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ABSTRACT

Background. Chronic kidney disease (CKD) patients have a high burden of atheromatous cardiovascular disease (ASCVD) not
fully explained by traditional lipid parameters. Lipoprotein composition and subclass particle number information could
improve ASCVD risk assessment. The objective of this study is to investigate the association of advanced lipoprotein
parameters with the risk of atheromatosis in a subpopulation of the NEFRONA study.

Methods. This was a cross-sectional study in 395 non-diabetic individuals (209 CKD and 186 non-diabetic and non-CKD)
without statin therapy. Vascular ultrasound examination assessing 10 territories was combined with advanced lipoprotein
testing performed by nuclear magnetic resonance spectroscopy. Logistic regression was used to estimate adjusted odds
ratios (ORs) per 1 standard deviation increment.

Results. Atheromatosis was more prevalent in CKD patients (33.9% versus 64.6%). After adjusting for age, gender, smoking
habit and CKD stage, the amount of triglycerides (TGs) within low-density lipoprotein (LDL) lipoproteins was independently
and positively associated with atheromatosis [OR 1.33; 95% confidence interval (CI) 1.03-1.74; P =0.03]. Similarly, total and
medium LDL particles (LDL-Ps) showed a positive association (OR 1.29; 95% CI 1.00-1.68; P =0.05 and OR 1.34; 95% CI 1.04-
1.75; P=0.03, respectively). TG-loaded medium LDL-Ps were higher in CKD patients compared with controls and showed an
adjusted OR of 1.40 (95% CI 1.09-1.82; P =0.01) in non-diabetic patients (CKD and non-CKD individuals). In contrast, non-
diabetic CKD patients showed a similar coefficient but the significance was lost (OR 1.2; 95% CI 0.8-1.7; P=0.359).
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Conclusions. Non-diabetic CKD patients showed a higher amount of TG-loaded medium LDL-Ps compared with controls.
These particles were independently associated with atheromatosis in non-diabetic patients.
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INTRODUCTION

Atheromatous cardiovascular disease (ASCVD) is the leading
cause of mortality and morbidity in many countries [1]. It is a
systemic multifactorial disease that has a long silent phase
before manifesting as an incident cardiovascular event [2].
Atheromatosis is closely related to lipid abnormalities. In the
general population, traditional lipid parameters, such as high
total cholesterol (TC), high low-density lipoprotein cholesterol
(LDL-C) and low high-density lipoprotein cholesterol (HDL-C),
are associated with atheromatosis [3]. The European Society
of Atherosclerosis recently stated that LDL-C directly causes
ASCVD [4].

Traditional lipid parameters cannot detect changes in lipo-
protein size, number and composition. For instance, LDL-C,
which refers to the cholesterol content within LDL particles
(LDL-Ps), omits information about particle size, subclass particle
number and composition [5]. Similarly, conventional triglycer-
ide (TG) levels measurement indicates total TG with no
information about its distribution in different types of lipopro-
teins. On the contrary, advanced lipoprotein testing (ALT)
allows a detailed characterization of lipoprotein particles and it
has been proposed as an important new tool for cardiovascular
risk assessment [6]. The size, lipid content and number of
lipoprotein particles can be measured by nuclear magnetic reso-
nance (NMR)-based advanced lipoprotein profiling and subfrac-
tionating. Therefore, we can not only divide the different
lipoproteins into large, medium and small particles according to
their size, but also determine the total number and its specific
lipid load [7].

In the general population, several studies have revealed that
ASCVD risk is more closely related to LDL-P number than to to-
tal levels of LDL-C [8]. In addition, the TG content in LDLs, HDLs
and very-low-density lipoproteins (VLDLs) has been shown to
be positively associated with myocardial infarction and ischae-
mic stroke [9].

Chronic kidney disease (CKD) is a worldwide concern with
an increasing incidence [10]. Compared with individuals with
normal renal function, CKD patients show a higher prevalence
and burden of ASCVD from early stages [11] and this prevalence
rises as kidney disease progresses [12, 13]. CKD patients show
an unacceptable high residual cardiovascular risk even with an
accurate control of traditional lipid parameters [14]. Indeed, the
traditional lipid profile in CKD is different from the one found in
a conventional high-risk individual; it is characterized by hyper-
triglyceridaemia, varying levels of LDL-C and low HDL-C levels
[15, 16]. Thus, since these parameters do not explain the excess
and the rapid progression of atheromatosis in the CKD popula-
tion [13, 17], information beyond the traditional lipid profile is
needed to fully understand the underlying cause of the acceler-
ated atherosclerosis in this population.

