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ABSTRACT

The question of whether elevated blood glucose is a risk factor for liver cancer
has been intensively studied, yet with inconsistent results. To explore the relationship
between blood glucose concentration and risk of liver cancer, we conduct a meta-
analysis of prospective studies. Literature search was comprehensively performed
using database of PubMed, EMBASE and the Cochrane Library through October 2016.
Random-effect models were used to combine the effect estimations. Eight articles
containing ten studies with a total of 1975 liver cancer cases were included. The
pooled RRs demonstrated that elevated fasting blood glucose was associated with
increased risk of liver cancer (combined RRs: 1.77; 95% CI: 1.46, 2.13) with mild
heterogeneity (I? = 30.40%, P = 0.17). In sensitivity analysis, the pooled result
remained significant (combined RRs: 1.33; 95% CI: 1.12, 1.59; I? = 33.90%, P = 0.16)
when we restricted blood glucose categories in the range of nondiabetic subjects.
We also detected a J-shaped non-linear dose-response relationship between blood
glucose concentration and risk of liver cancer. There is evidence that elevated blood
glucose increases risk of liver cancer across the range of prediabetes and diabetes.
Considering the rapidly increasing prevalence of prediabetes and diabetes, controlling
blood glucose may lower the risk of liver cancer.

world’s liver cancer burden and preventable characteristic
of this disease, etiologic studies are required to elucidate
more risk factors and consequently to prevent liver
cancer incidence.

A vast number of factors have been recognized to
contribute to the incidence, progression and outcome of
liver cancer. Interestingly, these identified risk factors

INTRODUCTION

Liver cancer is the six most commonly diagnosed
cancer and the leading cause of gastrointestinal cancer-
related death worldwide, especially in China [1, 2]. The
distribution of liver cancer incidence rate is regional or
country-specific, with observably higher incidence rate

in developing countries. Although the incidence rate in
developed countries is lower compared to that in high-
risk areas, it has increased in many western countries in
recent years, such as North America and most European
countries [3]. It’s worth noting that a striking gender
disparity in liver cancer incidence has been well described,
with 2-3 fold rates in males than females [4, 5]. Moreover,
males with liver cancer tend to have a worse prognosis
and a higher risk of recurrence [6, 7]. Considering the

also vary between high-rate and low-rate regions [8].
Chronic hepatitis B virus (HBV) infection and aflatoxin B,
exposure play dominant roles in most high-rate countries,
however, in low-rate countries, obesity, overdrinking,
hepatitis B virus (HCV) infection and metabolic syndrome
are the major risk factors. Diabetes was reported to
associate with a significant 101% increase in risk of liver
cancer based on a previous meta-analysis of twenty-five
cohort studies [9].
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Hepatocarcinogenesis caused by hyperglycaemia
and hyperinsulinemia through upregulating the production
and bioavailability of insulin-like growth factor-1 (IGF-1)
has been observed in animal models, in vitro studies
and epidemiological studies [10, 11]. However, as an
indication of elevated blood glucose, hyperglycaemia
may appear at the stage of prediabetes (including impaired
fasting glycaemia and/or impaired glucose tolerance),
which is defined with a range of blood glucose between
upper normal limit and diabetes (fasting blood glucose
100-125 mg/dl) [12]. This provides the possibility that
prediabetes may also increase the risk of liver cancer.

The previous epidemiological studies referring
to the association between blood glucose concentration
and liver cancer risk yielded conflicting results [13-20].
Particularly, some studies reported a significant
association between prediabetes and liver cancer risk
[13, 19, 20], however, others found null association
[14-16, 18]. Prediabetes has important implications for
prevention in clinical practice, as interventions in lifestyle
like physical activity, weight change or modification of
diet could improve or even reverse the status [21, 22].
Therefore, we performed a meta-analysis of prospective
studies for the purposes as follows: 1) to summarize all the
available prospective evidence to evaluate the association
between fasting blood glucose and liver cancer risk; 2) to
investigate whether prediabetes is a risk factor for liver
cancer or not; 3) to explore the potential linear and non-
linear dose-response relationship between fasting blood
glucose and risk of liver cancer.

MATERIALS AND METHODS

Search strategy

The review was registered in PROSPERO-
international prospective register of systematic reviews
(registration number. CRD42016049496). We designed,
analyzed and reported this meta-analysis following the
Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines [23]. We searched electronic
databases of PubMed, EMBASE and the Cochrane Library
for potential prospective studies published before October
2016. The following terms were used for searching:
(‘liver cancer’ OR ‘hepatocellular carcinoma’ OR ‘hepatic
carcinoma’ OR ‘liver tumors’ OR ‘liver neoplasms’)
AND (‘serum glucose’ OR ‘blood glucose’ OR ‘fasting
glucose’ OR ‘plasma glucose’). No language restrictions
were imposed. The reference lists of included articles were
reviewed for additional studies.

