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Background: Hypertension and high-salt intake may act synergistically to
increase the risk of primary liver cancer (PLC). We prospectively examined
the joint effect of hypertension and salt intake on the risk of PLC incidence.

Methods: A total of 92,978 participants were included in the final analyses. The
study population was divided into 4 groups according to the presence or
absence of hypertension and salt intake. Cox proportional hazards regression
models were used to evaluate the association of hypertension and/or high-salt
intake with the risk of incident cancers. The CAUSALMED procedure was used
to perform the mediation analyses.

Results: During a median follow-up of 12.69 years, a total of 418 incident
cancer cases were identified. Hypertension was a risk factor for PLC in women
but not in men. High salt intake was associated with an elevated risk of PLC in
men. A significant interaction between salt intake and hypertension was found
for the risk of PLC (P for interaction=0.045). Compared with Group 1
(hypertension-, high salt intake-), participants in Group 2 (hypertension-,
high salt intake+) and Group 4 (hypertension+, high salt intake+) were
associated with an elevated risk of PLC with the corresponding multivariate
HRs (95%Cls) of 1.73(0.96,3.10) and 1.96(1.09,3.53) respectively. No significant
mediation effect was found for the association between hypertension, salt
intake and PLC risk.

Conclusions: The combination of high salt intake and hypertension could

significantly increase the risk of PLC. It may be reasonable to recommend a
low-salt intake to prevent and control the prevalence of PLC and hypertension.
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Introduction

Primary liver cancer (PLC) accounts for 6% and 9% of global
cancer incidence and death burden respectively. Liver cancer
ranks as the fifth most prevalent cancer in men (554,000 new
cases, 8% of total) and the ninth most common cancer in women
(228,000 cases, 3% of total), with China accounting for more
than half of global incidence and death (1). Established PLC
causes include aging, obesity, male sex, alcohol consumption,
hepatitis B virus, hepatitis C virus infection, and the
consumption of aflatoxin-contaminated food (2-4). However,
the occurrence of cancer is complex, with numerous unclear
carcinogenic factors. The implementation of preventive analytic
strategies relies only on information about carcinogens that
affect people in well-established ways.

Hypertension is the key cause of cardiovascular disease
leading to premature death (5). Recently, studies proved a
positive association between arterial hypertension and the
development of several types of cancers including PLC (6-8).
It is worth noting that high salt intake, a causal factor of
hypertension, has also been proven to be closely related to the
occurrence of several types of cancer (9-11). China is a fast-
growing and rapidly-aging nation with approximately 200
million hypertensive patients (12), and sodium intake is very
high across all regions in China (12 g/person/d) (13). Based on
the above findings, hypertension and high salt intake may act
synergistically to increase the risk of PLC. However, this
hypothesis has not been clarified.

The Kailuan study is a prospective, population-based cohort
study with follow-ups conducted every other year. The
measurements of blood pressure and the assessment of dietary salt
intake provide us with a valuable opportunity to ascertain the joint
effect of hypertension and salt intake on the risk of PLC incidence.

Methods
Study populations

As described previously (14), the Kailuan Study is a
prospective, population-based cohort study conducted in the
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Kailuan community in Tangshan, China. 101,510 employees or
retired workers (81,110 men and 20,400 women, aged 18-98
years) in the Kailuan Company participated in the first health
examination between July 2006 and October 2007 and biennial
follow-ups. Standardized questionnaire surveys, physical check-
ups, clinical assessments, and laboratory tests were conducted
for all participants at baseline examination and each follow-up.

In this study, participants were excluded if they: 1) had a
history of cancer at baseline (n=377); 2) had missing data or
unclear results of systolic blood pressure (SBP, in mmHg),
diastolic blood pressure (DBP, in mmHg), or salt level
consumption (n=4,611); 3) were without data of other
potential confounders including age, sex, body mass index
(BMI, in kg/mz), total cholesterol (TC, in mmol/L),
triglyceride, (TG, in mmol/L), C-reactive protein (CRP, in mg/
L), alanine aminotransferase (ALT, in u/L), total bilirubin (TBIil,
in umol/L), hepatitis B surface antigen (HBsAg), family income
of each member, educational background, marital status,
smoking status, drinking status, physical activity, sedentary
lifestyle, tea consumption, fatty liver, liver cirrhosis, and family
history of cancer (n=3,544). Compared to eligible participants,
individuals without data of confounders (n=3,544) were
relatively younger (51.48 + 12.45 vs. 50.99 + 10.10, p for
difference<0.05), consisted of more male participants (79.87%
vs. 81.21%, p for difference<0.05), and had higher BMI (25.06 +
3.40 vs. 25.90 + 3.44, p for difference<0.05). However, no
difference was found for the prevalence of HBsAg, drinking
and smoking status (all p for difference>0.05).

A total of 92,978 participants were included in the final
analyses. The participants’ screening details are shown in
Figure 1. The protocol for this study was according to the
guidelines of the Helsinki Declaration and was approved by the
Ethics Committee of Kailuan General Hospital and Beijing
Shijitan Hospital. All participants signed written
informed consent.

Assessment of hypertension

Blood pressure was measured in the morning (7-9 am) on
the day of the medical examination. After resting for at least 5
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Kailuan cohort (2006-2007)
n=101,510
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Subjects without data of epidemiological
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92,978 participants were left in
the study

surveys, anthropometric parameters,
laboratory assessment.