Although some studies have performed ALT in patients with
CKD, the association of these parameters with atheromatosis
remains elusive [18-20]. Thus, the present study combines tra-
ditional lipid parameters with an advanced lipoprotein profiling
performed by NMR spectroscopy (NMRS) [21] to elucidate their
association with atheroma plaque presence in a subpopulation

of the NEFRONA study [22] composed of non-diabetic individu-
als without statin therapy.

MATERIALS AND METHODS
Study design and participants

Cross-sectional study in 209 CKD patients at various stages of the
disease (86 CKD stage 3, 71 CKD stages 4-5 and 52 dialysis) and
186 controls (non-diabetic and non-CKD individuals) belonging to
the NEFRONA study were selected. The design and objectives of
the NEFRONA study have already been published in detail [22,
23]. Briefly, the NEFRONA study was designed as a multicentre
prospective observational cohort study to evaluate subclinical
atheromatosis burden in CKD. A total of 2445 CKD patients were
enrolled in 81 Spanish hospitals and dialysis clinics, from
October 2010 to June 2012. Inclusion criteria were: patients be-
tween 18 and 74 years of age were eligible if they had CKD stage 3
or higher as defined by current guidelines (glomerular filtration
rate <60 mL/min/1.73m?. In addition, 559 individuals with a glo-
merular filtration rate >60mL/min/1.73m? were recruited from
primary care centres. Exclusion criteria for both groups were: ac-
tive infections, pregnancy, active neoplasia, life expectancy
shorter than 12months, previous cardiovascular event, carotid
surgery or any organ transplantation. To avoid interference with
lipid parameters, patients with diabetes and/or on statin therapy
were excluded from this substudy. Thus, 395 non-diabetic indi-
viduals (209 CKD and 186 non-diabetic and non-CKD) without
statin therapy were selected. The study protocol was approved
by the ethics committees of each hospital. It was conducted
according to the principles of the declaration of Helsinki and all
patients were included after signing an informed consent.

Clinical and laboratory determinations

Diagnosis of dyslipidaemia and hypertension was collected
from clinical records. Anthropometrical parameters, smoking
habit and blood samples were obtained at the moment of arte-
rial ultrasound. After processing, serum samples were aliquoted
to avoid freeze-thaw cycles and stored at —80°C. Glomerular fil-
tration rate was estimated according to international guidelines
using the CKD Epidemiology Collaboration equation [24]. TC,
HDL-C and TG were measured by colorimetric methods accord-
ing to standardized protocols with an AUS5800 Analyzer
(Beckman Coulter Inc., Fullerton, CA, USA) in the Clinical
Analysis Laboratory, Arnau de Vilanova University Hospital,
Lleida, Spain. LDL-C was calculated by Friedewald equation if
TG <250 mg/dL.

Advanced lipoprotein profiling by NMR

A detailed protocol of NMRS has been previously published [25].
Briefly, frozen serum samples (250 uL) were shipped on dry ice
to Biosfer Teslab (Reus, Spain) for the analysis of lipoprotein
profile. Particle concentration and diffusion coefficients were
obtained from the measured amplitudes and attenuation of the
spectroscopically distinct lipid methyl group NMR signals, using



the 2D diffusion-ordered "H NMRS (DSTE) pulse. Methyl signal
was surface fitted with nine Lorentzian functions associated
with each lipoprotein subclass of the main lipoprotein groups
(VLDL, LDL and HDL). The concentrations of each lipoprotein
subclass and their lipid composition were calculated [21]. The
different lipoprotein subfractions correspond to the following
diameter size ranges: large VLDL, 68.5-95.9 nm; medium VLDL,
47-68.5nm; small VLDL, 32.5-47 nm; large LDL, 24-32.5 nm; me-
dium LDL, 20.5-24 nm; small LDL, 17.5-20.5 nm,; large HDL, 10.5-
13.5nm; medium HDL, 8.5-10.5nm; and small HDL, 7.5-8.5nm.
Finally, weighted average VLDL, LDL and HDL particle sizes
were calculated from various subfraction concentrations by
summing the known diameter of each subfraction multiplied by
its relative percentage of particle number.

