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Abstract
Purpose  Nontraditional cardiovascular risk factors such as lipoprotein(a) (Lp(a)), the genetic polymorphisms of 
apolipoprotein(a), apolipoprotein E (ApoE), and apolipoprotein B (ApoB) increase the prevalence of atherosclerosis in 
end-stage renal disease (ESRD) through quantitative and qualitative alterations. Given the high burden of cardiovascular 
fatal events in ESRD, this review aims to gather studies depicting apolipoproteins’ changes in ESRD, to describe current 
evidence and to explore potential lipid-lowering therapies.
Methods  We searched the electronic database of PubMed, SCOPUS, EBSCO, and Cochrane CENTRAL for studies evaluat-
ing apolipoproteins in ESRD. Randomized controlled trials, observational studies (including case–control, prospective, or 
retrospective cohort), and reviews/meta-analysis were included if reference was made to apolipoproteins and cardiovascular 
consequences in ESRD.
Results  21 studies met the inclusion criteria. We found a significant correlation between Lp(a) plasma concentrations and 
atherosclerosis. Lp(a) levels were independent risk factors for atherothrombosis and cardiovascular mortality. LMW apo(a) 
phenotype proved to be the best predictor for coronary events in ESRD. Single nucleotide polymorphisms in ApoE gene 
affected the expression and function of the protein, increasing the risk of cardiovascular events. ApoB had a significant cor-
relation with the value of carotid intima–media thickness and vascular stiffness.
Conclusions  The picture of “lipid milieu” in ESRD has not been clearly described. Novel studies show that specific apolipo-
proteins suffer modifications in uremic patients, being correlated with cardiovascular events. Probably in the next years, the 
treatment of dyslipidemia in ESRD will not merely target LDL or total cholesterol, but specific isoforms of apolipoproteins 
which seem to become the central part of the problem.
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Introduction

Atherosclerotic complications of coronary artery disease 
(CAD), peripheral vascular and cerebrovascular disease are 
common causes of morbidity and mortality in chronic kid-
ney disease (CKD) [1]. In the past decades, it has become 
clear that cardiovascular disease (CVD) burden posed by 
CKD plays a pivotal role in the prognostic of end-stage renal 
disease (ESRD) patients. In fact, CVD is a principal cause of 
morbidity and mortality in dialysis patients [2], with 30–40% 
of all deaths being accounted for by CVD (as reported by the 
United States Renal Data System), 20% of deaths attribut-
able to CAD and its complications [3]. Furthermore, in CKD 
patients, the rate of developing major adverse cardiovascu-
lar events (MACE) is higher than reaching the ESRD stage 
requiring renal replacement therapy [4], the latest stages of 
CKD being associated with the worst outcomes [5].

Several inter-dependent mechanisms contribute to the 
vascular disease with its forms—‘arteriosclerosis’ and 
‘atherosclerosis’. On the one hand, classical cardiovascular 
risk factors (diabetes mellitus, arterial hypertension, dys-
lipidemia) are more common in CKD patients than in the 
general population. On the other hand, novel risk factors 
such as chronic inflammatory state, disturbances of mineral 
metabolism, oxidative stress, fluid overload and fluctua-
tion in systemic fluid volume, accumulation of metabolic 
products, lipoprotein(a) [Lp(a)] levels, the genetic poly-
morphisms of apolipoprotein(a) [apo(a)], apolipoprotein E 
(ApoE), and apolipoprotein B (ApoB) increase the preva-
lence of atherosclerosis [1, 6, 7] (Fig. 1).

In particular, the uremic milieu present in ESRD 
strongly correlates with extensive vascular calcification, 
with endothelial dysfunction and chronic inflammation, 
concurrently appearing to be the primary components of 
atherosclerotic cardiovascular disease (ASCVD) in patients 
with CKD [4]. Although ASCVD is more conspicuously 

associated with the development of MACE among patients 
with ESRD, it is present across all spectrum of CKD (even 
from its inception), with a higher prevalence than in the 
general population [4]. The severity of atherosclerosis in 
patients with CKD could be affected by qualitative differ-
ences in plaque composition in a larger proportion than ath-
eromatous plaque number or volume [7].

Moreover, dyslipidemia in ESRD is represented by nor-
mal levels of total cholesterol and low-density lipoprotein 
cholesterol (LDL-C), increased triglycerides and decreased 
high-density lipoprotein cholesterol (HDL-C) [8]. Low lev-
els of HDL-C prevail at all stages of CKD and lead to a 
significant negative risk factor for CVD, and are associated 
with increased mortality [9]. Hypertriglyceridemia is due to 
an increased concentration of triglyceride-rich lipoproteins, 
such as the very low-density lipoprotein (VLDL) [10], the 
intermediate-density lipoprotein (IDL), or the apolipoprotein 
profile [11]. Lp(a) levels are significantly higher in nephrotic 
syndromes due to increased liver production [12], as well 
as in patients with ESRD (hemodialysis, HD and peritoneal 
dialysis, PD) [8, 13].

