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ABSTRACT
◥

Background: This study aimed to evaluate the relationship of
serum thyrotropin (TSH) and thyroid hormone concentration with
liver cancer mortality.

Methods: A cohort of 517,996 Korean adults, who did not have
liver cancer at baseline and attended a health screening including
free thyroxine (FT4) and TSH, were followed for up to 16 years.
High and low TSH and FT4 were defined as those above the upper
bound of reference interval and those below the lower bound of
reference interval of their corresponding reference intervals, respec-
tively. Mortality information was ascertained through National
Death Records. The adjusted HR (aHR) with 95% confidence
interval (CI) were estimated using a Cox proportional hazard
model.

Results: During a median follow-up of 8.1 years, 376 deaths
from liver cancer were identified. Subjects with low FT4 levels

were associated with an elevated risk of liver cancer mortality
with a corresponding multivariable aHR 2.25 (95% CI: 1.62–3.12)
compared with those with normal FT4 levels. Within the euthy-
roid range, there was also a dose-dependent inverse relationship
between FT4 level and liver cancer mortality (P < 0.001). Levels of
TSH and free T3 had no significant association with liver cancer
mortality.

Conclusions: The risk of liver cancer mortality increased as FT4
level decreased, both within the normal and abnormal ranges of
thyroid function.

Impact: Thyroid function within the abnormal and normal
ranges might affect liver cancer mortality. Further study is
warranted to elucidate the role of thyroid hormone in develop-
ment of liver cancer including the underlying biological
mechanism.

Introduction
Liver cancer is one of the common cancers and accounts for 8.2% of

all malignancy-related mortality globally (1, 2). Despite recent
advances in the management of liver cancer, it is still difficult to treat
compared with other solidmalignancies because the outcome depends
on liver function as well as tumor burden (3). Primary liver cancer,
which includes hepatocellular carcinoma (HCC), is mainly attributed
to chronic viral hepatitis [hepatitis B virus (HBV) or hepatitis C virus

(HCV)], aflatoxin, and heavy alcohol consumption (4). Following the
introduction of the HBV vaccination, HBV-related HCC has
decreased in recent decades (5). However, in general, HCC incidence
has increased because of a rise in other related causes such as HCV,
alcohol, and nonalcoholic fatty liver disease (NAFLD; refs. 1, 5, 6). In
addition, 5%–30% of HCCs have been observed in individuals without
known cause for underlying liver disease or cryptogenic cirrhosis (7, 8).
Identifying the risk factors of HCC is crucial in understanding its
pathogenesis, and could possibly lead to novel therapeutic targets and
preventive strategies for reducing HCC.

Thyroid hormone is a key regulator of cellular processes in the
human body. It controls cell proliferation, differentiation, apoptosis,
and metabolism (9), and has been reported to have both tumor-
promoting and -suppressing effects (10). Hypothyroidism is related to
obesity, insulin resistance, hyperlipidemia, and lipid peroxidation,
which are all contributors of liver damage, and can also directly affect
liver health (7, 11). Indeed, some researchers have also found a positive
association between low thyroid function in NAFLD/nonalcoholic
steatohepatitis and liver fibrosis, a crucial predictor of HCC (12, 13).
Until now, there are scarce data about the relationship of thyroid
hormone with liver cancer. Two case–control studies showed that the
prevalence of hypothyroidism was significantly elevated in patients
with HCC (7, 14); however, these studies were limited by temporal
ambiguity between exposure and outcome and it remains unclear
whether thyroid hormone influences the risk of liver cancer.

Therefore, this study examined whether serum thyrotropin (TSH)
and thyroid hormone concentrations are associated with liver cancer
mortality in a cohort of 517,996 Korean adults who attended a health
checkup exam.

Materials and Methods
Study population

This study was a part of the Kangbuk Samsung Health Study, a
cohort study of Korean adults who annually or biannually attended a
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comprehensive health examination at one of the Kangbuk Samsung
Hospital Total Healthcare Centers in Seoul and Suwon, South Korea as
described previously (15, 16). In Korea, annual or biennial health
screening exams of employees are required by the Industrial Safety
and Health Law. The study population comprised participants
who attended a health checkup exam between 2002 and 2015
(n ¼ 538,021).

We excluded 20,025 participants with one or more of the exclusion
criteria at baseline as follows: undetermined death status (n ¼ 4);
missing information on thyroid hormone levels (FT4 or TSH), body
mass index (BMI), or age (n¼ 8,020); a history of cancer (n¼ 8,291);
and currently being treatedwith thyroid diseasemedication (n¼ 5,299;
ref. 17). Finally, 517,996participantswere included in the analysis. This
study was approved by the Institutional Review Board of Kangbuk
Samsung Hospital (IRB 2019-10-008). The requirement for informed
consent was waived because of the use of a preexisting deidentified
dataset that combined data routinely collected during the health
screening process and mortality data (see below for further details).

Data collection
Information on demographic characteristics, lifestyle habits, and

medical history were collected using a standardized, self-administered
questionnaire (15, 16). Smoking status was categorized as never,
former, or current smokers. Average alcohol consumption per day
was calculated using the frequency and amount of beverage consumed
per drinking day (15, 16). The weekly frequency of moderate or
vigorous physical activity was also evaluated. A family history of
cancer was defined as having one or more first-degree relatives with
any type of cancer disclosed in a self-reported questionnaire. Sitting
blood pressure (BP) and anthropometric parameters were measured
by trained nurses. Obesity was defined as BMI ≥ 25 kg/m2, the cutoff
for a diagnosis of obesity in Asian populations (18). Hypertension was
defined as BP ≥ 140/90 mmHg, or the use of BP-lowering medication.

