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Introduction 

Nephrotic syndrome (NS) is a clinical syndrome character-

ized by severe proteinuria, hypoalbuminemia, generalized 

edema, and dyslipidemia. It is mainly caused by the leakage of 

large amounts of protein from the blood into the urine due to 

malfunction of the glomerular filtration barrier. Primary (idio-

pathic) NS comprises >90% of cases of non-hereditary NS in 

children and adolescents, with pathological findings including 

minimal changes disease and focal segmental glomeruloscle-

rosis. Although the incidence rate varies according to race and 

region, it is known to be approximately 2 per 100,000 children 

under the age of 15 to 18 years. In South Korea, the annual inci-
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dence of NS in pediatric patients is reported to be approximate-

ly 2 to 7 cases per 100,000 people, and the prevalence of NS is 

approximately 12 to 16 per 100,000 people [1,2]. 

It is well known that dyslipidemia in adult patients with NS 

significantly increases the risk of myocardial infarction and 

coronary artery disease, as well as progression of chronic kid-

ney disease (CKD). However, studies on the risk of dyslipidemia 

in pediatric patients with NS are limited. Therefore, the impor-

tance of dyslipidemia management in pediatric patients with 

NS is often overlooked [3]. 

In this review, we describe the pathogenic mechanism, clini-

cal consequences, and management of dyslipidemia in pediat-

ric and adult patients with NS. 
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Pathogenesis of lipid abnormality 

Lipids, mainly triglycerides (TG) and cholesterol, circulate in the 

body in the form of lipoproteins. Lipoproteins are formed from 

lipids packaged in apolipoproteins and phospholipids. The 

main forms of lipoproteins are chylomicrons, very low-density 

lipoproteins (VLDL), intermediate-density lipoproteins (IDL), 

low-density lipoproteins (LDL), and high-density lipoproteins 

(HDL), which differ in composition and function. 

It is known that there are three main pathways responsible 

for the production and transport of lipids within the body. First, 

in the exogenous pathway, dietary lipids ingested as food are 

packaged into chylomicrons in the intestinal mucosal cells and 

enter blood circulation through the lymphatic system. In the 

blood, TG, the main component of dietary lipids, is released as 

free fatty acids by lipoprotein lipase (LPL) in the capillary endo-

thelium and transported to muscle, adipose tissue, and other 

peripheral tissues for absorption, and the remaining chylomi-

crons are transported to the liver for clearance. Second, in the 

endogenous pathway, VLDL generated in the liver is converted 

into IDL by LPL in the circulation and then absorbed into the 

liver by the LDL receptor (LDLR), releasing TG and free fatty ac-

ids in this process. In addition, IDL is transformed into LDL by 

hepatic lipase and LDL is removed from the blood by binding 

to LDLR in the liver and extrahepatic tissues. Third, the lipid 

metabolism pathway, known as reverse cholesterol transport, 

occurs via HDL. HDL is the so-called anti-atherogenic lipopro-

tein or good cholesterol because it captures cholesterol from 

peripheral tissues and other lipoproteins and transports them 

back to the liver [3]. 

Dyslipidemia in NS is characterized by an increase in total 

cholesterol (TC), TG, LDL cholesterol, and other lipoproteins, 

such as VLDL, IDL, and lipoprotein(a). In contrast, HDL remains 

almost normal, but the ratio of HDL cholesterol to TC is de-

creased [4]. This lipid abnormality is mainly caused by impaired 

catabolism of lipoproteins and cholesterol and, to a lesser ex-

tent, increased biosynthesis of lipoproteins in the liver. 

