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Abstract
Introduction and aim  In the general population, high levels of lipoprotein(a) (Lp(a)) are an independent risk factor for 
atherosclerotic cardiovascular diseases. However, the information available in patients with chronic kidney disease (CKD) 
is less robust. The main objective of this updated systematic review of prospective studies was to analyze the association 
between elevated Lp(a) levels and cardiovascular outcomes or death in patients with CKD.
Methods  The PRISMA guidelines were used to carry out this systematic review. Randomized clinical trials or prospective 
observational studies that evaluated the association between Lp(a) levels and cardiovascular outcomes or death in CKD 
patients were searched in the current literature.
Results  Fifteen studies including 12,260 individuals were identified and considered eligible for this systematic review. In 
total, 14 prospective cohorts and one post-hoc analysis of a randomized clinical trial were analyzed. Eight studies evaluated 
hemodialysis patients, one study analyzed patients on peritoneal dialysis, while six studies evaluated subjects with different 
stages of CKD. Median follow-up duration ranged from 1 to 8.6 years. Our findings showed that elevated Lp(a) values were 
associated with a higher risk of cardiovascular events or death in most studies, despite adjusting for traditional risk factors.
Conclusion  The findings of this systematic review show that there is a positive association between Lp(a) levels and fatal 
and non-fatal cardiovascular events in patients with CKD.
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Graphical abstract

Background: In the general popula�on, high levels of Lp(a) are an independent risk factor for
atherosclero�c cardiovascular diseases. However, the informa�on available in pa�ents with
chronic kidney disease (CKD) is less robust. The main objec�ve of this updated systema�c
review of prospec�ve studies was to analyze the associa�on between elevated Lp(a) levels
and cardiovascular outcomes or death in pa�ents with CKD.

Methods: Randomized clinical trials (RCT) or prospec�ve observa�onal studies that evaluated
the associa�on between Lp(a) levels and cardiovascular outcomes or death in CKD pa�ents
were searched in the current literature. This systema�c review was performed according to
PRISMA guidelines and was registered in PROSPERO.

Results: Fi�een studies including 12.260 individuals were considered eligible for this
systema�c review. In total, 14 prospec�ve cohorts and one post-hoc analysis of an RCT were
analyzed. Eight studies evaluated hemodialysis pa�ents, one study analyzed pa�ents with
peritoneal dialysis, while six studies evaluated subjects with different stages of CKD. Median
follow-up dura�on ranged from 1 to 8.6 years. Our findings showed that the presence of
elevated Lp(a) values were associated with a higher risk of cardiovascular events or death in
most studies, despite adjus�ng for tradi�onal risk factors.

Conclusions: The findings of this systema�c review show that there would
be a posi�ve associa�on between Lp(a) levels and fatal and non-fatal
cardiovascular events in pa�ents with CKD.

Rela�onship between lipoprotein(a) levels, cardiovascular outcomes and death in pa�ents with chronic kidney disease: 
A systema�c review of prospec�ve studies.
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Introduction

Chronic kidney disease (CKD) is a major health problem 
worldwide. In addition, cardiovascular disease is the leading 
cause of mortality and morbidity in CKD patients [1]. There-
fore, identifying and managing cardiovascular risk factors 
associated with CKD is a good strategy to prevent and delay 
fatal and non-fatal atherosclerotic events. Abnormalities in 
cholesterol metabolism have been described in patients at 
all stages of CKD [2]. Renal dysfunction is also associated 
with many disorders in lipoprotein metabolism leading to 
atherogenic dyslipidemia and formation of atherosclerotic 
plaques in the vascular wall [3]. Traditionally, dyslipidemia 
associated with CKD shows hypertriglyceridemia, normal 
or elevated low-density lipoprotein cholesterol (LDL-C) and 
apolipoprotein B levels, and decreased high-density lipopro-
tein cholesterol (HDL-C) values [4]. Additionally, the role of 
new lipid markers such as lipoprotein (a) [Lp(a)] have been 
evaluated in patients with CKD [5].