)

Group 1 (n=5,198)
Hypertension (-)
High salt intake (-)

Group 2 (n=49,373)
Hypertension (-)
High salt intake (+)

Group 3 (n=3,369)
Hypertension (+)
High salt intake (-)

Group 4 (n=35,038)
Hypertension (+)
High salt intake (+)

FIGURE 1
The procedure of participants’ screening

minutes, BP was measured twice using a calibrated mercury
sphygmomanometer placed on the left arm of each participant
in the seated position. BP readings were taken 2 consecutive
times, and the average of the 2 readings was used for analysis.
Hypertension was defined as having an average of SBP 2140 mm
Hg and/or DBP 290 mm Hg, and/or a self-reported history of
hypertension, and/or antihypertensive medication use.

Assessment of salt intake

As described previously (15, 16), information on perceived
salt intake was determined via a questionnaire survey about
regular salt consumption and classified into three categories: <6
g/day (<2400 mg/day sodium intake) for low salt intake; 6-10 g/
day (2400-4000 mg/day sodium intake) for intermediate salt
intake, and >10 g/day (>4000 mg/day sodium intake) for high
salt intake. According to the World Health Organization
(WHO) recommendation (<5 g/day), high salt intake was
defined as >6 g/day in the current study.

In 2012, a validation study was conducted by collecting
random spot urine samples from 231 hypertensive participants
who did not use any antihypertensive drugs from the Kailuan
Study. The results from this study showed that after adjustments
were made for age, sex, and blood pressure, a higher perceived
salt intake was significantly associated with higher estimated 24-
h urinary sodium excretion. The average 24-h urinary sodium
excretion was 3745 mg/day, 3930 mg/day, and 3958 mg/day
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across the three aforementioned perceived salt intake groups (p
for trend < 0.001) (17).

Outcome ascertainment

During the study period, incident PLC was collected by 1)
tracking participants when they participated in each 2-year
routine health examination until 31 December 2019; 2)
checking medical records linked with the Tangshan medical
insurance system, provincial vital statistics data, and the Kailuan
social security information system yearly; and 3) reviewing death
certificates from provincial vital statistics offices (PVSO) once a
year. The diagnosis of incident cancer was further reviewed by
clinical experts. PLC was coded as 22 according to the
International Classification of Diseases, Tenth Revision
(ICD-10).

Potential confounders

A face-to-face questionnaire was conducted for each
participant to collect information on socioeconomic status,
educational background, lifestyle behaviors, personal and
familial medical histories. Smoking was defined as having
smoked > 1 cigarette/day on average for at least one year.
Drinking status was defined as having 100 ml/day of alcoholic
beverages for more than one year. Exercise was defined as
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exercising > 3 times a week lasting > 30 minutes each time. A
sedentary lifestyle was defined as sitting for >8 h/day. Tea
consumption was defined as drinking tea > 4 times/week.

BMI was classified into normal weight (<24 kg/m?),
overweight (24.00-27.99 kg/m?), or obese (> 28 kg/m?). The
diagnoses of liver cirrhosis and fatty liver were based on the
results of abdominal ultrasounds by using real-time ultrasound
sonography (PHILIPS HD-15) after each participant fasted for
at least 8 hours or were ascertained through medical records
linked with the Tangshan medical insurance system.

After an overnight fast (>8 h), 5-ml blood samples were
collected from the cubital vein at 7-9 am on the physical
examination day. After separating and extracting serum, the
same group of laboratory technicians tested the samples using
the biochemistry analyzer (Hitachi 7600, Tokyo, Japan) at
Kailuan Central Laboratory. Diabetes mellitus was defined as
having an FBG level >7.0 mmol/L, taking oral hypoglycemic
agents or insulin, or having a self-reported history.

Statistical analysis

The study population was divided into 4 groups according
to the presence or absence of hypertension and salt intake:
Group 1 (participants without hypertension and high salt
intake), Group 2 (participants without hypertension and with
high salt intake), Group 3 (participants with hypertension and
without high salt intake), and Group 4 (participants with
hypertension and high salt intake). Normally distributed
variables were described and compared by means + standard
deviations (SD) and one-way analysis of variance (ANOVA).
Data with a skewed distribution were described as the median
(IQR) and were analyzed by nonparametric tests. Categorical
variables were represented as absolute values with percentages
and were compared using the chi-square test. Person-years
were calculated from the date of the baseline examination to
the date of cancer diagnosis, death, or the end of follow-up (31
December 2019), whichever occurred first. Logistic regression
analysis was used to examine the relationship between salt
intake and hypertension at baseline examination. The
proportional hazard assumption was checked using
Schoenfeld residual test. Cox proportional hazards analysis
was used to estimate the hazard ratios (HRs) and their 95%
confidence intervals (CIs) to determine the effect of
hypertension and/or high salt intake on the risk of incident
PLC. In the subgroup analysis, participants were further
stratified by sex, age, HBV infection, drinking and
smoking status. The interactions were tested using
multiplicative models.

Due to the close association between hypertension and salt-
intake, mediation analysis was conducted to explore the
relationship between high-salt intake, hypertension, and PLC
risk. The mediation analyses based on the variance-covariance
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matrix and the maximum likelihood technique were carried out
using the CAUSALMED procedure. This procedure calculated
the total effect, direct effect, and indirect effect.

As a sensitivity analysis, we excluded participants with PLC
that had occurred within the first year or the first five years of
follow-up to eliminate the possibility of reverse causation. In
addition, death (competing risk event) may occur before the
diagnosis of PLC. Traditional Cox regression may overestimate
the absolute risk in this competing risk setting. We further used
the cause-specific hazards (CS) models to calculate HRcg of
PLC incidence.

A two-sided P value<0.05 was considered statistically
significant. Statistical analyses were performed using the SAS
software, version 9.4.

