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Abstract

Background and aims: A lot of case-control patient studies have investigated the association between diabetes mellitus (DM) and hepatocellular carcinoma (HCC).
Despite some controversial reports, it has been suggested that DM is associated with HCC. Therefore, it is necessary to delineate the involvement of DM, together
with other related risk factors, in HCC with large sample size and strict analysis methodology.

Methods: We conducted a hospital-based retrospective case-control study in Chongging. In total, 352 patients with liver diseases were enrolled in the study to
evaluate the association of DM and other risk factors with HCC. Among all these patients, 190 patients were diagnosed with benign liver diseases, and 162 patients
were diagnosed with HCC. We utilized binary logistic regression and stepwise logistic regression to investigate the associations among DM, hypertension, fatty liver,
cirrhosis, gallstone, HBV infection, and HCC.

Results: The stepwise regression model indicated that the prevalence of DM, male gender, cirrhosis, or HBV infection is higher in the HCC patient group compared
to the control group.DM co-exists with HBV infection, male gender, and age in the HCC cases. Binary logistic regression analysis suggested that DM may synergize
with HBV infection in HCC development. DM is associated with the increased risk of HCC regardless of the prevalence of male gender, cirrhosis, HBV infection,
and age.

Conclusions: The synergistic interaction between DM and HBV in HCC occurrence is significant. Therefore, DM patients with HBV infection represent a very
highrisk population and should be considered for HCC close surveillance program.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide [1]. Infection with hepatitis viruses are the leading
risk factors for HCC. China accounted for over 50% of HCC cases
worldwide, with over 70% of HCC cases linking to hepatitis B virus
(HBV) infection.

Increasing evidences suggested diabetes mellitus (DM) have strong
association with the incidence of HCC [2,3]. Although there were some
controversial reports [4], DM has been suggested as a risk factor for
the development of HCC. However, other risk factors, such as HBV,
hypertension, fatty liver, and cirrhosis, are involved in the development
of HCC in the presence of DM, which has not been well documented.
Only a few studies have followed populations with both chronic HBV
infection and metabolic disorders. Most studies used the normal
population or cancers as controls, and liver pathology and metabolic
disorders were not well matched between cases and controls.
Additionally, it has been speculated that DM may synergize with
other risk factors, such as age, male, gender for the development
of HCC.

In this study, we conducted a hospital-based case-control study to
investigate the association between DM and HCC in the presence of
other risk factors and strict analysis methodology. We concluded that
DM represents an independent or synergizing risk factor with HBV,
age, or male gender for HCC development in Chongging population.
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Methods
Ethics statement

We conducted a retrospective case-control study on liver disease
based on the liver disease patients in the First Affiliated Hospital of
Chongqing Medical University, from May 2015 to September 2016.This
study was approved by the Institutional Review Board (IRB) committee
of The First Affiliated Hospital of Chongqing Medical University
(approval documents attached). Written consent given by the patients
was waived by the approving IRB.

Study subjects

Cases were patients < 70 years of age with benign liver diseases or
HCC that went through surgeries in Chongqing. The case selection
criteria include: the patients have full blood testing information; the
first time patients (the returning patient cases were removed from the
study); and the HCC patients had yet received any cancer treatment at
study entry.
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In total, 352 participants had complete diagnostic records. Among
all these patients, 190 patients were diagnosed with benign liver
diseases, and 162 patients were diagnosed with HCC.

Statistical analysis

The distribution of the study variables was calculated using means
with standard deviations for normal continuous variables or using
median with quartile range for skewness variables, and frequencies and
percent for categorical variables. For continuous variable comparisons,
Student’s t tests were used when equality of variances was satisfied,
otherwise Satterthwaite-tests were conducted. We assessed effect of
each “risk” factor for HCC using binary logistic regression. Stepwise
logistic regression was performed in this study to find the most
parsimonious set of predictors that are most effective in predicting
HCC.

Results

Comparison of risk factors between HCC cases and their
controls

Among all these patients, 352 participants had complete diagnostic
records. Among all these patients, patients were diagnosed with benign
liver diseases, and 162 patients were diagnosed with HCC. Among all
these patients,190 patients were diagnosed with benign liver diseases,
and 162 patients were diagnosed with HCC. Among these HCC
patients, there were 142 men (87.7%) with a mean age of 57.49 + 11.86
years; 144 patients (88.9%) were positive for HBsAg (Table 1).

Comparison of Blood Risk Factors between the HCC and
Controls Groups

Comparison of blood risk factors between the HCC and controls
groups indicates significant differences between these two groups on
age, ALT, AST, LDH, GGT, ALP, TBA, CHE, GLU, BU and BC (Table
2). However, there was no significant difference in TG levels between
HCC and control groups.

