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Endocrinology and Metabolism, Department of Medicine, Samsung Medical Center, Sungkyunkwan
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Aim: We investigated the association between total cholesterol (TC), low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and
triglyceride (TG) variability and cancer patient mortality risk.

Methods: We retrospectively analyzed 42,539 cancer patients who were not
receiving lipid-lowering agents and who had at least three TC measurements
within 2 years of their initial cancer diagnosis. Using a multivariable Cox
regression model, the risk of mortality was evaluated.

Results: In multivariable analysis, Q2 (adjusted hazard ratio [aHR]: 1.32, 95%
confidence interval (Cl): 1.24-1.41), Q3 (aHR: 1.66, 95% CI: 1.56-1.76), and Q4
(@aHR: 1.96, 95% CI: 1.84-2.08) of coefficient of variation (CV) in TC were
significantly associated with mortality risk compared to Q1, showing a linear
association between higher TC variability and mortality (P for trend<0.001). Q2
(@aHR: 1.34, 95% CI: 1.06-1.77), Q3 (aHR: 1.40, 95% Cl: 1.06-1.85), and Q4 (aHR:
150, 95% CI: 1.14-1.97) were all significantly associated with a higher risk of
death compared to Q1 in multivariable Cox regression for the association
between CV in LDL and all-cause mortality (P for trend=0.005).

Conclusion: In cancer patients who do not receive lipid-lowering agents, high
variability in total cholesterol and LDL cholesterol levels was found to pose
significant role in mortality risk.

KEYWORDS

total cholesterol, LDL cholesterol, variability, mortality, cancer

Abbreviations: aHR, adjusted hazard ratio; ANOVA, analysis of variance; BMI, body mass index; CDW,
clinical data warehouse; CI, confidence interval; CKD-EPI 2021, chronic kidney disease epidemiology
collaboration 2021; CV, coefficient of variation; DM, diabetes mellitus; HDL, high-density lipoprotein;
HTN, hypertension; ICD-10, International Classification of Disease, 10th revision; LDL, low-density
lipoprotein; NED, no-evidence-of-disease; SD, standard deviation; SMC, Samsung Medical Center; TC,
total cholesterol; TG, triglyceride.
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1 Introduction

In 2015, cancer was the second-leading cause of death globally
after cardiovascular diseases, accounting for approximately 8.7
million deaths (1). In 20 regions of the world, 18.1 million new
cancer cases (excluding non-melanoma skin cancer) and 9.6 million
cancer-related deaths (9.5 million excluding non-melanoma skin
cancer) were anticipated in 2018 (2). In addition to physicians’
efforts to stratify risk factors for cancer treatment based on the
TNM staging system, new prognostic biomarkers that may help
stratify cancer risk and modify risk have been identified (3). Cancer
patients had significant associations between total cholesterol (TC)
and high-density lipoprotein cholesterol (HDL-C) levels and overall
survival, according to a systematic review and meta-analysis (4).

In the Framingham Heart Study, cholesterol variability was
associated with mortality. This relationship has also been observed
in recent studies of general populations and people with type 2
diabetes mellitus (DM) (5-8). Coronary atheroma progression,
endothelial dysfunction, and the effect of many drugs on
cholesterol levels were among the possible mechanisms of the
effect of cholesterol variability on poor outcomes (6, 7, 9-11).
Previous studies reported no significant association between intra-
individual variability in TC levels stratified by quartile and cancer
mortality (12). However, significant associations were found in all-
cause and cardiovascular disease mortality (12).

To the best of our knowledge, although the association between
cholesterol variability and mortality risk in cancer patients was
evaluated in subgroup analysis in a previous study, no study
examined the association between lipid variability and mortality
risk in cancer patients who did not receive lipid-lowering agents in a
large cohort. Therefore, we aimed to investigate the association
between TC variability and mortality in newly diagnosed cancer
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patients not receiving lipid-lowering agents at the time of cancer
diagnosis. Furthermore, we investigated the association between
variability in low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), and triglyceride (TG) and
death in cancer patients not receiving lipid-lowering agents at the
time of cancer diagnosis.

2 Materials and methods
2.1 Study design and population

The study’s participants were newly diagnosed cancer patients
older than 20 who visited the Samsung Medical Center (SMC) in
Seoul, Republic of Korea, between January 2008 and December
2019. The study included 140,133 individuals diagnosed with
cancer for the first time (International Classification of Disease,
10th revision (ICD-10), C code) and had medical records, including
the TNM stage. We included cancer patients without metastasis
who had at least three TC measurements within 2 years of their
initial diagnosis (N=51,771). We excluded patients whose body
mass index (BMI), laboratory measurements, medical history of
hypertension (HTN), smoking status, and alcohol consumption
variables were missing (N=3,411) and who had a history of
prescriptions for lipid-lowering agents within a year from the
index date (n=7,099). The LDL-C, HDL-C, and TG analysis
datasets were created in the same process described previously.
The workflow of the study is summarized at Figure 1. Finally,
42,539, 3,018, 2,956, and 3,368 participants were analyzed in the TC
cohort, LDL-C cohort, HDL-C cohort, and TG cohort, respectively.
All data were extracted from SMC’s clinical data warehouse
(CDW), DARWIN-C.

