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Fasting Blood Glucose, Cholesterol, and Risk of Primary Liver Cancer:

The Kailuan Study

Xiangming Ma', Haozhe Cui’, Miaomiao Sun?, Qian Liv?, Xining Liu', Guangjian Li', Yaochen Wei', Qingjiang Fu', Siging Liu', Liying Cao'
Department of Hepatobiliary Surgery, Kailuan General Hospital, Tangshan, *Graduate School of North China University of Science and Technology,
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Purpose The influence of fasting blood glucose (FBG) and cholesterolemia primary liver cancer (PLC) in China was analyzed via a
large prospective cohort study based on a community population, and the combined effects between them were investigated.

Materials and Methods Overall, 98,936 staff from the Kailuan Group who participated in and finished physical examinations bet-
ween 2006 and 2007 were included in the cohort study. Their medical information was collected and they were followed up after
examination. The correlations of serum FBG or total cholesterol (TC) with PLC were analyzed. Then, we categorized all staff into four
groups: normal FBG/non-hypocholesterolemia, normal FBG/hypocholesterolemia, elevated FBG/non-hypocholesterolemia, elevated
FBG/hypocholesterolemia, and normal FBG/non-hypocholesterolemia was used as a control group. The combined effects of elevated
FBG and hypocholesterolemia with PLC were analyzed using the Age-scale Cox proportional hazard regression model.

Results During 1,134,843.68 person-years follow-up, a total of 388 PLC cases occurred. We found the elevated FBG and hypocho-
lesterolemia increase the risk for PLC, respectively. Compared with the non-hypocholesterolemia/normal FBG group, the risk of PLC
was significantly increased in the non-hypocholesterolemia/elevated FBG group (hazard artio [HR], 1.19; 95% confidence interval [Cl],
0.88 10 1.62) and hypocholesterolemia/normal FBG group (HR, 1.53; 95% Cl, 1.19 to 1.97), and in the hypocholesterolemia/elevated
FBG group (HR, 3.16; 95% Cl, 2.13 to 4.69). And, a significant interaction effect was found of FBG and TC on PLC. All results were
independent from the influence of liver disease.

Conclusion Elevated serum FBG and hypocholesterolemia are risk factors for PLC, especially when combined. Thus, for the preven-

tion and treatment of PLC, serum FBG and TC levels should be investigated.
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Introduction

Primary liver cancer (PLC) is a common malignant tumor
in the digestive system. According to a statistical report
on global cancer, the incidence of liver cancer is increasing
yearly. The age-standardized incidence increased from 8.1%
in 2008 to 13.9% in 2018 [1,2]. The incidence of PLC in China
increased on average by 1% per year from 2000 to 2011 [3].
Hepatitis B virus infection is an important risk factor for the
PLC incidence in China [4]. Recently, the rate of hepatitis B
virus infection has been controlled with an increase in the
rate of hepatitis B vaccination [5]. Although this has slowed
the increase in PLC incidence, it has failed to reduce it [6].
Thus, the onset of PLC cannot be entirely attributed to viral
hepatitis, and identifying other potential risk factors might
be important for the prevention and treatment of PLC.

An epidemiological study reported that disorders of gly-
colipid metabolism might increase the risk of PLC. A meta-

analysis study summarizing 10 cohort studies including
2,000 PLC patients reported that the onset of PLC was closely
related to fasting blood glucose (FBG) levels. The risk of PLC
increased by 11% per 0.56 mmol/L (10 mg/dL) increase in
FBG [7]. In addition, numerous other studies have found that
total cholesterol (TC) levels had a U-shape association with
diverse chronic diseases, such as hemorrhagic stroke, cancer
mortality and non-cardiovascular mortality [8,9]. A reduction
in TC was shown to increase the risk of PLC in Nordic and
Asian people [10-12]. Nderitu et al. [13] demonstrated that
elevated FBG and reduced serum TC were independent risk
factors that influenced PLC in the AMORIS study. However,
previous studies only analyzed the influence of FBG or TC
on PLC alone, without considering their combined effects.
The study in Kailuan was initiated in 2006, and is an ongoing
prospective cohort study to investigate PLC risk factors and
intervention, based on a functional community population.
The study subjects received periodic examinations every 2
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years, including FBG and serum TC, and the onset of malig-
nant tumors such as PLC, which was followed up. This study
provided an opportunity to explore the combined effects of
FBG and serum TC in the cohort of Kailuan