Results

Among 92,978 participants, the mean (SD) age was 51.48
(12.45) years, with 74,259 (79.87%) men and 18,719 (20.13%)
women. The differences in baseline characteristics of the study
population are shown in Table 1. Significant differences were
found in age, levels of TC, TG, ALT, TBil, CRP, and BMI. The
percentage of men, per capita income (>800 ¥/month), physical
exercise, smoking and drinking status, sedentary lifestyle, tea
consumption, fatty liver, diabetes mellitus, and family history of
cancer were significantly different among four groups. However,
no difference in the prevalence of liver cirrhosis and HBV
infection was observed among the 4 prespecified groups.

During 12.69 years follow-up, a sum of 418 incident cancer
cases were identified. The Schoenfeld residual global test was
used to verify the proportional hazard assumption, and there
was no violation of that hypothesis (P = 0.214). Table 2 presents
the HRs (95% ClIs) for high salt intake or hypertension as related
to the risk of PLC. High salt intake was associated with the risk of
PLC incidence. The crude and adjusted HRs (95% Cls) for high
vs. low salt intake were 1.76 (1.43, 2.16) and 1.64 (1.33, 2.02)
respectively. No significant association between hypertension
and PLC risk was found in the multivariate analyses. A
significant interaction between salt intake and hypertension
was found for PLC risk (P for interaction=0.045). Figure 2
illustrates the association of hypertension or a high salt intake
with PLC risk in the subgroup analysis. Significant associations
between hypertension and PLC risk were observed among
female, HBV seronegative and drinking groups. An elevated
risk of high salt intake for developing PLC incidence was found
among participants who were middle-aged, male, HBV
seronegative, HBV seropositive, and drinker.

Table 3 shows crude and adjusted associations of our main
exposure (four categories defined by hypertension and/or high
salt intake) with PLC risk. Compared with Group 1
(hypertension-, high salt intake-), participants in Group 2
(hypertension-, high salt intake+) and Group 4 (hypertension
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TABLE 1 Baseline characteristics of the participants stratified by hypertension and salt intake status.

10.3389/fonc.2022.916583

Variables Group 1 Group 2 Group 3 Group 4 P-value
n 5198 49373 3369 35038

Age (year) 49.11 + 12.89 48.72 + 12.38 56.95 + 15.11 55.19 + 11.38 <0.001
Male (%) 3994 (76.84) 37367 (75.68) 2842 (84.36) 30056 (85.78) <0.001
TC (%) 4.91 + 1.12 4.89 + 1.08 5.09 + 1.30 5.03 +1.22 <0.001
TG (%) 1.15 (0.81,1.72) 1.18 (0.83,1.76) 1.40 (1.00,2.17) 1.43 (1.03,2.19) <0.001
ALT (%) 17.00 (12.00,24.00) 18.00 (12.00,24.00) 18.00 (12.00,25.00) 19.00 (13.20,25.00) <0.001
TBil (%) 12.30 (9.50,15.50) 12.30 (9.90,15.30) 12.30 (9.50,15.80) 12.10 (9.80,15.10) <0.001
CRP (%) 0.70 (0.30,1.70) 0.70 (0.27,1.80) 1.00 (0.40,2.30) 0.96 (0.36,2.45) <0.001
BMI (%) 24.25 + 3.24 24.42 + 3.35 25.84 + 3.43 26.02 + 3.50 <0.001
Income of each member (>800 ¥) 1365 (26.26) 6259 (12.68) 1240 (36.81) 5711 (16.30) <0.001
Physical exercise (%) 1365 (26.26) 6259 (12.68) 1240 (36.810) 5711 (16.30) <0.001
Smoking status (%) 2054 (39.52) 15496 (31.39) 1333 (39.57) 9889 (28.22) <0.001
Drinking status (%) 1090 (20.97) 8016 (16.24) 893 (26.51) 6657 (19.00) <0.001
Sedentary lifestyle (>8 h/d, %) 323 (5.59) 1687 (3.42) 181 (5.37) 817 (2.33) <0.001
Tea consumption (>4 times/w, %) 832 (16.01) 4058 (8.22) 597 (17.72) 3260 (9.30) <0.001
Fatty liver (%) 1237 (23.80) 12287 (24.89) 1341 (39.80) 14751 (42.10) <0.001
Liver cirrhosis (%) 7 (0.13) 92 (0.19) 4(0.12) 55 (0.16) 0.566
Family history of cancer (%) 343 (6.60) 1834 (3.71) 194 (5.76) 1028 (2.93) <0.001
HBsAg Seropositive (%) 151 (2.90) 1424 (2.88) 83 (2.46) 913 (2.61) 0.059
Diabetes mellitus (%) 316 (6.08) 2923 (5.92) 400 (11.87) 4117 (11.75) <0.0001

BMI, body mass index; TC, total cholesterol; CRP, C-reactive protein; TG, triglyceride; ALT, alanine aminotransferase; TBil, total bilirubin; HBsAg, hepatitis B surface antigen.

Results presented with bold valued were statistically significant with all p value < 0.05.

+, high salt intake+) were associated with an elevated risk of
PLC, with corresponding multivariate HRs (95% CIs) of 1.73
(0.96, 3.10) and 1.96 (1.09, 3.53) respectively. However, there
was no significant association between Group 3 (hypertension+,
high salt intake-) and PLC risk in the multivariate analyses.
Subgroup analyses were further conducted by stratifying
participants by sex, age, HBV infection, drinking and smoking
status (Figure 3). Compared with non-hypertensive and low salt
intake participants (Group 1), an elevated risk of PLC was
observed among hypertensive participants with high salt

intake in the middle-aged, male, HBV seronegative, drinking,
and smoking groups. Significant interactions were observed
when participants were stratified by age and HBV infection
status (P for interaction <0.001). Figure 4 illustrated the
mediation effect between high-salt intake, hypertension, and
liver cancer risk. No significant mediation effect was found
overall, for both male and female participants.