Study selection

Studies were included in this meta-analysis if they
met the following criteria: 1) had a prospective design

(cohort or nested case-control); 2) reported measurements
of blood glucose levels; 3) the outcome of interest was
liver cancer incidence; 4) adjusted RRs and corresponding
95% confidence intervals (Cls) were provided.

Data extraction and quality assessment

A predefined data extraction form was applied to
extract data from relevant articles by two reviews (H.H.
and T.Z.) independently. The following information was
extracted: the first author’s last name, year of publication,
study location, study design, age, gender, baseline, number
of cases, follow-up time, contrast of the most extreme
quantiles, estimated effect size, corresponding 95% CI
and adjusted factors. Quality assessment was conducted
using Newcastle-Ottawa Quality Assessment Scale (NOS)
and studies with an NOS score >7 were considered high
quality [24].

Statistical analysis

We calculated the summary RRs of liver cancer for
the highest versus lowest level of blood glucose using
the random-effect model described by DerSimonian and
Laird, which is in consideration of heterogeneity both
between and within studies [25]. If study reported RRs
for different genders (men and women) separately, yet
without the overall results, then the result of each gender
was regard as a different study. Fasting blood glucose is
regarded as the exposure because it is the most frequently
used criteria for diagnosis of prediabetes and diabetes [26].
We transformed relevant data using method described by
Liao et al. [27] for the study that determined serum glucose
levels undergoing a 1-h glucose tolerance test [14]. Forest
plots were used to display the RRs and corresponding 95%
CI. We further used I? statistics to assess heterogeneity
across the studies [28]. Publication bias was assessed with
the Egger’s test and the funnel plot [29].

For the dose-response analysis, we used the method
proposed by Greenland et al., Longnecker et al. [30] and
Orsini et al [31] to estimate the linear trends of RR for
liver cancer per 0.56 mmol/L (10 mg/dL) increase in
fasting blood glucose from the correlated estimations
across categories of blood glucose. In addition, to examine
a potential non-linear association between blood glucose
and risk of liver cancer, we conducted a two-stage random-
effect dose—response meta-analysis using restricted cubic
splines with three knots at fixed percentiles (10%, 50%
and 90%) of the distribution [31, 32]. A P-value for non-
linearity was calculated by testing the hypothesis that the
coefficient of the second spline was different from zero. We
assigned the dose in each category using the midpoint or
median level of blood glucose. However, if lower boundary
of the lowest category was not reported, it was assumed as
3.9 mmol/L (70.2 mg/dL) for the reason that the lower limit
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of normal fasting glucose was approximately 3.9 mmol/L
[33]. If the highest category was open-ended, the higher
boundary was calculated as the lower bound plus 1.5 times
the width of the closest category.

Finally, we first performed sensitivity analysis by
omitting any specific study to assess the robustness of
the pooled results (leave-one-out sensitivity analysis).
Secondly, we repeated the analysis by restricting blood
glucose categories in the range of nondiabetic subjects
(levels below 126 mg/dl) to detect whether the increased
risk of liver cancer was caused by diabetes. Subgroup
analysis was conducted based on study region, gender,
category number, number of cases, follow-up time and
control for potential confounders. Stata Version 12.0
software (Stata Corp, College Station, TX) was used for
all analyses, and P-value < 0.05 was considered to be
statistically significant.

RESULTS

Study characteristics

We identified 3113 studies through a comprehensive
search and 3099 studies were eliminated after review of
title or abstract (Figure 1). In the assessment of 14 full-text
articles, 6 studies were further excluded for the following
reasons: 2 studies reported duplicate population; 1 was
review; 2 did not provide RR or 95% CI; 1 reported blood
glucose as continues variable. Finally, 8 articles containing
10 studies with a total of 1975 liver cancer cases were
included in this meta-analysis. The characteristics of the
included studies were summarized in Table 1. 4 studies
(1 in US, 1 in Finland and 2 in Austria) were conducted
in low-risk region of liver cancer and 6 studies (1l in
China, 2 in Japan and 3 in Korea) were conducted in high-
risk region. Considering gender distribution, 4 studies
reported both genders (men and women), 5 reported men
and 2 reported women. The study conducted by Rapp
et al. [19] reported the combined result and result for
men, but did not provide the result for women. The mean
follow-up time among the included studies ranged from
2 to 22.5 years and 8 were more than 10 years. 3 studies
were adjusted for HBV or HCV infection and most were
adjusted for BMI, smoking and alcohol consumption. All
the included studies had a relatively high-quality (NOS
score > 7).