Materials and Methods

1. Study subjects

The Kailuan study is a population-based prospective
cohort study based on the Kailuan community in Tangshan,
China, as detailed elsewhere [14]. Briefly, from 2006 to 2007,
101,510 participants (81,110 men and 20,400 women, aged 18
years or older) in the Kailuan community were enrolled, and
follow-up surveys were conducted biennially.

Participants who met the following criteria were excluded:
1,255 subjects were excluded because of a lack of TC or FBG
data, 380 because of a history of cancer, and 939 because of
the administration of statins. Finally, 98,936 were enrolled for
statistical analysis.

2. Baseline information

Information including age, sex, lifestyle (smoking, drink-
ing, diet and exercise), education degree, malignant tumor
history, administration of statins, cirrhosis and hepatitis B
surface antigen was collected via questionnaires. The content
of the questionnaire was described in our previously pub-
lished paper [14]. Height, body weight, and blood pressure
were measured by trained medical staff. Body mass index
(BMI)=body mass (kg)/height* (m?). The measurement of
biochemical parameters including alanine aminotransferase
(ALT) and hypersensitive C-reactive protein (Hs-CRP) was
performed using a previously published method [15]. Smok-
ing was defined as smoking at least 1 cigarette daily recently
within 1 year, and drinking was defined as alcohol intake
(alcohol content > 50%) > 100 mL daily within 1 year, which
lasted for more than 1 year. Physical exercise was defined
as > 4 times weekly persistent for > 30 minutes each time.
Education degree was classified into general education level
and higher education level. Fatty liver was defined as none
or mild, moderate and severe, according to ultrasound infor-
mation [16].

3. Serum TC and FBG

Elbow venous blood (5 mL) was collected into an anti-
coagulant tube containing EDTA between 7:00 and 9:00 am
after overnight fasting for > 8 hours, and centrifuged at 3,000
xg for 10 minutes to collect serum. Serum TC and FBG were
measured within 4 hours. Serum TC was measured using a
colorimetric method with an upper detection limit of 25.85
mmol/L. Serum FBG was measured by a hexokinase meth-
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od with an upper limit detection limit of 33.3 mmol/L. The
above indices were measured and analyzed using an auto-
matic biochemistry analyzer (Hitachi 747, Hitachi, Tokyo,
Japan).

4. Following up for PLC

New PLC onset cases were retrieved and surveyed from
the data provided from Kailuan Group medical insurance
system (Tangshan medical insurance system and the dis-
charge information system of Kailuan General Hospital).
Strictly trained investigators from the Cancer Hospital, Chi-
nese Academy of Medical Sciences, were assigned to the hos-
pitals to diagnose and treat new cases as well as record dis-
ease history information and confirm diagnoses. New tumor
cases were inputted and checked using CanReg 4.0 software
provided by the International Agency for Research on Can-
cer, World Health Organization (IARC/WHO) (http: // www.
iacr.com.fr.canregd htm), and further defined according to
the 10th revision of the International Statistical Classification
of Diseases and Related Health Problems (ICD-10). The PLC
included hepatocellular carcinoma and cholangiocarcinoma
(C22.0 and C22.2-C22.9).

5. Statistical analysis

According to the serum FBG and TC levels of the subjects
who participated in the first physical examinations, those
with FBG higher than 6.0 mmol/L and < 6.0 mmol/L were
assigned into the elevated FBG and normal FBG groups,
respectively. Subjects with serum TC lower than 4.14
mmol/L, 4.14-6.20 mmol/L, and > 6.20 mmol/L were assig-
ned into the hypocholesterolemia group, normal group and
hypercholesterolemia group, respectively. In the analysis of
the combined effect, we combined the normal cholesterol
group with the high cholesterol group. Finally, all subjects
were assigned into four groups: non-hypocholesterolemia
and normal FBG group (G1), non-hypocholesterolemia, and
elevated FBG group (G2), hypocholesterolemia and normal
FBG group (G3), and hypocholesterolemia and elevated FBG
group (G4). G1 was used as a control group.