Laboratory analyses
Fasting blood tests, including lipid profile, glucose, albumin, liver

enzymes, insulin, platelets, hepatitis B surface antigen (HBsAg), HCV
antibodies (HCV Ab), high-sensitivity C-reactive protein (hsCRP),
and thyroid function, were described previously (15, 19). The
homeostatic model assessment–insulin resistance (HOMA-IR) was
calculated as follows: fasting blood insulin (mU/mL) � fasting blood
glucose (mmol/L)/22.5. Diabetes mellitus was defined as a fasting
serum glucose level ≥ 126 mg/dL or current use of antidiabetic
medication. Metabolic syndrome was defined using the following
harmonized criteria (20): (i) abdominal obesity, (ii) fasting blood
glucose ≥ 100 mg/dL or current use of blood glucose–lowering
agents, (iii) BP ≥ 130/85 mmHg or current use of antihypertensive
medication, (iv) triglyceride levels ≥ 150 mg/dL or current use
of lipid-lowering medication, and (v) HDL-C < 40 mg/dL in men
or < 50 mg/dL in women. Because only a subset of participants had
waist circumference measurements, we substituted overall adiposity
[i.e., BMI ≥ 25 kg/m2 (18)] for abdominal obesity.

TSH and FT4 were a routine part of health checkup programs and
weremeasured formost participants (19). Between2002 and 2009, serum
TSH and FT4 levels were assessed with a Radioimmunoassay Kit (RIA-
gnost FT4 and hTSH, Schering-Cis Bio International) which had lower
limits of detection of 0.06 ng/dL and 0.025 mIU/mL, respectively. The
normal range of TSH and FT4 was 0.25 to 5.0 mIU/mL and 0.9 to 1.8
ng/dL, respectively. During the same period, serum free triiodothyronine
(FT3) was assessed via a Radioimmunoassay Kit (RIA-mat, Byk-Sangtec
Diagnostica) with a lower limit of detection of 0.6 pg/mL and a normal

range of 2.0 to 4.25 pg/mL. Thereafter, thyroid function measurement
was performed using electrochemiluminescent immunoassay (Roche)
with lower limits of detection of 0.005 mIU/mL for TSH, 0.023 ng/dL for
FT4, and 0.26 pg/mL for FT3. The normal range was 0.25–5.0 mIU/mL
for TSH, 0.93–1.7 ng/dL for FT4, and 2.0–4.4 pg/mL for FT3. The
coefficients of variation for low- andhigh-level quality control specimens
were 2.1%–3.2% and 2.2%–3.1% for TSH, 1.6%–2.6% and1.9%–3.6% for
FT4, and1.2%–3.9% and1.7%–4.1% for FT3, respectively. In the primary
analysis, we used the reference interval as used in prior researches of this
type of population because the ethnicity and age of individuals (Asian
midlife individuals) were also considered to define the reference
range (21–23). High and low TSH, FT4, and FT3 were defined as those
above the upper bound of reference interval and those below the lower
bound of reference interval of their corresponding reference intervals.
Being euthyroidwas defined as having levels of TSHandFT4within their
corresponding normal ranges, no history of thyroid disease, and not
currently being treated with thyroid medications.

Overt thyroid dysfunction was determined according to clinically
defined TSH and FT4 cutoffs and were defined as TSH > 5.0 mIU/mL
and FT4 of the below normal range for hypothyroidism, and TSH <
0.25 mIU/mL and FT4 of the above normal range for hyperthyroidism.
Subclinical thyroid dysfunction was defined as TSH > 5.0 mIU/mL and
FT4 within the normal range for subclinical hypothyroidism, and TSH
< 0.25 mIU/mL and FT4 within the normal range for subclinical
hyperthyroidism.

The fatty liver was determined on abdominal ultrasound (US)
operated by experienced radiologists who were unaware of the study
aim and diagnosed on the basis of standard criteria, including the
presence of a diffuse increase of fine echoes in the liver parenchyma
compared with kidney or spleen parenchyma, deep beam attenuation,
and bright vessel walls (24). Liver cirrhosis was diagnosed on the
basis of changes in the liver volume distribution, surface nodularity,
accentuation of the fissure, heterogeneity, bright and coarsening of
the hepatic architecture, cirrhotic nodules, and signs of portal
hypertension (25).

Three liver fibrosis scores, the NAFLD fibrosis score (NFS),
fibrosis-4 (FIB-4), and aspartate transaminase to platelet ratio index
(APRI), were used to categorize the probability of liver fibrosis. NFS
was calculated according to the following published formula: NFS ¼
�1.675 þ 0.037 � age (years) þ 0.094 � BMI (kg/m2) þ 1.13 �
impaired fasting glucose or diabetes (yes ¼ 1, no ¼ 0) þ 0.99 �
AST/ALT ratio – 0.013� platelet (� 109/L) – 0.66� albumin (g/dL).
Two cut-off points were selected to categorize subjects with NAFLD
into three groups according to their probability of advanced fibrosis:
high (NFS> 0.676), intermediate (NFS: 0.676 to�1.455), and low (NFS
< �1.455; ref. 26). FIB-4 was calculated with the following formula:
FIB-4 ¼ [age (years) � AST (U/L)]/[platelet count (� 109/L) �
ALT (U/L)1/2] and categorized into a low (FIB-4 < 1.30), intermediate
(FIB-4, 1.30 to < 2.67), and high (FIB-4 ≥ 2.67) probability of advanced
fibrosis (27). The APRI was calculated as follows: APRI¼ 100� (AST/
upper limit of normal)/platelet count (� 109/L). Cutoffs of 0.5 and
1.5 were used to define low and high probabilities of advanced fibrosis,
respectively (28). The upper limit of the reference interval used at
Kangbuk SamsungHospitalwas 40U/L formen and 32U/L forwomen
for AST and was 35 U/L for ALT in both men and women.

Mortality follow-up
Vital status until the end of 2017 was ascertained on the basis of

national death certificate data from the Korea National Statistical
Office, which is expected to be complete because all deaths of Koreans
are reported to the Korean National Statistical Office. The cause of
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death was ascertained on the basis of the underlying cause listed on
each death certificate, as classified according to the International
Classification of Diseases and Related Health Problems 10th Revision
(ICD-10). The cause of death on the death certificate and patient
diagnosis in the medical utilization data was reported to be acceptably
concordant; specifically, 72.2% for all-cause deaths and 94.9% for
cancer deaths (29). Liver cancermortality was defined as death with an
underlying cause of ICD-10 C22, which is malignant neoplasm of the
liver and intrahepatic bile ducts (30).

