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Abstract

Background Although type 2 diabetes mellitus (T2DM) is

a known risk factor for hepatocellular carcinoma (HCC)

development, the annual incidence in diabetes patients is

far below the threshold of efficient surveillance. This study

aimed to elucidate the risk factors for HCC in diabetic

patients and to determine the best criteria to identify

surveillance candidates.

Methods The study included 239 patients with T2DM who

were diagnosed with non-viral HCC between 2010 and

2015, with C 5 years of follow-up at diabetes clinics of 81

teaching hospitals in Japan before HCC diagnosis, and

3277 non-HCC T2DM patients from a prospective cohort

study, as controls. Clinical data at the time of and 5 years

before HCC diagnosis were collected.

Results The mean patient age at HCC diagnosis was

approximately 73 years, and 80% of the patients were

male. The proportion of patients with insulin use increased,

whereas the body mass index (BMI), proportion of patients

with fatty liver, fasting glucose levels, and hemoglobin
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A1c (HbA1c) levels decreased significantly in 5 years. In

the cohort study, 18 patients developed HCC during the

mean follow-up period of 4.7 years with an annual inci-

dence of 0.11%. Multivariate logistic regression analyses

showed that the FIB-4 index was an outstanding predictor

of HCC development along with male sex, presence of

hypertension, lower HbA1c and albumin levels, and higher

BMI and gamma-glutamyl transpeptidase levels. Receiver-

operating characteristic analyses showed that a FIB-4 cut-

off value of 3.61 could help identify high-risk patients,

with a corresponding annual HCC incidence rate of 1.1%.

Conclusion A simple calculation of the FIB-4 index in

diabetes clinics can be the first step toward surveillance of

HCC with a non-viral etiology.

Keywords Hepatocellular carcinoma � Type 2 diabetes

mellitus � FIB-4 index

Introduction

Globally, liver cancer is the seventh most common cancer

and the fourth most common cause of death [1]. In hepa-

tocellular carcinoma (HCC), which accounts for 70% to

85% of all liver cancers [2], chronic viral hepatitis plays a

major role; approximately 77% of liver cancer cases were

estimated to be attributable to either hepatitis B virus

(HBV) or hepatitis C virus (HCV) infection in 2008 [3].

While HCC is a typical example of virus-related cancer,

it is also strongly related to lifestyle. Chronic alcoholism is

a classical risk factor [4]. Growing evidence suggests that

obesity and diabetes increase various cancer risks [5–9],

and the liver is one of the organs upon which obesity and

obesity-associated conditions have the largest impact

[5, 8, 10, 11]. Obesity and diabetes represent the largest

risk factors for liver cancer development in the United

States [12], and the increase in the incidence of HCC was

the highest among all types of cancers between 2003 and

2012 [13].

Due to changes in dietary habits in the last four decades,

the proportion of overweight males has continued to

increase for all ages and in elderly females in Japan. The

increase in the overweight and obese population has

resulted in an increased number of patients with diabetes

mellitus and fatty liver [14, 15]. The Japan Diabetes

Society (JDS) conducted a nationwide survey investigating

causes of death in 45,708 diseased Japanese patients with

diabetes from 2001–2010 [16]. According to the report, the

most frequent cause of death was malignant neoplasia

(38.3%), followed by infections (17.0%), and then vascular

diseases (14.9%). The liver was the second commonest site

of cancer-related death after the lung in Japanese diabetic

patients, whereas it ranked fifth in the general Japanese

population [17]. We also reported that the incidence of

HCC with a non-viral etiology increased rapidly between

1991 and 2015 in Japan from a nationwide survey

including more than 7000 patients with non-viral etiology

[18]. In that report, we concluded that the increase in the

rate of obesity among Japanese males over the last three

decades has contributed to the increase based on the larger

proportion of obese and diabetic patients in the cohort.

International guidelines for HCC recommend surveil-

lance for HCC in cirrhotic patients [19–21]. However, the

precise definition of at-risk population is still controversial.

Generally, the definition should be based on the incidence

of HCC and potential therapeutic options to be applied.

Some reports suggested that an annual incidence of

1.5–2.0% would warrant the cost-effectiveness of HCC

surveillance. According to a large-scale case–control study

using the Surveillance Epidemiology and End-Results

Program (SEER) database, diabetes carries a threefold

increase in the risk of HCC, which is much lower than the

24-fold increased risk of HBV and HCV [20, 22]. The

estimated annual incidence of HCC development in dia-

betic patients is less than 0.1% [23], far below the threshold

of efficient surveillance. To elucidate the risk factors for

HCC in Japanese diabetic patients and provide the best

criteria for surveillance candidates, we conducted a nation-

wide survey.