The correlation between TC and FBG was analyzed by
Pearson’s chi-squared test. Then, the baseline character-
istics of the TC status, FBG status, and four groups were
compared. Measurement data in accordance with a normal
distribution were expressed as the meantstandard devia-
tion, and the comparison between groups was analyzed by
one-way analysis of variance. Measurement data in accord-
ance with a skewed distribution were expressed as M (Q25-
Q75), and the comparison between groups was analyzed by
a non-parametric test (Kruskal-Wallis). Enumeration data
were expressed as number (%), and the comparison between
groups was analyzed by the chi-square test. The annual
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Table 2. Comparison of the general condition in different groups

G1 G2 G3 G4 p-value
No. 65,195 13,791 17,319 2,631 -
Male sex 51,388 (78.8) 11,675 (84.7) 13,729 (79.3) 2,305 (87.6) <0.001
Age (yr) 51.64+12.40 55.00+10.79 49.48+14.35 54.72+12.33 <0.001
BMI (kg/m?) 24.93+3.43 26.05+3.46 24.48+3.54 25.84+3.51 <0.001
TC (mmol/L) 5.27+0.87 5.52+1.02 3.49+0.78 3.43+0.82 <0.001
FBG (mmol /L) 4.98+0.57 8.13+2.71 4.87+0.60 7.87+2.37 <0.001
ALT (U/L) 18.00 (13.00-24.00) 19.00 (14.00-27.00) 17.00 (12.00-23.00) 19.00 (14.00-26.00) < 0.001
Hs-CRP (mmol /L) 0.80 (0.30-2.23) 1.13 (0.45-2.79) 0.75 (0.25-2.35) 1.01 (0.37-2.60) <0.001
TG (mmol /L) 1.26 (0.91-1.86) 1.59 (1.11-2.42) 1.07 (0.73-1.69) 1.41 (0.95-2.49) <0.001
Tbil (mmol/L) 12.40 (9.80-15.30) 12.10 (9.80-15.00) 12.00 (9.40-15.20) 11.80 (9.40-14.50) < 0.001
HBSAg(+) 1,557 (2.4) 319 (2.3) 668 (3.9) 100 (3.9) <0.001
Cirrhosis 172 (0.3) 50 (0.4) 89 (0.5) 21(0.8) <0.001
Smoking 19,999 (31.5) 4,198 (31.2) 4,805 (28.5) 725 (28.5) <0.001
Drinking 11,842 (18.6) 2,685 (20.0) 2,354 (14.0) 419 (16.5) <0.001
Physical exercise 9,726 (15.5) 2,384 (17.9) 2,297 (13.8) 401 (16.0) <0.01
Higher education level 12,405 (19.7) 1,956 (14.7) 4,178 (24.9) 488 (19.5) < 0.001

Values are presented as number (%) or mean+SD. G1, non-hypocholesterolemia and normal FBG group; G2, non-hypocholesterolemia and
elevated FBG group; G3, hypocholesterolemia and normal FBG group; G4, hypocholesterolemia and elevated FBG group. ALT, alanine ami-
notransferase; BMI, body mass index; FBG, fasting blood glucose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensitive C-reactive
protein; SD, standard deviation; Tbil, total bilirubin; TC, total cholesterol; TG, triacylglycerol.