Statistical analysis
Because there are large differences in age and sex between liver

cancer mortality cases and nonrelated cases, all baseline characteristics
were presented as age- and sex-adjusted mean or proportion as well as
95% confidence intervals (CI) according to the presence of liver cancer
mortality. The two groups were compared after performing linear
regression model for continuous variables or logistic regression model
for categorical variables, with age and sex as covariates in the regression
models. The adjusted mean or proportion was estimated using the
margins command in STATA.

Subjects were followed from the baseline visit until either the onset
time of liver cancer mortality or December 31, 2017, whichever
occurred first. Death cases due to other causes were censored at the
date of death. Cox proportional hazards regression analyses were used
to estimate HRs and 95% CIs for liver cancer mortality. For effective
control for age, age was chosen as the timescale, which was docu-
mented by the age at which subjects received their initial examination
(left truncation) and the age at which subjects exited the analysis at the
date of death or upon the end of 2017. The graphs of the estimated log
[�log (SURVIVAL)] were evaluated for testing the proportional
hazards assumption and indicated no violations against the propor-
tional hazards assumption.

The risk of liver cancermortality was evaluated across levels of TSH,
FT4, and FT3 separately and then by clinical diagnosis. First, models
were adjusted for age (timescale) and sex and then further adjusted for
additional potential confounders including study center (Seoul and
Suwon), year of health exam, smoking (never, former, current, or
unknown), alcohol consumption (none, < 20, or ≥ 20 g/day,
unknown), frequency of exercise (< 3, ≥ 3 times/week, or unknown),
education level (< community college graduate, ≥ community college
graduate, or unknown), family history of malignancy, BMI, viral
hepatitis, fatty liver, liver cirrhosis, and FIB-4 (Model 1). Previous
studies have suggested that overt hypothyroidism and even lownormal
FT4 level are closely related to metabolic syndrome and its individual
components such as obesity, dyslipidemia, hypertension, and insulin
resistance, while metabolic factors might increase a risk of liver cancer
or liver-related death (31–33). In this case, metabolic factors can play a
role as mediator of the relationship of thyroid function with liver
cancer mortality. Thus, we separately presented Model 2 with inclu-
sion of further adjustment for metabolic factors (hypertension, dia-
betes, total cholesterol, HDL-C, and triglycerides) because metabolic
factors can be both mediators and confounders. In addition, time-
dependent analyses were performed where changes in thyroid hor-
mone status (TSH, FT4, and FT3 separately in each model) and other
covariates during follow-up were updated as a time-varying covariate.
To test for linear trends, the median value of each thyroid hormone
category was treated as a continuous variable in the Cox proportional
hazard models.

Subgroup analyses were performed by age (< 50 vs. ≥ 50 years), sex
(men vs. women), smoking status (never smokers vs. ever smokers),
alcohol consumption (< 20 vs. ≥ 20 g/day), regular exercise (< 3 vs.

≥ 3 times/week), BMI (< 25 vs.≥ 25 kg/m2),HOMA-IR (< 2.5 vs.≥ 2.5),
metabolic syndrome (no vs. yes), diabetes (no vs. yes), viral hepatitis
defined as having either HBV or HCV infection (no vs. yes), fatty liver
onUS (no vs. yes), cirrhosis onUS (no vs. yes), andnoninvasivefibrosis
score (low vs. intermediate or high probability). Likelihood ratio tests
were used to evaluate interactions between hypothyroidism and sub-
groups while comparing models with or without multiplicative inter-
action terms. STATA version 15.0 (StataCorp LP) was used for
statistical analyses. All two-tailed P values less than 0.05 were con-
sidered statistically significant.

Results
Population characteristics

The mean age of study participants at baseline was 39.1 years (SD,
10.4; median, 36; interquartile range, 31–44; range, 18–94) and 53.7%
were male (Table 1). Liver cancer mortality was positively associated
with age, male sex, current smokers, diabetes, and high levels of liver
enzymes, BMI, hsCRP, and HOMA-IR. Liver cancer mortality was
inversely associated with high education attainment, total cholesterol,
LDL-C, and triglycerides. Liver cancermortality cases weremore likely
to have HBsAg, HCVAb, and liver cirrhosis but less likely to have fatty
liver on US. Age- and sex-adjusted FT4 level at baseline was lower in
the participants with liver cancer mortality but levels of TSH and FT3
did not significantly differ between liver cancer mortality cases and
nonrelated cases. Baseline characteristics are also presented according
to the thyroid hormone status (Supplementary Tables S1–S3).

Risk of liver cancer–related mortality in relation to thyroid
dysfunction

During 4,457,095 person-years of follow-up, 376 death cases due to
liver cancer were identified (liver cancer mortality rate, 8.4 per 100,000
person-years). The median follow-up was 8.1 years (maximum,
16 years; interquartile range, 4.9–12.4 years) and the average number
of follow-up visits was 2.8 (SD, 2.6; median, 2; interquartile range, 1–4;
range, 1–17). Liver cancer mortality by thyroid hormone level at
baseline in the overall population is shown in Table 2. In a Cox
proportional hazard regression analysis adjusting for age (timescale),
sex, study center, year of examination, smoking status, alcohol con-
sumption, frequency of exercise, education, BMI, family history of
cancer, viral hepatitis, fatty liver, liver cirrhosis, and FIB-4 (Model 1),
the HRs (95% CIs) for liver cancer mortality, comparing abnormally
low and high TSH levels with normal TSH level, were 0.68 (0.17–2.71)
and 1.10 (0.61–1.96), respectively (Model 1). After additional adjust-
ment for diabetes, hypertension, total cholesterol, HDL-C, and trigly-
cerides (Model 2), these associations remained.Multivariable-adjusted
HRs (95% CIs) for liver cancer mortality comparing abnormally low
and high FT4 levels with the normal FT4 level (the reference category)
were 2.25 (1.62–3.12) and 0.31 (0.04–2.18), respectively. Multivari-
able-adjusted HR (95% CI) for liver cancer mortality comparing
abnormally high with the normal level of FT3 was 0.82 (0.11–5.85;
Model 1). Among individuals with the abnormally low FT3 level
(n ¼ 625), no liver cancer mortality cases were observed. When
changes in thyroid hormones and confounding factors during
follow-up were incorporated as time-varying covariates, the results
qualitatively did not change with the corresponding HR (95% CI)
of 1.29 (0.72–2.31) in the abnormally high TSH category and 1.51
(1.07–2.12) in the abnormally low FT4 category.