First Cancer Diagnosis from 2008-01-01 to 2019-12-31 with TNM codes (age > 20)
N = 140,133

LDL-C variability cohort

TC variability cohort

HDL-C variability cohort

TG variability cohort

Inclusion
1. Without metastasis (N=128,283)
2. At least 3 TC measurements within 2 years from
first diagnosis (N=51,771)

Inclusion
1. Without metastasis (N=128,283)
2. At least 3 LDL measurements within 2 years from
first diagnosis (N=4,975)

Exclusion
1. Missing values of BMI (N=142)
2. Missing values of AST/ALT (N=15)
3. Missing values of Fasting blood glucose (N=845)
4. Missing values of serum creatinine (N=107)
5. Missing values of history of hypertension
(N=1,631)
6. Missing values of smoking status (N=541)
7. Missing values of alcohol consumption (N=130)
8. Who had medical records of taking lipid
modifying agents (N=5,829)

Exclusion
1. Missing values of BMI (N=23)

2. Missing values of AST/ALT (N=14)

3. Missing values of Fasting blood glucose (N=36)
4. Missing values of serum creatinine (N=14)

5. Missing values of history of hypertension (N=21)
6. Missing values of smoking status (N=61)

7. Missing values of alcohol consumption (N=18)
8. Who had medical records of taking lipid
modifying agents (N=1,770)

Inclusion
1. Without metastasis (N=128,283)
2. At least 3 TG measurements within 2 years from
first diagnosis (N=5,458)

Inclusion
1. Without metastasis (N=128,283)
2. At least 3 HDL within 2 years from first diagnosis
(N=4,967)

Exclusion
1. Missing values of BMI (N=27)

2. Missing values of AST/ALT (N=15)

3. Missing values of Fasting blood glucose (N=37)
4. Missing values of serum creatinine (N=34)

5. Missing values of history of hypertension (N=20)
6. Missing values of smoking status (N=60)

7. Missing values of alcohol consumption (N=20)

8. Who had medical records of taking lipid
modifying agents (N=1,877)

Exclusion
1. Missing values of BMI (N=23)
2. Missing values of AST/ALT (N=15)
3. Missing values of Fasting blood glucose (N=37)
4. Missing values of serum creatinine (N=13)
5. Missing values of history of hypertension (N=21)
6. Missing values of smoking status (N=61)
7. Missing values of alcohol consumption (N=9)
8. Who had medical records of taking lipid
modifying agents (N=1,832)

N=42,539 | | N=13,018 |

| N=2,956 | | N=3,368

FIGURE 1
Flow chart of the study.
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2.2 Definition of exposure

After an overnight fast, laboratory measurements of the TC,
LDL-C, HDL-C, and TG measured repeatedly from the patient’s
first cancer diagnosis for two years were collected longitudinally.
Mean and standard deviation (SD) values were calculated from
blood lipid levels measured at least thrice within 2 years of the initial
diagnosis for each cancer patient. We calculated the mean value and
standard deviation from repeatedly measured cholesterol levels, and
the coefficient of variation (CV) in TC, LDL-C, HDL-C, and TG was
defined as the ratio of the SD to the mean in each patient. And the
CV is divided by the quartile, and the CV increases from the first
quartile to the fourth quartile. Each cancer patient’s last blood lipid
measurement date was defined as the index date.

2.3 Definition of covariates

Electrical medical records and a self-administered questionnaire
were used to examine the personal medical history, including DM,
HTN, smoking history, alcohol intake, and medications. The
demographic, anthropometric, and laboratory data of all
participants were collected. ICD-10 codes E11-14, a self-reported
history of DM, records of anti-diabetic drug prescriptions, an HbAlc
of 6.5% or above, or a fasting glucose level of 126 mg/dL or higher
were used to identify DM. The chronic kidney disease epidemiology
collaboration 2021 (CKD-EPI 2021) formula was used to calculate
the value of the estimated glomerular filtration rate (eGFR) (13). We
defined chronic kidney disease (CKD) as eGFR<60 mL/min/1.73 m>
at the index date (14). BMI was calculated by dividing body weight
(kg) by height squared (m?). Information on alcohol intake and
smoking status was collected by a self-reported questionnaire and
classified as never, previous, or current. A history of HTN was
indicated by the presence of 110-15 in ICD-10 codes, records of
prescriptions for anti-hypertensive medications, a self-reported
history of HTN, or systolic or diastolic blood pressure readings of
>140 mmHg or >90 mmHg, respectively, measured at least three
times. Medical history of all HMG-CoA reductase inhibitors,
fenofibrate, bezafibrate, omega-3 acids, and self-report of
medication use were all included in the lipid-lowering medications.
All cancers were divided into 24 common categories based on the
primary site of the disease and then reclassified into eight cancer
types, including gastrointestinal (colon, rectum, stomach, esophagus,
and small intestine), urologic (bladder, prostate, testis, and ureter),
gynecologic (endometrial, cervix uteri, corpus uteri, and ovary),
breast, hepato-pancreatobiliary (liver and intrahepatic bile duct,
gallbladder and other parts of the biliary tract, and pancreas), lung,
thyroid cancer, and other cancers (15-17).

2.4 Definition of outcomes

All participants were followed from the index date until the
conclusion of the research (December 2020) or until their death
(collected from the death records of SMC CDW linked to
Statistics Korea).
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2.5 Statistical analysis

All categorical variables were presented as percentages, while all
continuous variables were shown as the mean and standard
deviation (SD). The analysis of variance (ANOVA) for
continuous variables and the chi-square test for categorical values
were utilized to evaluate the characteristics of patients according to
the CV quartile in lipid measurements. Kaplan-Meier’s method was
used to examine survival curves, and the results were compared
with the log-rank test. We estimated hazard ratios (HRs) with a 95%
confidence interval (CI) for all-cause mortality using Cox
proportional hazard regression models. We fitted three models to
examine the association between variability in lipid measurements
and death in cancer patients not receiving lipid-lowering agents.
Model 1 was a crude model. Model 2 was adjusted for age, sex, BMI,
and mean lipid measurements. Model 3 was further adjusted for
CKD, DM, HTN, smoking status, alcohol consumption, and cancer
type. We conducted a sensitivity analysis according to no-evidence-
of-disease (NED) status and the administration of lipid-lowering
agents during the follow-up study period. In sensitivity analyses,
cancer patients were censored at the date of initiating NED status
rather than continuing follow-up until the end of the study when
they attained NED status, which the oncologists decided
throughout follow-up (18). Furthermore, if lipid-lowering agents
were administered during the study period, the follow-up was
limited to the observation date. We performed subgroup analysis
by age, sex, presence of DM and HTN, smoking status, alcohol
consumption, and cancer type, and the highest quartile (Q4)
group’s HR (95% CI) of CV in TC was compared with the lowest
three quartiles (Q1-3) as a reference group. Additionally, we
conducted an additional analysis to evaluate the association
between the longitudinal absolute changes in TC from baseline
and mortality using generalized estimating equation (GEE) models.
R version 2.1.3 was used to perform all analyses, and P<0.05 was
considered statistically significant.