human incidence of PLC in each group was calculated. The
accumulative incidence of PLC in different groups was cal-
culated by the life table method and compared by the log-
rank test. Hazard ratios (HR) and 95% confidence intervals
(CI) of serum TC alone, serum FBG alone, and their combina-
tion on PLC were analyzed by the age-scale Cox proportional
hazard model. We tested the PH assumption by examination
of log-log survival curves, Schoenfield residuals, and the
extended Cox models and found that the PH assumption was
satisfied. Finally, exposure factors were introduced into the
multivariate model as an interaction term to test the interac-
tion between elevated FBG and hypocholesterolemia. In the
Cox and interaction models, the adjusted variables included
sex, age, BML, serum TC, FBG, ALT, Hs-CRP, triglycerides
(TG), serum total bilirubin (Tbil), hepatitis B surface antigen
positive (HBSAg(+)), cirrhosis, smoking, drinking, exercise,
fatty liver, and education degree. In the sensitivity analy-
sis, to exclude the influence of chronic liver diseases on the
results, subjects that were HBSAg(+), cirrhosis or serum ALT
> 40 (U/L) were excluded from the Cox regression model
analysis. To validate the result, those diagnosed as PLC with-
in the first 2 years of follow-up were excluded. SAS ver. 9.4
(SAS Institute Inc., Cary, NC) was used to analyze the data.
p < 0.05 (bilateral) indicated statistical significance.
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Fig. 1. Accumulative incidence curves of primary liver cancer
in G1-G4 groups.

Results

1. General condition

Among the 98,936 subjects included in the statistical analy-
sis, there were 79,097 men and 19,839 women, with a mean
age of 51.81+12.66 years, a mean FBG of 5.47+1.68 mmol/L,
and a mean TC of 4.95+1.15 mmol/L. The baseline charac-
teristics of the different TC status and FBG status are shown
in Table 1. The baseline characteristics of the G1-G4 groups
are shown in Table 2. Statistically significant differences were
found between factors in the four groups (p < 0.01) (Table 2).
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Table 3. Influence of serum TC and FBG on PLC

Multivariate

Univariate

model model

Serum TC

Normal group Reference

Reference

Hypocholesterolemia 2.03 (1.64-2.52) 1.71(1.36-2.13)
group

Hypercholesterolemia 0.64 (0.42-0.96) 0.81 (0.53-1.24)
group

Continuous TC 0.72 (0.66-0.78)  0.78 (0.72-0.86)

Serum FBG
Normal FBG group Reference Reference
Elevated FBG group 1.25(0.98-1.60) 1.47 (1.14-1.89)

Continuous FBG 1.05 (1.00-1.10) 1.06 (1.01-1.11)

The multi-factor model was adjusted for sex, age, BMI, TC, FBG,
ALT, Hs-CRP, TG, Thbil, HBSAg(+), cirrhosis, smoking, drinking,
physical exercise, fatty liver, and education degree. ALT, alanine
aminotransferase; BMI, body mass index; FBG, fasting blood glu-

cose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensitive
C-reactive protein; PLC, primary liver cancer; Tbil, total bilirubin;
TG, total cholesterol; TG, triacylglycerol.

The correlation coefficient between FBG and serum TC was
r=0.12.

2. Cumulative incidence in different groups

The mean follow-up period was 11.47+1.87 years, and there
were 388 cases (362 men and 26 women). As shown in Fig. 1,
the 10-year cumulative incidences of the G1-G4 groups were
3.35%0, 4.60%0, 6.09%0, and 11.60%o, respectively. Statistical
significance was found between the four groups via the log-
rank test.

3. Influence of serum TC and FBG on PLC

As shown in Table 3, the results of the univariate Cox
proportional hazard model indicated that the risk of PLC
was increased in the hypocholesterolemia group and the

Table 4. Influence of combined effects of serum TC and FBG on PLC

elevated FBG group compared with the control group. In
the multivariate model after correction for sex, age, BMI, TC,
FBG, ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking,
drinking, exercise, fatty liver, and education degree, the risk
of PLC in the hypocholesterolemia group (serum TC < 4.14
mmol/L) was 1.71 times that in the normal group (95% CI,
1.36 to 2.13). After correction for the same confounding fac-
tors, the risk of PLC in the elevated FBG group (serum FBG
>6.10 mmol/L) was 1.47 times that in the normal FBG group
(95% CI, 1.14 to 1.89).

