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Abstract. Background/Aim: Low-density lipoproteins (LDL)
are a heterogeneous class of particles that differ in size and
density from each other. Small dense LDL (sdLDL) particles
are considered more atherogenic than larger particles. The
aim of the study was to evaluate serum levels of sdLDL in
patients who died from cardiovascular diseases (CVD) or
cancer in a cohort of patients followed up in the De Bellis
Research Hospital for 20 years. Patients and Methods: A
total of 75 participants who died of cancer and 87 who died
of CVD were enrolled and they were matched for age and
sex with 135 healthy controls, i.e. without CVD or cancer
and are still alive. Results: Patients who died from cancer
had the highest value of LDL IV subfraction (0.25±1.16),
followed by those who died from CVD (0.17±0.96).
Conclusion: The integrated profile of sdLDL between CVD
and cancer suggests that therapeutic modulation of sdLDL
may be associated with a risk reduction for these diseases.
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It is well demonstrated that hyperlipidemia is a potential risk
factor for various metabolic diseases such as cardiovascular
and malignant disorders (1-3). High low- density lipoprotein
(LDL) levels seem to be associated with cardiovascular
events and progression of coronary heart disease (4), as well
as with the predisposition to develop a neoplastic disease (5).
Elevated total levels of cholesterol and LDL have been
identified as potent risk factors in cancer (6, 7). In this
context, excess adipose tissue, especially visceral adipose
tissue (VAT) is often associated with an uncontrollable cell
growth influencing carcinogenic processes (8). Obesity, often
related to elevated triglycerides and LDL serum levels, is a
risk factor for gastrointestinal neoplasms (5). Obese patients
generally present a chronic, low-grade inflammation
associated with an increase of insulin levels in blood,
influencing cell growth and carcinogenesis (5, 9).
Several studies have demonstrated that both quantity of
LDL and quality (particularly small, dense LDL) may increase
cardiovascular risk (10-12). LDL are a heterogeneous class of
particles composed of subfractions that differ in size and
density from each other. LDL subfractions vary also in their
risk profile, since small dense LDL (sdLDL) particles are
more atherogenic than larger particles and are considered an
emerging cardiovascular risk factor, independent of traditional
risk factors such as total cholesterol levels (13). sdLDL have
reduced binding capacities to LDL-receptors showing a
stronger affinity to extracellular matrix and a major tendency
to oxidative modification (14). The presence of sdLDL
particles is associated with two– to three–fold increase in the
risk of coronary heart disease (15).
Accumulating evidence suggests that cardiovascular diseases
(CVD), diabetes and cancer share common pathogenetic
factors (16). Dyslipidemia has been shown to contribute to the
occurrence of malignant diseases, probably due to the onset of
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Table I. Baseline characteristics of people having incident cancer (IC), cardiovascular disease (CVD) and healthy controls (CTR).

Age
Gender
F
M
Total Cholesterol (mg/dl)
HDL (mg/dl)
Total LDL (mg/dl)
LDL I (mg/dl)
LDL II (mg/dl)
LDL III (mg/dl)
LDL IV (mg/dl)

IC(n=75)

CVD (n=87)

CTR (n=135)

(CTR vs. IC)

(CTR vs. CVD)

27
48
185.1±39.58
50.35±10.21
107.7±29.11
36.55±11.7
16.7±10.59
2.10±4.17
0.25±1.16

53
34
187.7±36.71
48.79±10.66
110.7±31.54
35.34±12.03
20.75±13.68
2.43±4.5
0.17±0.96

56
79
194.7±33.94
50.40±11.69
112.3±25.37
38.80±9.95
19.87±10.72
1.88±2.54
0.007±0.08