Patients and methods

Study protocol

This study was conducted as a collaborative project of

Japan Society of Hepatology (JSH) and JDS to elucidate

the actual profile of hepatocellular carcinoma in diabetes

clinics (LUCID). An invitation letter for study participation

was sent to 333 hospitals that were certified as education

hospitals by both JSH and JDS. The study protocol was

approved by the University of Tokyo Medical Research

Center Ethics Committee (approval number 11336) and the

Institutional Review Board or Ethics Committee of each

participating institution. The requirement for informed

consent was waived because of the retrospective design.

This study was registered with the University Hospital

Medical Information Network (UMIN) Clinical Trial

Registry (UMIN000026246).

Patients with HCC in diabetes clinics

Patients with type 2 diabetes mellitus (T2DM) were eligi-

ble if they were initially diagnosed with HCC at partici-

pating hospitals between 2010 and 2015, were negative for

both hepatitis B surface antigen (HBsAg) and anti-HCV
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antibody, and had been followed up at a diabetes clinic at

the same hospital for at least 5 years before the diagnosis

of HCC. HCC was diagnosed pathologically or using

imaging criteria on the basis of the Japanese Clinical

Practice Guidelines. Hyperattenuation during the arterial

phase with washout during the late phase on dynamic CT

or dynamic MRI images was regarded as a specific finding

[24].

Data collection

The patients were registered via an electronic data capture

system designed by the investigators. We collected data at

two points: at the initial diagnosis of HCC and 5 years

before the diagnosis of HCC (Fig. 1). The following patient

characteristics were collected: age, sex, body height, body

weight, daily alcohol consumption, calendar year of the

initial diagnosis of diabetes, type of diabetes, family his-

tory of diabetes, medical comorbidities including hyper-

tension, dyslipidemia, and fatty liver, diabetic

complications, laboratory data, tumor characteristics, and

treatment modalities. The body mass index (BMI), Child–

Turcotte–Pugh (CTP) score [25], aspartate aminotrans-

ferase (AST) to platelet ratio index (APRI) [26], and

fibrosis-4 (FIB-4) index [27] were calculated automatically

using the obtained data. The formulae for APRI and FIB-4

were as follows.

APRI ¼ AST =ULNð Þ
Platelet count 109=Lð Þ � 100

FIB � 4 ¼ Age yð Þ � AST U=Lð Þ
Platelet count 109=Lð Þ �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ALT U=Lð Þ
p

Cohort study

We utilized a pre-existing Japanese nationwide cohort of

diabetic patients that enrolled patients with T2DM who

visited diabetes clinics at nine participating hospitals from

2008 to 2009. A follow-up survey was conducted in 2015

to collect data at 5 years, including information regarding

HCC development. The detailed protocol of the study was

described elsewhere [28, 29].

We retrieved data from the database by excluding the

following patients: those who did not have follow-up data

including vital status, missing values in age, or with

chronic hepatitis B or C. From April 1, 2012, JDS officially

started to use the National Glycohemoglobin Standardiza-

tion Program (NGSP) value of glycated hemoglobin

(HbA1c) instead of the original JDS value. As the HbA1c

value in the cohort study was obtained using the JDS value,

the value was converted according to the following

formula.

HbA1c% NGSPð Þ ¼ 1:02 � HBA1c% JDSð Þ þ 0:25%

Statistical analysis

Data were expressed as mean ± standard deviation when

they were approximately normally distributed or otherwise

as median with 25th–75th percentiles for continuous vari-

ables and numbers with percentages for categorical

variables.

The Student t test or the Wilcoxon rank-sum test was

used for comparisons between two continuous variables.

For paired continuous variables, the paired Student’s t test

or the Wilcoxon signed-rank test was used. Differences in

the distribution at two time points were assessed using

McNemar’s test. A logistic regression was used to assess

the risk factors for HCC development. We used a receiver

operating characteristic (ROC) curve for the assessment of

sensitivity, specificity, and likelihood ratio for the positive

results of the FIB-4 index. Estimated 5-year HCC rates

according to FIB-4 index values were calculated on the

basis of Bayes’ theorem using annual HCC incidence from

the cohort study.