Objectives

This comprehensive review aims to depict current evidence 
regarding the particularities and the role of apolipoproteins 
involved in atherosclerosis development (and subsequent 
cardiovascular events) given the particular setting of dyslipi-
demia in ESRD. Moreover, we also searched, identified, and 
mentioned therapeutic solutions and perspectives in manag-
ing the specific dyslipidemic milieu of ESRD patients.

Methods

We searched the electronic database of PubMed SCOPUS, 
EBSCO, and the Register of Controlled Trials (Cochrane 
CENTRAL) from its earliest date until December 2018 for 
studies that evaluated the apolipoprotein profile in patients 
with ESRD and its cardiovascular consequences. The terms 
used for searching were “lipoprotein(a)”, “apolipoprotein 
E”, “apolipoprotein B”, “end-stage renal disease”, “ESRD”, 
“chronic kidney failure”, “CKD”, “advanced CKD”, “dial-
ysis”, “hemodialysis”, “peritoneal dialysis”, and “renal 
dysfunction”. The reference sections of the relevant arti-
cles were manually searched for additional articles. Ran-
domized controlled trials, observational studies, including 
case–control studies, prospective or retrospective cohort 
studies, reviews, and meta-analyses were included if refer-
ence was made to apolipoproteins and their cardiovascular 
consequences in ESRD. Case reports were excluded. Studies 
were selected by two independent reviewers by screening the 

Fig. 1   The role of apolipoproteins and genetic polymorphism in 
ESRD patients. In ESRD dyslipidemia composed of the triangle of 
Lp(a), LMW apo(a), and ApoE, epsilon 4 alleles facilitate the devel-
opment of atherosclerosis contributing to the induction of coronary 
artery disease
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title and abstract. In a second phase, the full articles which 
conformed to the selection criteria were obtained, the essen-
tial data (general characteristics of the studies, sample size, 
the diagnostic criteria for renal impairment, cardiovascular 
outcome) were extracted independently, and the results ana-
lyzed. Discrepancies were resolved by discussion and con-
sensus. 595 studies were found. Duplicates were excluded 
both manually and through a reference manager software. 
Of these, only 21 met the inclusion criteria (see Table 1). 
For the selected studies, we reviewed the full text article and 
additional relevant publications were added after screening 
the reference section.

Results and discussion

Lipoprotein (a)

Background

Lipoprotein(a) was first described as a dominantly inher-
ited low-density lipoprotein (LDL)-like particle synthe-
sized in the liver [12–14]. Its structure differs from LDL by 
a high polymorph glycoprotein apo(a). Apo(a) is covalently 
bound by the apolipoprotein B (ApoB) moieties of LDL 
via a disulfide bridge [1, 11, 13]. Plasma concentrations of 
Lp(a) range from 0.1 to 200 mg/dL [15], strongly and nega-
tively associated with the apo(a) isoform size [14, 15], thus 
interacting with serum Lp(a) measurement which results in 
significant under- or overestimation of Lp(a) relative to the 
reference standard [14]. Most Europeans have Lp(a) con-
centrations under 10 mg/dL, while only about 25% display 
concentrations above 30 mg/dL [16].

Lp(a) is an independent risk factor for CAD [17, 18] as 
well as for multi-sit atherosclerosis [19]. According to the 
2016 ESC/EAS Guidelines for the Management of Dyslipi-
daemias [20], plasma Lp(a) is not recommended for risk 
screening in the general population, but systematically eval-
uated in people with high CVD risk or important family 
history of premature atherothrombotic disease [20].

Proteins sequencing and complementary DNA (cDNA) 
of apo(a) revealed similarities with plasminogen [13, 15]; in 
fact, it interferes with its fibrinolytic activity by inhibiting 
the generation of the thrombolytic enzyme plasmin [11]. 
Plasminogen contains a signal sequence followed by five 
structures called kringle (K-I at K-V) and a protease domain, 
while sequences from KI to KIII are absent in apo(a) [13]. 
Instead, kringle-IV (K-IV) plasminogen-like is present in 
a variable number of repeats, whereas kringle-V (K-V) is 
present in a single repeat [13]. Apo(a) consists of a single 
kringle V moiety followed by a number of K-IV repeats [12, 
18]. Apo(a) shows more than 30 genetically determined size 
isoforms and is grouped into two phenotypes: low molecular 

weight (LMW) and high molecular weight (HMW), depend-
ing on the number of repeats of K-IV [1, 12, 14, 19]. The 
cutoff for LMW comprises all isoforms with 14–25 repeats 
of K-IV, while for HMW it comprises 26 repeats of K-IV 
or more. These cutoff values are associated with increased 
susceptibility for atherothrombotic events [11].