It has been suggested that impaired lipoprotein clearance 

is due to decreased hepatic lipase and LPL activity in the en-

dothelium and peripheral tissues such as muscle and adipose 

tissues [3,5,6]. In detail, as shown in Fig. 1., proprotein conver-

tase subtilisin/kexin type 9 (PCSK9) regulates the expression of 

Fig. 1. The pathophysiology and clinical consequences of dyslipidemia in nephrotic syndrome. In nephrotic syndrome, decreased hepatic lipase 
and lipoprotein lipase (LPL) activity in the extrahepatic tissues such as endothelium, muscle, and adipose tissue leads to impaired lipoprotein 
clearance, and thus increasing plasma levels of intermediate-density lipoproteins (IDL), very low-density lipoproteins (VLDL), triglycerides (TG). 
In addition, due to proteinuria and reduced free fatty acids (FFA) catabolism, as the ratio of FFA to albumin increases, levels of angiopoietin-like 
4 (ANGPTL4) which inhibits lipase activity increase. Meanwhile, as the intrahepatic expression of proprotein convertase subtilisin/kexin type 9 
(PCSK9) increases, low-density lipoproteins receptor (LDLR) degradation increases, resulting in reduced uptake of low-density lipoproteins (LDL) 
into hepatocytes. Furthermore, increased expression and activity of acetyl CoA acetyltransferase 2 (ACAT2) and 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA) reductase lead to elevation of plasma levels of LDL and cholesterol via increased synthesis and esterification of free cholesterol 
within the liver. Consequently, accumulation of oxidized LDL and IDL may cause glomerulosclerosis and other adverse effects on kidney by 
mesangial cell proliferation, podocyte injury, and tubular cell injury. Also, increased lipoproteins and cholesterol promote atherosclerosis 
represented by cerebrovascular disease.

Renal injury ↑
Atherosclerosis ↑

Cerebrovascular disease ↑

Liver Muscle, adipose,
other tissues

IDL, VLDL, TG ↑

LPL activity ↓

ANGPTL4 ↑

LDL, cholesterol ↑

ACAT2 ↑

HMG-CoA ↑
LDLR ↓

PCSK9↑ Lipase activity ↓

FFA ↑



Baek. Dyslipidemia in nephrotic syndrome 

www.chikd.org  27https://doi.org/10.3339/ckd.22.020

hepatic LDLR. In patients with NS, LDLR degradation increases 

as the intrahepatic expression of PCSK9 increases. Therefore, 

the uptake of LDL into hepatocytes is reduced and the clear-

ance of LDL is disturbed [7-9]. In addition, when the ratio of 

free fatty acids to albumin in the blood increases due to pro-

teinuria, circulating angiopoietin-like 4 levels increase, which 

leads to downregulation of hepatic lipase and a decrease in IDL 

clearance. Furthermore, as the permeability of the glomerular 

basement membrane increases and LPL activators decrease, 

LPL activity decreases and levels of IDL and VLDL increase [10,11]. 

Meanwhile, the level of immature HDL in the blood increases 

due to the reduction of cholesterol efflux through ATP-binding 

cassette subfamily A member 1, which is present in peripheral 

organs [3]. In patients with NS, the expression and activity of 

acetyl CoA acetyltransferase 2 (ACAT2) in the liver increases, 

which promotes cholesterol esterification and reduces the con-

centration of free cholesterol in cells. In an animal experiment 

using rats, it was reported that pharmacological inhibition of 

ACAT improved dyslipidemia and alleviated proteinuria [12,13]. 

Increase in 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) re-

ductase activity and cholesterol production have been observed 

in the liver of patients with NS [14,15]. 

Clinical consequences of dyslipidemia in NS 

Atherosclerosis and cerebrovascular disease 

In general, it is well known that dyslipidemia promotes ar-

teriosclerosis and is a risk factor for myocardial infarction 

or cerebrovascular disease (CVD). Dyslipidemia exacerbates 

platelet hyperreactivity, which increases the risk of thrombosis, 

and is often accompanied by atherosclerosis. Although clinical 

studies to confirm the increased risk of CVD in patients with 

NS are scarce, a case-control study reported that non-diabetic 

adults with NS have a 5.5-fold significantly higher risk of MI 

(95% confidence interval, 1.6–18.3) compared to those without 

NS [16]. Recently, a case-control study comprising 66 children 

with NS and 128 age- and sex-matched controls showed that 

carotid-intima media thickness as a surrogate marker of CVD 

is significantly higher in children with NS aged over 4 years [17]. 

Therefore, in patients with persistent NS and accompanying 

dyslipidemia, especially in the presence of other cardiovascular 

risk factors, lowering cholesterol levels is important for pre-

venting the progression of atherosclerotic lesions [18]. 