All statistical analyses were performed using SAS

software (version 9.4, SAS Institute, Cary, NC) or R soft-

ware (ver. 3.2.3; R Development Core Team, Vienna,

Austria). All tests were two-sided, and P values\ 0.05

were considered to indicate statistical significance.

Fig. 1 Data collection. Patients

are enrolled if they were

followed-up at the same

diabetes clinic for at least

5 years. Data at the time of

diagnosis and 5 years before the

initial diagnosis of HCC are

collected. HCC, hepatocellular

carcinoma
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Results

HCC patient profile

From 272 diabetic patients who were diagnosed at 81

participating hospitals during the study period, we enrolled

239 by excluding those with type 1 diabetes (N = 3),

missing values for the exact date of the initial and last visits

and HCC diagnosis (N = 7), unknown duration of diabetes

(N = 6), hepatitis C status (N = 4), fasting glucose (N = 3),

tumor size or number (N = 7), and presence of vascular

invasion and extrahepatic metastasis (N = 3) (Appendix

Fig. 5).

Baseline characteristics of the HCC patients with T2DM

5 years before and at the time of HCC diagnosis are shown

in Table 1. The mean patient age at HCC diagnosis was

approximately 73 years, and 80% of the patients were

male. The median interval between the initial diagnosis of

diabetes and HCC was 12 years. During the follow-up

period of 5 years, the proportion of patients with insulin

use increased while BMI and the proportion of patients

with fatty liver, fasting glucose, and HbA1c decreased

significantly.

Regarding the tumor characteristics, the median size of

the main tumor was 3.5 cm, and approximately 60% of

patients had a single tumor. A total of 123 patients (51.0%)

were diagnosed within the Milan criteria (single tumor not

larger than 5 cm or three or fewer tumors, none of which

exceeded 3 cm without vascular invasion or extrahepatic

metastasis) [30]. In 224 patients in whom the Child–Pugh

class could be calculated, 176 (78.6%), 39 (17.4%), and

nine (4.0%) were categorized as class A, B, and C,

respectively. As a consequence, 130 patients (54.4%)

underwent surgical resection or ablation.

Cohort study

From 5,642 diabetic patients registered in the database, we

enrolled 3295 after excluding type 1 diabetes mellitus

(N = 36), those without follow-up data (N = 1598), with

chronic hepatitis B or C (N = 217), with previous HCC

history at enrollment (N = 39), and with missing values for

age, exact date of initial and the last visits, and HCC status

at the last visit (N = 457) (Appendix Fig. 6).

During the mean follow-up period of 4.7 years, 18

patients developed HCC (Fig. 2). The annual HCC inci-

dence calculated by the person-year method was 0.11%

[95% confidence interval (CI), 0.068–0.181%]. The base-

line characteristics of patients who developed HCC were

similar to that of HCC patients in the current study

(Table 2).

Risk factors for HCC development

The HCC patients from the current study and those from

the cohort study were combined after excluding overlap-

ping cases (N = 4) (Appendix Fig. 7). Logistic regression

analysis was performed to elucidate the risk factors for

HCC development.

In univariate analyses, the following factors were asso-

ciated with an increased risk of development of HCC: male

sex, old age, higher BMI, AST, ALT, GGT, FIB-4 and

APRI, lower platelet count, HbA1c, and albumin, and the

presence of hypertension. To avoid multicollinearity, we

evaluated several multivariate models. The results from the

final model are shown in Fig. 3. Other tested models are

shown in Appendix Table 4. Male sex, presence of

hypertension, lower HbA1c and albumin, and higher GGT

and FIB-4 were significant predictors of HCC development

in diabetic patients. The presence of dyslipidemia was a

negative risk factor with marginal significance.

ROC analysis

Since the FIB-4 index at entry showed a remarkable impact

on HCC development, we performed an ad-hoc analysis to

evaluate various cut-off values for FIB-4 and sensitivity,

specificity, and positive likelihood ratio for the HCC

incidence using ROC analysis (Fig. 4). When a cut-off

value of 2.67 was applied, which was recommended as the

best indicator for advanced fibrosis [31], the sensitivity was

approximately 50%. We found that the cut-off value of

3.61 maximized the positive likelihood ratio, and the cor-

responding annual HCC incidence rate was estimated at

1.1% (Table 3). The result was robust after excluding those

with a history of heavy alcohol drinking (C 60 g/day)

(Appendix Fig. 8).