Arterial ultrasound

Arterial ultrasound was performed as previously described in the
NEFRONA study [22]. The VIVID BTO09 ultrasound system
(GE Healthcare), equipped with a 6-13 MHz linear probe, a module
for measuring intima-media thickness (IMT) and a pulsed Doppler
ultrasound, were used to assess haemodynamic abnormalities.
Atheromatous plaques were defined as an IMT >1.5mm protrud-
ing into the lumen, according to the American Society of
Echocardiography (ASE) consensus statement and the Mannheim
consensus [26, 27]. Plaque presence was considered when it was
detected in at least 1 of the 10 territories analysed (both internal,
bifurcation and common carotids, and both common and superfi-
cial femoral arteries) by a single reader in blinded fashion, using a
semi-automatic software (EchoPAC Dimension, General Electric).

Statistical analysis

Characteristics of the study sample were described as frequen-
cies and percentages for qualitative variables, means and stan-
dard deviations for normally distributed quantitative variables
(assessed by Shapiro-Wilk tests) and medians and quartiles
for non-normal quantitative variables. Bivariate analyses by
atheromatous plaque presence were performed by means of the
Pearson’s chi-squared test for qualitative variables and the
ANOVA or the Kruskal-Wallis test for quantitative variables.
The associations for traits measured by NMRS with risk of
atheromatosis presence were assessed using logistic regression
adjusted for age, gender, CKD stage (controls, CKD stage 3, CKD
stages 4-5 and dialysis) and smoking habit (non-smoker, former
and current). For each measure, adjusted odds ratios (ORs) and
95% confidence intervals (CIs) per 1 standard deviation (SD) higher
parameter measure were estimated. All analyses were conducted
using R. The statistical significance was set at a P-value <0.05.

RESULTS

Clinical characteristics and traditional lipid parameters

Atheroma plaque prevalence was lower in women and non-
smokers, and higher in CKD patients and patients previously di-
agnosed with dyslipidaemia and hypertension. The median age
and the body mass index were higher in participants with athe-
romatosis, as well as the levels of both systolic and diastolic
blood pressure (Table 1).

The traditional lipid profile revealed that TG levels and the
cholesterol content in non-HDL lipoproteins (referred as non-
HDL-C) were higher in participants with atheroma plaque. In
contrast, the cholesterol content in HDL lipoprotein (referred as
HDL-C) was lower (Table 1).
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Table 1. Clinical characteristics and traditional lipid profile according
to atheromatous plaque presence

No plaque Plaque
(n=197) (n=198) P-value
Clinical characteristics
Women, n (%) 111 (56.3) 61 (30.8) <0.001
Age (years) 45 (35-56) 62 (53-69) <0.001
CKD stage, n (%) <0.001

Control 123 (62.4) 63 (31.8)

CKD 3 30 (15.2) 56 (28.3)

CKD 4-5 24 (12.2) 47 (23.7)

Dialysis 20 (10.2) 32(16.2)

Smoking, n (%) 0.001

Non-smoker 100 (50.8) 69 (34.8)

Former 62 (31.5) 99 (50)

Current 35(17.8) 30(15.2)
Dyslipidaemia, n (%) 28 (14.2) 71(35.9) <0.001
Hypertension, n (%) 78 (39.6) 150 (75.8) <0.001
Systolic BP (mmHg) 125(115-139)  135(127-152.8) <0.001
Diastolic BP (mmHg) 77 (71-84) 81.5(74-87)  <0.001
Body mass 25.4(22.8-29.1) 27.4(25.1-30.5)  <0.001
index (kg/m?)

Traditional lipid profile
TC (mg/dL) 188.7 (32.8) 192.6 (38.6) 0.274
HDL-C (mg/dL) 51 (43-60.8) 48 (40-57.8) 0.045
LDL-C (mg/dL) 115.1 (27.1) 119 (32.6) 0.187
TG (mg/dL) 97 (71-132.8)  111.5(84-154)  0.001
Non-HDL-C (mg/dL) 136.6 (29.2) 143.1 (34.8) 0.046

Values are shown as means and SDs for normally distributed quantitative varia-
bles, and medians and percentiles 25% and 75% for non-normal quantitative
variables. BP, blood pressure.

Advanced lipoprotein profile

Patients with atheroma plaque had different lipoprotein com-
position and particle number (Table 2). LDL and HDL particles
had higher TG content (LDL-TG and HDL-TG, respectively). VLDL
and intermediate-density lipoprotein (IDL) particles had a
higher amount of cholesterol (VLDL-C and IDL-C, respectively)
and TGs (VLDL-TG and IDL-TG, respectively).