Renal injury 

It has been suggested in several experiments and observations 

that dyslipidemia, accompanied with proteinuria and hypo-

albuminemia, may increase renal organ damage and cause 

glomerulosclerosis by directly affecting mesangial cells, podo-

cytes, and tubular cells, which is referred to as “nephrotoxicity 

hypothesis” [3,19]. 

Under normal conditions, LDL is metabolized and used by 

mesangial cells; however, when excess LDL is stored in the 

extracellular matrix in dyslipidemia, it is oxidized and causes 

an increase in cytotoxic agents such as prostaglandin E2 and 

tumor necrosis factor. These cytotoxic agents have the poten-

tial to damage the glomerular epithelial and endothelial cells, 

resulting in sclerosis. 

In addition, it is hypothesized that increased free fatty acids 

bind to albumin and promote micropinocytosis of podocytes 

through lipid-binding G-protein coupled receptors, resulting 

in podocyte injury and loss, leading to end-stage renal disease 

[20,21]. Furthermore, it is reported that albumin-binding fatty 

acid may induce infiltration of macrophages and T lympho-

cytes into the tubulointerstitial space, leading to renal tubular 

cell injury and acute interstitial nephritis [22,23]. 

Several clinical studies, including prospective cohorts, re-

ported that dyslipidemia could be a risk factor for renal injury 

represented as CKD progression. However, the findings were 

inconsistent among studies; some studies have reported that a 

high TC, TG, and LDL and a low HDL were associated with CKD 

progression, yet others did not [24]. 

Management of dyslipidemia in NS 

The main approach for managing dyslipidemia is to treat the 

underlying renal disease that causes NS. Dyslipidemia usually 

improves when the underlying disease is treated with steroids, 

immunosuppressants, or angiotensin converting enzyme in-

hibitors/angiotensin-receptor blockers. 

Lifestyle modification 

A heart-healthy diet, physical activity, and weight reduction 

are recommended as the first-line treatments for pediatric pa-

tients with NS. In early studies, 20 NS patients with persistent 

proteinuria were administered a low-fat, low-protein, vegetar-

ian soy diet rich in unsaturated fatty acids and fiber for 8 weeks 

instead of their usual diet. It was reported that lipid profiles (TC, 

LDL, HDL, apolipoprotein A, and apolipoprotein B), except for 
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TG and proteinuria, were significantly improved due to the diet. 

However, lipid profiles and proteinuria returned to baseline 

levels after resumption of their original diet [25,26]. It was also 

suggested that omega-3 fatty acids decreased serum TG and 

postprandial chylomicron in patients with NS [27,28]. 

Pharmacological treatment: statins 

Patients with NS should decide whether to initiate lipid-lower-

ing medication based on CVD risk and renal function. Currently, 

there are no agreed upon guidelines for initiating lipid-lower-

ing medications in patients with NS. Studies that provide clear 

evidence for the use of lipid-lowering medications are lacking. 

Therefore, it is necessary to consider the potential benefits and 

risks of such medication for each patient with NS. 

Statins are the most commonly used drugs for the treatment 

of dyslipidemia in patients with NS. Statins inhibit HMG-CoA 

reductase competitively, reduce hepatic cholesterol produc-

tion, and promote LDL absorption in blood. However, studies on 

statin administration in patients with NS are scarce. It was re-

ported that TC and LDL were effectively reduced by 20% to 45% 

in adult NS patients treated with statins, but there was a lesser 

reduction in TG and apolipoprotein levels [29,32].  

Meanwhile, in a meta-analysis including four randomized 

controlled trials (RCTs) using statins as lipid-lowering agents, 

only one RCT had a significant HDL improvement, and the oth-

ers did not show a clear blood lipid improvement [33]. It was 

reported that statins also reduce lipoprotein(a) levels in NS pa-

tients in cases with high baseline values [34]. 

Studies on the treatment of dyslipidemia in pediatric patients 

with NS using lipid-lowering agents are very limited. Because 

long-term safety data are lacking and the U.S. Food and Drug 

Administration has approved its limited use in pediatric pa-

tients with familial hypercholesterolemia, the use of lipid-low-

ering agents is relatively low in pediatric patients compared 

to that in adults [3,35]. Most studies on pediatric patients with 

NS used statins, and it was shown that there is 30% to 40% 

lipid-lowering effect than before statin treatment [36,37]. Hep-

atotoxicity and muscle-related effects, including myopathy 

and rhabdomyolysis, have been reported as major side effects 

of statins, with common effects comprising gastrointestinal 

symptoms, such as diarrhea and musculoskeletal symptoms, 

as well as joint pain [35]. 