When the associations of overt and subclinical thyroid dysfunction
with liver cancer mortality were assessed (Supplementary Table S4),
liver cancer mortality was lowest in people with overt hyperthyroidism
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(no case experienced liver cancermortality) and highest in people with
subclinical hypothyroidism, but there was no evidence of significant
association of clinical thyroid disease with liver cancer mortality.
When we reanalyzed using the reference intervals as in other studies,
specifically, TSH 0.4–4.0 mIU/mL and FT4 0.85–1.94 ng/dL (34, 35),
low FT4 tended to associate with elevated risk of liver cancer mortality
but did not reach statistical significance (Supplementary Table S5).

Risk of liver cancer–related mortality in relation to thyroid
hormones within the euthyroid range

Within the euthyroid range (Table 3; n ¼ 495,202), a 0.1-unit
increase in both FT4 and FT3 level was significantly and inversely
related to liver cancer mortality with HR (95% CI) of 0.85 (0.79–0.92)
per unit increase in FT4 and of 0.93 (0.89–0.98) per unit increase in
FT3 adjusting for age (timescale), and confounders (Model 1). In the

categorical analyses, the FT4 tertile was associated with a decreased
risk of liver cancer mortality in a dose-response manner (Model 1).
After further adjustment formetabolic factors (diabetes, hypertension,
total cholesterol, HDL-C, and triglycerides), the relationship
between FT4 level and liver cancer mortality remained significant.
For TSH level within the euthyroid range, no significant association
with liver cancer mortality was observed. When we reanalyzed
using the reference intervals with TSH 0.4–4.0 mIU/mL and FT4
0.85–1.94 ng/dL (34, 35), the association between FT4, within the
euthyroid range, and liver cancer mortality was similar to the original
finding (Supplementary Table S6).

Subgroup analysis
The associations between low freeT4 level and liver cancermortality

did not differ by the presence of viral hepatitis, fatty liver on US, liver

Table 1. Estimateda mean values (95% CI) and adjusteda proportion (95% CI) of baseline characteristics of study participants by liver
cancer mortality.

Characteristics Liver cancer mortality (�) Liver cancer mortality (þ) P

Number 517,620 376
Age (years) 39.0 (39.0–39.1) 54.9 (53.8–55.9) <0.001
Male (%) 53.6 (53.5–53.8) 82.9 (79.1–86.7) <0.001
BMI (kg/m2) 23.3 (23.3–23.4) 23.9 (23.6–24.2) 0.001
Obesity (%)b 28.8 (28.7–28.9) 26.2 (22.5–30.0) 0.190
Current smoker (%) 24.4 (24.3–24.5) 30.2 (26.7–33.7) 0.001
Alcohol intake (%)c 18.3 (18.2–18.4) 16.7 (13.6–19.8) 0.322
Regular exercise (%)d 15.0 (14.9–15.1) 14.0 (11.0–17.1) 0.551
High education level (%)e 72.5 (72.3–72.6) 58.7 (53.2–64.2) <0.001
Diabetes (%) 3.9 (3.8–3.9) 5.4 (4.1–6.6) 0.008
Hypertension (%) 15.0 (14.9–15.1) 13.8 (11.5–16.1) 0.319
Family history of cancer (%) 22.8 (22.7–22.9) 20.2 (16.6–23.8) 0.174
HBV (%) 3.6 (3.6–3.7) 53.4 (48.3–58.5) <0.001
HCV (%) 0.18 (0.17–0.19) 2.6 (1.6–3.6) <0.001
Cirrhosis (%) 0.0 (0.0–0.0) 2.4 (1.5–3.4) <0.001
Fatty liver (%) 26.6 (26.5–26.8) 9.9 (7.7–12.1) <0.001
Systolic BP (mmHg) 112.4 (112.4–112.4) 114.0 (112.7–115.3) 0.018
Diastolic BP (mmHg) 72.2 (72.2–72.3) 72.0 (71.1–72.9) 0.625
Glucose (mg/dL) 94.7 (94.7–94.8) 96.2 (94.6–97.8) 0.066
Total cholesterol (mg/dL) 194.0 (193.9–194.1) 176.2 (172.8–179.7) <0.001
LDL-C (mg/dL) 115.4 (115.3–115.5) 97.1 (94.1–100.1) <0.001
HDL-C (mg/dL) 57.1 (57.0–57.1) 59.5 (58.1–60.8) <0.001
Triglycerides (mg/dL) 118.7 (118.5–118.9) 86.8 (78.9–94.6) <0.001
AST (U/L) 23.8 (23.7–23.8) 49.2 (47.3–51.1) <0.001
ALT (U/L) 25.1 (25.1–25.2) 47.6 (45.1–50.1) <0.001
GGT (U/L) 30.4 (30.3–30.5) 99.7 (95.7–103.7) <0.001
hsCRP (mg/dL)f 0.11 (0.11–0.11) 0.22 (0.19–0.26) <0.001
HOMA-IR 1.74 (1.74–1.74) 2.37 (2.25–2.50) <0.001
FT3 (pg/mL)g 3.24 (3.23–3.24) 3.13 (2.97–3.28) 0.167
FT4 (ng/dL) 1.28 (1.28–1.28) 1.21 (1.16–1.25) 0.002
TSH (mIU/mL) 2.29 (2.28–2.30) 2.27 (1.62–2.92) 0.958
NFS �2.98 (�2.98 to �2.98) �1.76 (�1.85 to �1.66) <0.001
FIB4 0.81 (0.81–0.81) 2.55 (2.51–2.59) <0.001
APRI 0.28 (0.27–0.27) 1.01 (0.98–1.04) <0.001

