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Abstract

:

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a promising new target for the prevention of cardiovascular (CV) events. However, the clinical significance of circulating PCSK9 is unclear in hemodialysis (HD) patients. A total of 353 HD patients were prospectively enrolled from June 2016 to August 2019 in a K-cohort. Plasma PCSK9 level was measured at the time of study enrollment. The primary endpoint was defined as a composite of CV event and death. Plasma PCSK9 level was positively correlated with total cholesterol level in patients with statin treatment. Multivariate linear regression analysis revealed that baseline serum glucose, albumin, total cholesterol, and statin treatment were independent determinants of circulating PCSK9 levels. Cumulative rates of composite and CV events were significantly higher in patients with tertile 3 PCSK9 (p = 0.017 and p = 0.010, respectively). In multivariate Cox-regression analysis, PCSK9 tertile 3 was associated with a 1.97-fold risk of composite events (95% CI, 1.13–3.45), and it was associated with a 2.31-fold risk of CV events (95% CI, 1.17–4.59). In conclusion, a higher circulating PCSK9 level was independently associated with incident CV events and death in HD patients. These results suggest the importance of future studies regarding the effect of PCSK9 inhibition.
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1. Introduction


Patients receiving hemodialysis (HD) have an increased risk of cardiovascular disease [1,2]. Low-density lipoprotein (LDL) cholesterol is one of the most well-established and strongest risk factors for cardiovascular (CV) events in the general population, and it remains associated with CV events in patients with non-dialysis chronic kidney disease [3]. However, the association between higher LDL and CV risk is weaker for patients with lower renal function, and LDL cholesterol level has an inconsistent association with all-cause mortality in patients on dialysis treatment [4,5]. In addition, statin treatment to reduce LDL failed to prevent CV events in HD patients, and kidney disease: improving global outcomes (KDIGO) guidelines recommend that statins should not be initiated [6,7,8].



Hepatic extracellular LDL receptors uptake LDL cholesterol, which acts as the main mechanism for LDL clearance [9]. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibits the recycling of LDL receptors and promotes their degradation [10,11]. Low levels of circulating PCSK9 ultimately reduce plasma LDL, and PCSK9 has emerged as a major regulator of LDL cholesterol. Circulating PCSK9 levels have previously been shown to correlate with coronary artery calcification and are associated with risk of CV events [12,13]. It has recently been suggested that PCSK9 level is correlated with LDL and total cholesterol level in patients with nephrotic syndrome, chronic kidney disease, or dialysis treatment [14,15]. In addition, circulating PCSK9 level is dependent on different renal replacement modality [16,17]. However, PCSK9 level is rarely evaluated in patients receiving HD treatment, and there are no reports investigating the prognostic significance of PCSK9 in patients receiving dialysis treatment.



Therefore, we undertook this study to test the hypothesis that circulating PCSK9 level is independently associated with an increased risk of future CV events and death in HD patients. We also explored serum lipid levels and clinical parameters to determine possible correlations with PCSK9 level.




2. Materials and Methods


2.1. Study Population


All patients enrolled in this study were on the registry of the K-cohort. The K-cohort is a multicenter, internet-based, prospective cohort of HD patients in Korea that was designed to investigate prognostic markers for CV complications and death and to improve survival rates and quality of life. Enrollment commenced in June 2016 and included adult (>18 years of age) HD patients from 6 general hospitals (Kyung Hee University Medical Center, Kyung Hee University Hospital at Gangdong, CHA Bundang Medical Center, Korea University Guro Hospital, Seoul Red Cross Hospital, Veterans Health Service Medical Center). The inclusion criteria for the K-cohort were regular 4 h HD prescriptions per session occurring 3 times a week for at least 3 months. The exclusion criteria were pregnancy, hematologic malignancy, active or invasive solid tumor, and less than 6 months of life expectancy. A total of 452 patients were screened from June 2016 to August 2019, and a final 353 patients with whole blood, serum, and plasma samples at the time of study enrollment were enrolled.



The study protocol was approved by the local Ethics Committee (KHNMC 2016-04-039), and the study was conducted in accordance with the principles of the second Declaration of Helsinki. All participants involved in the study signed written informed consent forms before enrollment.




2.2. Data Collection and Definitions


Demographic factors, relevant medical history, comorbid conditions, concomitant medication, laboratory data, and dialysis information were ascertained at the time of inclusion by reviewing medical records and patient interviews. Information on comorbidities that constitutes the Charlson comorbidity index was derived and used to calculate the index score [18]. Laboratory data were collected from fasting blood samples before the start of HD in a midweek session; hemoglobin, serum glucose and albumin, BUN, creatinine, total cholesterol, triglycerides, LDL cholesterol, high-sensitivity C-reactive peptide (hsCRP), and intact-parathyroid hormone (i-PTH) levels were measured. Delivered spKt/V (K, dialyzer clearance; t, time; V, urea distribution volume) was assessed using the conventional method [19], and body mass index (BMI) was defined as body weight divided by the square of body height.



Patients were classified into three groups based on PCSK9 distribution: tertile 1, <26.5 ng/mL, tertile 2, 26.5–41.5 ng/mL, tertile 3, ≥41.5 ng/mL. All patients were followed up prospectively after all baseline assessments. Clinical events were identified, including all-cause mortality and CV events. Patient follow-up was censored at the time of transfer to peritoneal dialysis, kidney transplantation, follow-up loss, or patient withdrawal.