4. The combined effects of serum TC and FBG on PLC

As shown in Table 4, in the univariate Cox model, the HR
value of PLC risk in the G4 group (elevated FBG and hypo-
cholesterolemia group) was higher than in the G1-G3 groups.
The result of the multivariate Cox proportional hazard mod-
el indicated that after correction for confounding factors, the
risk in the G4 group was increased 3.16 times (95% CI, 2.13
to 4.69) compared with the G1 group (non-hypocholester-
olemia and normal FBG group). In addition, the HR in the
G4 group was higher than that in the G2 (HR, 1.19; 95% CI,
0.88 to 1.62) and G3 (HR, 1.53; 95% CI, 1.19 to 1.97) groups
(Table 3, Fig. 2). After correction for the same confounding
factors, a significant statistical difference was found for the
interaction between elevated FBG and hypocholesterolemia
(relative excess risk of interaction, 1.44; 95% CI, 0.19 to 2.68
and the synergy index, 2.99; 95% CI, 1.23 to 7.24) (Table 5).

Regarding previous study on factors associated with liv-
er cancer, obesity which is usually presented as BMI index
and socioeconomic status which is measures as education
degree were considered as potential factors. We therefore
performed two subgroup analyses to observe the effect of
BMI and educational level on development of liver can-
cer. As shown in Table 6, the result of the multivariate Cox
proportional hazard model indicated that the risk in the G4
group in the non-obese and obese was increased 2.76 times
(95% CI, 1.71 to 4.48) and 4.44 times (95% CI, 2.20 to 8.99)
compared with the G1 group (non-hypocholesterolemia and

Multivariate model

No. of cases
Gl1 65,195 207
G2 13,791 55)
G3 17,319 97
G4 2,631 29

Incidence (10K/person-year) Univariate model

2.75 Reference Reference

3.47 1.15 (0.86-1.55) 1.19 (0.88-1.62)
4.88 2.01 (1.58-2.55) 1.53 (1.19-1.97)
9.96 3.36 (2.28-4.95) 3.16 (2.13-4.69)

The multi-factor model was adjusted for sex, age, BMI, TC, FBG, ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking, drinking, physical
exercise, fatty liver, and education degree. G1, non-hypocholesterolemia and normal FBG group; G2, non-hypocholesterolemia and elevated
FBG group; G3, hypocholesterolemia and normal FBG group; G4, hypocholesterolemia and elevated FBG group. ALT, alanine aminotrans-
ferase; BMI, body mass index; FBG, fasting blood glucose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensitive C-reactive protein;
PLC, primary liver cancer; Tbil, total bilirubin; TC, total cholesterol; TG, triacylglycerol.
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Fig. 2. Influence of the combined effects of serum total choles-
terol and fasting blood glucose (FBG) on primary liver cancer by
the multivariate Cox proportional hazard model.

Table 5. Index of interactive effect between serum TC and FBG
on PLC

RERI (95% CI) SI (95% CI)

Total 144 (0.19 0 2.68) 2.9 (1.23 to 7.24)

Non-obese 0.93 (-0.45 to 2.30) 2.05 (0.78 to 5.41)

Obese 3.08 (0.10 t0 6.07) 10.60 (0.31 to 6.91)

General education 1.28 (0.04 to 2.52)  3.20 (1.08 to 9.49)
level

Higher education 2.95(-2.04 to 7.94) 3.53 (0.51 to 24.43)
level

The multi-factor model was adjusted for sex, age, BMIL, TC,
FBG, ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking,
drinking,physical exercise, fatty liver, and education degree.
ALT, alanine aminotransferase; BMI, body mass index; CI, con-
fidence interval; FBG, fasting blood glucose; HBSAg, hepatitis B
surface antigen; Hs-CRP, hypersensitive C-reactive protein; PLC,
primary liver cancer; RERI, relative excess risk of interaction; SI,
the synergy index; Tbil, total bilirubin; TC, total cholesterol; TG,
triacylglycerol.

normal FBG group), respectively. The results of educational
level are similar.

5. Sensitivity analysis

After excluding the subjects with HBSAg(+), cirrhosis,
and serum ALT > 40 (U/L), Cox regression analysis was per-
formed. As shown in Table 7, the trend did not change for
PLC risk in the hypocholesterolemia group, elevated FBG
group, and G4 group. After excluding subjects with a follow-
up period < 2 years, the trend did not change in the three
groups.
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Discussion

Using this large population-based cohort study among
Chinese, we found that high FBG and low serum TC have
combined effects on PLC risk. Furthermore, we confirmed
the previous findings where elevated FBG and decreased
serum TC were reported to be risk factors for PLC [7,11,12].