Pharmacological treatment: second-line agents 

Fibrates, such as gemfibrozil, fenofibrate, and clofibrate, in-

crease LPL activity, decrease TG production, and decrease 

plasma concentrations of TG and LDL. There have been small-

scale RCT studies in NS patients that reported that gemfibrozil 

treatment reduced plasma TG concentrations by approximate-

ly 50% and the LDL concentration by 13% to 30% compared to 

placebo [38,39]. However, it is known that myopathy risk in-

creases when fibrates are used in combination with statins [40]. 

Bile acid sequestrants such as cholestyramine and colestipol 

inhibit intestinal reabsorption of bile and block enterohepatic 

circulation of bile. Consequently, the expression of various liver 

enzymes involved in bile production increases, which in turn 

increases hepatic cholesterol breakdown and LDL absorption 

from the blood. In patients with NS, it has been reported that 

when cholestyramine was used, LDL was reduced by 19%, and 

when colestipol was used, it was reduced by approximately 30% 

[29,41]. However, the gastrointestinal side effects of bile acid 

sequestrants have been reported to be high; therefore, their use 

was often limited [3]. 

Nicotinic acid and ezetimibe can also be used to treat dyslip-

idemia; however, there are no available clinical data on patients 

with NS until now. 

Monoclonal antibodies against PCSK9 (e.g., evolocumab and 

alirocumab) bind to and inactivate it, eventually increasing 

LDLR on hepatocyte surfaces to promote LDL uptake [3]. Recent 

studies reported that remission in NS patients was associated 

with a decrease in cholesterol and PCSK9 blood levels, and the 

LDL reduction effect in the group treated with a PCSK9 inhib-

itor was significant [42-44]. In addition, ACAT inhibitors were 

reported to improve proteinuria and dyslipidemia in NS animal 

models [13]. 

Lipid apheresis 

Lipid apheresis has been used to treat patients with homozy-

gous familial hypercholesterolemia and has recently been ap-

plied to the treatment of dyslipidemia in NS patients [3]. It has 

been reported that adult and pediatric patients with steroid-re-

sistant NS treated with lipid apheresis with or without steroid 

showed reduced proteinuria and improved lipid profiles. This 

effect might be explained by the improvement in dyslipidemia, 

removal of autoantibodies, reduced potential vascular perme-

ability factors and inflammatory cytokines, and improved re-

sponsiveness to immunosuppressants [20,45-47]. 
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Conclusions 

In this article, the authors reviewed recently described mech-

anisms, clinical impacts, and several treatment methods for 

dyslipidemia in patients with NS. Compared with adult patients 

with NS whose risks of atherosclerotic cardiovascular disease, 

such as myocardial infarction or coronary arterial disease, are 

high, studies on dyslipidemia in pediatric patients with NS are 

still lacking. However, there are also possible risks of athero-

sclerotic cardiovascular disease and progressive renal injury 

due to severe dyslipidemia, even in pediatric NS patients. In 

conclusion, more attention should be paid to the screening and 

treatment of dyslipidemia in pediatric patients with NS in clini-

cal practice. 

Conflicts of interest 

No potential conflict of interest relevant to this article was re-

ported. 

Funding 

None. 

Author contributions 

All the work was done by HSB.

References 

1. Larkins NG, Liu ID, Willis NS, Craig JC, Hodson EM. Non-cortico-

steroid immunosuppressive medications for steroid-sensitive 

nephrotic syndrome in children. Cochrane Database Syst Rev 

2020;4:CD002290. 

2. Kang HG, Cheong HI. Nephrotic syndrome: what’s new, what’s hot? 

Korean J Pediatr 2015;58:275-82. 

3. Agrawal S, Zaritsky JJ, Fornoni A, Smoyer WE. Dyslipidaemia in ne-

phrotic syndrome: mechanisms and treatment. Nat Rev Nephrol 

2018;14:57-70. 

4. Vaziri ND. Disorders of lipid metabolism in nephrotic syndrome: 

mechanisms and consequences. Kidney Int 2016;90:41-52. 