0.162
0.958
0.498
0.335
0.106
0.898
0.028

0.348
0.371
0.911
0.063
0.849
0.508
0.034

70±8.4

75±7.8

72±8.4

F, female; M, male; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

inflammatory processes and insulin resistance (17). Previously,
we have demonstrated that elevated serum lipid levels may
facilitate the development of distant metastasis in colorectal
cancer (CRC) patients (7). Recently, we also observed high
levels of sdLDL particles in serum of CRC patients with
synchronous metastasis compared to ones without metastasis
(18). This altered pattern was also associated with higher serum
levels of oxidized and glycated low density lipoprotein (oxLDL and gly-LDL) in the same patients.
The relationship between the malignant phenotype and
hyperlipidemia may be explained by an increased demand
for cholesterol from neoplastic cells, resulting also in an
increased endogenous cholesterol synthesis. High LDL levels
have been reported to inhibit T-cell proliferation and to
suppress the immune system facilitating tumor invasion and
survival of colorectal cancer cells in lymph nodes and distant
metastases (19).
Taken together, all these data suggest that traditional
approaches to the study of lipids likely addressed only a
small fraction of lipid complexity. Then, if it is true that
much is known about the role of sdLDL in cardiovascular
risk assessment, there is no evidence on their clinical
significance in cancer. For this purpose, here, we measured
serum LDL particle size in patients died from CVD or cancer
in a cohort of patients followed-up in the De Bellis Research
Hospital for 20 years. A control group of subjects died from
natural causes was also enclosed in the study.

Patients and Methods

Patients. Participants were enrolled from the project MICOL
(Multicentric Italian Cholelithiasis). MICOL, a population-based
study started in 1985, consisted of a systematic random sample of
the Castellana Grotte population aged 30-69 years that was
followed up and recalled for the third time between 2005 and
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2006. For the aims of our research, we used the serum samples
collected at the third assessment made in 2005. The population
enrolled in 2005 (third assessment) consisted of 1,708 subjects
(among 1,942 initially contacted or re-called), 950 males and 758
females. The MICOL study was approved by the Institutional
Review Board (Ethics Committee) of the De Bellis Research
Hospital and written informed consent was obtained from each
participant.

Measurements. The survey visit consisted of the administration of
a standardized questionnaire, including a validated semi-quantitative
food frequency questionnaire, anthropometric measurements, a
blood sample for biochemical tests, and an ultrasonographic
examination. Blood sampling was performed in the morning after
overnight fasting and biochemical measurements were recorded
using standardized methods. For the purposes of this research, we
included: (a) a smoking habit categorized as previous/current vs.
never; (b) body mass index (BMI) and waist circumference,
recorded by a trained physician or nurse using standardized
methods; (c) blood pressure (systolic and diastolic), recorded once
at the right arm; (d) daily energy and alcohol intake; (e) selfreported history of diabetes, gastric ulcer, previous cancer (more
than five years before the interview), and acute myocardial
infarction. Aliquots of blood samples, collected in tubes containing
Ethylen-diamine-tetraacetic Acid (EDTA-K2) anticoagulant, were
centrifuged at 2,000 × g for 10 min at 4˚C and stored in biobank
at –80˚C until they were used.
Definition of cases and controls. In MICOL III, mortality was
adjudicated through death certificates, manually revised by a
trained researcher. The examination of the death certificates was
performed until 31 December 2017. Cardiovascular death was
assigned based on ICD (International Classification of Diseases)
10 codes from I00 to I99 and cancer-related death was associated
with codes from C00 to C97. Using this system, we included 75
participants who died from cancer during the follow-up period and
87 who died from CVD. These cases were matched for age and
sex with persons without cancer and/or CVD and still alive at
31/12/2017.

Notarnicola et al: LDL Subfractions in Cardiovascular Disease and Cancer

Figure 1. Prevalence of LDL IV in individuals having incident cancer
(IC), cardiovascular diseases (CVD) and healthy controls (CTR).

Small dense LDL analysis. sdLDL were assayed using the Lipoprint
LDL System (Quantimetrix, Redondo Beach, CA, USA). Each
serum sample was applied on high resolution polyacrylamide gel
tube in order to separate LDL fractions and subfractions by
electrophoresis. The resolved lipoprotein bands were scanned and
analyzed.