3 Results

3.1 Baseline characteristics of the
study population

Table 1 shows all baseline characteristics stratified by the CV
quartile in TC. Patients in higher quartiles of TC variability were older,
more likely to be female, tended to have a lower BMI, and had a higher
prevalence of DM and HTN. The CV values of TC in Q1, Q2, Q3, and
Q4 were 5.7 + 1.8, 10.0 + 1.0, 13.9 + 1.3, and 21.6 * 4.8, respectively.
The mean lipid values were highest in Q1 and lowest in Q4. The
median frequency of total cholesterol measurement per patients is six
times (25%tile: four times, 75%tile: nine times), while the median
frequency of LDL-C, HDL-C, and TG is four times (25%tile: three
times, 75%tile: five times). The median time interval for repeat TC
measurement is 21 days (25%tile: four days, 75%tile: 68 days), while the
median time interval for LDL-C, HDL-C, and TG is 91 days (25%tile:
35 days, 75%tile: 175 days).
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TABLE 1 Baseline characteristics of the study participants according to the total cholesterol variability.

Q1 (<8.2) Q2 (8.2-11.8) Q3 (11.8-16.4) Q4 (>16.4) Bl
(N=10,632) (N=10,698) (N=10,623) (N=10,586)
Age 572 £ 115 57.1 £11.7 57.3 £ 11.9 59.0 +11.9 <0.001
Sex <0.001
- Female 5479 (51.5%) 5259 (49.2%) 4687 (44.1%) 3874 (36.6%)
- Male 5153 (48.5%) 5439 (50.8%) 5936 (55.9%) 6712 (63.4%)
BMI 243 +16.0 24.5 +22.0 24.7 +27.0 23.7 £22.3 0.007
Serum creatinine 0.8 £ 0.4 0.8 +0.4 0.8 +0.5 09 +05 <0.001
Fasting glucose 105.7 + 25.9 106.6 + 27.5 107.5 + 30.4 109.7 + 34.4 <0.001
ALT 24.8 + 262 24.1 +21.6 25.4 + 455 26.6 + 38.9 <0.001
AST 259 +25.5 25.7 +19.0 27.7 +52.8 29.5 + 46.3 <0.001
eGFR 95.5 + 16.0 95.6 + 16.4 95.3 + 17.4 94.0 + 18.2 <0.001
Mean of lipid values 173.7 319 169.1 +29.6 1634 + 286 154.0 + 25.0 <0.001
SD of lipid values 99+ 3.6 169 + 34 228 + 44 331 £82 <0.001
CV of lipid values 57+18 100 + 1.0 139+ 1.3 21.6 + 4.8 <0.001
‘ Presence of CKD <0.001
- No 10263 (96.5%) 10313 (96.4%) 10191 (95.9%) 10055 (95.0%)
- Yes 369 (3.5%) 385 (3.6%) 432 (4.1%) 531 (5.0%)
‘ Presence of DM <0.001
- No 8833 (83.1%) 8678 (81.1%) 8393 (79.0%) 8033 (75.9%)
- Yes 1799 (16.9%) 2020 (18.9%) 2230 (21.0%) 2553 (24.1%)
‘ Presence of hypertension <0.001
- No 6807 (64.0%) 6625 (61.9%) 6261 (58.9%) 5528 (52.2%)
- Yes 3825 (36.0%) 4073 (38.1%) 4362 (41.1%) 5058 (47.8%)
‘ Smoking status <0.001
- Never 7124 (67.0%) 6946 (64.9%) 6520 (61.4%) 6199 (58.6%)
- Ever 1822 (17.1%) 1913 (17.9%) 2056 (19.4%) 2103 (19.9%)
- Current 1686 (15.9%) 1839 (17.2%) 2047 (19.3%) 2284 (21.6%)
‘ Alcohol consumption <0.001
- Never 6366 (59.9%) 6235 (58.3%) 5915 (55.7%) 5532 (52.3%)
- Ever 2362 (22.2%) 2671 (25.0%) 2880 (27.1%) 3303 (31.2%)
- Current 1904 (17.9%) 1792 (16.8%) 1828 (17.2%) 1751 (16.5%)
‘ Cancer types <0.001
Gastrointestinal 3965 (37.3%) 4435 (41.5%) 4728 (44.5%) 5153 (48.7%)
Urology 369 (3.5%) 217 (2.0%) 192 (1.8%) 183 (1.7%)
Gynecology 39 (0.4%) 24 (0.2%) 27 (0.3%) 21 (0.2%)
Breast 2386 (22.4%) 2326 (21.7%) 1825 (17.2%) 989 (9.3%)
Hepato-Pancreatobiliary 666 (6.3%) 789 (7.4%) 1143 (10.8%) 1978 (18.7%)
Lung 2176 (20.5%) 2167 (20.3%) 2077 (19.6%) 1490 (14.1%)
(Continued)
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TABLE 1 Continued

Q1 (<8.2)

Q2 (8.2-11.8)

10.3389/fonc.2023.1254339

Q3 (11.8-16.4) Q4 (>16.4)

P value

(N=10,632)
Thyroid 381 (3.6%)

Others 650 (6.1%)

(N=10,698)
256 (2.4%)

484 (4.5%)

(N=10,586)
174 (1.6%) ‘ 171 (1.6%)

457 (4.3%) 601 (5.7%)

*ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CKD, chronic kidney disease; CV, coefficient of variation; DM, diabetes mellitus; eGFR, estimated

glomerular filtration rate; SD, standard deviation.