2.3. Laboratory Measurements


Plasma samples for measurement of monocyte chemoattractant protein (MCP)-1, interleukin (IL)-6, osteoprotegerin, receptor activator of nuclear factor kappa-Β ligand (RANKL), and PCSK9 were collected using ethylenediaminetetraacetic acid-treated tubes at the time of study entry. After centrifugation for 15 min at 1000× g at room temperature, samples were stored at −80 °C until use. The enzyme-linked immunosorbent assay method was performed using Magnetic Luminex® Screening Assay multiplex kits (R&D Systems, Inc., Minneapolis, MN, USA).




2.4. Outcome Measures


The primary study endpoint was a composite of incident CV events and death. CV events were defined as coronary artery disease (coronary artery bypass surgery, percutaneous intervention, or myocardial infarction), heart failure, ventricular arrhythmia, cardiac arrest, cerebral infarction, and peripheral vascular occlusive diseases requiring revascularization or surgical intervention. All mortality events from any cause were retrieved and carefully reviewed. Secondary endpoints were clinical and laboratory parameters, which were correlated with PCSK9 level.




2.5. Statistical Analysis


Data are expressed as mean ± standard deviation. Differences between the three groups were identified using ANOVA. Categorical variables were compared using the chi-square test or Fisher’s exact test. Log-transformed values of hs-CRP were used in regression analysis because of a skewed distribution. Spearman’s analyses were used to evaluate the correlation between PCSK9 and continuous variables. The association between PCSK9 level and relevant factors was identified using linear regression analysis. Established clinical and metabolic risk factors that were associated with plasma PCSK9 concentrations in published reports were also included [16,20]. The cumulative event rates were estimated by the Kaplan–Meier method and compared using the log-rank test. The Cox proportional-hazards model was constructed to identify independent variables related to patient death or CV event. Multivariate models included significantly associated parameters according to their weight in univariate testing and clinically fundamental parameters. The confounders entered into analysis were age, sex, BMI, Charlson comorbidity index, hemoglobin concentration, serum glucose and albumin level, total cholesterol, LDL cholesterol, statin use, dialysis duration, spKt/V, and catheter as vascular access. Formal tests for interaction between PCSK9 and predefined subgroups were conducted in addition to the main effects of the fully adjusted models. We modeled the association between PCSK9 and the probability to develop CV event and death. We chose to use knots located at each of the PCSK9 tertile cutoff values plus knots at the minimum and maximum values. Restricted cubic spline transformations were applied to continuous measures. The sample size was estimated that would be needed for the composite of CV event and death (with α error = 0.05; β error = 0.20; hazard ratio = 1.75). The required number of patients was 98 in each group. p values <0.05 were considered significant. Statistical analyses were performed using SPSS software (version 20.0; SPSS, IBM Corp., Armonk, NY, USA) and R software (version R 3.6.2; https://cran.r-project.org/).





3. Results


3.1. Baseline Demographic Characteristics and Laboratory Data


The mean concentration of PCSK9 level was 36.6 ± 20.3 ng/mL in all studied patients. Mean PCSK9 concentration was 17.8 ± 5.5 ng/mL in tertile 1 (n = 118), 33.6 ± 4.1 ng/mL in tertile 2 (n = 117), and 58.3 ± 18.6 ng/mL in tertile 3 (n = 118).



Baseline patient demographics, clinical characteristics, and laboratory results are presented in Table 1. Patients with tertile 3 PCSK9 were more often diabetic, had shorter duration dialysis therapy, and more frequent statin use than those with lower PCSK9 level. Serum albumin level was significantly lower and serum glucose and triglyceride level was higher in patients with tertile 3 PCSK9 than in those with tertile 1 or 2 PCSK9. Total and LDL cholesterol level and dialysis characteristics did not differ across tertiles.




3.2. Determinant Factors for Circulating PCSK9 Level in HD Patients


The correlations between PCSK9 level and lipid parameters were evaluated according to statin treatment (Table S1). In patients without statin treatment, no lipid parameters were associated with PCSK9 levels. Total cholesterol level was positively associated with PCSK9 level in patients with statin treatment (ρ = 0.154; p = 0.049). However, triglyceride, LDL cholesterol, and HDL cholesterol levels were not correlated. To investigate the possible relationship of PCSK9 with inflammation and vascular calcification, the correlation between PCSK9 level and correspondent cytokines was also evaluated. Serum hsCRP, plasma MCP-1, and plasma IL-6 were used as markers for inflammation, and osteoprogegerin and RANKL were considered relevant factors for calcification. However, no inflammatory cytokines or calcification-related factors showed significant correlation with plasma PCSK9 level.



Baseline clinical and laboratory determinants for plasma PCSK9 level were evaluated. In univariate analysis, duration of receiving HD and serum albumin level were negatively correlated with PCSK9 level. The age, sex, BMI and hemoglobin level did not have significant correlation with PCSK9 level. Serum glucose and triglyceride levels and statin use were positive determinants for PCSK9 level. In multivariate analysis, serum glucose, serum albumin, total cholesterol, and use of statin were independent determinants of PCSK9 level (Table 2).