Abbreviations: ALT, alanine aminotransferase; APRI, aspartate transaminase to platelet ratio index; AST, aspartate aminotransferase; BMI, body mass index; BP,
blood pressure; FIB-4, fibrosis-4; FT3, free triiodothyronine; FT4, free thyroxin; GGT, gamma-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, homeostasis model assessment of insulin resistance; NFS, NAFLD fibrosis score; TSH, thyrotropin.
aAdjusted for age and sex.
bBMI ≥25 kg/m2.
c≥20 g/day.
d≥3 times/week.
e≥College graduate.
f509,008 subjects with available hsCRP.
g451,444 subjects with available free T3 data.
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cirrhosis on US, intermediate or high probability of advanced fibrosis
based on NFS, FIB-4, and APRI, or high alcohol intake (Supplemen-
tary Table S1). The association between FT4 level and liver cancer
mortality was similar across subgroups, without significant
interactions.

Discussion
This cohort study evaluated the relationship between thyroid

hormone level (TSH, FT4, and FT3) and liver cancer mortality in a
Korean cohort consisting of middle-aged subjects who attended a
routine health checkup program. Abnormally, low FT4 level was
independently associated with an elevated risk of liver cancer mor-
tality. These findings remained significant even after potential con-
founding factors were taken into account and when changes in FT4
level and confounding factors during follow-up were incorporated as
time-varying covariates. Within the euthyroid range, FT3 and FT4
levels were inversely associated with liver cancer mortality. This study
suggests that thyroid function within both the abnormal and normal
ranges could affect liver cancer mortality.

Previous observational studies and meta-analysis reported an asso-
ciation between thyroid function and chronic liver disease (36). In
cross-sectional studies, hypothyroidismdefined either by self-report or
by the diagnosis based on thyroid function tests was positively
associated with the presence and severe degree of NAFLD (36). A
cross-sectional study showed that subclinical hypothyroidism and low

normal thyroid function were independent predictors of nonalcoholic
steatohepatitis and liver fibrosis in 425 patients with biopsy-proven
NAFLD (13). A population-based cohort study of 9,419 participants
(average age, 64.7 years) in Rotterdam, the Netherlands demonstrated
that hypothyroidism and lower thyroid function, even within the
euthyroid range, was related to an elevated risk of developing NAFLD
based on a fatty liver index ≥ 60 and liver fibrosis assessed by transient
elastography (37). However, limited data are available regarding the
relationship of thyroid hormone with the risk of liver cancer in clinical
studies. In a case–control study by Reddy and colleagues, the prev-
alence of hypothyroidism defined as TSH level > 5.0 or history of
hypothyroidism was higher in patients with HCC of unknown origin
versus patients with HCC with HCV or alcoholic liver disease (7).
Another case–control study by Hassan and colleagues demonstrated
that a history of hypothyroidism was independently associated with
HCC regardless of HBV, HCV, and diabetes (14). However, these two
case–control studies did not include thyroxine measurements and
patients with HCC might be more likely to recall prior health status
than healthy individuals (7, 14). The present large-scale cohort study of
maximum 16 years of follow-up investigated the effect of thyroid
hormones on the liver cancermortality and found that low FT4 level in
both abnormal and normal range was consistently and independently
related to an elevated risk of liver cancer mortality.

The mechanism by which hypothyroidism could affect liver cancer
mortality is not fully understood. Thyroid hormones act on almost all
cells in humans (38) and regulate the basal metabolic rate of all cells,

Table 3. HRs (95% CIs) for liver cancer mortality baseline thyroid hormone level within the euthyroid range (n ¼ 495,202).

Multivariable-adjusted HRa (95% CI)Person-years
(PY)

Number
of events

Mortality
rate (105 PY)

Age- and sex-adjusted
HR (95% CI) Model 1 Model 2

TSH (mIU/mL; n ¼ 495,202)
Tertile 1 1,368,095.3 114 8.3 1.00 (reference) 1.00 (reference) 1.00 (reference)
Tertile 2 1,427,218 102 7.1 0.90 (0.69–1.17) 0.84 (0.65–1.10) 0.85 (0.65–1.11)
Tertile 3 1,486,179.2 146 9.8 1.20 (0.93–1.53) 1.14 (0.88–1.46) 1.18 (0.92–1.51)
Ptrend 0.135 0.273 0.174
Per 0.1 unit increase 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01)

FT4 (ng/dL; n ¼ 499,493)
Tertile 1 1,508,791.8 195 12.9 1.00 (reference) 1.00 (reference) 1.00 (reference)
Tertile 2 1,372,388.7 76 5.5 0.48 (0.37–0.62) 0.63 (0.48–0.83) 0.62 (0.47–0.81)
Tertile 3 1,404,540.2 60 4.3 0.39 (0.29–0.52) 0.64 (0.48–0.87) 0.62 (0.46–0.84)
Ptrend <0.001 0.001 <0.001
Per 0.1 unit increase 0.74 (0.68–0.79) 0.85 (0.79–0.92) 0.85 (0.79–0.92)

FT3 (pg/mL; n ¼ 447,296)
Tertile 1 1,263,410 129 10.2 1.00 (reference) 1.00 (reference) 1.00 (reference)
Tertile 2 1,488,876.9 114 7.7 0.68 (0.53–0.88) 0.79 (0.61–1.02) 0.81 (0.63–1.04)
Tertile 3 1,135,968.1 62 5.5 0.88 (0.43–0.80) 0.85 (0.62–1.16) 0.87 (0.63–1.19)
Ptrend <0.001 0.179 0.240
Per 0.1 unit increase 0.90 (0.85–0.94) 0.93 (0.89–0.98) 0.94 (0.89–0.99)