In healthy subjects, Lp(a) levels are mainly dependent 
on the type of isoforms: those with LMW isoforms have 
high Lp(a) levels, whereas those with HMW isoforms have 
low Lp(a) levels [11, 12]. Lp(a) levels are not significantly 
affected by age, gender, diabetes, diet, or statins [1] and are 
mainly genetically determined by the LPA gene [11]. This 
gene (OMIM 152200) encodes the apo(a) fragment of the 
Lp(a). K-IV type 2 (KIV-2) size polymorphism is the most 
important polymorphism of the LPA gene. KIV-2 is defined 
by a variable number of 5.6 kilobases(kb) repeats, resulting 
in a large number of isoforms other than apo(a). The number 
of KIV-2 repeats correlates inversely with the Lp(a) levels 
[21]. The apo(a) phenotype is a stronger predictor for ath-
erosclerosis than the Lp(a) level [13, 18].

ESRD as a particular setting

As the patients with ESRD reach the stage of renal insuf-
ficiency, Lp(a) plasma concentrations are similar regardless 
of apo(a) isoforms. The difference between the two groups 
of patients, with LMW or HMW apo(a) isoforms, resides 
in the fact that while HMW apo(a) patients only develop 
high Lp(a) levels in the final stages of kidney disease, LMW 
apo(a) patients have life-long high Lp(a) levels, with prein-
jured vascular system at the start of renal disease, putting 
them at high risk for developing a “galloping” atheroscle-
rosis [13, 18]. Patients with nephrotic syndrome and ESRD 
have shown an increase in Lp(a) plasma concentrations [13, 
14, 18, 19], suggesting a specific role for the kidney in the 
Lp(a) metabolism. High levels of Lp(a) increase the cardio-
vascular risk in ESRD patients [13, 18]. In addition, it rep-
resents a risk factor for the development and/or progression 
of renal disease [13].

In advanced CKD, the regulation of Lp(a) concentrations 
is independent of the regulation of lipoproteins containing 
ApoB. The catabolism rate of Lp(a) does not correlate with 
its plasma concentrations, suggesting that these levels are 
controlled by synthesis rather than by catabolism. Moreover, 
in homozygous patients with familial hypercholesterolemia, 
the mechanism consists of the low-density lipoprotein recep-
tor (LDL-R) function impairment and does not result from a 
delayed catabolism of Lp(a) [13].

Proliferation of arterial smooth muscle cells in ESRD is 
essential for the pathogenesis of atherosclerosis and Lp(a) 
stimulates the cell proliferation by inhibiting plasminogen. 
Plasminogen reduces the activation of transforming growth 
factor β (TFG-β), which is a cell proliferation inhibitor [13, 
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22]. Thus, Lp(a) plays an important part in coronary, cer-
ebrovascular and peripheral arterial disease [11, 13]. At the 
same time, Lp(a) has atherogenic and thrombogenic activi-
ties [11], promotes the oxidation of LDL, and facilitates 
the monocyte adhesion [12]. In HD or PD patients, Lp(a) 
preferentially binds pro-inflammatory and pro-atherogenic 
oxidized phospholipids, induces macrophage apoptosis, and 
is fully involved in the initiation of atherosclerotic lesions 
and plaques destabilization [23] (Fig. 2).

Trials data

Our search yielded multiple studies with divergent conclu-
sions (see Table 1), a fact that created confusion regard-
ing the role of Lp(a) and apo(a) in the particular setting of 
ESRD. The explanations of this lack of consistency could 
reside in: the methodology of different types of studies 
(cross-sectional/case–control studies), small numbers of 
patients in the study groups, certain ethnic groups or age 
groups included, different clinical and laboratory outcomes, 
lack of homogeneous criteria for inclusion/exclusion, dif-
ferent/no clear definitions of end points, various periods of 
follow-up, or different statistical approaches [11, 15, 19, 22, 
24, 25].

However, as the Die Deutsche Diabetes Dialyze Study 
(4D) illustrated, clearly defined cardiovascular outcomes, an 
adequate number of participants, and long follow-up period, 
were the foundation for demonstrating the relationship that 
exists between cholesterol and mortality rates in HD patients 
(where observational studies failed due to numerous con-
founding factors) [26].