Fasting blood glucose and risk of liver cancer

The summary RRs of liver cancer risk for the
highest vs. the lowest categories of fasting blood glucose
were shown in Figure 2. The pooled RR was 1.77
(95% CI: 1.46, 2.13) with mild heterogeneity among the
included studies (I*= 30.40%, P =0.17). No evidence of
publication bias was detected (Egger test, P = 0.37; Funnel
plot, Figure 3).

Dose-response analysis

For the dose-response analysis, we excluded study
conducted by Inoue et al. that only reported two categories
because at least three categories were needed for the
study-specific trend estimation. The pooled RRs for risk
of liver cancer were 1.11 (95% CI: 1.06, 1.17; = 78.30%,
P <0.001) for per 0.56 mmol/L (10 mg/dL) increase in
fasting blood glucose.

According to Figure 4, there was a J-shaped non-
linear relationship between fasting blood glucose and risk
of liver cancer (P for non-linearity < 0.001). The pooled
RRs of liver cancer risk calculated from the spline model
began to be significant as blood glucose concentration
increased to approximately 6.50 mmol/L (117 mg/dL).

Subgroup and sensitivity analysis

The results of subgroup analysis were shown in
Table 2. When stratified by study region, category number,
number of cases, follow-up time and several adjustments,
our results remained significant. The combined RRs were
2.59 (95% CI: 1.70, 3.94) in low-risk region and 1.63
(95% CI: 1.33, 1.99) in high-risk region. After adjusted
for HBV or HCV infection, the pooled RRs were 2.48
(95% CI: 1.66, 3.71). For gender disparity, higher blood
glucose increased liver cancer risk in male participants
(combined RRs: 1.98; 95% CI: 1.55, 2.53) but not in female
participants (combined RRs: 1.22; 95% CI: 0.92, 1.60).

Sensitivity analysis in our study indicated similar
results. The summary RRs of liver cancer risk for
the highest vs. the lowest categories of fasting blood
glucose remained significant (combined RRs: 1.19;
95% CI: 1.10, 1.28) when we restricted blood glucose
categories in the range of nondiabetic subjects (levels
below 126 mg/dl). The P-value for non-linear relationship
between fasting blood glucose and risk of liver cancer also
remained significant (P = 0.0021) after we restricted blood
glucose categories in the range of nondiabetic subjects
(levels below 126 mg/dl).

DISCUSSION

To the best of our knowledge, this is so far the first
meta-analysis to summarize evidence on the relationship
between fasting blood glucose and risk of liver cancer.
According to the results of our study, elevated fasting blood
glucose was significantly associated with increased risk of
liver cancer across the range of prediabetes and diabetes.
The risk of liver cancer quantitatively increased by 77% in
the category of highest blood glucose compared with the
lowest. We further found a J-shaped non-linear relationship
between fasting blood glucose and risk of liver cancer.

As shown by the results of subgroup analyses,
the risk of liver cancer increased with the rises in blood
glucose concentration in all subgroups except for subgroup
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Table 1: Baseline characteristics of all the studies included in the meta-analysis