3.3. Risk of CV Events and Death in Different PCSK9 Level


During follow-up, 30 deaths (8.5%) and 60 CV events (17.0%) occurred. The cumulative event rate for composite of CV events and death was significantly greater as PCSK9 level increased (p = 0.017; Figure 1). PCSK9 tertile 3 was associated with higher cumulative event rate of CV events (p = 0.010). The cumulative event rate of death did not differ between patients with different PCSK9 levels (p = 0.217).



We compared the type and incidence of CV events across tertiles. The incidence of all CV events and stroke was significantly greater in patients with tertile 3 PCSK9. The incidence of coronary artery disease, heart failure, and peripheral artery disease was higher in tertile 3 PCSK9, but it was not statistically significant (Table 3).



Univariable Cox-regression revealed a significant association between plasma tertile 3 PCSK9 and composite events (hazard ratios [HR], 2.05; 95% confidence interval [CI], 1.01–3.09; p = 0.007; Table 4). This association remained significant after adjustment for multiple variables (HR, 1.97; 95% CI, 1.13–3.45; p = 0.017). Plasma PCSK9 increment per 1 ng/mL revealed a significant association with increased risk of composite events (HR, 1.02; 95% CI, 1.004–1.026; p = 0.009). The observed HR for CV events and patient death were evaluated, respectively. Patients with tertile 3 PCSK9 had an independent risk of CV events after multiple adjustment (HR, 2.31; 95% CI, 1.17–4.59; p = 0.017). Tertile 3 PCSK9 showed 1.45-fold increased risk of patient death without statistical significance (95% CI, 0.65–3.27; p = 0.367).



To evaluate potential linear associations, we evaluated the association between PCSK9 and the risk of composite and CV events during the follow-up period. The cubic restricted spline model after multiple adjustments shows gradually increasing HRs for composite and CV events with increasing PCSK9 (Figure 2).



The relationship between tertile 3 PCSK9 and incident composite events was further investigated in subgroups stratified by LDL cholesterol, and hsCRP level (Table 5). High PCSK9 was defined as tertile 3, and patients with tertile 1 and 2 PCSK9 were used as the reference category. Criteria for predefined subgroups were based on median values; high hsCRP, >0.85 mg/dL; high LDL > 75 mg/dL. We compared the cumulative event rate of the primary endpoint. The highest cumulative event rate of composite event was observed in patients with high PCSK9 and elevated LDL cholesterol (p = 0.028; Supplementary Materials Figure S1). When patients were classified based on hsCRP level, patients with a high PCSK9 level showed a higher cumulative event rate whether hsCRP was elevated or not (p = 0.039). Univariable Cox-regression revealed a similar association between a predefined subgroup and composite events. In multivariate Cox-regression model, elevated PCSK9 in the absence of an elevated LDL cholesterol level was not associated with the risk of a composite event (Table 5). However, high PCSK9 in combination with elevated LDL cholesterol showed a greater risk (HR, 2.59; 95% CI, 1.30–5.14; p = 0.007). A significant association between high PCSK9 and composite events was observed in patients with low hsCRP level (HR, 2.03; 95% CI, 1.06–3.89; p = 0.033), but high PCSK9 level was not a significant risk factor in patients with high hsCRP level.





4. Discussion


Our prospective observational study demonstrated that serum glucose, albumin, total cholesterol level, and statin treatment were independent determinants of PCSK9 level in HD patients. Patients with tertile 3 PCSK9 had greater risk of incident composite of CV events and death. This relationship persisted after adjustment for established cardiovascular risk factors and lipid parameters. In addition, higher level of PCSK9 provided additional risk in patients with increased level of LDL. These findings suggest that PCSK9 may be a novel biomarker for CV events in HD patients.



Lipid parameters and statin treatment have excellent correlation with PCSK9 levels in patients without renal dysfunction [21,22,23,24,25]. Consistently, a similar relationship was observed in patients with non-dialysis dependent chronic kidney disease (CKD) [14,15,16]. While total cholesterol level and statin treatment were independent determinants of PCSK9 level in this study, no significant relationship was identified between PCSK9 and triglyceride, LDL and HDL cholesterol. These findings suggest that the relationship of PCSK9 with lipid parameters becomes weaker in HD patients and that it does not exactly resemble that of the general population or patients with non-dialysis dependent CKD. We presumed that HD-induced dysregulation in lipid parameters and the effect of HD treatment on PCSK9 level reduced the strength of this relationship [8,16,20,26].



The pro-inflammatory effect of PCSK9 has been shown in different experimental models [27,28,29]. The inhibitory effect of PCSK9 on vascular calcification was also suggested in several basic experiments [30,31]. In addition, clinical evidence supported a linkage between PCSK9 and chemokine and vascular calcification in previous studies [24,32]. However, we did not find a significant correlation between PCSK9 level and hsCRP, MCP-1, or IL-6. In addition, the observed correlation of PCSK9 with osteoprotegerin and RANKL was not significant. These findings suggest that PCSK9 has limited association with systemic inflammation or calcification in HD patients and that the expected role of PCSK9 in this field might be reduced in HD patients.