Lp(a)  The mean and median of Lp(a) values were signifi-
cantly higher in HD patients than in non-dialysis control 
group [24, 27]. Also, Lp(a) median was higher in patients 
with HMW apo(a) isoforms, 30% of them had low levels 
of Lp(a) below the median of the control group and 49% 
were identified with CVD [1]. A study including 268 HD 
patients also found that increased Lp(a) levels were asso-
ciated with CVD mortality in HD patients, but not with 
all-cause mortality (29.3 ± 22.0 mg/dL vs. 19.5 ± 13.8 mg/
dL, p < 0.05) [22]. Moreover, the Lp(a) assay-related dif-
ferences were highlighted in a cross-sectional prospective 
analysis of the Choices for Healthy Outcomes in Caring for 
ESRD (CHOICE). When comparing enzyme-linked size-
insensitive immunosorbent assay (ELISA) and size-sensi-
tive immunoturbidimetric assay (IT) methods for quantify-
ing Lp(a), the authors determined that ELISA assay strongly 
predicted incident CVD and accurately identified LMW 
isoforms. This observation provides a clinically available 
alternative to identify higher-risk patients who have both 
increased Lp(a) levels and LMW isoforms. Additionally, 
median Lp(a) concentration by ELISA was much higher for 
African-American people compared to Caucasian people 
(p < 0.0005) [25].

Trials reporting correlations. Lp(a) plasma concentrations 
had a positive, significant correlation with atherosclerosis 
[28], total cholesterol (CT), LDL-C and C-reactive pro-
tein (CRP) [24], and amyloid A serum (SAA) [27], but an 
inverse correlation with serum albumin [27]. Moreover, in 
pre-dialysis patients, Lp(a) levels were more significantly 
associated with all-cause mortality rather than with cardio-
vascular disease(CVD) mortality and have been associated 

Fig. 2   The pathophysiologi-
cal mechanism of Lp(a) in the 
arterial lumen and in the arte-
rial wall. Lp(a) may facilitate 
thrombosis and may promote 
atherosclerosis in the arte-
rial wall. HD hemodialysis, 
PD peritoneal dialysis, Lp(a) 
lipoprotein(a), t-PA tissue plas-
minogen activator, SMC smooth 
muscle cell
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with CVD (p = 0.02) [1]. Again, Lp(a) level was found to be 
an independent risk factor for atherothrombosis [1].

In HD patients, Lp(a) levels were predictive and inde-
pendent risk factors for atherothrombosis [11]. Also, ele-
vated Lp(a) values [Lp(a) over 30 mg/dL] had a significantly 
higher mortality than the low Lp(a) group under 30 mg/dL 
(p < 0.05) [24], its levels being associated with the athero-
sclerotic cardiovascular disease (ASCVD) events in Cau-
casian HD patients [19]. Moreover, Lp(a) concentrations 
over 52.5 nmol/L were independently associated with an 
increased risk of up to 30–40% for ASCVD events [19]. 
Nevertheless, Lp(a) was associated with ASCVD only in 
younger (under 60 years) and Caucasian patients [14]. Like-
wise, in a post hoc analysis of the prospective 4D study, high 
Lp(a) values were associated with all-cause mortality in the 
total group and with fatal stroke in patients under 66 years 
of age [26]. Elevated Lp(a) levels independently contribute 
to atherosclerotic cardiovascular mortality as well as to CAD 
[22, 24].

Trials with no correlations. Zimmermann et al. revealed 
that after adjusting for confounders, Lp(a) lost its predic-
tive value for both all-cause mortality and cardiovascular 
mortality [27]. Lp(a) was not associated with the presence or 
degree of atherosclerosis or any other related events in either 
HD [15, 28] or CKD pre-dialysis patients [29]. However, the 
design of the studies (cross-sectional—[28, 29] or post hoc 
analysis based on a selected cohort of diabetic patients—
[15]) and small number of patients included warrant further 
evaluation of this matter in a prospective randomized con-
trolled study.

Apolipoprotein(a) isoform size  Trials reporting corre-
lations. Three cross-sectional studies have established 
that LMW apo(a) phenotypes were more common in HD 
patients with cardiovascular events compared to those with-
out CVD events (43.9% vs 21.9%, p < 0.001; 56.9% vs. 
33.9%, p < 0.05; 33.3% vs. 20.6%, p = 0.05 respectively) 
[11, 17, 30], while the prevalence of the LMW apo(a) iso-
forms was 41% among Caucasians and 46% among Afro-
American people [25].