The analysis of factors for hepatocellular carcinoma by binary
regression

Table 3 shows odds ratios by binary logistic regression model. The
risk factors that are strongly associated with HCC include: male gender
(OR =5.6, p <0.05), HBsAg (OR =2.401, p < 0.05), HCV infection (OR
=6.46, p < 0.0001), cirrhosis (OR = 4.417, p < 0.05), DM2 (OR = 1.827,
p < 0.05), and portal hypertension (OR = 5.231, p < 0.05). There is no
significant correlation between Hypertension and HCC (OR = 1.137, p
=0.768). We found that risk factors that are negatively correlated with
HCC include:

Tch (OR = 0.473, p = 0.047), and Apoal (OR = 0.67, p = 0.019).

Table 1. Comparison of Clinical indicators between HCC and Control groups.

Variable Control (n=190) HCC (n=162) X2 P
Frequency = Percent | Frequency | Percent

Male 124 65.3% 142 87.7% | 23.746 A <0.001
HBSAg" 110 57.9% 144 88.9% | 41.813 | <0.001
Anti-HCV 9 4.7% 3 2.1% 221 0.137
Portal pertension 154 81.1% 113 70.0% | 6.095 | 0.014
Diabetes 26 13.7% 20 12.3% | 0.138 | 0.028
Hypertension 24 12.6% 21 13.0% | 0.009 = 0.926
Fatty liver 4 2.1% 1 0.6% 1.41 0.235
Cirrhosis 178 93.7% 160 98.8% | 44.813 | <0.001
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Table 2. Comparison of blood indicators between HCC and Control groups.

Variable Contro.l (Mean = HCC SMean + P
SD/Median Q1-Q3) SD/MedianQ1-Q3)
Age 54.12+12.19 56.2+11.2 0.12
ALT 41.845 (12.75,44.25) 112.93 (35,93) <0.001
AST 59.76 (27,61.75) 213.4(57.75,228) <0.001
GGT 25.25(27,118.5) 272.6 (79,333.75) <0.001
ALP 128.6 (77,142) 249 (126.25,292) <0.001
LDH 337.3 (157.25,342) 883 (318.5,886.5) <0.001
CHE 3440.4 (2232.5,4106) 2956.7 (1953,3713) 0.007
Glu 58+£23 6.2+2.07 0.031
TBA 55.9(11,64.8) 82.5 0.0036
BU 12.9 (13.85,42.35) 132.5(21.9,87.55) <0.001
BC 30.9 (7.1,28.1) 52.4 (11,60.5) 0.002
TG 1.07+0.53 1.1+0.63 0.79

Table 3. The analysis of factors for hepatocellular carcinoma by binary regression.

Variable OR (95%CI) P
Male 5.6 (3.34-7.89) 0.013
Age 1.040 (0.923-1.172) 0.021
ALT 0.986 (0.937-1.037) 0.042
AST 1.015 (0.976-1.056) 0.025
GGT 1.017 (1.004-1.025) 0.016
ALP 1.004 (0.996-1.013) 0.026
LDH 1.002 (1.000-1.004) 0.041
CHE 0.999 (0.999-1.000) 0.035
TBA 1.006 (0.992-1.020) 0.064
BU 1.006 (0.982-1.031) 0.012
BC 0.991 (0.957-1.027) 0.012
TG 0.226 (0.004-1.345) 0.116
Tch 0.473(0.212-0.798) 0.047
HDL 0.065 (0.02-1.09) 0.072
LDL 0.04 (0.01-0.09) 0.045

APOAL1 0.67 (0.34-1.08) 0.019

APOB2 0.32 (0.12-0.67) 0.046
LPa 1.002 (0.996-1.123) 0.035

hs-CRP 1.057 (1.010-1.107) 0.017

HBsAg 2.401(1.462-3.939) <0.001
DM2 1.82 (0.871-3.833) 0.011
Cirrhosis 4.417 (1.927-9.478) 0.026
Portal pertension 5.231(2.178-12.890) 0.024

Hypertension 1.137 (0.536-2.410) 0.768

Fatty liver 0.27 (0.19-0.76) 0.024
Odds Ratio from Stepwise Logistic Regression Model for
HCC

We identified the effects of the independent variables associated
with HCC by calculating the odds ratios through stepwise logistic
regression model (Table 4). This model allowed us to identify the
association among the variables based on the information of all
patient cases (both control and HCC groups) enrolled. Note that it
is very common that many variables exist in a high throughput data
set, so multicollinearity frequently occurs when statistical models are
conducted. However, multi-collinearity can lead to unstable estimates
and inaccurate variances that affect hypothesis test and confidence
intervals [5]. For this study, we conducted Spearman correlation
analysis to detect the degree of correction between two quantitative
variables, and used Contingency Coefficients to measure the degree
of correlation between two category variables. In this model, HBV,
gender, and DM2 were still strongly associated with HCC in the
Chinese population. The values of odds ratio were trivially smaller (OR
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=4.059, OR = 1.72, OR = 2.085, respectively) than those in unadjusted
model. The strong association between DM and HCC is consistent with
cohort and case-control studies with the populations in US, Europe,
and other Asian populations [6-7].

