma: Incidence

Trends and Impact of Liver Disease Etiology. J Clin Exp Hepatol. 2020; 10: 296–303. https://doi.org/10.

1016/j.jceh.2019.11.004 PMID: 32655232

54. Stine JG, Wentworth BJ, Zimmet A, Rinella ME, Loomba R, Caldwell SH, et al. Systematic review with

meta-analysis: risk of hepatocellular carcinoma in non-alcoholic steatohepatitis without cirrhosis com-

pared to other liver diseases. Aliment Pharmacol Ther. Blackwell Publishing Ltd; 2018. pp. 696–703.

https://doi.org/10.1111/apt.14937 PMID: 30136293

55. Baffy G, Brunt EM, Caldwell SH. Hepatocellular carcinoma in non-alcoholic fatty liver disease: An

emerging menace. J Hepatol. 2012; 56: 1384–1391. https://doi.org/10.1016/j.jhep.2011.10.027 PMID:

22326465

56. Ministry of Health Malaysia. Clinical Practice Guidelines; Management of type 2 diabetes mellitus(6th

Ed). 2020. Available from: https://www.moh.gov.my/moh/resources/Penerbitan/CPG/Endocrine

57. Hassan MMM, Curley SASA, Li D, Kaseb A, Davila M, Abdalla EKEK, et al. Association of diabetes

duration and diabetes treatment with the risk of hepatocellular carcinoma. Cancer. 2010; 116: 1938–

1946. https://doi.org/10.1002/cncr.24982 PMID: 20166205

58. Kim G, Jang SY, Han E, Lee YH, Park SY, Nam CM, et al. Effect of statin on hepatocellular carcinoma

in patients with type 2 diabetes: A nationwide nested case-control study. Int J Cancer. 2017; 140: 798–

806. https://doi.org/10.1002/ijc.30506 PMID: 27861855

59. Chang Y, Liu Q, Zhou Z, Ding Y, Yang M, Xu W, et al. Can Statin Treatment Reduce the Risk of Hepato-

cellular Carcinoma? A Systematic Review and Meta-Analysis. Technol Cancer Res Treat. 2020;19.

https://doi.org/10.1177/1533033820934881 PMID: 32552476

60. Facciorusso A, Aziz MAA El, Singh S, Pusceddu S, Milione M, Giacomelli L, et al. Statin Use Decreases

the Incidence of Hepatocellular Carcinoma: An Updated Meta-Analysis. Cancers 2020, Vol 12, Page

874. 2020; 12: 874. https://doi.org/10.3390/cancers12040874 PMID: 32260179

61. Islam MM, Poly TN, Walther BA, Yang HC, Li YC. Statin use and the risk of hepatocellular carcinoma: A

meta-analysis of observational studies. Cancers. Cancers (Basel); 2020. https://doi.org/10.3390/

cancers12030671 PMID: 32183029

62. Singh S, Singh PP, Singh AG, Murad MH, Sanchez W. Statins Are Associated With a Reduced Risk of

Hepatocellular Cancer: A Systematic Review and Meta-analysis. Gastroenterology. 2013; 144: 323–

332. https://doi.org/10.1053/j.gastro.2012.10.005 PMID: 23063971

63. Mansourian PG, Yoneda M, Rao MK, Martinez FJ, Thomas E, Schiff ER. Effects of Statins on the Risk

of Hepatocellular Carcinoma. Gastroenterol Hepatol (N Y). 2014; 10: 417. Available: /pmc/articles/

PMC4302489/ PMID: 25904829

PLOS ONE Risk factors of hepatocellular carcinoma in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0260675 December 9, 2021 18 / 20