Note: Cox proportional hazard models using age as a timescale were used to estimate HRs and 95% CIs.
Abbreviations: BMI, body mass index; CI, confidence interval; FT4, free thyroxin; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; TSH, thyrotropin.
aMultivariable Model 1 was adjusted for age (timescale), sex (male or female), center (Seoul or Suwon), year of screening exam (1-year category), smoking status
(never, past, current, or unknown), alcohol intake (none, < 20, or ≥ 20 g/day, unknown), regular exercise (< 3, ≥ 3 times a week, or unknown), BMI (continuous),
education level (< community college graduate, ≥ community college graduate, or unknown), and family history of cancer (no, yes, or unknown), viral hepatitis (no or
yes), fatty liver (no or yes), liver cirrhosis (no or yes), and FIB-4 (continuous). Model 2was adjusted for the variables inModel 1 plus diabetes (no or yes), hypertension
(no or yes), total cholesterol (continuous), triglycerides (continuous), and HDL-C (continuous).
TSH tertile levels: tertile 1, 0.25–1.49; tertile 2, 1.50–2.36; and tertile 3, 2.37–5.00.
Free T4 tertile levels: tertile 1, 0.93–1.21; tertile 2, 1.22–1.34; and tertile 3, 1.35–1.80.
Free T3 tertile levels: tertile 1, 2.00–3.06; tertile 2, 3.08–3.28; and tertile 3, 3.29–4.40.
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including hepatocytes, and modulate liver function (39). Indeed,
decreased thyroid function is related to metabolic abnormalities
including obesity, dyslipidemia, lipid peroxidation, and insulin resis-
tance, which all contribute to liver damage (7, 11). However, in our
study, the relationship of low FT4 level with increased risk of liver
cancer mortality remained significant even after the adjustment of
metabolic parameters; thus, the findings could not be explained by
hypothyroidism-related metabolic abnormalities. There seem to be
several other possible explanations regarding the inverse relationship
of thyroid hormoneswith liver cancer risk. First, the downregulation of
thyroid hormone receptors (TR) might be associated with HCC. Frau
and colleagues reported that the downregulation of TRa1 and TRb1
was seen in preneoplastic lesions and HCC in rats (40). Second, a
functioning TSH receptor is overexpressed in humanHCC tissues and
it is related to unfavorable prognosis (41). TSH stimulation in the
hypothyroid state might result in cell proliferation in HCC (41). The
liver also metabolizes thyroid hormones and controls their systemic
functions (39). Indeed, previous studies have reported that the prev-
alence of clinical and subclinical hypothyroidism is increased in
patients with chronic liver disease such as NAFLD or nonalcoholic
steatohepatitis, a risk factor for liver cancer (42–44). Thus, it may be
possible that thyroid dysfunction indicates a manifestation of chronic
liver disease. The inverse relationship of FT4 level with liver cancer
mortality was, however, consistently observed even in the absence of
chronic liver disease including fatty liver, alcohol intake, viral hepatitis,
liver cirrhosis, or liver fibrosis based on noninvasive fibrosis indices.
Further research is required to elucidate themechanismunderlying the
association between thyroid function and liver cancer while consid-
ering the differential role of thyroid function in carcinogenesis,
progression, and the prognosis of liver cancer.

We acknowledge several limitations that should be addressed. First,
liver cancer incidence data were unavailable. Given the close parallel
between the incidence of liver cancer and liver cancer mortality
because the majority of patients with liver cancer die of liver cancer,
findings might be expected similar for the incidence of liver cancer. In
addition, this study did not differentiate HCC from other liver cancer
in terms of mortality because we checked the death from liver cancer
using ICD-10 code of C22. Therefore, further researches are required
to evaluate the relationship of thyroid function with the incidence of
liver cancer while differentiatingHCC fromother liver cancer. Second,
the history of medication use for thyroid disease was collected via self-
administered questionnaires without information on specific drug
names, thereby limiting our ability to differentiate hyperthyroidism
from hypothyroidism based onmedication history. Thus, we excluded
the participants taking medications for thyroid disease, resulting in an

insufficient sample size of overt hypothyroidism and hyperthyroidism.
Because of the same limitation, we were not able to evaluate the impact
of thyroid hormone supplementation on liver cancer mortality. Future
studies to investigate whether the liver cancer mortality is increased in
people whose thyroid function becomes euthyroid under treatment for
hypothyroidism would be useful. Even though comprehensive factors
at baseline and follow-up were considered in our study, the possibility
of some unmeasured or residual confounders cannot be excluded.
Finally, our study findings from relatively young Korean adults who
participated in a regular health checkup program could not be
generalized to other age groups, populations with different demo-
graphic factors, or other race/ethnic groups. Despite these limitations,
this study demonstrated the relationship of thyroid function, both
within the normal and abnormal ranges, with liver cancer mortality
risk based on a large-scale cohort with measurements of thyroid
hormones.

In conclusion, the risk of liver cancer mortality increased as FT4
level decreased, both within the normal and abnormal ranges of
thyroid function. The inverse relationship of free thyroxine with liver
cancer mortality was consistently found after adjusting for potential
confounders. Further studies arewarranted to confirm the relationship
between thyroid function and liver cancer in other populations and to
clarify the biological mechanisms that might help better understand
the development of liver cancer and prognosis.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Authors’ Contributions
W. Sohn: Visualization, writing–original draft, writing–review and editing.

Y. Chang: Conceptualization, data curation, methodology, writing–original draft,
writing–review and editing. Y.K. Cho: Supervision, writing–review and editing.
Y. Kim: Data curation, writing–review and editing. H. Shin: Supervision, writing–
review and editing. S. Ryu: Conceptualization, resources, formal analysis,
visualization, methodology, writing–original draft, writing–review and editing.