In the sensitivity analysis, after excluding individuals who
had PLC within the first year (n=40) or the first five years of
follow-up (n=164), the association of hypertension and high salt

TABLE 2 Hazard ratios (HRs) for the association of hypertension or high-salt intake with PLC risk.

Group Cases/person-years Crude models Adjusted models

HR (95%CI) p-value HR (95%CI) p-value
High-salt intake *
No 21/104467 Ref. Ref.
Yes 397/1033045 1.76 (1.43,2.16) <0.001 1.64 (1.33,2.02) <0.001
Hypertension b
No 218/677880 Ref. Ref.
Yes 200/459632 1.34 (1.10,1.62) 0.003 1.12 (0.92,1.36) 0.233
P for interaction ° 0.045

Models were adjusted for age (every 10 years), sex, family income, educational background, marital status, BMI, TG, TC, TBiL, ALT, CRP, smoking status, drinking status, physical activity,
sedentary lifestyle, tea consumption, diabetes, fatty liver, liver cirrhosis, HBV infection, and family history of cancer.

a: further adjusted for hypertension.

b: further adjusted for high-salt intake.

c: interaction between high-salt intake and hypertension.

Results presented with bold valued were statistically significant with all p value < 0.05.
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Hypertension High-salt intake
Subgroups Groups Adjusted HR (95%Cl) P for interaction Groups  Adjusted HR (95%Cl) P for interaction
Age, y 0.01 0.639
<45 No Ref. No Ref.
Yes 1.43(0.78,2.62) — Yes 1.49(0.67,3.30) L e —
45-65 No Ref. No Ref.
Yes 1.14(0.90,1.44) - Yes 1.74(1.27,2.38) _——
>65 No Ref. No Ref.
Yes 0.84(0.53,1.32) — Yes 1.81(0.99,3.32) —_——
Sex 0.021 0.491
Men No Ref. No Ref.
Yes 1.04(0.84,1.28) L Yes 1.76(1.35,2.29) ——
Women No Ref. No Ref.
Yes 2.76(1.27,6.00) —_—— Yes 0.94(0.22,4.04) —_——
HBV infection <0.001 0.014
No No Ref. No Ref.
Yes 1.48(1.15,1.91) = Yes 1.76(1.25,2.46) —
Yes No Ref. No Ref.
Yes 0.68(0.49,1.01)  om4 Yes 1.75(1.16,2.65) bt
Drinking status 0.091 0.056
No No Ref. No Ref.
Yes 1.07(0.63,1.81) —— Yes 1.31(0.88,1.97) ———
Yes No Ref. No Ref.
Yes 1.22(1.03,1.52) - Yes 1.88(1.21, 2.79) it
Smoking status 0.156 0.155
No No Ref. No Ref.
Yes 1.19(0.83,1.61) - Yes 1.45(0.82,2.31) Pt
Yes No Ref. No Ref.
Yes 0.88(0.47,1.66) =it Yes 1.69(0.71, 3.01) ——t
FIGURE 2

Subgroup analysis of the association of high-salt intake or hypertension with the risk of PLC. Note: Models were adjusted for age (every 10
years), sex, family income, educational background, marital status, BMI, TG, TC, TBIL, ALT, CRP, smoking status, drinking status, physical activity,
sedentary lifestyle, tea consumption, diabetes, fatty liver, liver cirrhosis, HBV infection, and family history of cancer except the stratified factors.

intake with the risk of PLC incidence remained significant in the
multivariate analysis (Table 4). During the follow-up, 9123
cancer unrelated deaths (competing risk event) occurred
before the diagnosis of PLC. In the competing risk analyses
(CS models), the association was attenuated but still significant
in the multivariate models.

Discussion

In this large, population-based prospective cohort study,
when comparing hypertensive and non-hypertensive

participants with low and high-salt diets, we found that
hypertension and high salt intake act independently and
synergistically to increase the risk of PLC. This significant
association was further observed among middle-aged, male,
HBV seronegative, drinking and smoking individuals. To the
best of our knowledge, this is the first study to evaluate the
impact of the joint effect of hypertension and high salt intake on
the risk of PLC worldwide.

In the current study, we found that hypertension combined
with high-salt intake was associated with an elevated risk of PLC,
and hypertension alone also increased the risk of PLC incidence
among women, which was in line with previous studies. A large

TABLE 3 Hazard ratios (HRs) for the association of hypertension and high-salt intake with PLC risk.

Group Cases/person-years Crude models Adjusted models

HR (95%CI) p-value HR (95%CI) p-value
Cox regressions
Group 1 12/64551 Ref. Ref.
Group 2 206/613342 1.82 (1.02,3.26) 0.044 1.73 (0.96,3.10) 0.068
Group 3 9/39916 1.21 (0.51,2.87) 0.670 0.93 (0.39,2.21) 0.871
Group 4 191/419703 2.44 (1.36,4.38) 0.003 1.96 (1.09,3.53) 0.025

Models were adjusted for age (every 10 years), sex, family income, educational background, marital status, BMI, TG, TC, TBiL, ALT, CRP, smoking status, drinking status, physical activity,
sedentary lifestyle, tea consumption, diabetes, fatty liver, liver cirrhosis, HBV infection, and family history of cancer.