Lp(a) consists of an LDL-like core lipoprotein particle 
bound by a single disulfide bond to a glycoprotein of vari-
able molecular weight, known as apolipoprotein(a) [apo(a)] 
[6]. In the general population, high levels of Lp(a) are an 

independent risk factor for atherosclerotic cardiovascular 
diseases through mechanisms associated with increased 
atherogenesis, inflammation, and thrombosis [7].

In the context of normal renal function, Lp(a) levels 
are mainly genetically determined and inversely related to 
the molecular weight of apo(a) isoforms [8]. However, the 
impaired kidney function results in increased Lp(a) levels, 
regardless of genetic predisposition [9].

Many prospective observational studies have evaluated the 
association between Lp(a) levels and mortality or cardiovascu-
lar outcomes in CKD patients [10–24]. However, the popula-
tions included, the cut-off points for Lp(a) analyzed, the follow-
up times and the outcomes evaluated were heterogeneous in 
published studies. A previous review analyzed some studies that 
evaluated the association between Lp(a) values and cardiovas-
cular events in patients with CKD [25]. However, this review 
includes both cross-sectional and case–control studies, and only 
patients with end-stage renal disease were evaluated. Further-
more, it did not consider some recently published studies.

Therefore, the main objective of the present updated 
systematic review of prospective studies was to analyze the 
association between elevated Lp(a) levels and cardiovascular 
outcomes or death in patients with CKD.
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Materials and methods

Data extraction and quality assessment: This systematic 
review was performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [26]. This systematic review was registered in 
PROSPERO (CRD42022353307).

A literature search was performed to detect studies that 
evaluated the association between Lp(a) levels and events of 
interest. Two independent reviewers searched the electronic 
PubMed/MEDLINE, Embase, Science Direct, Scopus, 
Google Scholar, and Cochrane Controlled Trials databases 
using “lipoprotein (a)” AND “chronic kidney disease” terms, 
alone or combined with the following terms: “cardiovascular 
disease”, “major adverse cardiovascular events”, “all-cause 
mortality”, “stroke”, “myocardial infarction”, “cardiovas-
cular mortality” and “coronary artery disease”. The final 
article search ended on 31 July, 2022.

The following inclusion criteria were used to select eligi-
ble studies: (1) Randomized clinical trials or observational 
studies with a cohort design (prospective or retrospective); 

(2) Studies evaluating patients with CKD; (3) Studies evalu-
ating two groups of patients: with elevated Lp(a) levels or 
not. In this case, we did not set a specific cut-off point for 
Lp(a); (4) Studies that evaluated the relationship between 
Lp(a) levels and the risk of cardiovascular events or death; 
(5) Studies with a follow-up > 6 months.

There were no linguistic, geographic or publication 
restrictions, while expert opinions, reviews, case-series, 
and cross-sectional and case–control studies were excluded.

The primary endpoints of the study were mortality and 
incidence of cardiovascular events. The outcomes were 
defined according to the reported events within the selected 
studies.

Data were extracted on the baseline population and effect 
sizes for the relationship between Lp(a) and outcomes. 
Effect sizes and 95% confidence intervals (CI) for Lp(a) 
were reported as odds ratios (ORs), relative risks (RRs) or 
hazard ratios (HRs) according to the reports of the original 
publications.

The quality of the included studies was assessed by two 
independent review authors using the criteria of the Quality 

Fig. 1   Flow diagram of the 
study screening process
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in Prognostic Studies (QUIPS) tool [27]. Any discrepancy 
between the two reviewers was resolved through discussion 
and by involving a third reviewer.

Meta-analysis was not possible due to heterogeneity of 
the populations included, the different cut-off points and 
measurements of Lp(a) used, and the type of outcomes 
reported.

Results

In total, fifteen studies including 12,260 individuals were 
identified and considered eligible for this systematic review. 
A flow diagram of the screening process is shown in Fig. 1.