Statistical analysis. For continuous variables, normal distributions
were tested using the Kolmogorov-Smirnov test. The data are
reported as means and standard deviations (SD) for continuous
measures, and percentages for all categorical variables by cases and
controls. For continuous variables, differences between the means
of the covariates by group were calculated using an Analysis of
Variance (ANOVA); chi-square test was applied for categorical
variables. Levene’s test was used to test the homoscedasticity of
variances and, if its assumption was violated, Welch’s ANOVA was
used. Post-hoc analyses were applied to compare data. All the pvalues were reported taking the healthy controls as a reference.
The Bonferroni correction was not used since it has been
criticized for reasons such as high risk for type II errors, and the
lack of consensus on how many comparisons warrants this
correction (20).
All analyses were performed using the SPSS 17.0 for Windows
(SPSS Inc., Chicago, IL, USA). All statistical tests were two-tailed
and statistical significance was assumed for a p-value <0.05,
without using the Bonferroni’s correction as mentioned before.

Results

The population enrolled in 2005 (third assessment of the
MICOL III) consisted of 1,708 subjects (among 1,942
initially contacted or re-called), 950 males and 758 females.
Among them, we included 75 participants who died from
cancer during follow-up period and 87 who died from CVD.
These participants were matched for age and sex with 135
healthy controls, i.e. without CVD or cancer and still alive.

Table I shows the main characteristics of the participants
included. No significant differences emerged for total serum
cholesterol, HDL or total LDL. Moreover, no significant
differences emerged for LDL subfractions, except for LDL
IV. For the latter subfraction, in fact, we found that people
who died from cancer had the highest value of LDL IV
(0.25±1.16), followed by those with CVD (0.17±0.96) and
by healthy controls (0.007±0.08) (p for comparison between
cancer and healthy controls was 0.028 and between CVD
and controls was 0.034) (Table I). We further investigated
the prevalence of any LDL IV subfraction, categorized as
presence or not of this subfraction (Figure 1). Again, we
found that only 1/135 (0.7%) among controls had this
abnormal component, while 4/87 (4.7%) patients with CVD
and 5/75 (6.7%) patients with cancer.

Discussion

The strength of the present study consists in evaluating
incident cases of CVD and cancer in a cohort of subjects,
already followed-up in our Institute for 20 years. This is a
longitudinal study that allowed evaluation of serum LDL
subfractions in order to characterize the risk for metabolic
diseases as CVD and cancer. The pathological profile of
LDL was associated with death from CVD or cancer,
suggesting that the qualitative analysis of LDL particles has
a clinical significance, overall in the risk evaluation for these
pathological conditions. Compared to control subjects,
higher levels of atherogenic LDL subfraction (LDL IV) were
detected in the serum of CVD and cancer cases.
Common pathways in the pathogenesis of CVD and
cancer, specifically CRC, have been demonstrated in
different studies (21-23). Both atherogenesis and
carcinogenesis, known as chronic inflammatory states, start
with alterations occurring in lipid metabolism, obesity and
diabetes mellitus (21, 24). The conditions leading to CVD,
as well as the tumor microenvironment contain inflammatory
factors such as tumor necrosis factor-alpha and interleukin6, capable of inducing chronic inflammation (25). In this
context, LDL particles play also a central role, being key
molecules in both the initiation and progression of tissue
inflammation through platelets activation and vascular
endothelial cells injury (26). In particular, the smaller LDL
fractions show greater trans endothelial transport and an
increased oxidative susceptibility (27). The association
between sdLDL and vascular disease suggests that carotid
atherosclerosis regression or progression is linked to LDL
size (10).
In light of these considerations, apart from the role of
sdLDL in stratification of risk and prevention, this LDL
subclass is, certainly, significant with respect to treatment
modality and progression of the disease. The integrated
profile of sdLDL in CVD and cancer detected in our study
6037
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suggests that therapeutic modulation of sdLDL may be
associated with a reduction of CVD and cancer risk.
However, the significance of sdLDL analysis needs to be
supported by a predictive study on a larger population
sample, so that screening for the presence of sdLDL may
identify subjects with a higher risk for developing metabolic
diseases which share common risk factors and biological
basis.
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