In this study, we found that elevated FBG and hypocho-
lesterolemia had combined effects on PLC. The HR of PLC
caused by the two factors simultaneously was 3.16 times
(95% CI, 2.13 to 4.69) than that of the non-hypocholester-
olemia and normal FBG groups, and higher than that of a
single factor (hypocholesterolemia HR, 1.71; 95% CI, 1.36 to
2.13; elevated FBG HR, 1.47; 95% CI, 1.14 to 1.89). In addition,
we found that elevated FBG and hypocholesterolemia had
combined effects on PLC regardless of the degree of obesity,
but the risk of PLC was higher in obese people. Therefore,
participants with obesity and higher education level will pre-
sent a higher risk of PLC due to metabolic disorders.

To the best of our knowledge, this is the first study to
report a combination of elevated FBG and hypocholes-
terolemia leading to an increase in PLC risk. The result
was compared with a meta-analysis of PLC risk factor in
Chinese people, and it was found that the risks caused by
elevated FBG and hypocholesterolemia ranked only second
to cirrhosis, hepatitis, and liver cancer family history (odds
ratio values, 11.97, 11.34, and 3.49, respectively) [17]. This
suggests that not only patients with cirrhosis, hepatitis, and
liver cancer family history [18], but also those with elevated
FBG combined with hypocholesterolemia should be strictly
observed to prevent PLC.

This study also confirmed a previous study finding where
elevated FBG was an independent risk factor for PLC. Han
et al. [7] reported a meta-analysis of eight cohort studies.
They showed that the PLC risk increased when the FBG was
higher than 6.5 mmol /L, which was consistent with our find-
ings: elevated FBG (> 6.0 mmol/L) increased the risk of PLC
(HR, 1.47; 95% CI, 1.14 to 1.89). Even though patients receiv-
ing hypoglycemic drugs were excluded, the increasing ten-
dency of PLC did not change. A National Health Insurance
Service cohort study from South Korea reported that male
patients with chronic hepatitis B had increased PLC risk with
increased FBG [19], although this finding was only limited
to specific groups, which might not be representative for all
patients. In this study, the increasing tendency did not change
for subjects with or without chronic liver disease. Thus, our
result is convincing.

Our study also indicated that hypocholesterolemia in
Northern Chinese is an independent risk factor for PLC
(HR, 1.71; 95% CI, 1.36 to 2.13). A Japan Public Health Cent-
er-Based Prospective Study in Japan also obtained similar
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Table 6. Influence of combined effects of serum TC and FBG on PLC in subgroup

Non-obese Obese General education level Higher education level
Gl Reference Reference Reference Reference
G2 1.31 (0.92-1.86) 0.94 (0.50-1.77) 1.17 (0.85-1.62) 1.05 (0.35-3.14)
G3 1.56 (1.18-2.06) 1.41 (0.75-2.66) 1.41 (1.07-1.85) 2.12 (0.98-4.97)
G4 2.76 (1.71-4.48) 4.44 (2.20-8.99) 2.86 (1.87-4.41) 5.12 (1.87-14.05)

The multi-factor model was adjusted for sex, age, BMI, TC, FBG, ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking, drinking, physical
exercise, fatty liver, and education degree. Obese: BMI = 24 kg /m? G1, non-hypocholesterolemia and normal FBG group; G2, non-hypocho-
lesterolemia and elevated FBG group; G3, hypocholesterolemia and normal FBG group; G4, hypocholesterolemia and elevated FBG group.
ALT, alanine aminotransferase; BML, body mass index; FBG, fasting blood glucose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensi-
tive C-reactive protein; PLC, primary liver cancer; Tbil, total bilirubin; TC, total cholesterol; TG, triacylglycerol.