5. Vaziri ND, Yuan J, Ni Z, Nicholas SB, Norris KC. Lipoprotein lipase 

deficiency in chronic kidney disease is accompanied by down-reg-

ulation of endothelial GPIHBP1 expression. Clin Exp Nephrol 

2012;16:238-43. 

6. Sato T, Liang K, Vaziri ND. Down-regulation of lipoprotein lipase 

and VLDL receptor in rats with focal glomerulosclerosis. Kidney Int 

2002;61:157-62. 

7. Liu S, Vaziri ND. Role of PCSK9 and IDOL in the pathogenesis of 

acquired LDL receptor deficiency and hypercholesterolemia in ne-

phrotic syndrome. Nephrol Dial Transplant 2014;29:538-43. 

8. Morris AW. Nephrotic syndrome: PCSK9: a target for hypercholes-

terolaemia in nephrotic syndrome. Nat Rev Nephrol 2016;12:510. 

9. Jin K, Park BS, Kim YW, Vaziri ND. Plasma PCSK9 in nephrotic syn-

drome and in peritoneal dialysis: a cross-sectional study. Am J Kid-

ney Dis 2014;63:584-9. 

10. Moorhead JF, Chan MK, El-Nahas M, Varghese Z. Lipid nephrotoxici-

ty in chronic progressive glomerular and tubulo-interstitial disease. 

Lancet 1982;2:1309-11. 

11. Clement LC, Mace C, Avila-Casado C, Joles JA, Kersten S, Chugh SS. 

Circulating angiopoietin-like 4 links proteinuria with hypertri-

glyceridemia in nephrotic syndrome. Nat Med 2014;20:37-46. 

12. Vaziri ND, Liang K. Up-regulation of acyl-coenzyme A:choles-

terol acyltransferase (ACAT) in nephrotic syndrome. Kidney Int 

2002;61:1769-75. 

13. Vaziri ND, Liang KH. Acyl-coenzyme A:cholesterol acyltransferase 

inhibition ameliorates proteinuria, hyperlipidemia, lecithin-choles-

terol acyltransferase, SRB-1, and low-denisty lipoprotein receptor 

deficiencies in nephrotic syndrome. Circulation 2004;110:419-25. 

14. Vaziri ND, Liang KH. Hepatic HMG-CoA reductase gene expression 

during the course of puromycin-induced nephrosis. Kidney Int 

1995;48:1979-85. 

15. Vaziri ND, Sato T, Liang K. Molecular mechanisms of altered choles-

terol metabolism in rats with spontaneous focal glomerulosclerosis. 

Kidney Int 2003;63:1756-63. 

16. Ordonez JD, Hiatt RA, Killebrew EJ, Fireman BH. The increased risk of 

coronary heart disease associated with nephrotic syndrome. Kid-

ney Int 1993;44:638-42. 

17. Mehta A, Mishra S, Ahmad K, Tiwari HC, Singh V, Singh A. Carotid 

intima media thickness in children with nephrotic syndrome: an 

observational case control study. Sudan J Paediatr 2019;19:110-6. 

18. Radhakrishnan J, Appel AS, Valeri A, Appel GB. The nephrotic syn-

drome, lipids, and risk factors for cardiovascular disease. Am J Kid-

ney Dis 1993;22:135-42. 

19. Gyebi L, Soltani Z, Reisin E. Lipid nephrotoxicity: new concept for an 

old disease. Curr Hypertens Rep 2012;14:177-81. 

20. Chung JJ, Huber TB, Godel M, Jarad G, Hartleben B, Kwoh C, et al. 

Albumin-associated free fatty acids induce macropinocytosis in 

podocytes. J Clin Invest 2015;125:2307-16. 