Potential synergizing risk factors with DM in HCC cases

Having established the positive correlation between DM and HCC
by stepwise logistic regression analysis, we next defined the synergizing
factors that may interact with DM in HCC development. For this
purpose, we utilized binary logistic regression model to identify the risk
factors that are positively correlated with HCC in DM cases (Table 5).
Among these who were diagnosed with DM, the following risk factors
are positively correlated with HCC (by comparing to the control): male
gender (90.0% vs 59.1%), age, and HBV infection (60.0% vs 45.4%).
Taken together, our results implicate the importance of frequent
screening HCC in DM2 patients in the HBV prevalent area, especially
for those who had HBV infection.

Discussion

Increasing evidence has suggested the association between DM
and HCC in different populations [6-8]. In our study, both unadjusted
logistic regression and stepwise logistic regression analysis indicated
a strong and statistically significant association between DM and
HCC in Chongqing population where hepatitis is endemic. Our data
demonstrated that DM is strongly correlated with HCC development.
DM co-coexists with HBV infection, male gender, and age in HCC
development, suggesting the potential synergism among these risk
factors in driving HCC. The data is consistent with the previous studies
with the populations in US [9-10], Europe [7], and Asian [8,11].
Our study suggested that DM is a risk factor of HCC that may work
independently or synergistically with other risk factors.

The biological mechanism for the association between DM and
HCC is not well understood. Serum insulin increased in DM patients,
which represents a causative factor for the association between DM
and HCC. In this perspective, non-alcoholic steatohepatitis (NASH) is
an onset or manifestation of DM [12,13]. Therefore, NASH, the most
common liver disease that can be caused by metabolic dysregulation,
hepatic damage, or environmental stress [14,15], may account for
another mechanism underlying the association between DM and HCC.
Our study clearly showed the strong association of cirrhosis with HCC
(Tables 3,4). However, fatty liver is inversely correlated with HCC
in the patients we investigated (Table 3). The negative association of
hepatic steatosis with HCC may be due to the nature of this review
study in which the patients with benign fatty liver diseases had been
excluded from the HCC cases.

Table 4. Multivariate analyses for hepatocellular carcinoma by logistic regression.

Variable OR (95%CI) P
Age 1.034 (1.010-1.058) 0.005
ALP 1.008 (1.005-1.010) <0.001
Male 4.059 (2.072-7.951) <0.001

HBsAg 1.720 (1.090-2.998) 0.041
DM2 2.085 (0.956-4.550) 0.037

Table 5. The effect of DM with other risk factors on HCC.

Variable Control (n=22) HCC (n=20) OR(95%Cl) P
Frequency Pencentor| Frequency Pencentor
or Mean or SD or Mean or SD
Age 57.7 10.7 62.15 9.2 1.086 (1.001-1.179) | 0.048
Male 13 59.1% 18 90% 10.906 (1.694-73.678) | 0.014
HBsAg+ 10 45.4% 12 60% 1.828 (1.012-2.368) | 0.037
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We assessed the effect of each risk factor for HCC using binary
logistic regression in unadjusted model (Table 3). We used stepwise
logistic regression to find the most parsimonious set of predictors in
predicting HCC among the independent variables (Tables 3,4). In
this study, the correlation between HCC and DM was given in the
context of the associations among multiple risk factors, including
DM, hypertension, gallstone, cirrhosis, fatty liver, HBV infection.
Our study built adjusted stepwise logistic regression model to account
for the effects of some of these variables. Table 4 shows the results of
the model predicting HCC by controlling for other covariates. Our
analysis results showed that the adjusted odds of HCC caused by DM
are statistically significant. The adjusted odd is 2.085 by controlling for
age, gender, HBsAg+, Gallstone, ChE, and ALP (Table 4). In another
word, after the effects of age, gender, and HBsAg+ etc. have been
considered, the patients with diabetes more likely have HCC (with
the odd value of 2.085). Some limitations are present in our study. It
is a retrospective, hospital-based study but not from the community.
However, in this case-control study, we selected a control group that,
for the known risk factors for HCC, could be considered representative
population of liver disease in China. To circumvent this weakness of
our study, we conducted the analysis with numerous HCC-related risk
factors between the patients with benign liver diseases and HCC. This
validated the accuracy of our analysis in predicting the relationship
between DM and HCC.

Indeed, the positive correlation risk factors indicated by our
analysis, including male gender (OR = 5.60,p < 0.05), age (OR = 1.040,
p <0.05), HBsAg (OR = 2.401, p < 0.05),and cirrhosis (OR = 4.417,p <
0.05) (Table 3), were well consistent with the established conclusions
[16-17]. Interestingly, HCV infection, a leading HCC risk factor, did
not interact with DM in HCC development in the patient cases we
reviewed. This may be due to a potential limitation of this study, which
includes a relatively small number of HCV patients.

The findings of the current study indicate that DM patients in
Chongging are vulnerable to HCC development. Periodical screening
HCC in aged male patients with DM or DM patients infected with
HBV should be warranted. Such guidelines should be appropriate and
safe treatment to prevent HCC development in these patients.
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