Results presented with bold valued were statistically significant with all p value < 0.05.
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Subgroups Group Adjusted HR (95%Cl) P for interaction
Age,y 0.015
<45 Group 1 Ref.
Group 2 2.52(0.34,18.68) L ——
Group 3 NA.
Group 4 4.16(0.55,31.36) —_——
45-65 Group 1 Ref.
Group 2 1.80(0.88,3.69) —
Group 3 1.45(0.56,3.76) ———
Group 4 1.98(1.03,4.04) —
>65 Group 1 Ref.
Group 2 1.34(0.41,4.42) ——
Group 3 NA.
Group 4 1.23(0.38,4.01) ——
Sex 0.451
Men Group 1 Ref.
Group 2 1.96(1.03,3.71) —
Group 3 1.09(0.44,2.70) ——
Group 4 2.07(1.09,3.94) —_——
Women Group 1 Ref.
Group 2 0.57(0.12,2.63) —
Group 3 NA.
Group 4 1.57(0.35,6.99) e ———
HBV <0.001
No Group 1 Ref.
Group 2 2.41(0.98,5.93) —_—
Group 3 1.55(0.47,5.11) L —————
Group 4 3.58(1.46,8.80) —_—
Yes Group 1 Ref.
Group 2 1.30(0.60,2.85) —
Group 3 0.53(0.14,2.07) —_—
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Yes Group 1 Ref.
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Smoking status 0.078
No Group 1 Ref.
Group 2 2.33(0.49,7.56) —_—l
Group 3 1.29(0.51,4.71) —
Group 4 1.17(0.78,1.99) ——
Yes Group 1 Ref.
Group 2 1.53(0.88,2.99) ——
Group 3 NA.
Group 4 2.71(1.91,3.79) —_—

hazard ratios.

FIGURE 3

Subgroup analysis of the association of high-salt intake or hypertension with the risk of PLC. Note: Models were adjusted for age (every 10
years), sex, family income, educational background, marital status, BMI, TG, TC, TBIL, ALT, CRP, smoking status, drinking status, physical activity,
sedentary lifestyle, tea consumption, diabetes, fatty liver, liver cirrhosis, HBV infection, and family history of cancer except the stratified factors
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FIGURE 4

The mediation effect between high-salt intake, hypertension, and liver cancer risk. Models were adjusted for age (every 10 years), sex, family
income, educational background, marital status, BMI, TG, TC, TBiL, ALT, CRP, smoking status, drinking status, physical activity, sedentary lifestyle,

tea consumption, diabetes, fatty liver, liver cirrhosis, HBV infection, and fa

mily history of cancer except the stratified factors. * Values were

statistically significant. (A) illustration; (B) conducted in overall participants; (C) conducted in women; (D) conducted in men. NA.: not applicable.

a: the effect of independent variable on the mediator; b: the effect of the

prospective cohort study found that mid-BP ([SBP + DBP]/2)
was positively associated with incident PLC (8). GD Batty et al.
found that both SBP and DBP were positively related to death
from PLC in a large-scale prospective investigation of male
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mediator on the outcome.

government employees in the Whitehall study (18). Although
studies focused on the association between hypertension and
PLC are limited, several large prospective studies have suggested
that elevated blood pressure is associated with an increased risk
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TABLE 4 Sensitivity analyses after excluding participants who occurred PLC within the 1% year.

Group Cases/person-years

Excluded PLC occurred within the 1st year of follow-up

Group 1 9/64550
Group 2 186/613332
Group 3 8/39915
Group 4 175/419698
Excluded PLC occurred within the first 5 years of follow-up
Group 1 6/64541
Group 2 126/613122
Group 3 6/39909
Group 4 116/419462
Cause-specific hazards models
Group 1 12/64551
Group 2 206/613342
Group 3 9/39916
Group 4 191/419703

Adjusted models
HR (95%CI) p-value
Ref.
2.08(1.07,4.09) 0.032
1.11(0.43,2.89) 0.825
2.41(1.23,4.73) 0.011
Ref.
2.03(0.97,4.01) 0.077
1.17(0.47,2.92) 0711
2.49(1.26,4.81) 0.005
Ref.
1.69(0.92,3.05) 0.121
0.89(0.35,2.14) 0.891
1.93(1.06,3.49) 0.022

Models were adjusted for age (every 10 years), sex, family income, educational background, marital status, BMI, TG, TC, TBiL, ALT, CRP, smoking status, drinking status, physical activity,
sedentary lifestyle, tea consumption, diabetes, fatty liver, liver cirrhosis, HBV infection, and family history of cancer.

Results presented with bold valued were statistically significant with all p value < 0.05.

of incident kidney (19, 20), prostate (7), bladder (21), pancreatic
(22), endometrial (23), and breast cancer (24).

Additionally, our results suggested that participants on a
high-salt diet exhibited an elevated risk of liver cancer. Similar
results were also obtained among non-hypertensive participants
who were on a high-salt diet. A population-based cohort study
found that high salt intake was associated with an increased risk
of liver cancer during an 11-year follow-up among 97,006
Chinese adults (25). Maud Rizk et al. found that the
consumption of sodium elevated the risk of hepatocellular
carcinoma (HCC) in a case-control study.