The LMW apo(a) phenotype was strongly associated 
with the prevalence of carotid atherosclerosis in both HD 
patients and pre-dialysis patients [28, 29]. At the same time, 
the LMW apo(a) phenotype was associated with CAD in 
younger patients aged between 35 and 58 years [30] being 
correlated with a 60–90% higher risk for ASCVD events 
[19]. Moreover, apo(a) under 16 K-IV repeats was associated 
with a 40–100% increase of the ASCVD risk versus apo(a) 
over 16 K-IV repeats [19]. The association of ASCVD with 
LMW isoforms was stronger than the association with high 
concentrations of Lp(a) in both races [19]. Also, patients 
with LMW apo(a) isoform and Lp(a) over 123 nmol/L had 

an increased risk for ASCVD events compared to HMW 
apo(a) isoform and Lp(a) level under 123 nmol/L [19]. In 
addition, HD patients with HMW apo(a) isoforms and with 
low Lp(a) levels displayed far less cardiovascular events than 
patients with HMW apo(a) isoforms and elevated Lp(a) lev-
els (34 vs. 57%, p < 0.01) [1].

Consequently, the apo(a) phenotype proved to be the best 
predictor for coronary events in HD patients [17, 28], while 
diabetes mellitus was a risk factor only in the presence of 
LMW apo(a) phenotype [17]. The LMW apo(a) phenotype 
remained an equally good predictor for coronary events 
in younger patients under 65 years of age, regardless of 
whether they had CAD at baseline or not [17]. In addition, 
the LMW apo(a) isoform was a predictor for atherothrom-
bosis in HD patients [11], ELISA test for these isoforms 
revealing stronger CVD events than the immunoturbidimetry 
test [25].

Trials with no correlations. Contrary to these findings, 
the apo(a) isoform size was not associated with CVD 
(p = 0.41) in pre-dialysis patients [1], nor was it correlated 
with ASCVD in HD patients [14]. At the same time, Koch 
et al. pointed out that the LMW apo(a) phenotype was not 
correlated with CAD in patients over 58 years of age [30]. 
Although LMW apo(a) isoforms were associated with all-
cause mortality, only in younger HD patients (under 66 years 
of age), they were not associated with other events related to 
atherosclerosis [15].

Overall, even if the results appear to be contradictory, the 
measurement of Lp(a) levels and the pinpointing of apo(a) 
phenotypes may prove clinically useful for cardiovascular 
risk stratification and could prevent ASCVD in dialysis 
patients [17, 19].

Therapeutic implications/perspectives

Statins represent the first line of treatment in dyslipidemia, 
with reduced total cholesterol and LDL-C [10, 31, 32]. In 
ESRD patients, although statins (atorvastatin and rosuvas-
tatin) significantly reduced LDL-C levels, they did not have 
statistically significant effects on CVD outcomes [10, 31, 
32]. Thus, statins and ezetimibe have no effect on the Lp(a) 
level [12], while a high Lp(a) level may diminish the effec-
tiveness of statins in reducing the risk of CVD complications 
[12]. Moreover, statins may worsen the renal function, being 
relatively contraindicated in ESRD patients [33].

Inactivation of pro-protein convertase subtilisin–kexin 
type 9 (PCSK9), a hepatic protease that attaches and inter-
nalizes LDL receptors into lysosomes, is the latest approved 
therapeutic target for the treatment of hypercholesterolemia. 
The anti-PCSK9 antibodies (alirocumab, evolocumab) are 
effective in the management of hypercholesterolemia, hyper-
triglyceridemia, and the cardiovascular complications of 
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CKD [12]. Humanized PCSK9 antibodies decrease plasma 
Lp(a) levels by up to 30% in a dose-dependent manner, 
which is a benefit compared to statin therapy [10, 34].

Weekly lipoprotein apheresis is the only therapy available 
for the effective reduction of Lp(a) levels in patients with 
Lp(a) over 60 mg/dL. This reduces Lp(a) concentration by 
approximately 70% with potential regression of atheroscle-
rosis [35].

To date, there are two RCTs that address the decrease of 
Lp(a) concentrations using antisense oligonucleotides: (1) 
IONIS-APO(a)-Rx (NCT02160899), a phase 2 trial, where 
oligonucleotide targeting apo(a) reduced the hepatic synthe-
sis of apo(a) and the plasma Lp(a) up to 77.8%; (2) IONIS-
APO(a)-LRx (NCT02414594) a phase 1/2a first-in-man 
trial, where a ligand-conjugated antisense oligonucleotide 
reduced Lp(a) levels up to 92% [36]. Both antisense oligo-
nucleotides were safe [36]. There were two serious adverse 
events (myocardial infarctions) in both the trials, but neither 
were thought to be treatment related [36]. IONIS-APO(a)-
LRx was associated with no injection site reactions, while 
IONIS-APO(a)-Rx was associated with 12% of injection site 
reactions [36]. Consequently, the administration of antisense 
oligonucleotides is a novel, tolerable, and effective therapy 
to reduce Lp(a) concentrations [36].