Discussion

Diabetes is recognized as a well-established risk factor for

HCC, however, other risk factors in diabetes patients

without viral hepatitis have rarely been investigated so far

because of the low incidence rate in the population [32]. In

this study, we elucidated various potential risk factors for

HCC, including male sex, old age, higher BMI, and higher

FIB-4. The FIB-4 index, in particular, showed outstanding

ability for extracting a high-risk group for surveillance.

Among various mechanisms that have been suggested as

involved in the link between diabetes and hepatocarcino-

genesis, insulin resistance and subsequent hyperinsuline-

mia, a key driver in metabolic syndrome, play a major role

[33]. Nonalcoholic fatty liver disease (NAFLD), known as

a hepatic manifestation of metabolic syndrome, and its
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Table 1 Patient characteristics 5 years before and at the time of HCC diagnosis (N = 239)

Five years before HCC diagnosis At the time of HCC diagnosis P

Follow-up period, years 5.00 ± 0.33 –

Age, years 67.8 ± 8.8 72.8 ± 8.8

Male, n (%) 191 (79.9) –

Diabetes duration, years 7 (3–14) 12 (8–19)

Diabetic complications, n (%) 117 (49.0) –

Alcohol consumption, g/day

B 20, n (%) 159 (66.5) –

[ 20 and\ 60, n (%) 41 (17.2) –

C 60, n (%) 39 (16.3) –

BMI, kg/m2 26.0 ± 4.5 25.5 ± 4.8 0.01

Diabetes treatment 0.001

Diet only, n (%) 23 (9.6) 18 (7.5)

Oral antidiabetic, n (%) 145 (60.7) 133 (55.6)

Insulin, n (%) 71 (29.7) 88 (36.8)

Diabetes complications, n (%) 117 (49.0) –

Hypertension, n (%) 168 (70.3) 174 (72.3) 0.32

Dyslipidemia, n (%) 109 (45.6) 111 (46.4) 0.87

Fatty liver, n (%)a 108 (60.3) 110 (51.2) 0.03

Fasting glucose, mg/dL 143 (121–181) 132 (110–173) 0.02

HbA1c, % 7.1 (6.5–8.1) 6.9 (6.3–7.6) \ 0.0001

Total cholesterol, mg/dL 181.1 ± 34.8 –

Albumin, g/dL 4.07 ± 0.41 3.83 ± 0.57 \ 0.0001

AST, U/Lb 36 (25–46) 37 (26–52) 0.10

ALT, U/Lc 34 (22–47) 26 (19–41) 0.001

GGT, U/Ld 60 (34–142) 83 (45–160) 0.08

Creatinine, mg/dLe 0.80 (0.68–0.98) 0.87 (0.71–1.13) \ 0.0001

Hemoglobin, mg/dLf 13.9 ± 1.8 12.7 ± 2.2 \ 0.0001

Platelet count, 104/lL 15.5 (11.7–19.6) 14.6 (10.1–20.0) 0.17

APRIg 0.62 (0.38–1.10) 0.73 (0.41–1.28) 0.008

FIB-4 h 2.73 (1.90–4.30) 3.74 (2.43–5.76) \ 0.0001

HCC characteristics

Maximal tumor size, cm – 3.5 (2.0–6.5)

Maximal tumor B 3 cm, n (%) – 110 (46.0)

Single tumor, n (%) – 141 (59.0)

Vascular invasion, n (%) – 36 (15.1)

Extrahepatic metastasis, n (%) – 20 (8.4)

Within Milan criteria 123 (51.0)

AFP C 20 ng/mL, n (%) – 84 (36.1)

DCP C 100 mAU/mL, n (%)h – 120 (53.3)

HCC treatment

Resection, n (%) - 62 (25.9)

Ablation, n (%) – 68 (28.5)

TACE, n (%) – 117 (49.0)

Systemic therapy, n (%) – 8 (3.3)

Radiation therapy, n (%) – 3 (1.3)

Supportive care, n (%) 24 (10.0)

Data are expressed as mean ± standard deviation when approximately normally distributed or otherwise median (25th–75th percentiles) for continuous
variables and number (percentage) for categorical variables

Data are missing for a60, b7, c7, d19, e8, f9, g12, and h13 patients 5 years before HCC diagnosis and a24, d5, and h4 patients at HCC diagnosis

AST aspartate aminotransferase; ALT alanine aminotransferase; AFP alpha-fetoprotein; BMI body mass index; DCP des-gamma-carboxy prothrombin;
FIB-4 fibrosis-4; GGT gamma-glutamyl transpeptidase; APRI AST to platelet ratio index; HbA1c hemoglobin A1c; TACE transarterial chemoembolization
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progressive form, nonalcoholic steatohepatitis (NASH), are

evident background conditions of HCC development [32].