Acknowledgments
This study was supported by the National Research Foundation of Korea funded

by the Ministry of Science, ICT, and Future Planning (NRF-2017R1A2B2008401).

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received February 20, 2020; revised May 21, 2020; accepted July 13, 2020;
published first July 22, 2020.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer

statistics 2018: GLOBOCAN estimates of incidence andmortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin 2018;68:394–424.

2. Goodarzi E, Ghorat F, Mosavi JA, Adineh HA, SohrabivafaM, Khazaei Z. Global
incidence and mortality of liver cancers and its relationship with the human
development index (HDI): an ecology study in 2018. WCRJ 2019;6:e1255.

3. European Association for the Study of the Liver. EASL Clinical Practice Guide-
lines: management of hepatocellular carcinoma. J Hepatol 2018;69:182–236.

4. Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz M, ShermanM, et al.
Hepatocellular carcinoma. Nat Rev Dis Primers 2016;2:16018.

5. Liu Z, Jiang Y, Yuan H, Fang Q, Cai N, Suo C, et al. The trends in incidence of
primary liver cancer caused by specific etiologies: results from the Global Burden
of Disease Study 2016 and implications for liver cancer prevention. J Hepatol
2019;70:674–83.

6. Global Burden of Disease Liver Cancer Collaboration; Akinyemiju T, Abera S,
Ahmed M, Alam N, Alemayohu MA, et al. The burden of primary liver cancer
and underlying etiologies from 1990 to 2015 at the global, regional, and national
level: results from theGlobal Burden ofDisease Study 2015. JAMAOncol 2017;3:
1683–91.

7. Reddy A, Dash C, Leerapun A, Mettler TA, Stadheim LM, Lazaridis KN, et al.
Hypothyroidism: a possible risk factor for liver cancer in patients with no known
underlying cause of liver disease. Clin Gastroenterol Hepatol 2007;5:118–23.

8. Mercado-Irizarry A, Torres EA. Cryptogenic cirrhosis: current knowledge and
future directions. Clin Liver Dis 2016;7:69–72.

9. Brent GA. Mechanisms of thyroid hormone action. J Clin Invest 2012;122:
3035–43.

10. ArandaA,Martinez-IglesiasO, Ruiz-Llorente L, Garcia-CarpizoV, ZambranoA.
Thyroid receptor: roles in cancer. Trends Endocrinol Metab 2009;20:318–24.

Sohn et al.

Cancer Epidemiol Biomarkers Prev; 29(10) October 2020 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION2008

on October 22, 2021. © 2020 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst July 22, 2020; DOI: 10.1158/1055-9965.EPI-20-0283 

http://cebp.aacrjournals.org/


11. Malik R, Hodgson H. The relationship between the thyroid gland and the liver.
QJM 2002;95:559–69.

12. Guo Z, Li M, Han B, Qi X. Association of non-alcoholic fatty liver disease with
thyroid function: a systematic review and meta-analysis. Dig Liver Dis 2018;50:
1153–62.

13. Kim D, KimW, Joo SK, Bae JM, Kim JH, Ahmed A. Subclinical hypothyroidism
and low-normal thyroid function are associated with nonalcoholic steatohepa-
titis and fibrosis. Clin Gastroenterol Hepatol 2018;16:123–31.

14. HassanMM, Kaseb A, Li D, Patt YZ, Vauthey JN, ThomasMB, et al. Association
between hypothyroidism and hepatocellular carcinoma: a case-control study in
the United States. Hepatology 2009;49:1563–70.

15. Chang Y, Ryu S, Choi Y, Zhang Y, Cho J, Kwon MJ, et al. Metabolically healthy
obesity and development of chronic kidney disease: a cohort study. Ann Intern
Med 2016;164:305–12.

16. Chang Y, Cho YK, Cho J, Jung HS, Yun KE, Ahn J, et al. Alcoholic and
nonalcoholic fatty liver disease and liver-related mortality: a cohort study.
Am J Gastroenterol 2019;114:620–9.

17. Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, et al. The
diagnosis andmanagement of non-alcoholic fatty liver disease: practice guideline
by the American Gastroenterological Association, American Association for the
Study of Liver Diseases, and American College of Gastroenterology. Gastroen-
terology 2012;142:1592–609.

18. World Health Organization, Regional Office for the Western Pacific. The Asia-
Pacific perspective: redefining obesity and its treatment. Sydney: Health Com-
munications Australia; 2000.

19. Kim EY, Chang Y, Lee KH, Yun JS, Park YL, Park CH, et al. Serum concentration
of thyroid hormones in abnormal and euthyroid ranges and breast cancer risk: a
cohort study. Int J Cancer 2019;145:3257–66.

20. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al.
Harmonizing the metabolic syndrome: a joint interim statement of the Inter-
national Diabetes Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation 2009;120:1640–5.

21. Zhang Y, Chang Y, Ryu S, Cho J, Lee WY, Rhee EJ, et al. Thyroid hormones and
mortality risk in euthyroid individuals: the Kangbuk Samsung Health Study.
J Clin Endocrinol Metab 2014;99:2467–76.

22. Kim JS, Zhang Y, Chang Y, Ryu S, Guallar E, Shin YC, et al. Subclinical
hypothyroidism and incident depression in young and middle-age adults.
J Clin Endocrinol Metab 2018;103:1827–33.

23. Park SY, KimHI, Oh HK, Kim TH, Jang HW, Chung JH, et al. Age- and gender-
specific reference intervals of TSH and free T4 in an iodine-replete area: data
from Korean National Health and Nutrition Examination Survey IV (2013–
2015). PLoS One 2018;13:e0190738.

24. Mathiesen UL, Franzen LE, Aselius H, Resjo M, Jacobsson L, Foberg U, et al.
Increased liver echogenicity at ultrasound examination reflects degree of stea-
tosis but not of fibrosis in asymptomatic patients with mild/moderate abnor-
malities of liver transaminases. Dig Liver Dis 2002;34:516–22.