Apolipoprotein E

Background

Apolipoprotein E (ApoE) is a 34 kDa protein, consisting 
of 299 amino acids [37–39]. This is a ligand involved in 
receptor-mediated catabolism through low-density lipo-
protein receptor (LDL-R) and ApoE-receptor, playing an 
essential role in cholesterol metabolism [38–40]. ApoE is 
found in chylomicrons, in remnant lipoproteins, and in sub-
fractions of HDL particles [40]. ApoE is the component of 
all major lipoprotein classes and has multiple functions in 
various processes related to lipid metabolism and inflamma-
tion [37, 40] (Fig. 3).

In the general population, the three ApoE alleles (ε2, ε3, 
and ε4) [38, 41, 42] produce ApoE2, ApoE3, and ApoE4 
isoforms [38, 42]. Changes of ApoE affinity for its receptors 
influences lipid metabolism [43], while its genetic polymor-
phism may be associated with variations in serum choles-
terol concentration between 14 and 17% [44]. In Caucasians, 
ε3 is the most common isoform with a frequency of about 
0.77, while ε4 and ε2 are less common (0.15 and 0.08) [45]. 
Cysteine-arginine interchanges at positions 112 and 158 of 
the amino acid sequences of ApoE explain the differences 
between ApoE isoforms [38, 41, 46]. These isoforms gen-
erate six ApoE phenotypes: three homozygotes (ApoE2/2, 
ApoE3/3, ApoE4/4) and three heterozygotes (ApoE2/3, 
ApoE2/4, ApoE3/4) [38, 41, 46].

Patients with the ApoE2 genotype have the lowest levels 
of ApoB-containing lipoproteins (the atherogenic lipopro-
teins), while patients with ApoE4 genotype have the highest 
levels of ApoB-containing lipoproteins [40, 42]. At the same 
time, total cholesterol, LDL-C, and ApoB levels are lower 
in patients with ApoE2 carriers than those with ApoE4 car-
riers [40, 41].

The presence of the ε4 allele is associated with hyper-
lipidemia and carotid artery atherosclerosis [42]. In men, 
the ApoE ε4 allele is a significant genetic risk factor for 
coronary atherosclerosis during early middle age. Moreover, 
the ApoE ε4 allele has been associated with an increased 
risk of Alzheimer’s disease [43], since ApoE shares some 
structural and functional similarities with the amyloid pre-
cursor protein [45].

ESRD particular setting

The ApoE genotype is an important factor for the adjust-
ment of lipoprotein levels in both the general population [42] 
and ESRD patients, contributing to the variability of choles-
terol levels among subjects [40]. The APOE gene coding the 
ApoE protein is located on the chromosome 19q and is asso-
ciated with the susceptibility for diabetic nephropathy type 
1 and type 2 [43]. ApoE polymorphisms affect the ApoE 
concentration in a “gene–dose manner” [40]. The apolipo-
proteins profile in PD patients is characterized by a decrease 
in HDL-C (the “anti-atherogenic” lipoprotein) levels and an 
increase in ApoB and ApoE levels [40].

At these patients, ApoE3/3 genotype is the most common 
genotype, while ApoE2/3 genotype is associated with ele-
vated levels of total cholesterol and triglycerides [47]. Unlike 
PD patients, the apolipoproteins profile in HD patients 
involves an increase in ApoE levels and a decrease in ApoB 
levels [48]. Furthermore, in HD patients with ApoE4/3 phe-
notype, total cholesterol and LDL-C levels were significantly 
higher than those with ApoE3/3 and ApoE3/2 phenotypes 
[38, 42, 44]. ApoE polymorphism influences the develop-
ment of HD [49, 50]. Single nucleotide polymorphisms in 

Fig. 3   The role of apolipoprotein E in lipid metabolism and inflam-
mation
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the APOE gene affects the expression and function of the 
ApoE protein, contributing to the increase of the risk of 
CVD in HD patients, modifying their prognosis [49, 50].

The ApoE ε3/3 genotype, ε3 allele and ε4/3 genotype had 
an increased frequency in HD group as compared to control 
group [44, 51]. At the same time, ApoE4/3 phenotype had 
higher serum CT, LDL-C, and ApoB levels than in patients 
with ApoE3/3 and ApoE3/2 phenotypes (p < 0.05) [38, 42] 
and significantly lower levels of HDL-C(38).

Trial data

The contradictory results of observational studies produce 
confusion regarding the role of ApoE in advanced CKD. 
However, most part of the studies showed similar and con-
sistent correlations regarding cardiovascular end points in 
ESRD patients.