21. Allison SJ. Podocyte biology: free fatty acid-induced macropinocyto-

https://doi.org/10.1002/14651858.cd002290.pub5
https://doi.org/10.1002/14651858.cd002290.pub5
https://doi.org/10.1002/14651858.cd002290.pub5
https://doi.org/10.3345/kjp.2015.58.8.275
https://doi.org/10.3345/kjp.2015.58.8.275
https://doi.org/10.1038/nrneph.2017.155
https://doi.org/10.1038/nrneph.2017.155
https://doi.org/10.1038/nrneph.2017.155
https://doi.org/10.1016/j.kint.2016.02.026
https://doi.org/10.1016/j.kint.2016.02.026
https://doi.org/10.1007/s10157-011-0549-3
https://doi.org/10.1007/s10157-011-0549-3
https://doi.org/10.1007/s10157-011-0549-3
https://doi.org/10.1007/s10157-011-0549-3
https://doi.org/10.1046/j.1523-1755.2002.00104.x
https://doi.org/10.1046/j.1523-1755.2002.00104.x
https://doi.org/10.1046/j.1523-1755.2002.00104.x
https://doi.org/10.1093/ndt/gft439
https://doi.org/10.1093/ndt/gft439
https://doi.org/10.1093/ndt/gft439
https://doi.org/10.1038/nrneph.2016.111
https://doi.org/10.1038/nrneph.2016.111
https://doi.org/10.1053/j.ajkd.2013.10.042
https://doi.org/10.1053/j.ajkd.2013.10.042
https://doi.org/10.1053/j.ajkd.2013.10.042
https://doi.org/10.1016/s0140-6736(82)91513-6
https://doi.org/10.1016/s0140-6736(82)91513-6
https://doi.org/10.1016/s0140-6736(82)91513-6
https://doi.org/10.1038/nm.3396
https://doi.org/10.1038/nm.3396
https://doi.org/10.1038/nm.3396
https://doi.org/10.1046/j.1523-1755.2002.00319.x
https://doi.org/10.1046/j.1523-1755.2002.00319.x
https://doi.org/10.1046/j.1523-1755.2002.00319.x
https://doi.org/10.1161/01.cir.0000136023.70841.0f
https://doi.org/10.1161/01.cir.0000136023.70841.0f
https://doi.org/10.1161/01.cir.0000136023.70841.0f
https://doi.org/10.1161/01.cir.0000136023.70841.0f
https://doi.org/10.1038/ki.1995.500
https://doi.org/10.1038/ki.1995.500
https://doi.org/10.1038/ki.1995.500
https://doi.org/10.1046/j.1523-1755.2003.00911.x
https://doi.org/10.1046/j.1523-1755.2003.00911.x
https://doi.org/10.1046/j.1523-1755.2003.00911.x
https://doi.org/10.1038/ki.1993.292
https://doi.org/10.1038/ki.1993.292
https://doi.org/10.1038/ki.1993.292
https://doi.org/10.24911/sjp.106-1535804613
https://doi.org/10.24911/sjp.106-1535804613
https://doi.org/10.24911/sjp.106-1535804613
https://doi.org/10.1016/s0272-6386(12)70179-8
https://doi.org/10.1016/s0272-6386(12)70179-8
https://doi.org/10.1016/s0272-6386(12)70179-8
https://doi.org/10.1007/s11906-012-0250-2
https://doi.org/10.1007/s11906-012-0250-2
https://doi.org/10.1172/jci79641
https://doi.org/10.1172/jci79641
https://doi.org/10.1172/jci79641
https://doi.org/10.1038/nrneph.2015.76


Baek. Dyslipidemia in nephrotic syndrome 

30  www.chikd.org https://doi.org/10.3339/ckd.22.020

sis in podocytes. Nat Rev Nephrol 2015;11:386.  

22. Eddy AA, Michael AF. Acute tubulointerstitial nephritis associated 

with aminonucleoside nephrosis. Kidney Int 1988;33:14-23.  

23. Eddy AA, McCulloch L, Liu E, Adams J. A relationship between pro-

teinuria and acute tubulointerstitial disease in rats with experimen-

tal nephrotic syndrome. Am J Pathol 1991;138:1111-23. 

24. Cases A, Coll E. Dyslipidemia and the progression of renal disease in 

chronic renal failure patients. Kidney Int Suppl 2005;(99):S87-93. 

25. D’Amico G, Gentile MG, Manna G, Fellin G, Ciceri R, Cofano F, et al. 

Effect of vegetarian soy diet on hyperlipidaemia in nephrotic syn-

drome. Lancet 1992;339:1131-4. 