25. Yeom SK, Lee CH, Cha SH, Park CM. Prediction of liver cirrhosis, using
diagnostic imaging tools. World J Hepatol 2015;7:2069–79.

26. Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, et al. The
NAFLD fibrosis score: a noninvasive system that identifies liver fibrosis in
patients with NAFLD. Hepatology 2007;45:846–54.

27. Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ,
et al. Comparison of noninvasive markers of fibrosis in patients with
nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 2009;7:
1104–12.

28. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD,Marrero JA, ConjeevaramHS,
et al. A simple noninvasive index can predict both significant fibrosis and
cirrhosis in patients with chronic hepatitis C. Hepatology 2003;38:518–26.

29. SongYM, Sung J. Bodymass index andmortality: a twelve-year prospective study
in Korea. Epidemiology 2001;12:173–9.

30. DunnW, Xu R,Wingard DL, Rogers C, Angulo P, Younossi ZM, et al. Suspected
nonalcoholic fatty liver disease and mortality risk in a population-based cohort
study. Am J Gastroenterol 2008;103:2263–71.

31. Turati F, Talamini R, Pelucchi C, Polesel J, Franceschi S, Crispo A, et al.
Metabolic syndrome and hepatocellular carcinoma risk. Br J Cancer 2013;
108:222–8.

32. Ren H, Wang J, Gao Y, Yang F, Huang W. Metabolic syndrome and liver-
related events: a systematic review and meta-analysis. BMC Endocr Disord
2019;19:40.

33. Roos A, Bakker SJL, Links TP, Gans ROB,Wolffenbuttel BHR. Thyroid function
is associated with components of the metabolic syndrome in euthyroid subjects.
J Clin Endocrinol Metab 2007;92:491–6.

34. Soh SB, Aw TC. Laboratory testing in thyroid conditions - pitfalls and clinical
utility. Ann Lab Med 2019;39:3–14.

35. Khan SR, Chaker L, Ruiter R, Aerts JG, Hofman A, Dehghan A, et al. Thyroid
function and cancer risk: the Rotterdam Study. J Clin Endocrinol Metab 2016;
101:5030–6.

36. Mantovani A, Nascimbeni F, Lonardo A, Zoppini G, Bonora E, Mantzoros CS,
et al. Association between primary hypothyroidism and nonalcoholic fatty liver
disease: a systematic review and meta-analysis. Thyroid 2018;28:1270–84.

37. Bano A, Chaker L, Plompen EP, Hofman A, Dehghan A, Franco OH, et al.
Thyroid function and the risk of nonalcoholic fatty liver disease: the Rotterdam
Study. J Clin Endocrinol Metab 2016;101:3204–11.

38. Cheng SY, Leonard JL, Davis PJ. Molecular aspects of thyroid hormone actions.
Endocr Rev 2010;31:139–70.

39. Papineni JK, Pinnelli VBK, Davanum R. Thyroid hormone levels in chronic
alcoholic liver disease patients before and after treatment. J Clin Diagn Res 2017;
11:BC13–6.

40. Frau C, Loi R, Petrelli A, Perra A, Menegon S, Kowalik MA, et al. Local
hypothyroidism favors the progression of preneoplastic lesions to hepatocellular
carcinoma in rats. Hepatology 2015;61:249–59.

41. Shih YL, Huang YH, Lin KH, Chu YD, Yeh CT. Identification of functional
thyroid stimulating hormone receptor and TSHR gene mutations in hepatocel-
lular carcinoma. Anticancer Res 2018;38:2793–802.

42. Pagadala MR, Zein CO, Dasarathy S, Yerian LM, Lopez R, McCullough AJ.
Prevalence of hypothyroidism in nonalcoholic fatty liver disease. Dig Dis Sci
2012;57:528–34.

43. Chung GE, Kim D, Kim W, Yim JY, Park MJ, Kim YJ, et al. Non-alcoholic
fatty liver disease across the spectrum of hypothyroidism. J Hepatol 2012;57:
150–6.

44. Ludwig U, Holzner D, Denzer C, Greinert A, Haenle MM, Oeztuerk S, et al.
Subclinical and clinical hypothyroidism and non-alcoholic fatty liver disease: a
cross-sectional study of a random population sample aged 18 to 65 years.
BMC Endocr Disord 2015;15:41.

AACRJournals.org Cancer Epidemiol Biomarkers Prev; 29(10) October 2020 2009

Thyroid Hormones and Liver Cancer

on October 22, 2021. © 2020 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst July 22, 2020; DOI: 10.1158/1055-9965.EPI-20-0283 

http://cebp.aacrjournals.org/


2020;29:2002-2009. Published OnlineFirst July 22, 2020.Cancer Epidemiol Biomarkers Prev 
  
Won Sohn, Yoosoo Chang, Yong Kyun Cho, et al. 
  
and Liver Cancer Mortality: A Cohort Study
Abnormal and Euthyroid Ranges of Thyroid Hormones in Serum

  
Updated version

  
 10.1158/1055-9965.EPI-20-0283doi:

Access the most recent version of this article at:

  
Material

Supplementary

  
 http://cebp.aacrjournals.org/content/suppl/2020/07/22/1055-9965.EPI-20-0283.DC1

Access the most recent supplemental material at:

  
  

  
  

  
Cited articles

  
 http://cebp.aacrjournals.org/content/29/10/2002.full#ref-list-1

This article cites 43 articles, 2 of which you can access for free at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgat

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cebp.aacrjournals.org/content/29/10/2002
To request permission to re-use all or part of this article, use this link

on October 22, 2021. © 2020 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst July 22, 2020; DOI: 10.1158/1055-9965.EPI-20-0283 

http://cebp.aacrjournals.org/lookup/doi/10.1158/1055-9965.EPI-20-0283
http://cebp.aacrjournals.org/content/suppl/2020/07/22/1055-9965.EPI-20-0283.DC1
http://cebp.aacrjournals.org/content/29/10/2002.full#ref-list-1
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cebp.aacrjournals.org/content/29/10/2002
http://cebp.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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 [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