Altogether, 14 prospective cohorts [10–15, 17–24] 
and one post-hoc analysis of a Randomized Clinical Trial 
[16] were analyzed. Eight studies evaluated hemodialysis 
patients, one study analyzed patients on peritoneal dialysis, 
while six studies evaluated subjects with different stages of 
CKD. Median follow-up duration ranged from 1 to 8.6 years. 
Sample sizes, characteristics of the populations and follow-
ups of the studies included in this review are shown in 
Table 1.

Bias assessment using the QUIPS tool was performed 
in 14 studies. The study developed by Poudel et al. [24] 
was not analyzed because at the time of this review, only 
their abstract had been published. Based on this evaluation, 
twelve studies were assessed as being at moderate risk of 
bias and three studies as being at low risk of bias. The qual-
ity of the studies evaluated can be seen in Fig. 2.

Table 1   Sample size, characteristics of the populations and follow-up

ACS acute coronary syndrome; ASCVD atherosclerotic cardiovascular disease; CKD chronic kidney disease; eGFR estimated glomerular filtra-
tion rate; MACE major clinical adverse events; MI myocardial infarction; PCI percutaneous coronary intervention
* Two differently published analyses originating from the same population

Study (year) n Population Follow-up
(year)

Cressman (1992)* [10] 129 Hemodialysis patients aged 23–86 years
Mean age, 58 ± 14 years. Male gender, 48.8%
Most common causes: hypertension 23%, chronic glomerulonephritis 21%, diabetes 18%, poly-

cystic kidney disease 12%

4

Cressman (1994)* [11] 129 Hemodialysis patients. Mean age, 61 years. Pre-existing cardiovascular disease, 27.9% 4
Koda (1999) [12] 390 Hemodialysis patients. Mean age, 56.6 ± 14 years, Male gender, 61.8%. Diabetes, 14.6% 2.3
Kronenberg (1999) [13] 440 Hemodialysis patients

Mean age, 57 ± 15 years. Male gender, 57.5%
5

Ohashi (1999) [14] 268 Hemodialysis patients (79% chronic glomerulonephritis and 21% diabetic nephropathy). Male 
gender, 57%. Mean age, 57.6 ± 14 years

5

Illescu (2002) [15] 54 Peritoneal dialysis patients. Mean age, 58.1 ± 15.9 years. Male gender, 44.4%. Most common 
causes: diabetic nephropathy (50%) and glomerulonephritis (22.2%)

2

Longenecker (2002)* [16] 864 Hemodialysis patients
Most common causes: diabetes (48%), hypertension (17%) and glomerulonephritis (15%). 

Median age, 59 years. Female gender, 47%

2.8

Longenecker (2005)* [17] 833 Hemodialysis patients
Median age, 59.2 years. Female gender, 46.9%

2.3

Shlipak (2005) [18] 1249 Patients with CKD (eGFR < 60 mL/min/1.73 m2) > 65 years. Mean eGFR, 50 mL/min/1.73 m2. 
Mean age, 75 ± 6 years. Male gender, 47%

8.6

Konishi (2015) [19] 904 Patients with CKD (eGFR < 60 mL/min/1.73 m2 not on hemodialysis) who underwent a first PCI 4.7
Kollerits (2016) [20] 1255 Hemodialysis patients with type 2 diabetes mellitus, aged 18–80 years 4
Bajaj (2017) [21] 3744 Patients between 21–74 years with CKD (eGFR 20–70 mL/min/1.73 m2 for

persons aged 21–44 years, 20–60 mL/min/1.73 m2 for persons aged 45–64 years, and 20–50 mL/
min/1.73 m2 for persons aged 65–74 years)

Mean age, 58 years. Male gender, 54.7%

7.5

Li (2022) [22] 452 Patients hospitalized for ACS with CKD (eGFR < 60 mL/min/1.73 m2) and not on hemodialysis. 
Mean age, 73 ± 11 years. Male gender, 60.2%

3.9

Viad (2022) [23] 110 Patients with CKD stages 2 to 4.and dyslipidemia
Most common causes: glomerulonephritis (33.6%), hypertension (14.5%) and polycystic disease 