3.2 Multivariable Cox regression of
all-cause mortality

The median follow-up duration of all participants was 4.74 years
(25%tile: 2.02 years, 75%tile: 7.64 years). Of the 10,239 deaths and
213,223 person-years, the incidence rate (per 10,000 person-years) for
participants in Q1, Q2, Q3, and Q4 was 288.4, 394.9, 534.9, and 723.3,
respectively. Table 2 shows the result of a multivariable Cox
regression of all-cause mortality with incidence rate. The
unadjusted HRs for all-cause mortality in cancer patients with Q2,
Q3,and Q4 of CV in TC were 1.38 (95% CI: 1.29-1.47), 1.86 (95% CI:
1.75-1.98), and 2.52 (95% CI: 2.37-2.67), compared to Q1 (Figure 2).
In model 3 of multivariable analysis, Q2 (adjusted HR [aHR]: 1.32,
95% CI: 1.24-1.41), Q3 (aHR: 1.66, 95% CI: 1.56-1.76), and Q4 (aHR:
1.96, 95% CI: 1.84-2.08) were significantly associated with an
increased risk of mortality compared to Q1 (P for trend<0.001). Q2
(aHR: 1.34, 95% CI 1.06-1.77), Q3 (aHR: 1.40, 95% CI: 1.06-1.85),
and Q4 (aHR: 1.50, 95% CI: 1.14-1.97) were all significantly
associated with a higher risk of death compared to QI in
multivariable Cox regression for the association between CV in
LDL and all-cause mortality (P for trend=0.005). Only Q4 (aHR:
2.38, 95% CI: 1.78-3.18) was significantly associated with an
increased risk of death relative to Q1 in multivariable Cox
regression for the relationship between CV in HDL and all-cause
mortality, but not Q2 or Q3 (P for trend<0.001). No association was
observed between CV in TG and the risk of death (P for trend=0.722).

3.3 Sensitivity analysis and
subgroup analysis

We conducted a sensitivity analysis for cancer patients who
achieved NED during the study period to be censored at NED
status. As shown in Table 3, Q2 (aHR: 1.38, 95% CI: 1.28-1.49), Q3
(aHR: 1.77, 95% CI: 1.64-1.9), and Q4 (aHR: 2.09, 95% CI: 1.95-
2.25) of CV in TC were significantly associated with an increased
risk of mortality compared to Q1 (Table 3). Furthermore, when the
use of lipid-lowering agents was censored considering patients who
received lipid-lowering agents during the study period, Q2 (aHR:
1.32, 95% CL 1.23-1.41), Q3 (aHR: 1.67, 95% CI 1.57-1.78), and
Q4 (aHR: 1.97, 95% CI: 1.85-2.1) of CV in TC were all significantly
linked with a higher risk of death compared to Q1 (Table 4).
Furthermore, in subgroup analyses, heterogeneity was not observed
in age, sex, presence or absence of DM and HTN, smoking status, or
alcohol consumption, except for cancer type (Supplementary
Table 1). Using GEE models, after controlling covariates, an
increase of 1 mg/dL in absolute changes of total cholesterol from
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baseline was found to significantly increase mortality risk by 0.4%.
(Supplementary Table 2).

4 Discussion

In this large-scale longitudinal study comprising 213,223 person-
years, we found that a high CV quartile in TC was significantly
associated with all-cause mortality after considering potential
confounding variables. Despite considering NED status and the
administration of lipid-lowering medications during the follow-up
study period, our study’s findings were consistent. Additionally, we
investigated the relationships between the CV quartiles of LDL-C,
HDL-C, and TG and mortality risk. We found a significant
relationship between the high CV quartiles of LDL-C and HDL-C
and mortality risk, but not TG. We demonstrated the comprehensive
prognostic role of lipid variability on mortality risk in cancer patients
not receiving lipid-lowering medication.

In a systematic review and meta-analysis of the association of
lipid variability with all-cause mortality, a high CV of TC, LDL-C,
and HDL-C was significantly associated with all-cause mortality (6,
19). In our study, the association between the CV quartiles of TC,
LDL, and HDL and mortality risk was significant but not for TG. In
the two previous studies that examined the effect of the CV quartile of
TC on all-cause mortality, the adjusted hazard ratio in Q4 was 1.26
(95% CI: 1.24-1.28) and 1.21 (95% CI: 1.05-1.40) compared to Q1 (7,
12). Two previous studies evaluated the effect of cholesterol
fluctuations on mortality regardless of the administration of lipid-
lowering agents. However, our large cohort study evaluated the effect
in cancer patients who did not receive lipid-lowering agents,
considering the possible effect of lipid-lowering agents on
cholesterol fluctuations. Although previous studies have been
conducted in different populations and settings from ours, our
study found that the aHR in Q4 was 1.96 (95% CI: 1.84-2.08)
compared to Q1 in cancer patients not receiving lipid-lowering
medications. One previous study estimated that the aHR for all-
cause mortality was 1.41 (95% CI: 1.36-1.45) for the low-mean/high
variability of HDL-C compared with the high-mean/low-variability
(8). In our study, the aHR of the highest variability of HDL (Q4)
compared with the lowest variability (Q1) was 2.38 (95% CI: 1.78-
3.18). In subgroup analysis, it was estimated that the HR of CV from
TC to death was different for each cancer type (P for
interaction<0.001). In subsequent studies, a larger sample size may
be required to determine which cancer species are more vulnerable.

Several possible mechanisms have been implicated in the
pathophysiology underlying the effect of lipid variability on the
mortality risk of cancer patients not receiving lipid-lowering agents.
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TABLE 2 Multivariable Cox regression for mortality by quartile of total cholesterol, LDL-C, HDL-C, and TG.