We first found that high salt consumption and hypertension
interacted with the development of liver cancer. Compared with
non-hypertensive and low-salt diet participants, hypertensive
participants on a high-salt diet had a 1.9-fold elevated risk of
PLC incidence. The hypertension-salt interaction has important
clinical implications because the combined effects of both can be
minimized, if not avoided, by reducing salt intake. Excessive
dietary salt intake is associated with an increased risk for
hypertension (26, 27); on the other hand, the results from a
meta-analysis of some interventional studies have shown that a
reduction in dietary salt intake leads to a significant reduction in
blood pressure especially in hypertensive patients, and to a lesser
extent in normotensive patients (28). Future epidemiologic and
experimental studies will be needed to explore whether reducing
salt intake can prevent the occurrence of cancer.

The underlying mechanism by which high salt intake
combined with hypertension increased the risk of incident
cancer remains uncertain. The tumorigenic effect of a high-salt
diet may include the following aspects: 1) High concentrations of
NaCl will increase DNA breaks both in cell cultures and in vivo
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(29). As long as NaCl is kept at a high level, the breaks remain
elevated and will be repaired quickly when the concentration
decreases (30), which damages DNA and impairs its repair. 2)
Studies on mice have shown that sodium chloride promotes
tissue inflammation and autoimmune diseases by playing a role
in the modulation of the immune system (31, 32). 3) The high-
salt diet also includes the consumption of processed foods such
as ham and pickles that are rich in sodium nitrite (NaNO,).
Long-term exposure to sodium nitrite has been found to be
carcinogenic in multiple organs (33). In addition, the
tumorigenic effects of hypertension may include the following
aspects: 1) cancer and hypertension may share a common
pathophysiological pathway mediated by adipose tissue, which
may lead to chronic inflammation and further increase the risk
of cancer and hypertension (34, 35). 2) Another possible
explanation is that hypertension may increase the risk of
cancer by blocking and altering apoptosis and thus affecting
the regulation of cell turnover (36).

The main merit in the current study is that it has offered a
unique perspective on the potential association of the combination
of high salt intake and hypertension with PLC risk. Furthermore,
this study addresses a wide range of assessments of potential
confounders, including lifestyle behaviors and a history of cancer-
associated diseases. Finally, cancer cases were obtained through
inspections of the Tangshan medical insurance system and
Kailuan social security system, which recorded all health
information of participants. Using this method, the follow-up
rate was almost 100% in the current study.

The main limitation of this study is that salt intake is
assessed based on self-reports, even though the field staff is
well-trained in obtaining information. As we described
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previously, a significant dose-response relationship between
perceived salt intake and urinary sodium excretion was further
found in a validation study. Other limitations are also worth
noting. We did not collect detailed information on the hepatitis
C virus (HCV), which prevents us from more accurately
assessing confounding factors. However, the prevalence of
hepatitis C core antibodies in China is only 0.43%, and may
have little impact on the results. Furthermore, due to different
dietary patterns and genetic factors, the dietary salt intake of
Western populations is much lower than that of the Chinese
population (37). Thus, extrapolated results might not be an
accurate description of the Western population. Lastly, although
we used the average BP readings which were taken 2 consecutive
times, misclassification of hypertension may still exist in the
current study.

Conclusions

In summary, the results of this prospective cohort study
showed that the combination of high salt intake and
hypertension could significantly increase the risk of PLC. It
may be reasonable to recommend low salt intake to prevent and
control the prevalence of cancer and hypertension. This
suggestion may be more applicable to Asian populations who
consume more salt than Western populations.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Beijing Shijitan Hospital and Kailuan General
Hospital. The patients/participants provided their written
informed consent to participate in this study.

References

1. McGlynn KA, London WT. The global epidemiology of hepatocellular
carcinoma: present and future. Clin Liver Dis (2011) 15(2):223-43, vii-x. doi:
10.1016/j.c1d.2011.03.006

2. Chang MH, You SL, Chen CJ, Liu CJ, Lee CM, Lin SM, et al. Decreased
incidence of hepatocellular carcinoma in hepatitis b vaccinees: a 20-year follow-up
study. J Natl Cancer Inst (2009) 101(19):1348-55. doi: 10.1093/jnci/djp288

3. Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, et al. Risk of hepatocellular
carcinoma across a biological gradient of serum hepatitis b virus DNA level. JAMA
(2006) 295(1):65-73. doi: 10.1001/jama.295.1.65

4. Wogan GN, Kensler TW, Groopman JD. Present and future directions of
translational research on aflatoxin and hepatocellular carcinoma. a review. Food
Addit Contam Part A Chem Anal Control Expo Risk Assess (2012) 29(2):249-57.
doi: 10.1080/19440049.2011.563370

Frontiers in Oncology

10

10.3389/fonc.2022.916583

Author contributions

All authors have read and approved the manuscript. TL:
Methodology, Software, Writing- Original draft preparation,
QSZ Writing- Reviewing and Editing. XLX Writing-
Reviewing and Editing. YMW: Supervision, Validation. XMM:
Software. MMS: Writing- Reviewing and Editing. QZ: Writing-
Reviewing and Editing. LYC: Conceptualization, Supervision.
HPS: Conceptualization, Supervision, Validation, Resources.

Funding

This work was financially supported by the National Key
Research and Development Program (2017YFC1309200) and
the Beijing Municipal Science and Technology Commission
(SCW2018-06) to Dr. Hanping Shi.

Acknowledgments

We thank all the staff and participants of the Kailuan study
for their important contributions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

5. GBD 2017 Causes of Death Collaborators. Global, regional, and national age-
sex-specific mortality for 282 causes of death in 195 countries and territories, 1980-
2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet
(2018) 392(10159):1736-88. doi: 10.1016/S0140-6736(18)32203-7.