While HD patients had the greatest risk of CV event and death, traditional risk factors such as hypertension, high LDL cholesterol levels, low HDL cholesterol levels, and smoking do not fully explain the elevated CV risk of HD patients. Our study revealed a significant association between plasma PCSK9 and incident composite and CV event in univariate analysis. The association remained significant after adjustment for multiple established CV risk factors, including lipid parameters and statin use. These findings suggest that PCSK9 contributes CV event independently of traditional CV risk factor and that PCSK9 is a useful biomarker for elucidating CV risk in patients on HD treatment.



Our study showed that the association between PCSK9 and composite event was insignificant in a subgroup with low LDL cholesterol. These findings suggest that the pleiotropic effect of PCSK9 beyond lipid metabolism is decreased in HD patients. In contrast, the combination of high PCSK9 with high LDL cholesterol showed the greatest risk of composite events. We propose that PCSK9 could be a marker used to screen high risk patients for CV events in combination with LDL cholesterol. In patients with high hsCRP, high PCSK9 was not a significant risk factor, but the greatest CV risk was observed in patients with high PCSK9 and low hsCRP. These findings suggest that the combination of high PCSK9 with high hsCRP indicates antagonistic effect on prognostic value of PCSK9.



This study has some limitations. Due to a limited number of CVD events and short-term follow-up duration, we could not perform individual analyses for myocardial infarction and stroke. Furthermore, control for confounding factors may not have considered all relevant factors such as atrial fibrillation and cannot preclude residual confounding in our data. In addition, PCSK9 level was measured once at the time of study entry, and information about statin treatment was assessed at baseline.



In conclusion, circulating PCSK9 level was independently correlated with serum glucose, albumin, total cholesterol level, and statin treatment. Higher circulating PCSK9 level was independently associated with greater risk of composites of CV event and death in HD patients. Our study suggests the importance of future studies on the effect of PCSK9 inhibition in HD patients.








Supplementary Materials


The following are available online at https://www.mdpi.com/2077-0383/9/1/244/s1, Figure S1: Cumulative event rates of plasma tertile 3 PCSK9, Table S1: Correlation of PCSK9 level with serum lipid, cytokines and bone-related protein levels.





Author Contributions


Conceptualization H.S.H.; methodology, H.S.H., J.Y.M. and K.H.J.; software, H.S.H.; validation, J.Y.M. and K.H.J.; formal analysis, H.S.H.; investigation, J.S.K., Y.G.K., S.-Y.L., S.Y.A., H.J.L. and D.-Y.L.; resources, J.S.K., Y.G.K., S.-Y.L., S.Y.A., H.J.L. and D.-Y.L.; data curation, J.S.K.; writing—original draft preparation, H.S.H.; writing—review and editing, J.Y.M. and K.H.J.; visualization, H.S.H.; supervision, J.Y.M., K.H.J. and S.H.L.; project administration, S.H.L.; funding acquisition, S.H.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


The authors appreciate the support and cooperation of the staff of the participating centers.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Cheung, A.K.; Sarnak, M.J.; Yan, G.; Dwyer, J.T.; Heyka, R.J.; Rocco, M.V.; Teehan, B.P.; Levey, A.S. Atherosclerotic cardiovascular disease risks in chronic hemodialysis patients. Kidney Int. 2000, 58, 353–362. [Google Scholar] [CrossRef] [PubMed]

	



Thompson, S.; James, M.; Wiebe, N.; Hemmelgarn, B.; Manns, B.; Klarenbach, S.; Tonelli, M. Alberta Kidney Disease Network. Cause of death in patients with reduced kidney function. J. Am. Soc. Nephrol. 2015, 26, 2504–2511. [Google Scholar] [CrossRef] [PubMed]

	



De Nicola, L.; Provenzano, M.; Chiodini, P.; D’Arrigo, G.; Tripepi, G.; Del Vecchio, L.; Conte, G.; Locatelli, F.; Zoccali, C.; Minutolo, R.; et al. Prognostic role of LDL cholesterol in non-dialysis chronic kidney disease: Multicenter prospective study in Italy. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 756–762. [Google Scholar] [CrossRef] [PubMed]

	



Ferro, C.J.; Mark, P.B.; Kanbay, M.; Sarafidis, P.; Heine, G.H.; Rossignol, P.; Massy, Z.A.; Mallamaci, F.; Valdivielso, J.M.; Malyszko, J.; et al. Lipid management in patients with chronic kidney disease. Nat. Rev. Nephrol. 2018, 14, 727–749. [Google Scholar] [CrossRef] [PubMed]

	



Tonelli, M.; Muntner, P.; Lloyd, A.; Manns, B.; Klarenbach, S.; Pannu, N.; James, M.; Hemmelgarn, B. Alberta Kidney Disease Network. Association between LDL-C and risk of myocardial infarction in CKD. J. Am. Soc. Nephrol. 2013, 24, 979–986. [Google Scholar] [CrossRef]

	



Wanner, C.; Krane, V.; März, W.; Olschewski, M.; Mann, J.F.; Ruf, G.; Ritz, E. German Diabetes and Dialysis Study Investigators. Atorvastatin in patients with type 2 diabetes mellitus undergoing hemodialysis. N. Engl. J. Med. 2005, 353, 238–248. [Google Scholar] [CrossRef]