https://doi.org/10.1007/978-1-4419-6752-7
https://doi.org/10.3390/biology10060533
http://www.ncbi.nlm.nih.gov/pubmed/34203649
https://doi.org/10.3390/ijerph15122813
http://www.ncbi.nlm.nih.gov/pubmed/30544761
https://doi.org/10.1093/ije/dyu089
http://www.ncbi.nlm.nih.gov/pubmed/24729425
https://doi.org/10.1002/jso.24518
http://www.ncbi.nlm.nih.gov/pubmed/28345140
https://doi.org/10.1097/MEG.0000000000000555
http://www.ncbi.nlm.nih.gov/pubmed/26684694
https://doi.org/10.1891/9780826121646.0041
https://doi.org/10.1016/j.jceh.2018.04.002
https://doi.org/10.1016/j.jceh.2018.04.002
http://www.ncbi.nlm.nih.gov/pubmed/31024207
https://doi.org/10.1146/annurev-med-090514-013832
http://www.ncbi.nlm.nih.gov/pubmed/26473416
https://doi.org/10.1016/j.jceh.2019.11.004
https://doi.org/10.1016/j.jceh.2019.11.004
http://www.ncbi.nlm.nih.gov/pubmed/32655232
https://doi.org/10.1111/apt.14937
http://www.ncbi.nlm.nih.gov/pubmed/30136293
https://doi.org/10.1016/j.jhep.2011.10.027
http://www.ncbi.nlm.nih.gov/pubmed/22326465
https://www.moh.gov.my/moh/resources/Penerbitan/CPG/Endocrine
https://doi.org/10.1002/cncr.24982
http://www.ncbi.nlm.nih.gov/pubmed/20166205
https://doi.org/10.1002/ijc.30506
http://www.ncbi.nlm.nih.gov/pubmed/27861855
https://doi.org/10.1177/1533033820934881
http://www.ncbi.nlm.nih.gov/pubmed/32552476
https://doi.org/10.3390/cancers12040874
http://www.ncbi.nlm.nih.gov/pubmed/32260179
https://doi.org/10.3390/cancers12030671
https://doi.org/10.3390/cancers12030671
http://www.ncbi.nlm.nih.gov/pubmed/32183029
https://doi.org/10.1053/j.gastro.2012.10.005
http://www.ncbi.nlm.nih.gov/pubmed/23063971
http://www.ncbi.nlm.nih.gov/pubmed/25904829
https://doi.org/10.1371/journal.pone.0260675


64. Relja B, Meder F, Wilhelm K, Henrich D, Marzi I, Lehnert M. Simvastatin inhibits cell growth and induces

apoptosis and G0/G1 cell cycle arrest in hepatic cancer cells. Int J Mol Med. 2010; 26: 735–741. https://

doi.org/10.3892/ijmm_00000520 PMID: 20878096

65. Turati F, Galeone C, Rota M, Pelucchi C, Negri E, Bagnardi V, et al. Alcohol and liver cancer: A system-

atic review and meta-analysis of prospective studies. Annals of Oncology. Oxford University Press;

2014. pp. 1526–1535. https://doi.org/10.1093/annonc/mdu020 PMID: 24631946

66. Chuang SC, Lee YCA, Wu GJ, Straif K, Hashibe M. Alcohol consumption and liver cancer risk: a meta-

analysis. Cancer Causes Control. Kluwer Academic Publishers; 2015. pp. 1205–1231. https://doi.org/

10.1007/s10552-015-0615-3 PMID: 26134046

67. Rehm J, Imtiaz S. A narrative review of alcohol consumption as a risk factor for global burden of dis-

ease. Subst Abus Treat Prev Policy. 2016; 11: 1–12. https://doi.org/10.1186/s13011-016-0081-2 PMID:

27793173

68. Testino G, Leone S, Borro P. Alcohol and hepatocellular carcinoma: A review and a point of view. World

J Gastroenterol. WJG Press; 2014. pp. 15943–15954. https://doi.org/10.3748/wjg.v20.i43.15943 PMID:

25473148

69. Surana P, Hercun J, Takyar V, Kleiner DE, Heller T, Koh C. Platelet count as a screening tool for com-

pensated cirrhosis in chronic viral hepatitis. http://www.wjgnet.com/. 2021; 12: 40–50. https://doi.org/

10.4291/wjgp.v12.i3.40 PMID: 34084591

70. Ioannou GN, Green P, Lowy E, Mun EJ, Berry K. Differences in hepatocellular carcinoma risk, predic-

tors and trends over time according to etiology of cirrhosis. PLoS One. 2018; 13: e0204412. https://doi.

org/10.1371/journal.pone.0204412 PMID: 30260995

71. Lee TH, Kim WR, Poterucha JJ. Evaluation of Elevated Liver Enzymes. Clin Liver Dis. 2012; 16: 183.

https://doi.org/10.1016/j.cld.2012.03.006 PMID: 22541694

72. Mandal A, Bhattarai B, Kafle P, Khalid M, Jonnadula SK, Lamicchane J, et al. Elevated Liver Enzymes

in Patients with Type 2 Diabetes Mellitus and Non-alcoholic Fatty Liver Disease. Cureus. 2018;10.