Table 7. Sensitivity analysis of the influence of the combined effects of serum TC and FBG on PLC

Sensitivity Sensitivity Sensitivity Sensitivity

analysis 1a analysis 2a analysis 3a analysis 4a

Serum TC

Normal group

Hypocholesterolemia group
Hypercholesterolemia group

Normal group

Reference
1.76 (1.30-2.38)
0.81 (0.49-1.34)
0.78 (0.69-0.87)

Reference
1.55 (1.21-1.99)
0.75 (0.49-1.17)
0.79 (0.72-0.87)

Reference
1.75 (1.39-2.20)
0.83 (0.54-1.28)
0.78 (0.71-0.86)

Reference
1.71 (1.36-2.13)
0.81 (0.53-1.24)
0.78 (0.72-0.86)

Serum FBG
Normal FBG Reference Reference Reference Reference
Elevated FBG 1.47 (1.06-2.02) 1.46 (1.11-1.91) 1.42 (1.09-1.84) 1.47 (1.14-1.89)
Continuous FBG 1.08 (1.02-1.15) 1.06 (1.01-1.11) 1.06 (1.01-1.11) 1.06 (1.01-1.11)
Serum TC and FBG
Gl Reference Reference Reference Reference
G2 1.13 (0.76-1.67) 1.23 (0.89-1.69) 1.14 (0.83-1.58) 1.19 (0.88-1.62)
G3 1.50 (1.06-2.11) 1.46 (1.12-1.94) 1.56 (1.20-2.02) 1.53 (1.19-1.97)
G4 3.54 (2.17-5.76) 2.85 (1.84-4.43) 3.16 (2.10-4.76) 3.16 (2.13-4.69)
RERI 1.92 (0.21-3.63) 1.16 (-0.10-2.43) 1.46 (0.17-2.75) 1.44 (0.19-2.68)
SI 4,08 (1.18-14.04) 2.69 (0.97-7.40) 3.08 (1.22-7.81) 2.99 (1.23-7.24)

The multi-factor model was adjusted for sex, age, BMI, TC, FBG, Hs-CRP, TG, Tbil, smoking, drinking, physical exercise, fatty liver, and edu-
cation degree. G1, non-hypocholesterolemia and normal FBG group; G2, non-hypocholesterolemia and elevated FBG group; G3, hypocho-
lesterolemia and normal FBG group; G4, hypocholesterolemia and elevated FBG group. Sensitivity analysis 1: 2,644 cases with HBSAg(+)
were excluded; Sensitivity analysis 2: 332 cases with cirrhosis were excluded; Sensitivity analysis 3: 6,334 cases with ALT > 40 (U/L) were
excluded; Sensitivity analysis 4: 26 PLC patients with a follow-up period < 2 years were excluded. ALT, alanine aminotransferase; BMI, body
mass index; FBG, fasting blood glucose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensitive C-reactive protein; PLC, primary liver

cancer; RER], relative excess risk of interaction; SI, synergy index; Tbil, total bilirubin; TC, total cholesterol; TG, triacylglycerol.

results: hypocholesterolemia (< 4.14 mmol/L) was a risk fac-
tor for PLC (HR, 2.62; 95% CI, 1.44 to 4.76) [12], and a nation-
al cohort study in South Korea reported the same conclusion
[11]. After excluding subjects with ALT >40 u/L, HBSAg(+),
or cirrhosis, this tendency did not change. This suggests that
areduction in serum TC is a risk factor for PLC, independent
from the influence of chronic disease among Northern Chi-
nese. Thus, hypocholesterolemia should be investigated to
prevent PLC. The current blood lipid guidelines in China rec-
ommend the appropriate level of serum TC should be lower

than 5.2 mmol/L, but does not set the lower limit [20]. It is
thought that lower cholesterol levels should reduce the risk
of cerebrovascular and cardiovascular disease [21], although
this is controversial. For example, lower cholesterol levels
did not lower the risk of brain hemorrhage [8]. It was also
reported that low TC levels led to a higher risk of all-cause
mortality [22]. In addition, hypocholesterolemia increased
the risk for gastric cancer and colorectal cancer [23,24]. Thus,
low serum TC is beneficial for humans. When determining
the appropriate range for cholesterol levels, both the risk
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caused by elevated cholesterol and the harm from reduced
cholesterol should be considered.