	



Fellström, B.C.; Jardine, A.G.; Schmieder, R.E.; Holdaas, H.; Bannister, K.; Beutler, J.; Chae, D.W.; Chevaile, A.; Cobbe, S.M.; Grönhagen-Riska, C.; et al. Rosuvastatin and cardiovascular events in patients undergoing hemodialysis. N. Engl. J. Med. 2009, 360, 1395–1407. [Google Scholar] [CrossRef]

	



Wanner, C.; Tonelli, M. Kidney Disease: Improving Global Outcomes Lipid Guideline Development Work Group Members. KDIGO Clinical Practice Guideline for Lipid Management in CKD: Summary of recommendation statements and clinical approach to the patient. Kidney Int. 2014, 85, 1303–1309. [Google Scholar] [CrossRef]

	



Tavori, H.; Fan, D.; Blakemore, J.L.; Yancey, P.G.; Ding, L.; Linton, M.F.; Fazio, S. Serum proprotein convertase subtilisin/kexin type 9 and cell surface low-density lipoprotein receptor: Evidence for a reciprocal regulation. Circulation 2013, 127, 2403–2413. [Google Scholar] [CrossRef]

	



Cohen, J.C.; Boerwinkle, E.; Mosley, T.H., Jr.; Hobbs, H.H. Sequence variations in PCSK9, low LDL, and protection against coronary heart disease. N. Engl. J. Med. 2006, 354, 1264–1272. [Google Scholar] [CrossRef]

	



Ference, B.A.; Robinson, J.G.; Brook, R.D.; Catapano, A.L.; Chapman, M.J.; Neff, D.R.; Voros, S.; Giugliano, R.P.; Davey Smith, G.; Fazio, S.; et al. Variation in PCSK9 and HMGCR and Risk of Cardiovascular Disease and Diabetes. N. Engl. J. Med. 2016, 375, 2144–2153. [Google Scholar] [CrossRef] [PubMed]

	



Alonso, R.; Mata, P.; Muñiz, O.; Fuentes-Jimenez, F.; Díaz, J.L.; Zambón, D.; Tomás, M.; Martin, C.; Moyon, T.; Croyal, M.; et al. PCSK9 and lipoprotein (a) levels are two predictors of coronary artery calcification in asymptomatic patients with familial hypercholesterolemia. Atherosclerosis 2016, 254, 249–253. [Google Scholar] [CrossRef] [PubMed]

	



Leander, K.; Mälarstig, A.; Van’t Hooft, F.M.; Hyde, C.; Hellénius, M.L.; Troutt, J.S.; Konrad, R.J.; Öhrvik, J.; Hamsten, A.; de Faire, U. Circulating Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) Predicts Future Risk of Cardiovascular Events Independently of Established Risk Factors. Circulation 2016, 133, 1230–1239. [Google Scholar] [CrossRef]

	



Morena, M.; Le May, C.; Chenine, L.; Arnaud, L.; Dupuy, A.M.; Pichelin, M.; Leray-Moragues, H.; Chalabi, L.; Canaud, B.; Cristol, J.P.; et al. Plasma PCSK9 concentrations during the course of nondiabetic chronic kidney disease: Relationship with glomerular filtration rate and lipid metabolism. J. Clin. Lipidol. 2017, 11, 87–93. [Google Scholar] [CrossRef]

	



Rasmussen, L.D.; Bøttcher, M.; Ivarsen, P.; Jørgensen, H.S.; Nyegaard, M.; Buttenschøn, H.; Gustafsen, C.; Glerup, S.; Bøtker, H.E.; Svensson, M.; et al. Association between circulating proprotein convertase subtilisin/kexin type 9 levels and prognosis in patients with severe chronic kidney disease. Nephrol. Dial. Transpl. 2018, in press. [Google Scholar] [CrossRef] [PubMed]

	



Konarzewski, M.; Szolkiewicz, M.; Sucajtys-Szulc, E.; Blaszak, J.; Lizakowski, S.; Swierczynski, J.; Rutkowski, B. Elevated circulating PCSK-9 concentration in renal failure patients is corrected by renal replacement therapy. Am. J. Nephrol. 2014, 40, 157–163. [Google Scholar] [CrossRef] [PubMed]

	



Jin, K.; Park, B.S.; Kim, Y.W.; Vaziri, N.D. Plasma PCSK9 in nephrotic syndrome and in peritoneal dialysis: A cross-sectional study. Am. J. Kidney Dis. 2014, 63, 584–589. [Google Scholar] [CrossRef] [PubMed]

	



Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal studies: Development and validation. J. Chronic Dis. 1987, 40, 373–383. [Google Scholar] [CrossRef]

	



Gotch, F.A. Kinetic modeling in hemodialysis. In Clinical Dialysis, 2nd ed.; Nissenson, A.R., Fine, R.N., Gentile, D.E., Eds.; Appleton and Lange: Norwalk, CA, USA, 1995; pp. 156–188. [Google Scholar]

	



Abujrad, H.; Mayne, J.; Ruzicka, M.; Cousins, M.; Raymond, A.; Cheesman, J.; Taljaard, M.; Sorisky, A.; Burns, K.; Ooi, T.C. Chronic kidney disease on hemodialysis is associated with decreased serum PCSK9 levels. Atherosclerosis 2014, 233, 123–129. [Google Scholar] [CrossRef]