https://doi.org/10.7759/cureus.3626 PMID: 30697502

73. Kim JM, Kwon CHD, Joh J-W, Park JB, Ko JS, Lee JH, et al. The effect of alkaline phosphatase and

intrahepatic metastases in large hepatocellular carcinoma. World J Surg Oncol 2013 111. 2013; 11: 1–

8. https://doi.org/10.1186/1477-7819-11-40 PMID: 23432910

74. Yu M-C, Chan K-M, Lee C-F, Lee Y-S, Eldeen FZ, Chou H-S, et al. Alkaline Phosphatase: Does it have

a Role in Predicting Hepatocellular Carcinoma Recurrence? J Gastrointest Surg 2011 158. 2011; 15:

1440–1449. https://doi.org/10.1007/s11605-011-1537-3 PMID: 21541770

75. Piras-Straub K, Khairzada K, Gerken G, Saner F, Treckmann J, Paul A, et al. Glutamate dehydroge-

nase and alkaline phosphatase as very early predictors of hepatocellular carcinoma recurrence after

liver transplantation. Digestion. 2015; 91: 117–127. https://doi.org/10.1159/000370212 PMID:

25662469

76. Jay WL. Renal dysfunction in patients with chronic liver disease. Electrolyte Blood Press. 2009; 7: 42–

50. https://doi.org/10.5049/EBP.2009.7.2.42 PMID: 21468185

77. Tateishi R, Matsumura T, Okanoue T, Shima T, Uchino K, Fujiwara N, et al. Hepatocellular carcinoma

development in diabetic patients: a nationwide survey in Japan. J Gastroenterol 2021 563. 2021; 56:

261–273. https://doi.org/10.1007/s00535-020-01754-z PMID: 33427937

78. Dipendra Kumar Jha Ankush Mittal, Satrudhan Pd Gupta1, Dipendra Raj, Pandeya, Brijesh Sathian.

Association of Type II Diabetes Mellitus with Hepatocellular Carcinoma Occurrence—a Case Control

Study from Kathmandu Valley. Asian Pacific J Cancer Prev J Cancer Prev. 2012; 13: 5097–5099.

https://doi.org/10.7314/APJCP.2012.13.10.5097 PMID: 23244117

79. Donadon V, Balbi M, Valent F, Avogaro A. Glycated hemoglobin and antidiabetic strategies as risk fac-

tors for hepatocellular carcinoma. World J Gastroenterol. 2010; 16: 3025–3032. https://doi.org/10.3748/

wjg.v16.i24.3025 PMID: 20572306

80. Kaiafa G, Veneti S, Polychronopoulos G, Pilalas D, Daios S, Kanellos I, et al. Is HbA1c an ideal bio-

marker of well-controlled diabetes? Postgrad Med J. 2021; 97: 380–383. https://doi.org/10.1136/

postgradmedj-2020-138756 PMID: 32913038

81. Singh S, Singh PP, Singh AG, Murad MH, Sanchez W. Anti-diabetic medications and the risk of hepato-

cellular cancer: a systematic review and meta-analysis. Am J Gastroenterol. 2013; 108: 881–891. Avail-

able: http://www.ncbi.nlm.nih.gov/pubmed/23381014 https://doi.org/10.1038/ajg.2013.5 PMID:

23381014

82. Zhou J, Ke Y, Lei X, Wu T, Li Y, Bao T, et al. Meta-analysis: The efficacy of metformin and other anti-

hyperglycemic agents in prolonging the survival of hepatocellular carcinoma patients with type 2 diabe-

tes. Ann Hepatol. 2020; 19: 320–328. https://doi.org/10.1016/j.aohep.2019.11.008 PMID: 31980358