(13.6%). Mean age, 55.6 ± 10.9 years. Male gender, 55.5%

1

Poudel (2022) [24] 1439 Patients with CKD (eGFR 20–70 mL/min/1.73 m2) and ASCVD
Mean age, 61.6 years. Female gender, 41%

6.8
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Association between Lp(a) levels and outcomes 
in hemodialysis patients

Two different analyses originating from the same popu-
lation were reported by Cressman et al. in two old pub-
lications [10, 11]. The former demonstrated that serum 
Lp(a) concentration (per 1 unit log increase) was asso-
ciated with a higher risk of atherosclerotic events (OR 
1.02) during the follow-up period. In addition, patients 
with values of Lp(a) > 38.4 mg/dl compared to subjects 
with values ≤ 38.4 mg/dl showed different survival curves 
(p = 0.021). The latter analysis showed that serum Lp(a) 
concentration (per 1 unit log increase) was associated with 
a higher risk of cardiovascular death (RR 1.60). Koda et al. 
reported that Japanese patients with Lp(a) values ≥ 30 mg/

dl receiving chronic dialysis therapy had higher cardiovas-
cular mortality (RR 3.93) but not higher all-cause mortal-
ity, after an average follow-up of 2.3 years [12]. Similarly, 
another study evaluating the same cut-off point showed 
that a lower value of Lp(a) was an independent predictor 
of future fatal cardiovascular outcomes (RR 0.71) [14].

Longenecker et  al. published two different analyses 
based on the same population [16, 17]. Although the 
authors did not find a significant association between Lp(a) 
values and mortality, one of the analyses showed that 
patients with Lp(a) levels > 52.5 nmol/l and > 206 nmol/l 
have a higher risk of non fatal and fatal atherosclerotic 
events (HR 1.37 and 1.88, respectively). More recently, 
a post hoc analysis of the prospective 4D Study (Ger-
man Diabetes Dialysis Study) showed that a high Lp(a) 

Fig. 2   Bias assessment of 
included studies
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concentration was a risk predictor for all-cause mortality 
in hemodialysis patients with diabetes mellitus [20]. How-
ever, the study did not show significant associations with 
the other endpoints evaluated.

Unlike previous reports, a small study that included 
440 hemodialysis patients did not find a significant asso-
ciation between Lp(a) levels and coronary artery disease 
outcomes [13]. However, this study showed that the genet-
ically determined apo(a) phenotype was a strong and inde-
pendent predictor for coronary events.

Association between Lp(a) levels and outcomes 
in CKD patients

Shlipak et al. reported that patients with CKD and high 
Lp(a) values (upper quartile compared with the lower 3 
quartiles) had more cardiovascular death (HR 1.20) after an 
average follow-up of close to 9 years [18]. Similarly, another 
study showed that CKD patients (not on hemodialysis) with 
high Lp(a) values undergoing percutaneous coronary inter-
vention had a poor prognosis [19]. Patients with an Lp(a) 
level above the median showed a higher incidence of the 
combined endpoint of all-cause death or acute coronary 
syndrome as compared with subjects with a level below the 
median (HR 1.35). Bajaj et al. reported that after adjust-
ing for potential confounders, the highest quartile of Lp(a) 
was associated with increased risk of myocardial infarction 
(HR 1.49), death (HR 1.28) and the composite outcome of 
myocardial infarction or death (HR 1.29) compared with the 
second quartile of Lp(a) in patients with CKD (estimated 
glomerular filtration rate [eGFR] > 20 mL/min/1.73 m2) 
[21]. Another study evaluated patients (not on hemodialy-
sis) hospitalized for acute coronary syndrome with CKD 
[22]. During a median follow-up of 3.9 years, an elevated 
Lp(a) value (≥ 50 mg/dl vs. < 30 mg/dl) was found to be 
an independent predictor for major adverse cardiovascular 
events (HR 2.86).