Patients with chronic liver disease often develop gly-
colipid metabolic disorders related to abnormal liver func-
tion [25,26]. In particular, in patients with cirrhosis, insulin
resistance reduces the capability of using glucose in periph-
eral tissues and the activities of enzymes participating in
glucose metabolism, resulting in reduced glycogen synthesis
and elevated blood glucose. FBG increased as the severity
of chronic liver disease increased [27,28]. However, damage
to hepatocytes leads to a decline in the synthesis and secre-
tion of serum cholesterol, followed by a reduction in serum
TC. Therefore, some experts suggest that the increased PLC
risk is caused by chronic liver disease; however, this is not
supported by our study. First, after subjects that were HB-
SAg(+), or with cirrhosis or abnormal liver function (ALT >
40 U/L) were excluded, the tendency did not change. Sec-
ond, the numbers of subjects in the elevated FBG alone group
(n=13,791) and hypocholesterolemia alone group (n=17,319)
were different, and higher than that in the combination
elevated FBG and hypocholesterolemia group, suggesting
elevated FBG and reduced TC were not caused by chronic
liver disease.

The reasons why the combined effects of high FBG and
hypocholesterolemia lead to PLC remains unclear, but might
be related to insulin resistance, chronic inflammation and
oxidative stress. Elevated blood glucose often accompanies
insulin resistance, resulting in the release of proinflamma-
tory factors such as tumor necrosis factor-a and interleu-
kin-6, which induce chronic inflammation that damages tis-
sues in the body [29]. However, elevated blood glucose also
increases the generation and use of insulin like growth factor
1, which promotes the proliferation of cancer cells and inhib-
its apoptosis [30-32], thus causing liver cancer. Furthermore,
the serum antioxidant reserve capacity depends on serum
TC, and hypocholesterolemia may increase susceptibility
to oxidative stress and promote liver cancer [33]. Previous
studies found that elevated FBG and hypocholesterolemia-
induced inflammation is mediated through the generation
of reactive oxygen species and activation of the mitogen-
activated protein kinases and nuclear factor B signaling
pathways, leading to hepatocytes abnormal change and pro-
liferation.

This study demonstrated that combined elevated FBG and
serum TC affected PLC risk. Thus, during PLC screening,
traditional risk factors such as chronic hepatitis and cirrhosis
as well as FBG and serum TC should be detected. If a com-
bination of elevated FBG and hypocholesterolemia is found,
patients should be given information about early effective
interventions such as a healthy lifestyle and timely consulta-
tion with a doctor to reduce PLC risk.
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1. Advantage of this study

To the best of our knowledge, this is the first study to report
the combination of elevated FBG and hypocholesterolemia
increases PLC risk. A Kailuan cohort study with a large sam-
ple size was used to determine the correlation of FBG and
serum cholesterol with PLC risk among general Chinese
people. A combination effect was found for these two fac-
tors. Because this was a large cohort study, we avoided selec-
tion or recall bias in the control group. In addition, the data
source was from conventional physical examinations rather
than examinations at the time of PLC diagnosis. We also
adjusted concomitant variables as much as possible, includ-
ing lifestyle, serum biochemical parameters, cancer fam-
ily history, and chronic liver diseases (cirrhosis, hepatitis B
surface antigen, fatty liver), which ensured we reduced the
influence of potential confounding factors. Finally, in the sen-
sitivity analysis, after we excluded subjects with HBSAg(+),
cirrhosis, and ALT > 40 U/L, the tendency remained, indicat-
ing that the effects of high FBG and low serum TC on PLC
were independent of chronic liver disease.

2. Limitations

This study had some limitations. First, the study outcome
cannot differentiate between hepatocellular carcinoma and
cholangiocarcinoma, or explain the influence of FBG and
serum cholesterol on PLC cancer type. Hepatocellular car-
cinoma accounts for 80%-90% of PLC; therefore, our results
are a reference value. Second, there was no information of
hepatitis C virus infection in the study, although the epide-
miology survey data indicated the PLC risk in Chinese peo-
ple suffering from viral hepatitis is low. Finally, we only used
single measurement data, without exploring the influence
of long-term FBG and serum TC change on PLC. Therefore,
whether such changes affect PLC requires further study.

In conclusion, our study suggested that elevated FBG and
decreased serum TC are associated with increased risk of
PLC, repectively and high FBG and low serum TC have com-
bined effects on PLC risk.
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