PLOS ONE Risk factors of hepatocellular carcinoma in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0260675 December 9, 2021 19 / 20

https://doi.org/10.3892/ijmm%5F00000520
https://doi.org/10.3892/ijmm%5F00000520
http://www.ncbi.nlm.nih.gov/pubmed/20878096
https://doi.org/10.1093/annonc/mdu020
http://www.ncbi.nlm.nih.gov/pubmed/24631946
https://doi.org/10.1007/s10552-015-0615-3
https://doi.org/10.1007/s10552-015-0615-3
http://www.ncbi.nlm.nih.gov/pubmed/26134046
https://doi.org/10.1186/s13011-016-0081-2
http://www.ncbi.nlm.nih.gov/pubmed/27793173
https://doi.org/10.3748/wjg.v20.i43.15943
http://www.ncbi.nlm.nih.gov/pubmed/25473148
http://www.wjgnet.com/
https://doi.org/10.4291/wjgp.v12.i3.40
https://doi.org/10.4291/wjgp.v12.i3.40
http://www.ncbi.nlm.nih.gov/pubmed/34084591
https://doi.org/10.1371/journal.pone.0204412
https://doi.org/10.1371/journal.pone.0204412
http://www.ncbi.nlm.nih.gov/pubmed/30260995
https://doi.org/10.1016/j.cld.2012.03.006
http://www.ncbi.nlm.nih.gov/pubmed/22541694
https://doi.org/10.7759/cureus.3626
http://www.ncbi.nlm.nih.gov/pubmed/30697502
https://doi.org/10.1186/1477-7819-11-40
http://www.ncbi.nlm.nih.gov/pubmed/23432910
https://doi.org/10.1007/s11605-011-1537-3
http://www.ncbi.nlm.nih.gov/pubmed/21541770
https://doi.org/10.1159/000370212
http://www.ncbi.nlm.nih.gov/pubmed/25662469
https://doi.org/10.5049/EBP.2009.7.2.42
http://www.ncbi.nlm.nih.gov/pubmed/21468185
https://doi.org/10.1007/s00535-020-01754-z
http://www.ncbi.nlm.nih.gov/pubmed/33427937
https://doi.org/10.7314/APJCP.2012.13.10.5097
http://www.ncbi.nlm.nih.gov/pubmed/23244117
https://doi.org/10.3748/wjg.v16.i24.3025
https://doi.org/10.3748/wjg.v16.i24.3025
http://www.ncbi.nlm.nih.gov/pubmed/20572306
https://doi.org/10.1136/postgradmedj-2020-138756
https://doi.org/10.1136/postgradmedj-2020-138756
http://www.ncbi.nlm.nih.gov/pubmed/32913038
http://www.ncbi.nlm.nih.gov/pubmed/23381014
https://doi.org/10.1038/ajg.2013.5
http://www.ncbi.nlm.nih.gov/pubmed/23381014
https://doi.org/10.1016/j.aohep.2019.11.008
http://www.ncbi.nlm.nih.gov/pubmed/31980358
https://doi.org/10.1371/journal.pone.0260675


83. Ministry of Health Malaysia (MOH). National Diabetes Registry Report 2013–2019. Dis Control Div Min-

ist Heal Malaysia. 2020. Available from: https://www.moh.gov.my/moh/resources/Penerbitan/Rujukan/

NCD/Diabetes/National_Diabetes_Registry_Report_2013-2019_26082021.pdf

84. Chan SP. Diabetes Care Model in Malaysia. J ASEAN Fed Endocr Soc. 2015; 30: 100–104. https://doi.

org/10.15605/jafes.030.02.09

85. Bernieh B. Viral hepatitis in hemodialysis: An update. J Transl Intern Med. 2015; 3: 93. https://doi.org/

10.1515/jtim-2015-0018 PMID: 27847896

PLOS ONE Risk factors of hepatocellular carcinoma in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0260675 December 9, 2021 20 / 20

https://www.moh.gov.my/moh/resources/Penerbitan/Rujukan/NCD/Diabetes/National_Diabetes_Registry_Report_2013-2019_26082021.pdf
https://www.moh.gov.my/moh/resources/Penerbitan/Rujukan/NCD/Diabetes/National_Diabetes_Registry_Report_2013-2019_26082021.pdf
https://doi.org/10.15605/jafes.030.02.09
https://doi.org/10.15605/jafes.030.02.09
https://doi.org/10.1515/jtim-2015-0018
https://doi.org/10.1515/jtim-2015-0018
http://www.ncbi.nlm.nih.gov/pubmed/27847896
https://doi.org/10.1371/journal.pone.0260675