26. Gentile MG, Fellin G, Cofano F, Delle Fave A, Manna G, Ciceri R, et al. 

Treatment of proteinuric patients with a vegetarian soy diet and 

fish oil. Clin Nephrol 1993;40:315-20. 

27. Hall AV, Parbtani A, Clark WF, Spanner E, Huff MW, Philbrick DJ, et 

al. Omega-3 fatty acid supplementation in primary nephrotic syn-

drome: effects on plasma lipids and coagulopathy. J Am Soc Nephrol 

1992;3:1321-9. 

28. Bell S, Cooney J, Packard CJ, Caslake MJ, Deighan CJ. The effect of 

omega-3 fatty acids on the atherogenic lipoprotein phenotype in 

patients with nephrotic range proteinuria. Clin Nephrol 2012;77:445-

53. 

29. Rabelink AJ, Hene RJ, Erkelens DW, Joles JA, Koomans HA. Effects of 

simvastatin and cholestyramine on lipoprotein profile in hyperlipi-

daemia of nephrotic syndrome. Lancet 1988;2:1335-8. 

30. Thomas ME, Harris KP, Ramaswamy C, Hattersley JM, Wheeler DC, 

Varghese Z, et al. Simvastatin therapy for hypercholesterolemic pa-

tients with nephrotic syndrome or significant proteinuria. Kidney 

Int 1993;44:1124-9. 

31. Wheeler DC, Bernard DB. Lipid abnormalities in the nephrotic 

syndrome: causes, consequences, and treatment. Am J Kidney Dis 

1994;23:331-46. 

32. Massy ZA, Ma JZ, Louis TA, Kasiske BL. Lipid-lowering therapy in pa-

tients with renal disease. Kidney Int 1995;48:188-98. 

33. Kong X, Yuan H, Fan J, Li Z, Wu T, Jiang L, et al. Lipid-lowering 

agents for nephrotic syndrome. Cochrane Database Syst Rev 

2013;(12):CD005425. 

34. Brown CD, Azrolan N, Thomas L, Roberts KG, Bostom A, Zhao ZH, et 

al. Reduction of lipoprotein(a) following treatment with lovastatin 

in patients with unremitting nephrotic syndrome. Am J Kidney Dis 

1995;26:170-7. 

35. Khurana M, Silverstein DM. Etiology and management of dyslipid-

emia in children with chronic kidney disease and end-stage renal 

disease. Pediatr Nephrol 2015;30:2073-84. 

36. Coleman JE, Watson AR. Hyperlipidaemia, diet and simvastatin ther-

apy in steroid-resistant nephrotic syndrome of childhood. Pediatr 

Nephrol 1996;10:171-4. 

37. Sanjad SA, al-Abbad A, al-Shorafa S. Management of hyperlipidemia 

in children with refractory nephrotic syndrome: the effect of statin 

therapy. J Pediatr 1997;130:470-4. 

38. Groggel GC, Cheung AK, Ellis-Benigni K, Wilson DE. Treatment 

of nephrotic hyperlipoproteinemia with gemfibrozil. Kidney Int 

1989;36:266-71. 

39. Buyukcelik M, Anarat A, Bayazit AK, Noyan A, Ozel A, Anarat R, et al. 

The effects of gemfibrozil on hyperlipidemia in children with per-

sistent nephrotic syndrome. Turk J Pediatr 2002;44:40-4. 

40. Jacobson TA. Myopathy with statin-fibrate combination therapy: 

clinical considerations. Nat Rev Endocrinol 2009;5:507-18. 

41. Valeri A, Gelfand J, Blum C, Appel GB. Treatment of the hyperlipid-

emia of the nephrotic syndrome: a controlled trial. Am J Kidney Dis 

1986;8:388-96. 

42. Di Bartolo B, Scherer DJ, Brown A, Psaltis PJ, Nicholls SJ. PCSK9 in-

hibitors in hyperlipidemia: current status and clinical outlook. BioD-

rugs 2017;31:167-74. 

43. Haas ME, Levenson AE, Sun X, Liao WH, Rutkowski JM, de Ferranti 

SD, et al. The role of proprotein convertase subtilisin/kexin type 9 in 

nephrotic syndrome-associated hypercholesterolemia. Circulation 

2016;134:61-72. 