On the other hand, a small study that evaluated patients 
with CKD stages 2 to 4 and dyslipidemia did not show a 
significant association between Lp(a) values and athero-
sclerotic events, although a clear trend was observed when 
Lp(a) was analyzed as a continuous variable [23]. Similarly, 
Poudel et al. did not find a statistically significant association 
between Lp(a) levels and atherosclerotic events when evalu-
ating patients with CKD and atherosclerotic cardiovascular 
disease [24]. Nevertheless, Lp(a) was a marker of increased 
risk for atherosclerotic outcomes in white subjects, patients 
without diabetes, or with an eGFR between 45 and 70 ml/
min/1.73 m2.
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Association between Lp(a) levels and outcomes 
in peritoneal dialysis patients

Only one study evaluated patients on peritoneal dialysis 
[15]. The results of this study suggest that Lp(a) levels 
were associated with all-cause mortality. In this sense, the 
reported HRs were 3.09 and 1.004 when the Lp(a) values 
were analyzed dichotomously (≥ 65 nmol/l vs. < 65 nmol/l) 
or continuously (per 1 unit log increase), respectively.

The methodology, endpoints and effect measures used in 
the included studies can be seen in Table 2.

Discussion

This systematic review includes a full body of evidence-
based prospective studies that examined the relationship 
between Lp(a) levels and cardiovascular outcomes or death 
in patients with CKD.

The dyslipidemia observed in patients with CKD acquires 
some particular characteristics. CKD patients usually pre-
sent normal plasma levels of LDL-C, reduced plasma levels 
of HDL-C, and high plasma levels of triglycerides and Lp(a) 
[4]. This usual pattern should be distinguished from dyslipi-
demia occurring in patients with nephrotic syndrome, which 
is characterized by high levels of LDL-C and triglycerides, 
and normal plasma levels of HDL-C [28].

Previous data suggest that the kidney is directly involved 
in the catabolism of Lp(a). The interaction between different 
variables, such as Lp(a) genotype, eGFR or presence of pro-
teinuria, modulate the levels of Lp(a) observed in patients 
with CKD [29]. Furthermore, CKD patients undergoing 
hemodialysis have been shown to have increased Lp(a) lev-
els compared to healthy controls. Additionally, Lp(a) levels 
decrease following renal transplantation [30]. However, as 
occurs in the general population, Lp(a) levels are inversely 
correlated with the genetically determined apo(a) isoform 
size, with higher levels of plasma Lp(a) being associated 
with smaller apo(a) isoform sizes [31].

The relationship between Lp(a) and cardiovascular out-
comes or death was addressed in numerous studies devel-
oped in the general population, but despite this, only a lim-
ited number of studies evaluated this association in patients 
with CKD. It is still controversial whether Lp(a) increases 
the risk of atherosclerotic cardiovascular disease or death in 
CKD because of the discrepant results and the rather small 
size of the various studies.

This systematic review analyzed studies in three clini-
cal scenarios related to kidney disease. On the one hand, 
six studies that included patients with CKD were analyzed,, 
five of which excluded hemodialysis patients [19, 21–24]. 
One study did not exclude patients with advanced kidney 
disease, although the mean eGFR was 50 mL/min/1.73 m2 

(proportion of patients on dialysis not reported) [18]. The 
association between elevated Lp(a) values and increased 
risk of cardiovascular events was demonstrated in four of 
these studies [18, 19, 21, 22]. In contrast, two studies did 
not show a significant association. In one of them, the low 
number of patients enrolled could explain the findings, since 
the authors reported a statistically non-significant trend for 
this association [23]. The other study reported a significant 
association between Lp(a) and cardiovascular outcomes only 
in certain subgroups, such as white patients or subjects with 
mild-moderate CKD. Characteristics of the population eval-
uated or simply due to chance-related issues could explain 
the neutral results in the global analysis in this case.