Trials reporting correlations  The ApoE ε4 + genotype, ε4 
allele, and ε3 allele were associated with cardiovascular 
complications in ESRD patients [51]. Also, in a case–con-
trol analysis involving 157 dialysis patients followed for 
2 years, Lim et al. showed that the prevalence of ischemic 
cerebrovascular disease was significantly higher in patients 
who had one or two ApoE ε4 alleles (36.8%) compared to 
subjects who did not present these alleles (5.6%) [52]. Con-
sequently, the ApoE ε4 genotype was significantly corre-
lated with stroke (p < 0.001) [52].

It also appears that the 4D trial (which evaluated 1255 
HD patients with type 2 diabetes) highlighted that patients 
with at least one ε4 allele (ε4+) ran a 30% higher risk of 
combined cardiovascular end point (myocardial infarction, 
cardiac death, stroke) and a 36% increased risk of heart fail-
ure compared to patients with the ε3/3 allele [45]. Moreover, 
the addition of ε4 + to the ROC multivariate model for risk 
prediction in cardiovascular events (including atorvastatin, 
a history of cardiovascular disease, dialysis, and lipoprotein 
parameters, hsCRP, and NT-proB-type natriuretic peptide) 
increased the area under the curve (AUC) from 0.666 (95% 
CI 0.634–0.698) to 0.671 (95% CI 0.639–0.702, p = 0.013) 
[45].

Trials with  no  correlations  Despite the above-mentioned 
results, a relatively old trial showed that there was not a sig-
nificant association between the ApoE 4/3 phenotype and 
the prevalence of vascular diseases (P = NS) [42]. In addi-
tion, the ApoE2/3 and ApoE3/3 phenotypes were not risk 
factors for vascular diseases [42].

Genotypes ε2/2, ε2/3, and ε3/3 were associated neither 
with a cardiovascular risk nor with the risk of cardiac death 
[45]. Additionally, the presence of ε2 (ε2 +) or ε3 (ε3+) 
allele had no effect on cardiovascular events [45]. Albeit 
HD patients with ApoE4/3 phenotype had significantly more 

atherosclerosis and held a higher mean carotid intima–media 
thickness (cIMT) compared to ApoE3/3 and ApoE3/2 phe-
notypes, these results did not have statistical significance 
(p > 0.05) [38].

Therapeutic implications/perspectives

ApoE genotype is an important predictor of lipid response 
to lipid-lowering therapy with statins and fibrates [53]. Indi-
viduals with ApoE4 have the lowest response to this therapy, 
while ApoE2 generates the best response [53]. Although 
there are new monoclonal antibody therapies for various 
pathologies with an ApoE4 and ApoE2 carrier profiles 
(e.g., Alzheimer’s disease, Parkinson’s disease, familial dys-
betalipoproteinemia) [54], they have not been used in ESRD 
patients. ApoE specific therapy still raises questions about 
toxicity, prevention and curative treatment of neurodegen-
erative diseases, and reduction of CVD morbidity (especially 
CAD) [55, 56].

Apolipoprotein B

Background

Apolipoprotein B (ApoB) is the primary protein component 
of very low-density lipoproteins (VLDL), intermediate-den-
sity lipoprotein (IDL), and LDL [57]. Each particle of these 
lipoproteins contains an ApoB molecule and consequently 
the ApoB plasma levels reflect the all the atherogenic parti-
cles from the body [57, 58]. ApoB is essential for the linking 
of LDL particles to LDL-R for cellular absorption and deg-
radation of LDL particles, being a marker of dyslipidemia, 
as well [59]. In humans there are two types of ApoB: ApoB-
48—secreted exclusively by the intestine in chylomicrons; 
and ApoB-100, secreted exclusively by the liver in VLDL 
[59].

ApoB-100 has 4536 amino acids, and ApoB-48 is iden-
tical to the amino terminal 48% of the ApoB-100 and is 
made by a unique mRNA (messenger RNA) editing pro-
cess [59]. ApoB-48 plays a role in assembling and secreting 
chylomicrons from the small intestine, while ApoB-100 is 
useful for assembling and secreting VLDL from the liver 
[59]. The metabolism of ApoB-containing particles depends 
on gender, APOE genotype, LDLR mutations, estrogen lev-
els and lipoprotein lipase activity, contributing to the inter-
individual variation of ApoB levels [59]. APOB is a highly 
polymorphic gene and in subjects without rare mutations, 
and polymorphisms have a role in determining ApoB and 
cholesterol level [59].