6. Flaherty KT, Fuchs CS, Colditz GA, Stampfer MJ, Speizer FE, Willett WC,
et al. A prospective study of body mass index, hypertension, and smoking and the

risk of renal cell carcinoma (United states). Cancer Causes Control (2005) 16
(9):1099-106. doi: 10.1007/s10552-005-0349-8

7. Pelucchi C, Serraino D, Negri E, Montella M, Dellanoce C, Talamini R, et al.
The metabolic syndrome and risk of prostate cancer in Italy. Ann Epidemiol (2011)
21(11):835-41. doi: 10.1016/j.annepidem.2011.07.007

8. Stocks T, Van Hemelrijck M, Manjer J, Bjorge T, Ulmer H, Hallmans G, et al.
Blood pressure and risk of cancer incidence and mortality in the metabolic

frontiersin.org


https://doi.org/10.1016/j.cld.2011.03.006
https://doi.org/10.1093/jnci/djp288
https://doi.org/10.1001/jama.295.1.65
https://doi.org/10.1080/19440049.2011.563370
https://doi.org/10.1016/S0140-6736(18)32203-7.
https://doi.org/10.1007/s10552-005-0349-8
https://doi.org/10.1016/j.annepidem.2011.07.007
https://doi.org/10.3389/fonc.2022.916583
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liu et al.

syndrome and cancer project. Hypertension (2012) 59(4):802-10. doi: 10.1161/
HYPERTENSIONAHA.111.189258

9. Tsugane S. Salt, salted food intake, and risk of gastric cancer: epidemiologic
evidence. Cancer Sci (2005) 96(1):1-6. doi: 10.1111/§.1349-7006.2005.00006.x

10. Hu J, La Vecchia C, Morrison H, Negri E, Mery L. Salt, processed meat and
the risk of cancer. Eur ] Cancer Prev (2011) 20(2):132-9. doi: 10.1097/
CEJ.0b013e3283429¢32

11. Sun M, Cui H, Liang M, Wang W, Wang Y, Liu X, et al. Perceived dietary
salt intake and the risk of primary liver cancer: a population-based prospective
study. ] Hum Nutr Diet (2020) 33(6):833-40. doi: 10.1111/jhn.12761

12. Wang JG. Chinese Hypertension guidelines. Pulse (Basel) (2015) 3(1):14-20.
doi: 10.1159/000382025

13. Du S, Wang H, Zhang B, Popkin BM. Dietary potassium intake remains low
and sodium intake remains high, and most sodium is derived from home food
preparation for Chinese adults, 1991-2015 trends. ] Nutr (2020) 150(5):1230-9. doi:
10.1093/jn/nxz332

14. Liu T, Song C, Zhang Y, Siyin ST, Zhang Q, Song M, et al. Hepatitis b virus
infection and the risk of gastrointestinal cancers among Chinese population: A
prospective cohort study. Int J Cancer (2022) 150(6):1018-28 doi: 10.1002/
ijc.33891

15. Shen X, Jin C, Wu Y, Zhang Y, Wang X, Huang W, et al. Prospective study
of perceived dietary salt intake and the risk of non-alcoholic fatty liver disease.
J Hum Nutr Diet (2019) 32(6):802-9. doi: 10.1111/jhn.12674

16. Li Y, Huang Z, Jin C, Xing A, Liu Y, Huangfu C, et al. Longitudinal change
of perceived salt intake and stroke risk in a Chinese population. Stroke (2018) 49
(6):1332-9. doi: 10.1161/STROKEAHA.117.020277

17. Tanaka T, Okamura T, Miura K, Kadowaki T, Ueshima H, Nakagawa H,
et al. A simple method to estimate populational 24-h urinary sodium and
potassium excretion using a casual urine specimen. ] Hum Hypertens (2002) 16
(2):97-103. doi: 10.1038/sj.jhh.1001307

18. Batty GD, Shipley MJ, Marmot MG, Davey Smith G. Blood pressure and
site-specific cancer mortality: evidence from the original Whitehall study. Br J
Cancer (2003) 89(7):1243-7. doi: 10.1038/sj.bjc.6601255

19. Vatten L], Trichopoulos D, Holmen J, Nilsen TI. Blood pressure and renal
cancer risk: the HUNT study in Norway. Br ] Cancer (2007) 97(1):112-4. doi:
10.1038/sj.bjc.6603823

20. Weikert S, Boeing H, Pischon T, Weikert C, Olsen A, Tjonneland A, et al.
Blood pressure and risk of renal cell carcinoma in the European prospective
investigation into cancer and nutrition. Am J Epidemiol (2008) 167(4):438-46. doi:
10.1093/aje/kwm321

21. Haggstrom C, Stocks T, Rapp K, Bjerge T, Lindkvist B, Concin H, et al.
Metabolic syndrome and risk of bladder cancer: prospective cohort study in the
metabolic syndrome and cancer project (Me-can). Int ] Cancer (2011) 128(8):1890—
8. doi: 10.1002/ijc.25521

22. Johansen D, Stocks T, Jonsson H, Lindkvist B, Bjoérge T, Concin H, et al.
Metabolic factors and the risk of pancreatic cancer: a prospective analysis of almost

Frontiers in Oncology

11

10.3389/fonc.2022.916583

580,000 men and women in the metabolic syndrome and cancer project. Cancer
Epidemiol Biomarkers Prev (2010) 19(9):2307-17. doi: 10.1158/1055-9965.EPI-10-
0234

23. Bjorge T, Stocks T, Lukanova A, Tretli S, Selmer R, Manjer J, et al. Metabolic
syndrome and endometrial carcinoma. Am J Epidemiol (2010) 171(8):892-902. doi:
10.1093/aje/kwq006