Contrast of

0,
First Author, Study Age No. of Gender . Follow-up most extreme RR.(95 % CD) .
.. . Baseline . (Highest vs. Adjustments NOS
Year, Rigion design  (mean years) Cases (women %) (mean years) quantiles
lowest)
(mg/dl)
Age, cigarettes per
day, duration of
Nested 110-124 o
Loftfield, - 2.40 smoking, alcohol
2016, Finland z?jﬁml 30-69 138 0 1985-1988 2 ‘ézrf(;'; (1.33-4.35) intake, anti-HBc, 7
HBsAg, anti-HCV,
BMI, education.
Nested Period of enrollment,
Petrick, 2016, Cases:41.6 > 126 versus 1.63 age, date of blood
USA case- Control:44.4 430 Both (32.7) 1964-1992 225 <100 (0.48,1.55) draw, sex, race, BMI, 8
control .
diabetes.
Age, sex, smoking
Mean 120.6 T
Borena, 2012, 2.78 status, cohort,
Austria Cohort 44 266 Both (49.9) 1972-2005 12 versus Mean (0.78.9.96) categories of birth 8
73.8
year, BMIL.
Age, number of
visits, smoking,
alcohol consumption,
>
Chao, 2011,y ot 30-65 124 0 1989-2006 17 2126 versus 2.37 a first-degree family 8
China <110 (1.12,5.04) .
history of HCC,
baseline viral
Factors.
Age, study area,
smoking status,
Inoue, 2009, o1 ort 40-69 74 0 1993-1995 10.2 2100 versus 1.76 weekly ethanol 8
Japan <100 (1.07, 2.89) .
intake, total serum
cholesterol.
Age, study area,
Tnoue, 2009 > 100 versus 118 smoking status,
’ ’ Cohort 40-69 40 100 1993-1995 10.2 - weekly ethanol 8
Japan <100 (0.94,2.86) .
intake, total serum
cholesterol.
Age, gender,
smoking, alcohol
consumption,
gz’rzk 2007 Cohort 56.8 36 61.8 19932004 34 =126 Vs R o0 1y cducation level, 7
e BMLI, hepatitis
B antigen
seropositivity.
Age, smoking status,
Rapp, 2006, > 133.2 versus 4.58 Co
Austia Cohort 43 49 55.2 1988-2001 8.4 [75.6-93.6] (1.81.11.62) oBﬁ\cj[l;patlonal group, 8
Age, age squared,
Jee, 2005, Cohort 30-95 700 0 1992-1995 10 2 140 versus 1.72 amount of smoking, 8
Korea <90 (1.56, 1.89)
alcohol use.
Age, age squared,
Jee, 2005, > 140 versus 1.22 . .
Korea Cohort 20-79 98 100 1992-1995 10 <90 (091, 1.63) amount of smoking, 8

alcohol use.

Abbreviations: RR, relative risk; CI, confidence interval; NOS, Newcastle-Ottawa Quality Assessment Scale; BMI, body mass index; HCC, hepatocellular carcinoma; Anti-HBc,
antibodies to hepatitis B core antigen; HBsAg, hepatitis B surface antigen; Anti-HCV, anti-hepatitis C virus.

that was stratified by gender. Null association was found
in female subjects in this study. The gender disparity in
liver cancer incidence has been long well described and it
may attribute to a higher prevalence of smoking, alcohol
consumption, HBV or HCV infection in males. Our results
revealed that susceptibility to higher blood glucose in
males may also contribute to the gender disparity of liver
cancer occurrence. However, because of a limited studies
reporting the result and potential lack of statistical power,
this result should be cautiously interpreted. Considering
study region, the significant results remained stable no
matter in high-risk or low-risk areas. Several risk factors

have been established for liver cancer, including HBV
or HCV infection [34], obesity [35], smoking [36] and
alcohol consumption [37]. When we restricted studies that
were adjusted for these factors, the results of subgroup
analyses did not alter substantially. Therefore, our
subgroup analyses indicated that elevated blood glucose
was a modifiable risk factor for liver cancer independently
of above-mentioned confounders.

Diabetes (defined as FBG >126 mg/dl) was
associated with increased risk of hepatocellular carcinoma
in both males and females based on a latest meta-analysis of
25 cohort studies. However, the role of prediabetes (defined
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1948 records identified in PubMed
1094 records identified in EMBASE
71 records identified in Cochrane Library

\4

466 records excluded for duplication
2633 records excluded as they did not
report information on blood glucose
and liver cancer on the basis of title
and abstract

14 full-text articles retrieved for further assessment

0 records identified via hand searching

A 4

6 articles excluded:

1 was review

2 did not reported RRs or 95% CI

1 reported exposure of interest as
a continuous variable

2 reported duplicate population

8 articles with 10 studies included in meta-analysis

A\ 4

6 articles with 8 studies included in
dose-response meta-analysis

Figure 1: Flow chart of literature search for studies investigating association between fasting blood glucose and risk

of liver cancer.