Incidence P ¢
Events Person-years Rate Model 1 Model 2 Model 3 for
(per 10,000 py) trend
Association between TC variability and overall survival
QI (8.2)
1582 4,84 288.4 f f f
(N=10,632) 58 54,847 38 re! re! re!
Q2
1.38 1.33 1.32
(8.2-11.8) 2171 54,977 394.9 (129-1.47) (124-141) (124-141)
(N=10,698) -29-1. 24-1. 24-1.
<0.001
Q3 1.86 1.69 1.66
11.8-16.4 281 2,684 4. ’ ' ’
(11.8-16.4) 818 52,68 5349 (1.75-1.98) (1.59-1.80) (1.56-1.76)
(N=10,623)
Q4 (>16.4) 2.52 1.98 1.96
3668 50,715 723.3
(N=10,586) (2.37-2.67) (1.87-2.11) (1.84-2.08)
Association between LDL variability and overall survival
<
Q1 (<8.7) 88 2,658 3311 ref ref ref
(N=755)
Q2 1.36 1.35 1.34
.7-13.2 11 2,591 451. ’ ' ’
(8.7-132) 7 5 o1s (1.03-1.79) (1.02-1.78) (1.02-1.77)
(N=759)
0.005
Q3
143 1.40 1.40
(13.2-18.9) 115 2,352 489.0 (1.08-1.89) (1.06-185) (1.06-1.85)
(N=755) o T o
Q4 (>18.9) 130 5409 396 1.61 147 1.50
(N=749) ? ’ (1.23-2.11) (1.12-1.94) (1.14-1.97)
Association between HDL variability and overall survival
QI (<8.4)
2, 248. f f f
(N=739) 69 777 8.5 re re ref
2
Q 1.37 1.32 1.17
(8.4-126) 8 2594 431 (1.00-1.87) (0.96-1.81) (0.85-1.61)
(N=733) R R U
<0.001
Q3
1.69 1.53 1.35
(12.6-18.4) 106 2,472 4287
1.24-2.28 1.13-2.08 1.00-1.84
(N=742) ( ) ( ) ( )
Q4 (>18.4) 3.30 2.75 2.38
171 1,921 890.2
(N=742) (2.49-4.37) (2.07-3.65) (1.78-3.18)
Association between TG variability and overall survival
1 (<15.
QL (=154) 152 2,884 527.0 ref ref ref
(N=844)
Q
0.86 0.91 0.90
15.4-22. 1 2,867 453,
(15 5) 30 86 535 (0.68-1.09) (0.72-1.15) (0.71-1.15)
(N=838)
0.722
Q3
0.89 0.94 0.98
(22.5-30.9) 137 2,897 4729 (071-112) (0.75-119) (078-124)
(N=845) T R R
4 (>30. . . .
Q4 (>30.9) 128 2819 4540 0.85 0.98 1.02
(N=841) (0.67-1.08) (0.77-1.24) (0.80-1.30)

*Model 1 is the unadjusted model; Model 2 is adjusted for age, sex, BMI, and mean of lipid measurements (mean of total cholesterol, LDL, HDL, or TG, respectively); Model 3 is further adjusted
for the presence of CKD, DM, and HTN, smoking status, alcohol consumption, and cancer type.

*CKD, chronic kidney disease; DM, diabetes mellitus; HDL, high-density lipoprotein; HTN, hypertension; LDL, low-density lipoprotein; TG, Triglyceride.

“P for trend was estimated in Model 3.
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FIGURE 2

Kaplan-Meier estimates for all-cause mortality in cancer patients stratified by quartile of coefficient of variation in total cholesterol.

High lipid variability may exacerbate the fluctuation of
atherosclerotic plaque components, resulting in recurrent
cholesterol crystallization and dissolution within the restricted
region, compromising plaque stability and causing plaque rupture
(10, 19, 20). Additionally, variations in cholesterol levels may lead to
endothelial dysfunction (21-23). In a mouse study, endothelial
inflammation increased endothelial permeability, and alteration of
the glycocalyx was significant in early cancer metastatic events (24).
Furthermore, dysfunctionally activated endothelial cells induced
both the spontaneous metastasis of lung cancers in mice and pro-
inflammatory signaling (25). In addition, dysregulated cholesterol
homeostasis may affect cancer pathogenesis and metastasis by
favoring cells resistant to ferroptotic cell death (26). Previous
studies found that people with arteriosclerosis were twice as likely
to develop cancer and die than those without arteriosclerosis and
cancer patients were roughly twice as likely to die from
arteriosclerosis than the general population (27, 28). Also,
increased mortality risk is associated with high HDL-C variability,
which may be a consequence of impaired cholesterol efflux from
macrophages and peripheral organs, systemic diseases, and overall
frailty (8, 29-31). Higher LDL-C variability has been associated with
higher urine protein-to-creatinine ratio in chronic kidney disease

TABLE 3 Sensitivity analysis according to NED status.

Events

Person-years

Incidence Rate
(per 10,000 py)

patients and increased risk of atrial fibrillation (6, 32, 33).
Additionally, higher LDL-C variability was associated with
reduced cerebral blood flow and increased white matter
hyperintensity burden (34, 35). Reduced cognitive function is
linked to a slightly higher probability of death from cancer, along
with a much higher risk of death from any cause (36).

The strength of our study is that it is the first to evaluate the
association between the variability of lipid measurement and all-
cause mortality with long-term follow-up in a large sample size of
newly diagnosed cancer patients not receiving lipid-lowering
agents. Second, we evaluated the effect of TC variability and LDL-
C, TG, and HDL-C fluctuation on all-cause mortality. We
conducted the study by limiting it to patients who did not take
lipid-lowering agents to exclude the possible effects of lipid-
lowering agents on lipid fluctuations. Third, we conducted two
sensitivity analyses considering NED status and taking lipid-
lowering agents during the study follow-up. Consequently, the
main result of our study is consistent with sensitivity analysis.
Finally, the results of the study may have clinical implications.
Laboratory blood tests commonly conducted for cancer patients
allow for easy measurement of lipid variability. Monitoring lipid
variability when cancer is first diagnosed may help to lower

Model 1 Model 2 Model 3

Association between TC variability and overall survival

1(<8.2
Qt ( ) 1154 28,195 409.3 ref ref ref
(N=10,632)
Q2
1.43 1.38 1.38
(8.2-11.8) 1642 28,122 583.9 (133-154) (1.28-1.49) (1.28-149)
(N=10,698) 33-1. 28-1. 28-1.
Q3
1.98 1.81 1.77
(11.8-16.4) 2223 27,676 803.2 (184-212) (L69-194) (L64-19)
(N=10,623) -84-2. 69-1. .64-1.
Q4 (>16.4) 2874 27192 1.056.9 2.61 2.11 2.09
(N=10,586) ’ T (2.44-2.8) (1.97-2.26) (1.95-2.25)

*Model 1 is the unadjusted model; Model 2 is adjusted for age, sex, BMI, and mean of total cholesterol; Model 3 is further adjusted for the presence of CKD, DM, and HTN, smoking status,

alcohol consumption, and cancer type.