	



Guardiola, M.; Plana, N.; Ibarretxe, D.; Cabré, A.; González, M.; Ribalta, J.; Masana, L. Circulating PCSK9 levels are positively correlated with NMR-assessed atherogenic dyslipidaemia in patients with high cardiovascular risk. Clin. Sci. 2015, 128, 877–882. [Google Scholar] [CrossRef]

	



Cohen, J.; Pertsemlidis, A.; Kotowski, I.K.; Graham, R.; Garcia, C.K.; Hobbs, H.H. Low LDL cholesterol in individuals of African descent resulting from frequent nonsense mutations in PCSK9. Nat. Genet. 2005, 37, 161–165. [Google Scholar] [CrossRef] [PubMed]

	



Lambert, G.; Ancellin, N.; Charlton, F.; Comas, D.; Pilot, J.; Keech, A.; Patel, S.; Sullivan, D.R.; Cohn, J.S.; Rye, K.A.; et al. Plasma PCSK9 concentrations correlate with LDL and total cholesterol in diabetic patients and are decreased by fenofibrate treatment. Clin. Chem. 2008, 54, 1038–1045. [Google Scholar] [CrossRef] [PubMed]

	



Lakoski, S.G.; Lagace, T.A.; Cohen, J.C.; Horton, J.D.; Hobbs, H.H. Genetic and metabolic determinants of plasma PCSK9 levels. J. Clin. Endocrinol. Metab. 2009, 94, 2537–2543. [Google Scholar] [CrossRef] [PubMed]

	



Sahebkar, A.; Simental-Mendía, L.E.; Guerrero-Romero, F.; Golledge, J.; Watts, G.F. Effect of statin therapy on plasma proprotein convertase subtilisin kexin 9 (PCSK9) concentrations: A systematic review and meta-analysis of clinical trials. Diabetes Obes. Metab. 2015, 17, 1042–1055. [Google Scholar] [CrossRef] [PubMed]

	



Kim, J.S.; Kim, W.; Woo, J.S.; Lee, T.W.; Ihm, C.G.; Kim, Y.G.; Moon, J.Y.; Lee, S.H.; Jeong, M.H.; Jeong, K.H. Korea Acute Myocardial Infarction Registry Investigators. The Predictive Role of Serum Triglyceride to High-Density Lipoprotein Cholesterol Ratio According to Renal Function in Patients with Acute Myocardial Infarction. PLoS ONE 2016, 11, e0165484. [Google Scholar]

	



Liberale, L.; Montecucco, F.; Camici, G.G.; Dallegri, F.; Vecchie, A.; Carbone, F.; Bonaventura, A. Treatment with Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) Inhibitors to Reduce Cardiovascular Inflammation and Outcomes. Curr. Med. Chem. 2017, 24, 1403–1416. [Google Scholar] [CrossRef] [PubMed]

	



Tang, Z.H.; Peng, J.; Ren, Z.; Yang, J.; Li, T.T.; Li, T.H.; Wang, Z.; Wei, D.H.; Liu, L.S.; Zheng, X.L.; et al. New role of PCSK9 in atherosclerotic inflammation promotion involving the TLR4/NF-κB pathway. Atherosclerosis 2017, 262, 113–122. [Google Scholar] [CrossRef]

	



Dwivedi, D.J.; Grin, P.M.; Khan, M.; Prat, A.; Zhou, J.; Fox-Robichaud, A.E.; Seidah, N.G.; Liaw, P.C. Differential Expression of PCSK9 Modulates Infection, Inflammation, and Coagulation in a Murine Model of Sepsis. Shock 2016, 46, 672–680. [Google Scholar] [CrossRef]

	



Grune, J.; Meyborg, H.; Bezhaeva, T.; Kappert, K.; Hillmeister, P.; Kintscher, U.; Pieske, B.; Stawowy, P. PCSK9 regulates the chemokine receptor CCR2 on monocytes. Biochem. Biophys. Res. Commun. 2017, 485, 312–318. [Google Scholar] [CrossRef]

	



Goettsch, C.; Hutcheson, J.D.; Hagita, S.; Rogers, M.A.; Creager, M.D.; Pham, T.; Choi, J.; Mlynarchik, A.K.; Pieper, B.; Kjolby, M.; et al. A single injection of gain-of-function mutant PCSK9 adeno-associated virus vector induces cardiovascular calcification in mice with no genetic modification. Atherosclerosis 2016, 251, 109–118. [Google Scholar] [CrossRef]

	



Poggio, P.; Songia, P.; Cavallotti, L.; Barbieri, S.S.; Zanotti, I.; Arsenault, B.J.; Valerio, V.; Ferri, N.; Capoulade, R.; Camera, M. PCSK9 Involvement in Aortic Valve Calcification. J. Am. Coll. Cardiol. 2018, 72, 3225–3227. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 09 00244 g001 550] 





Figure 1. Cumulative event rates for composite of CV events and death (A) and CV events (B) according to the PCSK9 level. 
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Figure 2. Linear associations of PCSK9 and risk of composite (A) and of CV event (B) after multiple adjustments. Dashed lines represent 95% confidence intervals. The adjusted multiple variables were age, sex, BMI, Charlson comorbidity index, dialysis duration, spKt/V, catheter use, hemoglobin, serum glucose and albumin, log hsCRP, statin use, total cholesterol, and LDL cholesterol. 