Study Fasting blood glucose (mmol/L) RR (95% Cl) RR (95% Cl) Weight,%
Loftfield 2016 110-124 versus 86-92 _E_*_ 2.40(1.33,4.35) 8.09

1
Petrick 2016 2126 versus <100 * i 1.63(0.48, 5.55) 223

1
Borena 2012 120.6 versus 73.8 : * 2.78(0.78,9.96) 2,07
Chao 2012 2126 versus <110 _5_._ 2.37(1.12,5.04) 5.42

|
Inoue 2009 (male) 2100 versus <100 —-;— 1.76 (1.07, 2.89) 10.62
Inoue 2009 (female) 2100 versus <100 + i 1.18 (049, 2.86) 4.09
Gwack 2007 >126 versus <100 E * 2.77 (1.24,6.18) 4383

|
Rapp 2006 >133.2 versus [75.6-93.6] E - 3.56 (1.58,8.02) 4.74
Jee 2005 (male) 2140 versus <90 _.I_ 1.72(1.56, 1.89) 37.22
Jee 2005 (female) 2140 versus <90 4 — E 1.22(0.91,1.63) 20.70
Overall (I-squared = 30.4%, p = 0.166) : 100.0

NOTE: Weights are from random effects analysis

T
0.3

T
0.5

<> 1.77 (1.46,2.13)
1
1
1
1
|
2

Figure 2: Summary risk ratios of liver cancer for the highest compared to the lowest categories of fasting blood glucose.
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Table 2: Subgroup analysis of blood glucose concentration and risk of liver cancer

Subgroup Studies, n Cases RR (95% CI) I (%) P

Total 10 1975 1.77 (1.46, 2.13) 30.40 0.17
Study region

Low-risk 4 903 2.59 (1.70, 3.94) 0 0.75

High-risk 6 1072 1.63 (1.33, 1.99) 35.90 0.17
Gender

Both 4 801 2.79 (1.73, 4.50) 0 0.78

Men 5 1036 1.98 (1.55,2.53) 32.70 0.20

Women 2 138 1.22 (0.92, 1.60) 0 0.94
Category number

=2 114 1.60 (1.04, 2.46) 0 0.44

>3 1861 1.85(1.47,2.34) 42.80 0.09
No. of cases

<100 297 1.77 (1.18, 2.65) 15.70 0.31

>100 5 1678 1.75 (1.59, 1.92) 0 0.67
Follow-up time (years)

<10 85 3.14 (1.77,5.55) 42.90 0.15

>10 1890 1.66 (1.42, 1.93) 0 0.92
Adjustments
HBYV or HCV infection

Yes 3 298 2.48 (1.66, 3.71) 0 0.95

No 7 1667 1.64 (1.32,2.03) 36.20 0.15
BMI

Yes 939 2.63 (1.81, 3.81) 0 0.87

No 1036 1.58 (1.30, 1.93) 36.40 0.18
Smoking

Yes 8 1387 1.74 (1.40, 2.16) 39.80 0.11

No 588 2.23 (1.31, 3.80) 0 0.58
Alcohol consumption

Yes 7 1210 1.69 (1.39,2.04) 34.60 0.16

No 3 765 2.80 (1.54, 5.09) 0 0.58

Abbreviations: RR, relative risk; CI, confidence interval; BMI, body mass index; HBV, hepatitis B Virus; HCV, hepatitis C

virus.

as FBG 100-125 mg/dl) on incidence of liver cancer
risk was still uncertain. Significant association between
prediabetes and liver cancer risk was found in three previous
studies and null association was found in five studies. In
the sensitivity analysis, when the blood glucose categories
above 126 mg/dl were excluded, significant associations
for elevated blood glucose and non-linear dose-response
relationship still existed, which confirmed the hypothesis
that prediabetes status increase liver cancer risk.

Several possible mechanisms have been proposed
to explain the hypothesis between hyperglycaemia and
increased liver cancer incidence. Experimental and
epidemiological studies have suggested that hyperglycaemia

and hyperinsulinemia may upregulate the production and
bioavailability of insulin-like growth factor-1 (IGF-1),
which could promote cellular proliferation and inhibits
apoptosis by receptor-mediated pathways in live cancer
cells [10, 38, 39]. In addition, subjects with elevated blood
glucose were generally companied with insulin resistance,
which may result in higher level of pro-inflammatory
cytokines, such as tumor necrosis factor-alpha (TNF-a)
and interleukin-6 (IL-6). These pro-inflammatory factors
have been proved to cause chronic inflammation that would
subsequently promote hepatocarcinogenesis [40]. As a
result of overburden on glucose oxidation, hyperglycemia
can add oxidative stress in hepatic cell with the generation
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of reactive oxygen species (ROS), which can bind DNA,
cause genetic variation and finally promote the occurrence
of liver cancer [41-43].