The 2016 ESC/EAS Guidelines for the Management of 
Dyslipidaemias recommend measuring ApoB levels as a 
complementary risk marker, particularly in patients with 
high levels of triglycerides [20, 60].
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ESRD as a particular setting

In certain situations, LDL-C and ApoB degrees increase 
concurrently (e.g., familial hypercholesterolemia), while in 
ESRD patients, due to hypertriglyceridemia, malnutrition 
or metabolic disorders, LDL-C levels are often paradoxi-
cally “normal”, while the ApoB levels are quite high due 
to overproduction [61, 62]. This situation contributes to the 
formation of a small, dense LDL-C (type B phenotype) of 
significant importance in atherosclerosis development [57]. 
In pre-dialysis and PD patients, ApoB levels are elevated as 
opposed to HD patients in whom plasma levels are within 
normal range [48].

Trial data

Trials reporting correlations  ApoB had a 100% sensitiv-
ity, a 75% specificity, and a cutoff value of 1.26 g/L [57]. 
Besides, ApoB had a significant positive correlation with 
the value of carotid intima–media thickness, with the num-
ber of plaques in carotid arteries in elderly ESRD patients 
[63] as well as with cardiovascular morbidity [57]. On the 
same note, in PD patients, ApoB elevation was significantly 
correlated with the reduction of the left atrium diameter, the 
left ventricle(LV) diameter, peak velocities of early filling 
divided by peak velocities of the atrial filling, and LV volu-
metric dimension (p < 0.001) [64].

ApoB represents an independent predictor of vascular 
stiffness (measured by pulse wave velocity) only for patients 
with moderately impaired renal function [65]. Hence, in 
ESRD patients, it was found a relationship between ApoB 
and cIMT (p < 0.04), the development and number of 
plaques (p < 0.007) [63], and the presence of cardiovascular 
events [57]. Also, in PD patients, ApoB was an independ-
ent determinant of LV dilation [64] and was significantly 
associated with cardiovascular mortality in HD patients [66].

Trials with  no  correlations  In peritoneal dialysis patients, 
ApoB was associated neither with all-cause mortality nor 
with cardiovascular mortality [58]. However, the follow-
up time was shorter (2 vs 7  years) compared with other 
(positive) studies, and the study enrolled only incident PD 
patients (versus higher HD cohorts). In fact, the authors of 
the study underlined that “previous studies indicated that 
apo B was a strong predictor of mortality and cardiovascu-
lar risk”.

Therapeutic implications/perspectives

Overall, HD patients manifest advanced atherosclerosis 
associated with nontraditional risk factors (ApoB) [57, 

63]. Hence, the reduction of ApoB could reduce eccentric 
left ventricular remodeling and could be useful for cardio-
vascular risk stratification in PD patients [64].

In addition to well-known lipid-lowering therapies, 
new treatments are used to reduce cardiovascular risk in 
patients with CKD. Cholesterol acyltransferase-2 (ACAT) 
plays a role in transcriptional and post-translational regu-
lation of liver cholesterol production [67]. ACAT regulates 
the biosynthesis of cholesterol and fatty acids [12]. ACAT 
is involved in packaging of cholesterol in ApoB-100 lipo-
protein in the liver for its release into circulation [67]. 
Due to the fact that increased values of ACAT may induce 
dyslipidemia in CKD, administration of ACAT inhibitors 
reduces plasma lipid levels [10, 12]. Treatment with low 
dose of ACAT inhibitor can provide protection for acute 
cardiovascular events in patients with nephrotic proteinu-
ria without impact on ESRD patients [12].

Mipomersen is an antisense oligonucleotide that binds 
to mRNA responsible for the synthesis of ApoB-100 
and inhibits its production. It is administered subcutane-
ously once a week and decreases non-HDL-C, LDL-C, 
TG, ApoB and Lp(a), since ApoB-100 is an essential ele-
ment for VLDL and LDL. Currently, mipomersen is only 
approved in the USA for the treatment of homozygous 
familial hypercholesterolemia [68].

Conclusions

To date, the picture of “lipid milieu” in end-stage renal 
disease has not been clearly described. Novel studies show 
that specific lipoproteins (Lp(a) with isoforms, apolipopro-
tein B or E, respectively) suffer modifications in uremic 
patients (in terms of quantity and quality). Moreover, these 
apolipoproteins proved to be linked with major cardiovas-
cular adverse events (which are higher than in the general 
population). Our endeavor developed three directions: (1) 
to depict the lipoprotein changes in ESRD; (2) to describe 
current evidence in the field; (3) to explore current and 
potential therapies to lower CVD in ESRD patients. Prob-
ably in the next few years, the treatment of dyslipidemia 
in ESRD will not merely target LDL or total cholesterol, 
but specific isoforms of apolipoproteins which seem to 
become the central part of the problem.
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