*CKD, chronic kidney disease; DM, diabetes mellitus; HTN, hypertension; NED, No evidence of disease.
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TABLE 4 Sensitivity analysis according to the administration of lipid-lowering agents during the follow-up study period.

Incidence Rate
(per 10,000 py)

Events

Person-years

Model 2 Model 3

Association between TC variability and overall survival

1(<82
(g—l(o 632)) 1497 54,847 272.9 ref ref ref
Q@ 1.38 133 1.32
(8.2-11.8) 2061 54,977 374.9 ’ ’ '
(N=10,698) (1.29-1.47) (1.24-1.42) (1.23-1.41)
Q3 1.89 1.71 1.67
(11.8-16.4) 2708 52,684 514.0 : ’ :
(N=10,623) (1.77-2.01) (1.6-1.82) (1.57-1.78)
Q4
2.56 2 1.97
(>16.4) 3533 50,715 696.6
(N=10,586) (2.41-2.72) (1.88-2.13) (1.85-2.1)

*Model 1 is the unadjusted model; Model 2 is adjusted for age, sex, BMI, and mean of total cholesterol; Model 3 is further adjusted for the presence of CKD, DM, and HTN, smoking status,

alcohol consumption, and cancer type.
*CKD, chronic kidney disease; DM, diabetes mellitus; HTN, hypertension.

mortality rates. In addition, if cancer patients exhibit high lipid
variability in TC, LDL-C, and HDL-C, physicians can educate them
about the importance of controlling and maintaining cholesterol
levels through lifestyle modifications or medication to prevent
fluctuations. However, our study has several limitations. First,
since the study relies on a sample of Korean people in a single
center, our findings cannot be extrapolated to people of different
ethnicities. In addition, because only those with at least three lipid
measurements performed at the hospital within 2 years of their
cancer diagnosis were included in the study, there may be a
selection and surveillance bias in that those who visited the
hospital more frequently were included in the study. Additionally,
unmeasured, or residual confounding, such as cancer therapy,
eating habits, physical activity, or specific cancer treatment details
could not be completely eliminated, although the multivariable
analysis considered many confounders. Third, while our study
explored association between cholesterol fluctuations and
mortality in cancer patients, a subsequent study is necessary to
study the biological mechanisms related to specific cancer types,
alterations in endothelial function, or inflammation. Finally, since
our hospital’s medical electronic records and self-questionnaires
were used when another hospital prescribed the drug, it could be
missed in the analysis. In this large-scale longitudinal investigation,
we found that after controlling for any potential confounding
variables, the high CV quartile in TC was significantly associated
with all-cause death in newly diagnosed cancer patients.

5 Conclusions

Increasing mortality risk was significantly associated with high
CV quartiles of LDL-C and HDL-C but not TG. These findings
suggest that lipid fluctuation can be a comprehensive prognostic
marker of mortality risk in cancer patients not receiving lipid-
lowering drugs.

Frontiers in Oncology

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by The
Institutional Review Board (IRB) of Samsung Medical Center
approved this study (approval no. SMC 2023-01-085). An
informed consent exemption was granted by the IRB because all
data provided by the CDW of SMC to researchers were de-identified.
The studies were conducted in accordance with the local legislation
and institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed consent for
participation from the participants or the participants’ legal
guardians/next of kin because The Institutional Review Board
(IRB) of Samsung Medical Center approved this study (approval
no. SMC 2023-01-085). An informed consent exemption was granted
by the IRB because all data provided by the CDW of SMC to
researchers were de-identified.

Author contributions

SK: Conceptualization, Data curation, Investigation, Software,
Writing - original draft. GK: Conceptualization, Writing — original
draft, Writing - review & editing. SC: Writing - review & editing.
RO: Writing - review & editing. JYK: Writing — review & editing.
YBL: Writing - review & editing. S-MJ: Writing — review & editing.
KH: Writing - review & editing. JHK: Conceptualization,
Investigation, Methodology, Project administration, Supervision,
Writing - review & editing, Writing — original draft.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1254339
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Kim et al.

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

References

1. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, et al. Global,
regional, and national life expectancy, all-cause mortality, and cause-specific mortality
for 249 causes of death, 1980-2015: a systematic analysis for the Global Burden of
Disease Study 2015. Lancet (London England) (2016) 388(10053):1459-544.
doi: 10.1016/50140-6736(16)31012-1

2. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394-424. doi: 10.3322/
caac.21492

3. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK,
et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge
from a population-based to a more "personalized” approach to cancer staging. CA
Cancer ] Clin (2017) 67(2):93-9. doi: 10.3322/caac.21388

4. Zhou P, Li B, Liu B, Chen T, Xiao J. Prognostic role of serum total cholesterol and
high-density lipoprotein cholesterol in cancer survivors: A systematic review and meta-
analysis. Clinica chimica acta; Int ] Clin Chem (2018) 477:94-104. doi: 10.1016/
j.cca.2017.11.039

5. Kreger BE, Odell PM, D'Agostino RB, Wilson PF. Long-term intraindividual
cholesterol variability: natural course and adverse impact on morbidity and mortality-
the Framingham Study. Am Heart J (1994) 127(6):1607-14. doi: 10.1016/0002-8703
(94)90393-X

6. Wang MC, Li CI, Liu CS, Lin CH, Yang SY, Li TC, et al. Effect of blood lipid
variability on mortality in patients with type 2 diabetes: a large single-center cohort
study. Cardiovasc Diabetol (2021) 20(1):228. doi: 10.1186/s12933-021-01421-4

7. Kim MK, Han K, Kim HS, Park YM, Kwon HS, Yoon KH, et al. Cholesterol
variability and the risk of mortality, myocardial infarction, and stroke: a nationwide
population-based study. Eur Heart J (2017) 38(48):3560-6. doi: 10.1093/eurheartj/
ehx585