Important strengths should be acknowledged in this
meta-analysis. All studies met the inclusion criteria had
a prospective design. As liver cancer itself would induce
diabetes or hyperglycemia, concerns might raise that the
association between elevated blood glucose and liver
cancer could be partly caused by reverse causality. Under

such assumption, there might be a positive feedback
loop in exploring the cause-effect relationship between
blood glucose concentration and risk of liver cancer.
To exclude possible reverse causality from diabetes or
hyperglycemia induced by liver cancer, we repeated the
analysis by restricting blood glucose categories in the
range of nondiabetic subjects and the result was robust.
In addition, we used NOS score to assess the study
quality and all studies had a high-quality. As the sample
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Figure 3: Funnel plot of studies reporting fasting blood glucose and liver cancer risk.
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Figure 4: Dose-response relationship between fasting blood glucose and liver cancer risk.
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size of primary single study was relatively small, our
study increased the statistical power to detect possible
association between fasting blood glucose and liver cancer
risk and further determined a precise risk estimation.
Sensitivity analyses in this meta-analysis proved the
stability of our conclusions concerning comparison of the
highest category versus the lowest category and non-linear
dose-response relationship after omitting one study in turn
and restricting blood glucose categories in the range of
nondiabetic subjects (levels below 126 mg/dl).

Potential limitations should be considered. First,
exposure measured only at baseline may not reflect blood
glucose levels over a long time follow-up. Especially for
subjects with hyperglycemia or diabetes, they tended to
control glucose by taking antidiabetic medications or
improving life style, which couldn’t be neglected as bias
would be introduced under these conditions. Second,
gender-specific risk for female participants was analyzed
in only two studies, although both studies indicated
null association. This phenomenon should be further
examined and confirmed. Third, in spite of some important
confounders seemed unlikely to alter the role of fasting
blood glucose on the increment of liver cancer risk based
on our subgroup analyses of adjustments, other factors
potentially accounted for the observed association cannot
be ruled out. For example, information with respect to
use of antidiabetic medications was not available in most
studies. Four, With regards to subtypes of liver cancer
such as hepatocellular carcinoma (the most common type),
hepatoblastoma, cholangiocarcinoma and other rare ones,
the included studies did not provide corresponding effect
estimations, respectively. Further studies should place
more emphasis on association between blood glucose
concentration and less common subtypes of liver cancer
and help to identify more risk factors for these kinds of
liver cancer.

In conclusion

This meta-analysis provides evidence for the
hypothesis that fasting blood glucose is significantly
associated with increased risk of liver cancer, and this
association is dose-dependent. The combined result of
increased liver cancer risk begins to be significant as blood
glucose concentration is above approximately 6.50 mmol/L
(117 mg/dL). Considering the rapidly increasing
prevalence of prediabetes and diabetes, controlling blood
glucose may lower the risk of liver cancer.

Authors’contributions

H.H. and T.Z. designed the research. H.H. and
H.G. conducted the search. H.H. and Z.J. had full access
to the study data and carried out all analysis. H.H. and
T.Z. wrote the draft of this paper. Q.C., X.W. and Y.L.
revised the article critically. All the authors contributed

to the manuscript writing, read and approved the final
manuscript. J.H. was the guarantor.

ACKNOWLEDGMENTS

This study was conducted under a grant from the
National Nature Science Foundation of China (81373105)
and the Fourth Round of Three-year Action Plan on Public
Health Discipline and Talent Program: Evidence-based
Public Health and Health Economics (No. 15GWZKO0901).

CONFLICTS OF INTEREST

All of the authors declare that they have no conflict
of interest to disclose.

REFERENCES

1. Zimmermann E, Berentzen TL, Gamborg M, Sorensen TI,
Baker JL. Sex-specific associations between birth weight
and adult primary liver cancer in a large cohort of Danish
children. Int J Cancer. 2016; 138:1410-1415.

. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C,
Rebelo M, Parkin DM, Forman D, Bray F. Cancer
incidence and mortality worldwide: Sources, methods and
major patterns in GLOBOCAN 2012. Int J Cancer. 2015;
136:E359-E386.

3. Center MM, Jemal A. International Trends in Liver
Cancer Incidence Rates. Cancer Epidem Biomar. 2011;
20:2362-2368.

. Seton-Rogers S. Hepatocellular carcinoma:
differences. Nat Rev Cancer. 2014; 14:578.

5. McGlynn KA, London WT. The global epidemiology of
hepatocellular carcinoma: present and future. Clin Liver
Dis. 2011; 15:223-243.

6. Yang D, Hanna DL, Usher J, LoCoco J, Chaudhari P,

Lenz HJ, Setiawan VW, El-Khoueiry A. Impact of sex

on the survival of patients with hepatocellular carcinoma:

gender

a Surveillance, Epidemiology, and End Results analysis.
Cancer-Am Cancer Soc. 2014; 120:3707-3716.