Participants with atheromatosis had an overall increase of
VLDL particle number and a higher amount of large HDL
particles. In addition, they also had more LDL-Ps, specifically,
medium and small molecules (Table 2), which agreed with a
smaller averaged LDL-P size.

Association of lipoprotein composition with
atheromatosis

The relationship of the lipid content (cholesterol and TG) within
each lipoprotein class with atheroma plaque presence was inde-
pendently evaluated. After adjusting for age, gender, smoking
habit and CKD stage, the amount of TGs within LDL lipoproteins
(LDL-TG) showed an adjusted OR per 1 SD increment of 1.33 (95%
CI 1.03-1.74; P=0.03; Figure 1). Therefore, LDL-TG was indepen-
dently associated with atheroma plaque presence.

Association of lipoprotein particle number with
atheromatosis

Multivariate regression analysis revealed that total LDL-P
number was positively associated with atheroma plaque
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Table 2. NMR-assessed advanced lipoprotein profile according to atheromatous plaque presence

No plaque (n=197) Plaque (n=198) P-value

VLDL-P composition (mg/dL)

VLDL-C 11.8 (7.9-17.5) 14.6 (10.5-22) <0.001

VLDL-TG 43.6 (33.1-64) 52.5 (38.2-75.5) 0.001
VLDL-P number (nmol/L)

Total 31(23.4-45.5) 36.7 (26.8-53.9) 0.001

Large 1.1(0.8-1.4) 1.2 (0.9-1.70) 0.001

Medium 4.9 (3.5-6.8) 5.8 (4.1-8.3) 0.001

Small 25 (19.2-37.9) 29.8 (21.6-44.1) 0.002
VLDL-P size (nm) 42.4(0.3) 42,5 (0.4) 0.376
LDL-P composition (mg/dL)

LDLnmr-C 104 (18.4) 106.2 (21.4) 0.279

LDL-TG 12.3 (10-14.6) 13.7 (11.5-16.2) <0.001
LDL-P number (nmol/L)

Total 732.2 (128.8) 760.2 (144.3) 0.043

Large 105.1 (20.4) 105 (22.4) 0.969

Medium 263.8 (49.9) 274.9 (56.5) 0.04

Small 362.5 (316-409.5) 374.5 (322.3-428.7) 0.038
LDL-P size (nm) 21.152 (21.071-21.257) 21.104 (21.038-21.204) 0.004
IDL-P composition (mg/dL)

IDL-C 8.2 (6.2-10.7) 9.9 (8.1-12.4) <0.001

IDL-TG 8.3 (6.5-10.3) 9.8 (8.1-11.5) <0.001
HDL-P composition (mg/dL)

HDLyr-C 51.2 (43.7-59) 49.5 (41.8-56.7) 0.182

HDL-TG 14.2 (11.6-17.2) 16 (13-19.2) 0.001
HDL-P number (umol/L)

Total 27.5 (24.5-31.2) 28.4 (24.2-31.1) 0.844

Large 0.193 (0.138-0.262) 0.223 (0.154-0.314) 0.003

Medium 8.4 (7.1-9.8) 8.0 (6.5-9.8) 0.271

Small 19.0 (17-21.6) 19.4 (17.2-22) 0.333
HDL-P size (nm) 8.221 (8.199-8.235) 8.219 (8.193-8.235) 0.43

Values are shown as means and SDs for normally distributed quantitative variables, and medians and percentiles 25% and 75% for non-normal quantitative variables.
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FIGURE 1: Association of lipoprotein composition with atheromatosis.
Multivariate logistic regression model adjusted for age, gender, smoking habit
and CKD stage. Estimates were ORs per 1 SD increment. SD was expressed in
mg/dL (VLDL-C, 8.95; VLDL-TG, 31.65; LDL-C, 19.98; LDL-TG, 4.01; IDL-C, 3.76; IDL-
TG, 2.95; HDL-C, 11.61; and HDL-TG, 5.13).

presence. Furthermore, lipoprotein subclass profiling showed
that among LDL-Ps, medium LDL-P was associated with pla-
que presence (Figure 2).

Association of LDL-P number and composition with
atheromatosis

Since LDL composition and particle number were independently
associated with atheroma plaque presence, we decided to in-
vestigate the combined effect of both parameters. The com-
bined variable LDL-TG-medium LDL-P, a variable that reflects
the TG content in medium LDL-Ps, was higher in CKD patients
compared with controls with no CKD (CKD 3650; 95% CI 1233.78-
8076.58 versus non-CKD 3334.31; 95% CI 1398.27-7624.04).
However, this result had a borderline significance (P=0.05;
Figure 3). CKD patients showed a higher prevalence of athero-
matosis (CKD 64.6% versus non-CKD 33.9%; Figure 3).