Figure 2. Linear associations of PCSK9 and risk of composite (A) and of CV event (B) after multiple adjustments. Dashed lines represent 95% confidence intervals. The adjusted multiple variables were age, sex, BMI, Charlson comorbidity index, dialysis duration, spKt/V, catheter use, hemoglobin, serum glucose and albumin, log hsCRP, statin use, total cholesterol, and LDL cholesterol.



[image: Jcm 09 00244 g002]







[image: Table] 





Table 1. Baseline demographic and laboratory data of study population.
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Circulating PCSK9 Level

	
p




	
Tertile 1

(n = 118)

	
Tertile 2

(n = 117)

	
Tertile 3

(n = 118)






	
Age (years)

	
62.1 ± 12.4

	
61.7 ± 13.7

	
62.8 ± 12.2

	
0.791




	
Male (%)

	
78 (66.1)

	
80 (68.4)

	
79 (66.9)

	
0.932




	
Body mass index (kg/m2)

	
23.0 ± 3.7

	
22.6 ± 3.5

	
23.7 ± 4.5

	
0.079




	
HD duration (months)

	
70.0 ± 76.7

	
55.4 ± 53.8

	
47.8 ± 60.7 a

	
0.029




	
Diabetes (%)

	
57 (48.3)

	
60 (51.3)

	
79 (66.9) a,b

	
0.008




	
History of CVE (%)

	
52 (44.1)

	
46 (39.3)

	
60 (50.8)

	
0.203




	
Charlson comorbidity score

	
3.9 ± 1.6

	
3.9 ± 1.5

	
4.3 ± 1.4

	
0.055




	
Follow-up duration (months)

	
30.9 ± 10.6

	
27.9 ± 12.7

	
28.0 ± 10.9

	
0.072




	
Statin use (%)

	
33 (28.0)

	
55 (47.0) a

	
76 (64.4) a,b

	
<0.001




	
PCSK9 (ng/mL)

	
17.8 ± 5.5

	
33.6 ± 4.1 a

	
58.3 ± 18.6 a,b

	
<0.001




	
Hemoglobin (g/dL)

	
10.5 ± 1.0

	
10.3 ± 1.2

	
10.4 ± 1.4

	
0.396




	
Serum glucose

	
142.6 ± 51.3

	
146.8 ± 54.3

	
171.4 ± 75.6 a,b

	
0.001




	
Albumin (g/dL)

	
4.0 ± 0.3

	
3.9 ± 0.4 a

	
3.8 ± 0.4 a,b

	
0.017




	
Total cholesterol (mg/dL)

	
134.5 ± 29.0

	
135.3 ± 30.3

	
137.9 ± 31.6

	
0.668




	
Triglyceride (mg/dL)

	
117.4 ± 78.7

	
108.3 ± 68.8

	
134.6 ± 80.4 b

	
0.028




	
LDL-cholesterol (mg/dL)

	
77.1 ± 26.3

	
77.1 ± 24.8

	
77.1 ± 27.4

	
1.00




	
HDL-cholesterol (mg/dL)

	
45.5 ± 13.9

	
45.2 ± 13.2

	
43.4 ± 11.4

	
0.420




	
hsCRP (mg/dL)

	
3.5 ± 6.7

	
4.7 ± 9.7

	
3.5 ± 7.5

	
0.424




	
i-PTH

	
288.0 ± 252.3

	
280.8 ± 210.8

	
246.9 ± 193.3

	
0.312




	
Predialysis SBP (mmHg)

	
143.0 ± 20.3

	
143.0 ± 19.5

	
144.3 ± 21.0

	
0.855




	
UF (L)

	
2.2 ± 1.1

	
2.3 ± 1.1

	
2.2 ± 1.1

	
0.804




	
spKt/V

	
1.57 ± 0.29

	
1.56 ± 0.30

	
1.56 ± 0.31

	
0.967




	
Catheter use (%)

	
1 (0.8)

	
5 (4.3)

	
8 (6.8)

	
0.066








CVE, cardiovascular event; HD, hemodialysis; HDL-cholesterol, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; LDL-cholesterol, low-density lipoprotein cholesterol; PTH, parathyroid hormone; SBP, systolic blood pressure; UF, ultrafiltration. a p < 0.05 vs. tertile 1; b p < 0.05 vs. tertile 2.
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Table 2. Determinants for PCSK9 level in HD patients.
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	Unstandardized β
	95% CI
	p