However, the HCC incidence rate in NAFLD or NASH

patients is as low as less than 0.1 per year unless the

patients progress to cirrhosis [34–36]. Therefore, to iden-

tify patients with advanced fibrosis is mandatory for the

surveillance of non-viral HCC. Besides, hepatic steatosis

decreases according to disease progression, and in the final

stage of the disease, known as burned-out NASH, fatty

liver cannot be detected by regular ultrasonography [37].

The proportion of patients with fatty liver decreased during

the follow-up period of this study. Therefore, the presence

of fatty liver is not necessary for the enrollment of

surveillance.

The FIB-4 index was originally developed for the pre-

diction of significant fibrosis in patients with HIV/HCV

coinfection [27]. Now, it is widely used for prediction of

various liver diseases, including NAFLD [31]. Since the
Fig. 2 Kaplan–Meier estimate of cumulative incidence of hepato-

cellular carcinoma in the cohort study

Table 2 Characteristics of

patients in the cohort study
HCC

N = 18

non-HCC

N = 3277

P

Age at entry, years 69.72 ± 10.3 63.3 ± 12.2 0.02

Male, n (%) 13 (72.2) 1887 (57.6) 0.21

Alcohol consumption, g/daya \ 0.0001

B 20, n (%) 9 (50.0) 2307 (80.5)

[ 20 and\ 60, n (%) 4 (22.2) 433 (15.1)

C 60, n (%) 5 (27.8) 126 (4.4)

BMI, kg/m2 25.9 (22.5–27.0) 24.0 (21.6–26.9) 0.25

Diabetes treatmentb 0.80

Diet only, n (%) 4 (22.2) 520 (16.5)

Oral antidiabetic, n (%) 9 (50.0) 1626 (51.7)

Insulin, n (%) 5 (27.8) 999 (31.8)

Hypertension, n (%) 11 (61.1) 1680 (51.3) 0.40

Dyslipidemia, n (%) 6 (33.3) 1594 (48.6) 0.29

Fasting glucose, mg/dL 121 (112–138) 144 (119–184) 0.03

HbA1c, % 6.5 (5.75–7.35) 7.4 (6.70–8.40) 0.007

Total cholesterol, mg/dLc 163.4 ± 35.1 194.5 ± 39.7 0.003

Albumin, g/dLd 3.77 ± 0.40 4.21 ± 0.41 0.0003

AST, U/Le 36.5 (25–46) 21 (18–28) \ 0.0001

ALT, U/Lf 33.5 (22–53) 21 (15–31) 0.009

GGT, U/Lg 89.5 (36–173) 27 (18–47) 0.001

Platelet count, 104/lLh 18.3 (10.1–19.9) 21.3 (17.7–25.0) \ 0.0001

APRIi 0.534 (0.450–0.474) 0.275 (0.204–0.383) \ 0.0001

FIB-4j 2.33 (1.02–4.74) 1.47 (1.04–2.03) \ 0.0001

Data are expressed as mean ± standard deviation when approximately normally distributed or otherwise

median (25th–75th percentiles) for continuous variables and number (percentage) for categorical variables

Data are missing for c2, d1, g2, and h12 patients with HCC, and a412, b132, c268, d324, e31, f30, g101, h153,
i158, and j160 patients without HCC

HCC hepatocellular carcinoma; AST aspartate aminotransferase; ALT alanine aminotransferase; BMI body

mass index; GGT gamma-glutamyl transpeptidase; APRI AST to platelet ratio index; HbA1c hemoglobin

A1c
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FIB-4 index includes age, there can be an argument that it

overestimates liver fibrosis in elderly patients [38]. How-

ever, this disadvantage of the FIB-4 index in fibrosis esti-

mation is rather an advantage in the risk estimation for

HCC because old age is a strong risk factor in

hepatocarcinogenesis. The APRI, another commonly used

index for liver fibrosis, showed similar but slightly smaller

predictive power than the FIB-4 index since the former

does not include age as a component.

Although the specific protocol of surveillance for HCC

in diabetes patients is open to debate, it would be a good

idea to use the FIB-4 index as an entry test. Once-a-year

examination of AST, ALT, and platelet count is inexpen-

sive and acceptable. The cut-off value of 3.61 may identify

patients at a 1% annual risk of HCC development. How-

ever, since the cut-off value misses approximately two-

thirds of HCC patients, a two-step screening strategy

combining FIB-4 and other non-invasive tests would be

better. For that purpose, the cut-off value of 2.67 is a

promising candidate. If the cut-off value of 2.67 was

applied, approximately 10% of patients in the T2DM

cohort would have undergone further examination.