LDL-TG-medium LDL-P showed an adjusted OR per 1 SD incre-
ment of 1.40 (95% CI 1.09-1.82; P=0.01; Figure 4). Interestingly,
this model showed the lowest Akaike Information Criterion, indi-
cating a better likelihood to predict/estimate atheromatosis pres-
ence compared with isolated models (LDL-TG-medium LDL-P
385.18 versus LDL-TG 387.21 versus LDL-P 388.10 versus medium
LDL-P 386.91). Therefore, medium LDL-Ps loaded with TGs were
positively and independently associated with atheromatous dis-
ease in our general population (non-diabetic CKD and non-CKD
individuals). Finally, a sensitivity analysis was performed in a
subsample of only CKD patients to confirm the association of
LDL-TG-medium LDL-P with atheromatosis. Although the signifi-
cance was lost, the coefficient reported for the variable was simi-
lar (OR 1.2; 95% CI 0.8-1.7; P=0.359).
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FIGURE 2: Association of lipoprotein particle number with atheromatosis. Multivariate logistic regression model adjusted for age, gender, smoking habit and CKD stage.
Estimates were ORs per 1 SD increment. SD was expressed in nmol/L (total VLDL-P, 22.83; large VLDL-P, 0.57; medium VLDL-P, 3.31; small VLDL-P, 19.05; total LDL-P,
137.33; large LDL-P, 21.40; medium LDL-P, 53.52; small LDL-P, 71.54; total HDL-P, 5.35; large HDL-P, 0.15; medium HDL-P, 2.19; and small LDL-P, 3.60).
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FIGURE 3: Atheroma plaque presence and levels of LDL-TG-medium LDL-P in
non-CKD and CKD patients. Prevalence of atheromatous plaques (P < 0.01) and
the levels of LDL-TG-medium LDL-P (P = 0.05) were expressed as percentage and
mg/dL x nmol/L, respectively.

DISCUSSION

This cross-sectional study provides a comprehensive examina-
tion of advanced lipoprotein parameters and their association
with atheromatosis presence in non-diabetic CKD patients and
controls without statin therapy. The main results of the present
study were: (i) the amount of TGs within LDL lipoproteins (LDL-
TG), (ii) the total and medium LDL-P number and (iii) the me-
dium LDL-Ps loaded with TGs were positively and indepen-
dently associated with atheromatous disease in non-diabetic
CKD and non-diabetic and non-CKD individuals.

Traditional lipid profiling revealed some statistically signifi-
cant differences according to atheromatous plaque presence.
However, those values were extremely close and their clinical
relevance could be at best questionable. These data reinforce
the importance of an advanced lipoprotein characterization to
elucidate clinically relevant differences.

Regarding LDL-P number, previous studies support the pre-
dictive role of LDL-P number for cardiac events in the general
population [28-30]. Whereas large LDL-Ps showed divergent as-
sociation with cardiovascular risk (positive [31], negative [32] or
null [29]), medium LDL-Ps normally showed a positive associa-
tion [33, 34]. Similarly, our results are in line with a previous
Spanish study in the general population where medium par-
ticles showed the strongest association with cardiovascular
events [35]. The combined variable LDL-TG-medium LDL-P was
positively associated with atheromatosis in our cohort and
showed the better likelihood of predicting atheromatosis pres-
ence compared with isolated models. Therefore, medium LDL-
Ps loaded with TGs are positively associated with atheromatous
disease. However, we cannot affirm with certainty whether this
lipid profile is only a marker of atherosclerotic disease or if, in
fact, reducing these values would reduce the risk of cardiovas-
cular disease in these patients.

In haemodialysis patients, LDL-P size seemed to be helpful
to identify those patients who would not be considered at risk
with traditional lipid parameters [20]. In fact, a higher LDL-P
concentration was associated with a higher cardiovascular risk
and mortality in CKD patients [19, 36].
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FIGURE 4: Multivariate logistic regression model adjusted for age, gender, smoking habit and CKD stage. LDL-TG-medium LDL-P estimate was ORs per 1 SD increment.
SD: 1674.45 mg/dL x nmol/L. Multivariate logistic regression to model presence of atheromatosis in non-diabetic CKD patients.