	HD duration (months)
	−0.011
	−0.043, 0.021
	0.507



	Glucose (mg/dL)
	0.047
	0.014, 0.080
	0.005



	Albumin (g/dL)
	−8.292
	−14.477, −2.107
	0.009



	Total cholesterol (mg/dL)
	0.134
	0.023, 0.244
	0.018



	Triglyceride (mg/dL)
	0.018
	−0.011, 0.047
	0.216



	LDL-cholesterol (mg/dL)
	−0.093
	−0.217, 0.031
	0.141



	i-PTH (pg/mL)
	−0.004
	−0.013, 0.006
	0.435



	Statin use
	11.192
	7.115, 15.269
	<0.001







HD, hemodialysis; LDL-cholesterol, low-density lipoprotein cholesterol; PTH, parathyroid hormone.
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Table 3. Incidence of CV events based on plasma PCSK9 level.
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Circulating PCSK9 Level

	
p




	
Tertile 1

	
Tertile 2

	
Tertile 3






	
All CV events (%)

	
15 (12.7)

	
16 (13.7)

	
29 (24.6)

	
0.027




	
Coronary artery disease (%)

	
9 (7.6)

	
9 (7.7)

	
14 (11.9)

	
0.431




	
Heart failure (%)

	
3 (2.5)

	
2 (1.7)

	
4 (3.4)

	
0.912




	
Stroke (%)

	
1 (0.8)

	
0

	
6 (5.1)

	
0.019




	
Peripheral artery disease (%)

	
0

	
1 (0.9)

	
4 (3.4)

	
0.092




	
Cardiac arrest (%)

	
2 (1.7)

	
4 (3.4)

	
1 (0.8)

	
0.320








CV, cardiovascular.
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Table 4. Hazard ratios of plasma PCSK9 tertiles for CV events and death.
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	No. of Events (%)
	HR (95% CI), Crude
	HR (95% CI), Adjusted a





	Composite events
	
	
	



	PCSK9 tertile 1
	23 (19.5)
	Reference
	Reference



	PCSK9 tertile 2
	28 (23.9)
	1.35 (0.78–2.35)
	1.33 (0.75–2.36)



	PCSK9 tertile 3
	39 (33.1)
	2.05 (1.22–3.43)
	1.97 (1.13–3.45)



	PCSK9 increase per 1 ng/mL
	
	1.01 (1.001–1.019)
	1.02 (1.004–1.026)



	CV events
	
	
	



	PCSK9 tertile 1
	15 (12.7)
	Reference
	Reference



	PCSK9 tertile 2
	16 (13.7)
	1.18 (0.58–2.39)
	1.28 (0.61–2.66)



	PCSK9 tertile 3
	29 (24.6)
	2.31 (1.24–4.32)
	2.31 (1.17–4.59)



	PCSK9 increase per 1 ng/mL
	
	1.01 (1.003–1.024)
	1.02 (1.004–1.030)



	Death
	
	
	



	PCSK9 tertile 1
	12 (10.2)
	Reference
	Reference



	PCSK9 tertile 2
	20 (17.1)
	1.88 (0.92–3.84)
	1.79 (0.85–3.78)



	PCSK9 tertile 3
	16 (13.6)
	1.48 (0.70–3.14)
	1.45 (0.65–3.27)



	PCSK9 increase per 1 ng/mL
	
	1.01 (0.993–1.019)
	1.01 (0.997–1.032)







CV, cardiovascular; HR, hazard ratio; No., number. a All analyses are adjusted for the following covariates: age, sex, BMI, Charlson comorbidity index, dialysis duration, spKt/V, catheter use, hemoglobin, serum glucose and albumin, log hsCRP, statin use, total cholesterol, and LDL cholesterol.
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Table 5. Hazard ratios of plasma tertile 3 PCSK9 for composite events based on predefined subgroup.
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	No. of Events/No. of Patients
	HR (95% CI), Crude
	HR (95% CI), Adjusted a
	p for Interaction





	LDL-cholesterol
	
	
	
	0.370



	Low LDL and low PCSK9
	28/114 (24.6)
	Reference
	Reference
	



	Low LDL and high PCSK9
	18/61 (29.5)
	1.36 (0.75–2.46)
	1.30 (0.69–2.46)
	



	High LDL and low PCSK9
	23/121 (19.0)
	0.83 (0.48–1.44)
	1.16 (0.59–2.27)
	



	High LDL and high PCSK9
	21/57 (36.8)
	1.90 (1.08–3.36)
	2.59 (1.30–5.14)
	



	hsCRP
	
	
	
	0.443



	Low hsCRP and low PCSK9
	23/124 (18.5)
	Reference
	Reference
	



	Low hsCRP and high PCSK9
	19/54 (35.2)
	2.18 (1.19–4.00)
	2.03 (1.06–3.89)
	



	High hsCRP and low PCSK9
	28/111 (25.2)
	1.38 (0.79–2.39)
	1.09 (0.60–1.99)
	



	High hsCRP and high PCSK9
	20/64 (31.2)
	1.97 (1.08–3.58)
	1.56 (0.81–3.02)
	







HR, hazard ratio; hsCRP, high-sensitivity C-reactive protein; LDL-cholesterol, low-density lipoprotein cholesterol; No., number. High PCSK9 was defined as tertile 3, and criteria for predefined subgroups was based on median values; high LDL > 75 mg/dL; high hsCRP, >0.85 mg/dL. a All analyses are adjusted for the following covariates (except for the variable used to define the subgroup in each case): age, sex, BMI, Charlson comorbidity index, dialysis duration, spKt/V, catheter use, hemoglobin, serum glucose and albumin, log hsCRP, statin use, total cholesterol, and LDL cholesterol.
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