8. Han BH, Han K, Yoon KH, Kim MK, Lee SH. Impact of mean and variability of
high-density lipoprotein-cholesterol on the risk of myocardial infarction, stroke, and
mortality in the general population. ] Am Heart Assoc (2020) 9(7):e015493. doi:
10.1161/JAHA.119.015493

9. Mantel-Teeuwisse AK, Kloosterman JM, Maitland-van der Zee AH, Klungel OH,
Porsius AJ, de Boer A. Drug-Induced lipid changes: a review of the unintended effects
of some commonly used drugs on serum lipid levels. Drug Saf (2001) 24(6):443-56. doi:
10.2165/00002018-200124060-00003

10. Clark D 3rd, Nicholls SJ, St John J, Elshazly MB, Kapadia SR, Tuzcu EM, et al.
Visit-to-visit cholesterol variability correlates with coronary atheroma progression and
clinical outcomes. Eur Heart ] (2018) 39(27):2551-8. doi: 10.1093/eurheartj/ehy209

11. Park MJ, Choi KM. Association between variability of metabolic risk factors and
cardiometabolic outcomes. Diabetes Metab ] (2022) 46(1):49-62. doi: 10.4093/dm;j.2021.0316

12. Zhu Y, LuJM, Yu ZB, Li D, Wu MY, Shen P, et al. Intra-individual variability of
total cholesterol is associated with cardiovascular disease mortality: A cohort study.
Nutrition metabolism Cardiovasc Dis NMCD (2019) 29(11):1205-13. doi: 10.1016/
j.numecd.2019.07.007

13. Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, et al. New
creatinine- and cystatin C-based equations to estimate GFR without race. N Engl ] Med
(2021) 385(19):1737-49. doi: 10.1056/NEJMo0a2102953

14. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al. K/DOQI clinical
practice guidelines for chronic kidney disease: evaluation, classification, and stratification.
Am ] Kidney Dis Of ] Natl Kidney Foundation (2002) 39(2 Suppl 1):S1-266.

15. Jung KW, Won Y], Kong H]J, Lee ES. Prediction of cancer incidence and mortality
in korea, 2018. Cancer Res Treat (2018) 50(2):317-23. doi: 10.4143/crt.2018.142

16. Na SY, Sung JY, Chang JH, Kim S, Lee HH, Park YH, et al. Chronic kidney
disease in cancer patients: an independent predictor of cancer-specific mortality. Am |
nephrology. (2011) 33(2):121-30. doi: 10.1159/000323740

Frontiers in Oncology

10.3389/fonc.2023.1254339

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1254339/
full#supplementary-material

17. Ishii T, Fujimaru T, Nakano E, Takahashi O, Nakayama M, Yamauchi T, et al.
Association between chronic kidney disease and mortality in stage IV cancer. Int J Clin
Oncol (2020) 25(9):1587-95. doi: 10.1007/s10147-020-01715-9

18. Bishop AJ, Ensor ], Moulder SL, Shaitelman SF, Edson MA, Whitman GJ, et al.
Prognosis for patients with metastatic breast cancer who achieve a no-evidence-of-
disease status after systemic or local therapy. Cancer (2015) 121(24):4324-32. doi:
10.1002/cncr.29681

19. Li S, Hou L, Zhu S, Yi Q, Liu W, Zhao Y, et al. Lipid variability and risk of
cardiovascular diseases and all-cause mortality: A systematic review and meta-analysis
of cohort studies. Nutrients (2022) 14(12). doi: 10.3390/nu14122450

20. Lee SH, Kim MK, Rhee EJ. Effects of cardiovascular risk factor variability on
health outcomes. Endocrinol Metab (Seoul Korea) (2020) 35(2):217-26. doi: 10.3803/
EnM.2020.35.2.217

21. Chen H, RenJY, Xing Y, Zhang WL, Liu X, Wu P, et al. Short-term withdrawal of
simvastatin induces endothelial dysfunction in patients with coronary artery disease: a
dose-response effect dependent on endothelial nitric oxide synthase. Int ] Cardiol
(2009) 131(3):313-20. doi: 10.1016/j.ijcard.2007.10.044

22. Davignon J. Beneficial cardiovascular pleiotropic effects of statins. Circulation
(2004) 109(23 Suppl 1):1ii39-43. doi: 10.1161/01.CIR.0000131517.20177.5a

23. Grover-Paez F, Zavalza-Gomez AB. Endothelial dysfunction and cardiovascular risk
factors. Diabetes Res Clin Practice (2009) 84(1):1-10. doi: 10.1016/j.diabres.2008.12.013

24. Suraj J, Kurpinska A, Zakrzewska A, Sternak M, Stojak M, Jasztal A, et al. Early
and late endothelial response in breast cancer metastasis in mice: simultaneous
quantification of endothelial biomarkers using a mass spectrometry-based method.
Dis Models Mech (2019) 12(3). doi: 10.1242/dmm.036269

25. Franses JW, Drosu NC, Gibson W], Chitalia VC, Edelman ER. Dysfunctional
endothelial cells directly stimulate cancer inflammation and metastasis. Int J cancer.
(2013) 133(6):1334-44. doi: 10.1002/ijc.28146

26. Liu W, Chakraborty B, Safi R, Kazmin D, Chang CY, McDonnell DP.
Dysregulated cholesterol homeostasis results in resistance to ferroptosis increasing
tumorigenicity and metastasis in cancer. Nat Commun (2021) 12(1):5103. doi: 10.1038/
541467-021-25354-4

27. Sturgeon KM, Deng L, Bluethmann SM, Zhou S, Trifiletti DM, Jiang C, et al. A
population-based study of cardiovascular disease mortality risk in US cancer patients.
Eur Heart J (2019) 40(48):3889-97. doi: 10.1093/eurheartj/ehz766

28. Suzuki M, Tomoike H, Sumiyoshi T, Nagatomo Y, Hosoda T, Nagayama M,
et al. Incidence of cancers in patients with atherosclerotic cardiovascular diseases. Int ]
Cardiol Heart Vasc (2017) 17:11-6. doi: 10.1016/j.ijcha.2017.08.004