On the other hand, eight studies analyzed hemodialysis 
patients. Three studies showed a significant association 
between elevated Lp(a) values and cardiovascular events [10, 
14, 17] and two other studies with cardiovascular mortality 
[11, 12]. In addition, one study associated this lipid marker 
with excess all-cause mortality [20], while two other studies 
did not [12, 16]. Likewise, two studies found no relationship 
between cardiovascular events and Lp(a) levels [13, 20].

One of the main reasons why conflicting results can be 
observed is the difference in CKD etiologies of studied 
patients. For example, unlike previous findings in dialysis 
patients, Kollerits et al. did not find an association between 
Lp(a) levels and atherosclerosis-related endpoints [20]. 
Interestingly, this study was the only one that included all 
patients with diabetes. Thus, it might be argued that hemodi-
alysis patients with diabetes die more frequently from events 
caused by other cardiovascular causes, such as congestive 
heart failure or sudden cardiac death unrelated to acute myo-
cardial infarction. In addition, the neutral finding reported 
by Kronenberg et al. [13] could have been influenced by the 
definition of coronary events used in this study (the authors 
considered the presence of coronary artery stenosis > 50%). 
The inclusion of events defined by angiographically-
confirmed stenosis is problematic in case not all patients 
undergo coronary angiography. This could have caused a 
selection bias in defining the event group since it is likely 
that some individuals in the event-free group had an asymp-
tomatic stenosis. Moreover, the reasons for the discrepancies 
between the studies with hemodialysis patients might also 
be due to different prevalence rates of comorbidities, ethnic 
differences, genetic issues [apo (a) isoforms], the assay used 
for Lp(a) measurement and/or the sample size.

Finally, a single study evaluated patients on peritoneal 
dialysis, showing a positive association between the lipid 
marker and the increased risk of mortality [15]. However, 
this study only included 54 patients. Therefore, we need 
more information to clarify the prognostic value of Lp(a) in 
this particular clinical setting.

The positioning of Lp(a) as a risk factor in patients with 
CKD could be relevant in the future. It has been established 
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that Lp(a) is a risk factor for cardiovascular disease, but 
final proof of causality awaits a randomized trial of Lp(a) 
lowering. Currently, there are no approved medications to 
specifically lower Lp(a). As is well known, statins are inef-
ficient or may even increase Lp(a) serum levels [32]. Niacin 
reduces Lp(a) between 20 and 25%. However, clinical trials 
with these agents did not show a reduction of major cardio-
vascular events, and currently their use is not recommended 
[33]. In contrast, proprotein convertase subtilisin kexin type 
9 (PCSK9) inhibitors have been demonstrated to decrease 
Lp(a) levels and reduce cardiovascular events, but are less 
effective in subjects with Lp(a) > 50 mg/dl [34]. Promising 
therapies for Lp(a) include antisense oligonucleotides that 
selectively bind messenger RNA coding for apo(a) [35]. 
For example, subcutaneous administration of Pelacarsen 
in a phase 2 trial decreased Lp(a) levels by 35–80% [36]. 
Unfortunately, CKD patients were underrepresented in phase 
2 trials and are probably also underrepresented in ongoing 
phase 3 studies [37].

This systematic review has several limitations. Firstly, 
there was clinical heterogeneity due to the different popula-
tions included. Indeed, the follow-up times were different as 
well. Secondly, the cardiovascular endpoints evaluated were 
different among the studies evaluated. Thirdly, our study 
included different Lp(a) measurements. Fourthly, given the 
observational nature of the studies included, the presence 
of biases and confounders was highly expected. Finally, 
we were unable to perform a quantitative analysis (meta-
analysis) mainly due to the heterogeneity of the populations 
included, the different measures of Lp(a) used, and the type 
of events reported. However, the best available evidence to 
date has been analyzed in this review.

Conclusion

In this systematic review we demonstrated that high Lp(a) 
levels in patients with CKD were associated with an 
increased risk of cardiovascular events and death in most of 
the prospective studies evaluated. The cardiovascular ben-
efits of the new Lp(a)-lowering molecules should be demon-
strated in future research that includes patients in different 
stages of CKD.
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