7. lkeda K, Arase Y, Kobayashi M, Saitoh S, Someya T,
Hosaka T, Suzuki Y, Suzuki F, Tsubota A, Akuta N,
Kumada H. Significance of multicentric cancer recurrence
after potentially curative ablation of hepatocellular
carcinoma: a longterm cohort study of 892 patients with
viral cirrhosis. J Gastroenterol. 2003; 38:865-876.

8. McGlynn KA, Petrick JL, London WT. Global
Epidemiology of Hepatocellular Carcinoma. Clin Liver Dis.
2015; 19:223-238.

9. Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, Li G,
Wang L. 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.

www.impactjournals.com/oncotarget

50171

Oncotarget



10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Weng CJ, Hsiech YH, Tsai CM, Chu YH, Ueng KC,
Liu YF, Yeh YH, Su SC, Chen YC, Chen MK, Yang SF.
Relationship of insulin-like growth factors system gene
polymorphisms with the susceptibility and pathological
development of hepatocellular carcinoma. Ann Surg Oncol.
2010; 17:1808-1815.

Li C, Chen H, Lai H, Liu C, Lin W, Li T, Lin C.
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.

Nathan DM, Davidson MB, DeFronzo RA, Heine RJ,
Henry RR, Pratley R, Zinman B, American Diabetes
Association. Impaired fasting glucose and impaired glucose
tolerance: implications for care. Diabetes Care. 2007,
30:753-759.

Loftfield E, Freedman ND, Lai GY, Weinstein SJ,
McGlynn KA, Taylor PR, Mannisto S, Albanes D,
Stolzenberg-Solomon RZ. Higher glucose and insulin levels
are associated with risk of liver cancer and chronic liver
disease mortality among men without a history of diabetes.
Cancer Prev Res (Phila). 2016; 9:866-874.

Petrick JL, Freedman ND, Demuth J, Yang B, Van Den
Eeden SK, Engel LS, McGlynn KA. Obesity, diabetes,
serum glucose, and risk of primary liver cancer by birth
cohort, race/ethnicity, and sex: Multiphasic health checkup
study. Cancer Epidemiol. 2016; 42:140-146.

Borena W, Strohmaier S, Lukanova A, Bjorge T, Lindkvist B,
Hallmans G, Edlinger M, Stocks T, Nagel G, Manjer J,
Engeland A, Selmer R, Haggstrom C, et al. Metabolic risk
factors and primary liver cancer in a prospective study of
578,700 adults. Int J Cancer. 2012; 131:193-200.

Chao LT, Wu CF, Sung FY, Lin CL, Liu CJ, Huang CJ,
Tsai KS, Yu MW. Insulin, glucose and hepatocellular
carcinoma risk in male hepatitis B carriers: results
from 17-year follow-up of a population-based cohort.
Carcinogenesis. 2011; 32:876-881.

Inoue M, Noda M, Kurahashi N, Iwasaki M, Sasazuki
S, Iso H, Tsugane S, Japan Public Health Center-based
Prospective Study Group. Impact of metabolic factors
on subsequent cancer risk: results from a large-scale
population-based cohort study in Japan. Eur J Cancer Prev.
2009; 18:240-247.

Gwack J, Hwang SS, Ko KP, Jun JK, Park SK, Chang SH,
Shin HR, Yoo KY. [Fasting serum glucose and subsequent
liver cancer risk in a Korean prospective cohort]. [Article in
Korean]. J Prev Med Public Health. 2007; 40:23-28.

Rapp K, Schroeder J, Klenk J, Ulmer H, Concin H, Diem G,
Oberaigner W, Weiland SK. Fasting blood glucose and
cancer risk in a cohort of more than 140,000 adults in
Austria. Diabetologia. 2006; 49:945-952.

Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, Samet JM. Fasting
serum glucose level and cancer risk in Korean men and
women. JAMA. 2005; 293:194-202.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Gong QH, Kang JF, Ying YY, Li H, Zhang XH, Wu YH,
Xu GZ. Lifestyle interventions for adults with impaired
glucose tolerance: a systematic review and meta-analysis
of the effects on glycemic control. Intern Med. 2015;
54:303-310.

Yates T, Khunti K, Bull F, Gorely T, Davies MJ. The
role of physical activity in the management of impaired
glucose tolerance: a systematic review. Diabetologia. 2007;
50:1116-1126.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D, Moher D, Becker BJ, Sipe TA, Thacker SB.
Meta-analysis of observational studies in epidemiology:
a proposal for reporting. Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) group. Jama. 2000;
283:2008-2012.

Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos
M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta-
analyses. 2009. Available from: URL: http://www.ohri.ca/
programs/clinical epidemiology/oxford.htm.
DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials. 1986; 7:177—188.

Association AD. Standards of medical care in
diabetes--2012. Diabetes Care. 2012; 35 Suppl 1:S11-S63.

Liao WC, Tu YK, Wu MS, Lin JT, Wang HP, Chien KL.
Blood glucose concentration and risk of pancreatic cancer:
systematic review and dose-response meta-analysis. BMJ.
2015; 349:7371.

Higgins JP, Thompson SG, Deeks JJ, Altman DG.
Measuring inconsistency in meta-analyses. Bmj. 2003;
327:557-560.

Egger M, Davey Smith G, Schneider M, Minder C. Bias
in meta-analysis detected by a simple, graphical test. Bmj.
1997; 315:629-634.

Greenland S, Longnecker MP. Methods for trend estimation
from summarized dose-response data, with applications to
meta-analysis. Am J Epidemiol. 1992; 135:1301-1309.
Orsini N, Bellocco R, Greenland S. Generalized least
squares for trend estimation of summarized dose-response.
pdf. Stata J. 2006; 6:40.

Jackson D, White IR, Thompson SG. Extending DerSimonian
and Laird’s methodology to perform multivariate random
effects meta-analyses. Stat Med. 2010; 29:1282—-1297.
Cryer PE, Davis SN. Hypoglycemia. In Harrison’s
Principles of Internal Medicine 18nd edn (eds Longo D. L.
et al) Ch. 345, (McGraw-Hill, 2012).

De Martel C, Maucort-Boulch D, Plummer M, Franceschi S.
World-wide relative contribution of hepatitis B, C viruses in
hepatocellular carcinoma. Hepatology. 2015; 62:1190-1200.

Polesel J, Zucchetto A, Montella M, Dal Maso L, Crispo A,
La Vecchia C, Serraino D, Franceschi S, Talamini R. The
impact of obesity and diabetes mellitus on the risk of
hepatocellular carcinoma. Ann Oncol. 2009; 20:353-357.

WWW

.impactjournals.com/oncotarget

50172

Oncotarget



36.

37.

38.

39.

40.

Koh WP, Robien K, Wang R, Govindarajan S, Yuan JM,
Yu MC. Smoking as an independent risk factor for
hepatocellular carcinoma: the Singapore Chinese Health
Study. Br J Cancer. 2011; 105:1430-1435.

Morgan TR, Mandayam S, Jamal MM. Alcohol and

hepatocellular ~ carcinoma. Gastroenterology. 2004;
127:S87-S96.
Adachi Y, Nojima M, Mori M, Matsunaga Y,

Akutsu N, Sasaki S, Endo T, Kurozawa Y, Wakai
K, Tamakoshi A, for JACC Study. Insulin-like
growth factor-related components and the risk of
liver cancer in a nested case-control study. Tumour
Biol. 2016; 37:15125-15132.

Wiencke JK. Impact of race/ethnicity on molecular
pathways in human cancer. Nat Rev Cancer. 2004; 4:79-84.
Papa S, Bubici C, Zazzeroni F, Franzoso G. Mechanisms of
liver disease: cross-talk between the NF-kappaB and JNK
pathways. Biol Chem. 2009; 390:965-976.

41.

42.

43.

Tanaka H, Fujita N, Sugimoto R, Urawa N, Horiike S,
Kobayashi Y, Iwasa M, Ma N, Kawanishi S, Watanabe S,
Kaito M, Takei Y. Hepatic oxidative DNA damage is
associated with increased risk for hepatocellular carcinoma
in chronic hepatitis C. Br J Cancer. 2008; 98:580—586.

Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol JP,
Colette C. Activation of oxidative stress by acute
glucose fluctuations compared with sustained chronic
hyperglycemia in patients with type 2 diabetes. JAMA.
2006; 295:1681-1687.

Jungst C, Cheng B, Gehrke R, Schmitz V, Nischalke HD,
Ramakers J, Schramel P, Schirmacher P, Sauerbruch T,
Caselmann WH. Oxidative damage is increased in
human liver tissue adjacent to hepatocellular carcinoma.
Hepatology. 2004; 39:1663-1672.

www.impactjournals.com/oncotarget

50173

Oncotarget