29. Lee EY, Yang Y, Kim HS, Cho JH, Yoon KH, Chung WS, et al. HDL-, and non-
HDL-cholesterol variability on mortality and cardiovascular outcomes after
percutaneous coronary intervention. Atherosclerosis (2018) 279:1-9. doi: 10.1016/
j.atherosclerosis.2018.10.012

30. Kim MK, Han K, Park YM, Kwon HS, Kang G, Yoon KH, et al. Associations of
variability in blood pressure, glucose and cholesterol concentrations, and body mass
index with mortality and cardiovascular outcomes in the general population.
Circulation (2018) 138(23):2627-37. doi: 10.1161/CIRCULATIONAHA.118.034978

31. Bangalore S, Fayyad R, Messerli FH, Laskey R, DeMicco DA, Kastelein JJ, et al.
Relation of variability of low-density lipoprotein cholesterol and blood pressure to
events in patients with previous myocardial infarction from the IDEAL trial. Am J
Cardiol (2017) 119(3):379-87. doi: 10.1016/j.amjcard.2016.10.037

32. Lee HJ, Lee SR, Choi EK, Han KD, Oh S. Low lipid levels and high variability are
associated with the risk of new-onset atrial fibrillation. ] Am Heart Assoc (2019) 8(23):
€012771. doi: 10.1161/JAHA.119.012771

33. Lin YH, Huang JC, Wu PY, Chen SC, Chiu YW, Chang JM, et al. Greater low-
density lipoprotein cholesterol variability is associated with increased progression to

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1254339/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1254339/full#supplementary-material
https://doi.org/10.1016/S0140-6736(16)31012-1
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21388
https://doi.org/10.1016/j.cca.2017.11.039
https://doi.org/10.1016/j.cca.2017.11.039
https://doi.org/10.1016/0002-8703(94)90393-X
https://doi.org/10.1016/0002-8703(94)90393-X
https://doi.org/10.1186/s12933-021-01421-4
https://doi.org/10.1093/eurheartj/ehx585
https://doi.org/10.1093/eurheartj/ehx585
https://doi.org/10.1161/JAHA.119.015493
https://doi.org/10.2165/00002018-200124060-00003
https://doi.org/10.1093/eurheartj/ehy209
https://doi.org/10.4093/dmj.2021.0316
https://doi.org/10.1016/j.numecd.2019.07.007
https://doi.org/10.1016/j.numecd.2019.07.007
https://doi.org/10.1056/NEJMoa2102953
https://doi.org/10.4143/crt.2018.142
https://doi.org/10.1159/000323740
https://doi.org/10.1007/s10147-020-01715-9
https://doi.org/10.1002/cncr.29681
https://doi.org/10.3390/nu14122450
https://doi.org/10.3803/EnM.2020.35.2.217
https://doi.org/10.3803/EnM.2020.35.2.217
https://doi.org/10.1016/j.ijcard.2007.10.044
https://doi.org/10.1161/01.CIR.0000131517.20177.5a
https://doi.org/10.1016/j.diabres.2008.12.013
https://doi.org/10.1242/dmm.036269
https://doi.org/10.1002/ijc.28146
https://doi.org/10.1038/s41467-021-25354-4
https://doi.org/10.1038/s41467-021-25354-4
https://doi.org/10.1093/eurheartj/ehz766
https://doi.org/10.1016/j.ijcha.2017.08.004
https://doi.org/10.1016/j.atherosclerosis.2018.10.012
https://doi.org/10.1016/j.atherosclerosis.2018.10.012
https://doi.org/10.1161/CIRCULATIONAHA.118.034978
https://doi.org/10.1016/j.amjcard.2016.10.037
https://doi.org/10.1161/JAHA.119.012771
https://doi.org/10.3389/fonc.2023.1254339
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Kim et al.

dialysis in patients with chronic kidney disease stage 3. Oncotarget (2018) 9(3):3242-53.
doi: 10.18632/oncotarget.23228

34. Smit RA, Trompet S, Sabayan B, le Cessie S, van der Grond J, van Buchem MA,
et al. Higher visit-to-visit low-density lipoprotein cholesterol variability is associated
with lower cognitive performance, lower cerebral blood flow, and greater white matter
hyperintensity load in older subjects. Circulation (2016) 134(3):212-21. doi: 10.1161/
CIRCULATIONAHA.115.020627

Frontiers in Oncology 10

10.3389/fonc.2023.1254339

35. Hoth KEF, Tate DF, Poppas A, Forman DE, Gunstad J, Moser DJ, et al. Endothelial
function and white matter hyperintensities in older adults with cardiovascular disease. Stroke
(2007) 38(2):308-12. doi: 10.1161/01.STR.0000254517.04275.3f

36. Rostamian S, le Cessie S, Marijt KA, Jukema JW, Mooijaart SP, van Buchem MA, et al.
Association of cognitive function with increased risk of cancer death and all-cause mortality:
Longitudinal analysis, systematic review, and meta-analysis of prospective observational
studies. PLoS One (2022) 17(1):¢0261826. doi: 10.1371/journal.pone.0261826

frontiersin.org


https://doi.org/10.18632/oncotarget.23228
https://doi.org/10.1161/CIRCULATIONAHA.115.020627
https://doi.org/10.1161/CIRCULATIONAHA.115.020627
https://doi.org/10.1161/01.STR.0000254517.04275.3f
https://doi.org/10.1371/journal.pone.0261826
https://doi.org/10.3389/fonc.2023.1254339
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Association between lipid variability and the risk of mortality in cancer patients not receiving lipid-lowering agents
	1 Introduction
	2 Materials and methods
	2.1 Study design and population
	2.2 Definition of exposure
	2.3 Definition of covariates
	2.4 Definition of outcomes
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics of the study population
	3.2 Multivariable Cox regression of all-cause mortality
	3.3 Sensitivity analysis and subgroup analysis

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	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 /sRGB
  /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