In this study, higher BMI indicated an increased risk of

HCC even after adjustment for other risk factors. Obesity, a

key component of metabolic syndrome, causes adipose

tissue remodeling and induces increased secretion of pro-

inflammatory adipokines, including TNF-a and IL-6, and

decreased anti-inflammatory adipokines like adiponectin,

which potentially accelerates hepatocarcinogenesis

[39, 40]. Obesity is reported to be a risk factor for HCC in

both hepatitis B and C [41, 42].

Among key components of metabolic syndrome, whilst

hypertension was an independent risk factor for HCC in

this study, dyslipidemia was inversely related to HCC

Fig. 3 Multivariate logistic regression for HCC development (final model). The closed circles indicate point estimates of hazard ratios. The

horizontal bars indicate 95% confidence interval. HCC, hepatocellular carcinoma

Fig. 4 Receiver-operating characteristics (ROC) curve of FIB-4 for

HCC development in diabetic patients. FIB-4, fibrosis-4; HCC,

hepatocellular carcinoma
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development, probably because of reduced cholesterol

synthesis in advanced liver diseases. It should be noted that

the absence of dyslipidemia along with decreased hepatic

steatosis may not indicate a lower risk of HCC. Similarly,

HbA1c superficially improved during the observation per-

iod of 5 years. This was mainly because the hemoglobin

level also decreased due to the shortened half-life of ery-

throcytes according to cirrhosis progression. Thus,

improved HbA1c values may also not indicate a decreased

risk of HCC.

Excessive alcohol intake is an established risk for HCC

[43]. In the present study, 16.3% of HCC patients and

27.8% of patients in the T2DM cohort who develop HCC

were categorized as heavy drinkers (C 60 g/day), whereas

the proportion was 4.4% in non-HCC patients. It is con-

troversial whether heavy alcohol drinkers with T2DM

should be treated within the same surveillance strategy for

non-drinkers and moderate drinkers or outside the frame-

work as a definite category of alcoholic liver disease. There

is a concern that the FIB-4 index may not be useful for

alcoholic liver disease in which AST elevation is more

prominent than NAFLD. However, our previous reports of

a nation-wide survey of non-viral HCC showed that the

FIB-4 index was stable compared to AST and GGT during

moderation in drinking [18].

The present study has several limitations. First, since the

number of HCC cases in the cohort study was only 18, the

annual incidence of HCC may not be statistically accurate.

The cut-off points of the FIB-4 index, which was based on

the incidence, should be validated in a prospective study.

Second, this study could not elucidate the effect of anti-

diabetic treatment on hepatocarcinogenesis. Metformin

reportedly reduces the risk of HCC in diabetic patients

[44]. We collected data regarding anti-diabetic treatment in

this study. However, as metformin was regarded as con-

traindicated for cirrhosis and treatment choice for anti-

diabetic drugs varies according to years, the statistical

power was not enough to obtain a robust result. Third, as

the HCC patients can be regarded as cancer-free for 5 years

ahead of HCC diagnosis according to the enrollment cri-

teria, the magnitude of risk factors for HCC development

may be underestimated. Nevertheless, the risk factors that

remained after multivariate analysis would be invariant.

Forth, the prospective cohort consisted only of patients

who were followed at the tertiary care hospitals. Since

those who were referred to other affiliated hospitals and

thus excluded from the prospective study might have a

better condition, the cumulative HCC incidence could be

overestimated.

In conclusion, we found various common risk factors for

HCC development in diabetic patients. A simple calcula-

tion of the FIB-4 index in diabetes clinics can be the first

step for the surveillance of HCC with non-viral etiology.

We would start a prospective study to validate the efficacy

of FIB-4-based surveillance strategy in the near future.
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Fig. 5 Patient enrollment flow:

hepatocellular carcinoma

patients at diabetes clinics

Fig. 6 Patient enrollment flow:

cohort study of diabetic patients
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Fig. 7 Patient enrollment: HCC

cases and non-HCC cases were

compared. * Overlapping cases

(N = 4) were excluded

Fig. 8 Receiver-operating characteristics (ROC) curve of fibrosis-4

for hepatocellular carcinoma: The subgroup analysis excludes those

with a history of alcohol intake C 60 g/day
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