Hypertriglyceridaemia is associated to vascular endothelial
damage [37]. LDL-P can easily penetrate the artery wall if the
endothelium is injured. When LDL-Ps enter artery wall and be-
come modified (such as oxidized), they provoke an inflamma-
tory reaction that triggers atheroma plaque initiation. Oxidized
LDL particles are essential players in the pathogenesis of
ASCVD [38]. Interestingly, they usually have a higher concentra-
tion of TGs [39]. Therefore, since CKD patients show an accumu-
lation of LDL-Ps, a higher TG content in LDL-Ps and a pro-
oxidative state [40], medium LDL-Ps loaded with TGs could have
the right size to penetrate the artery wall and their lipid cargo
could be more prone to initiate atheroma plaque formation.

In this study, we used the Liposcale® test, based on 2D-
NMRS, which directly measures the size of lipoprotein particles.
This method has been previously validated and compared with
the Lipoprint test, the established 1D NMR method developed
by Jeyarajah et al. [41]. The different lipoprotein particle meas-
urements (i.e. VLDL, LDL and HDL) obtained by using 1D and 2D-
NMR techniques were highly correlated, although the particle
numbers obtained by 2D-NMR method were more in agreement
with biochemical values such as the concentration of apolipo-
proteins A and B (Apo A and Apo B, respectively) in isolated
fractions than those obtained using the 1D-NMR test [21].

The present results must be considered with the following
caveats. First, the cross-sectional design of the study does not
allow establishing a causal relation between atherosclerosis
and lipoprotein profiles. Second, there is no information about
other lipid variables associated with cardiovascular disease,
such as Apo B and Apo A-I. Third, the lack of association of
some lipoprotein parameters with atheroma plaque presence
may reflect low statistical power due to the relatively small size
of the cohort. In addition, the sensitivity analysis using only
CKD patients showed the same lack of power. Fourth, there is a
substantial collinearity of lipoprotein parameters, which makes
the analysis of interactions between individual parameters (i.e.
particle composition and number) difficult. Finally, data about

dyslipidaemia and hypertension were collected from clinical
records, so memory bias could also be a limitation.

On the other hand, our study has several strengths. First, to
the best of our knowledge, this is the first study that combines a
comprehensive analysis of lipoprotein composition and particle
number. Second, CKD patients at various stages of the disease
and controls were selected to obtain a representative study
cohort. Finally, the absence of patients with diabetes and/or on
statin therapy reduces potential bias and drug interference in
lipid parameters, but it hinders generalization of results to other
populations. Therefore, a non-treated hidden atherogenic
dyslipidaemia was revealed.

CKD patients show several lipoprotein alterations, such as (i)
an increased number of VLDL-Ps; (ii) a reduced mean LDL-P size;
(iii) a higher lipid content in VLDL and IDL; and (iv) a gain of TG
and a reduction of cholesterol in LDL and HDL particles [25].
Recently, TG-rich lipoproteins have been associated to cardio-
vascular events in CKD patients [42]. Very frequently, CKD
patients show hypertriglyceridaemia [16]. This is normally due
to an increased hepatic production and decreased clearance of
TG-rich lipoproteins [43]. In addition, cholesteryl ester transfer
protein modifies lipoprotein lipid content. It transfers TG from
triglyceride-rich lipoproteins (chylomicrons, VLDL and IDL) to
LDL and HDL, and it exchanges cholesterol esters from LDL and
HDL to VLDL and IDL particles [44]. Therefore, in hypertriglyceri-
daemia states, such as CKD, LDL and HDL, particles gain TG,
which can increase atheromatous cardiovascular risk in these
patients.

High LDL-TG levels have previously been associated with
coronary heart disease in the general population [45]. Similarly,
they were associated with both ischaemic stroke and coronary
heart disease after adjusting for traditional risk factors, includ-
ing TC and HDL-C [46]. Interestingly, both studies reported
increased levels of inflammatory markers. Another study
described that TG content within VLDL, LDL and IDL was



associated with higher risk of myocardial infarction and, to a
lesser extent, of ischaemic stroke [9, 47, 48].

In conclusion, changes of advanced lipoprotein profile are
independently associated with atheromatous disease in non-
diabetic CKD and non-diabetic and non-CKD individuals.
Although the reported associations provide new insight into the
relation of LDL-Ps with atheromatosis, further mechanistic re-
search addressing LDL-P composition change is needed to fully
understand the potential implications of our findings.
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