24. Han H, Guo W, Shi W, Yu Y, Zhang Y, Ye X, et al. Hypertension and breast
cancer risk: a systematic review and meta-analysis. Sci Rep (2017) 7:44877. doi:
10.1038/srep44877

25. He FJ, MacGregor GA. A comprehensive review on salt and health and
current experience of worldwide salt reduction programmes. ] Hum Hypertens
(2009) 23(6):363-84. doi: 10.1038/jhh.2008.144

26. Dorner TE, Genser D, Krejs G, Slany J, Watschinger B, Ekmekcioglu C, et al.
Hypertension and nutrition. position paper of the Austrian nutrition society. Herz
(2013) 38(2):153-62. doi: 10.1007/500059-012-3613-1

27. Rust P, Ekmekcioglu C. Impact of salt intake on the pathogenesis and
treatment of hypertension. Adv Exp Med Biol (2017) 956:61-84. doi: 10.1007/
5584_2016_147

28. He FJ, MacGregor GA. Effect of modest salt reduction on blood pressure: a
meta-analysis of randomized trials. implications for public health. ] Hum Hypertens
(2002) 16(11):761-70. doi: 10.1038/sj.jhh.1001459

29. Dmitrieva NI, Cai Q, Burg MB. Cells adapted to high NaCl have many DNA
breaks and impaired DNA repair both in cell culture and in vivo. Proc Natl Acad Sci
USA (2004) 101(8):2317-22. doi: 10.1073/pnas.0308463100

30. Dmitrieva NI, Cui K, Kitchaev DA, Zhao K, Burg MB. DNA Double-
strand breaks induced by high NaCl occur predominantly in gene deserts.
Proc Natl Acad Sci USA (2011) 108(51):20796-801. doi: 10.1073/
pnas.1114677108

31. van der Meer JW, Netea MG. A salty taste to autoimmunity. N Engl ] Med
(2013) 368(26):2520-1. doi: 10.1056/NEJMcibr1303292

32. Kleinewietfeld M, Manzel A, Titze J, Kvakan H, Yosef N, Linker RA, et al.
Sodium chloride drives autoimmune disease by the induction of pathogenic TH17
cells. Nature (2013) 496(7446):518-22. doi: 10.1038/nature11868

33. Druckrey H, Preussmann R. N-Nitroso-N-methylurethane: a potent
carcinogen. Nature (1962) 195:1111. doi: 10.1038/1951111a0

34. Li J], Fang CH, Hui RT. Is hypertension an inflammatory disease? Med
Hypotheses (2005) 64(2):236-40. doi: 10.1016/j.mehy.2004.06.017

35. Balkwill F, Charles KA, Mantovani A. Smoldering and polarized
inflammation in the initiation and promotion of malignant disease. Cancer Cell
(2005) 7(3):211-7. doi: 10.1016/j.ccr.2005.02.013

36. Hamet P. Cancer and hypertension: a potential for crosstalk? | Hypertens
(1997) 15(12 Pt 2):1573-7. doi: 10.1097/00004872-199715120-00058

37. Herforth A, Arimond M, Alvarez-Sanchez C, Coates J, Christianson K,
Muehlhoft E. A global review of food-based dietary guidelines. Adv Nutr (2019) 10
(4):590-605. doi: 10.1093/advances/nmy130

frontiersin.org


https://doi.org/10.1161/HYPERTENSIONAHA.111.189258
https://doi.org/10.1161/HYPERTENSIONAHA.111.189258
https://doi.org/10.1111/j.1349-7006.2005.00006.x
https://doi.org/10.1097/CEJ.0b013e3283429e32
https://doi.org/10.1097/CEJ.0b013e3283429e32
https://doi.org/10.1111/jhn.12761
https://doi.org/10.1159/000382025
https://doi.org/10.1093/jn/nxz332
https://doi.org/10.1002/ijc.33891
https://doi.org/10.1002/ijc.33891
https://doi.org/10.1111/jhn.12674
https://doi.org/10.1161/STROKEAHA.117.020277
https://doi.org/10.1038/sj.jhh.1001307
https://doi.org/10.1038/sj.bjc.6601255
https://doi.org/10.1038/sj.bjc.6603823
https://doi.org/10.1093/aje/kwm321
https://doi.org/10.1002/ijc.25521
https://doi.org/10.1158/1055-9965.EPI-10-0234
https://doi.org/10.1158/1055-9965.EPI-10-0234
https://doi.org/10.1093/aje/kwq006
https://doi.org/10.1038/srep44877
https://doi.org/10.1038/jhh.2008.144
https://doi.org/10.1007/s00059-012-3613-1
https://doi.org/10.1007/5584_2016_147
https://doi.org/10.1007/5584_2016_147
https://doi.org/10.1038/sj.jhh.1001459
https://doi.org/10.1073/pnas.0308463100
https://doi.org/10.1073/pnas.1114677108
https://doi.org/10.1073/pnas.1114677108
https://doi.org/10.1056/NEJMcibr1303292
https://doi.org/10.1038/nature11868
https://doi.org/10.1038/1951111a0
https://doi.org/10.1016/j.mehy.2004.06.017
https://doi.org/10.1016/j.ccr.2005.02.013
https://doi.org/10.1097/00004872-199715120-00058
https://doi.org/10.1093/advances/nmy130
https://doi.org/10.3389/fonc.2022.916583
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	High salt intake combined with hypertension elevated the risk of primary liver cancer: a prospective cohort study
	Introduction
	Methods
	Study populations
	Assessment of hypertension
	Assessment of salt intake
	Outcome ascertainment
	Potential confounders
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