44. Jatem E, Lima J, Montoro B, Torres-Bondia F, Segarra A. Efficacy and 

safety of PCSK9 inhibitors in hypercholesterolemia associated with 

refractory nephrotic syndrome. Kidney Int Rep 2020;6:101-9. 

45. Hattori M, Chikamoto H, Akioka Y, Nakakura H, Ogino D, Matsunaga 

A, et al. A combined low-density lipoprotein apheresis and predni-

sone therapy for steroid-resistant primary focal segmental glomer-

ulosclerosis in children. Am J Kidney Dis 2003;42:1121-30. 

46. Muso E. Beneficial effect of LDL-apheresis in refractory nephrotic 

syndrome. Clin Exp Nephrol 2014;18:286-90. 

47. Raina R, Krishnappa V. An update on LDL apheresis for nephrotic 

syndrome. Pediatr Nephrol 2019;34:1655-69.  

https://doi.org/10.1038/nrneph.2015.76
https://doi.org/10.1038/ki.1988.3
https://doi.org/10.1038/ki.1988.3
https://www.ncbi.nlm.nih.gov/pubmed/2024704
https://www.ncbi.nlm.nih.gov/pubmed/2024704
https://www.ncbi.nlm.nih.gov/pubmed/2024704
https://doi.org/10.1111/j.1523-1755.2005.09916.x
https://doi.org/10.1111/j.1523-1755.2005.09916.x
https://doi.org/10.1016/0140-6736(92)90731-h
https://doi.org/10.1016/0140-6736(92)90731-h
https://doi.org/10.1016/0140-6736(92)90731-h
https://www.ncbi.nlm.nih.gov/pubmed/8299238
https://www.ncbi.nlm.nih.gov/pubmed/8299238
https://www.ncbi.nlm.nih.gov/pubmed/8299238
https://doi.org/10.1681/asn.v361321
https://doi.org/10.1681/asn.v361321
https://doi.org/10.1681/asn.v361321
https://doi.org/10.1681/asn.v361321
https://doi.org/10.5414/cn107450
https://doi.org/10.5414/cn107450
https://doi.org/10.5414/cn107450
https://doi.org/10.5414/cn107450
https://doi.org/10.1016/s0140-6736(88)90870-7
https://doi.org/10.1016/s0140-6736(88)90870-7
https://doi.org/10.1016/s0140-6736(88)90870-7
https://doi.org/10.1038/ki.1993.358
https://doi.org/10.1038/ki.1993.358
https://doi.org/10.1038/ki.1993.358
https://doi.org/10.1038/ki.1993.358
https://doi.org/10.1016/s0272-6386(12)80994-2
https://doi.org/10.1016/s0272-6386(12)80994-2
https://doi.org/10.1016/s0272-6386(12)80994-2
https://doi.org/10.1038/ki.1995.284
https://doi.org/10.1038/ki.1995.284
https://doi.org/10.1002/14651858.cd005425.pub2
https://doi.org/10.1002/14651858.cd005425.pub2
https://doi.org/10.1002/14651858.cd005425.pub2
https://doi.org/10.1016/0272-6386(95)90171-x
https://doi.org/10.1016/0272-6386(95)90171-x
https://doi.org/10.1016/0272-6386(95)90171-x
https://doi.org/10.1016/0272-6386(95)90171-x
https://doi.org/10.1007/s00467-015-3075-9
https://doi.org/10.1007/s00467-015-3075-9
https://doi.org/10.1007/s00467-015-3075-9
https://doi.org/10.1007/bf00862065
https://doi.org/10.1007/bf00862065
https://doi.org/10.1007/bf00862065
https://doi.org/10.1016/s0022-3476(97)70213-0
https://doi.org/10.1016/s0022-3476(97)70213-0
https://doi.org/10.1016/s0022-3476(97)70213-0
https://doi.org/10.1038/ki.1989.189
https://doi.org/10.1038/ki.1989.189
https://doi.org/10.1038/ki.1989.189
https://www.ncbi.nlm.nih.gov/pubmed/11858378
https://www.ncbi.nlm.nih.gov/pubmed/11858378
https://www.ncbi.nlm.nih.gov/pubmed/11858378
https://doi.org/10.1038/nrendo.2009.151
https://doi.org/10.1038/nrendo.2009.151
https://doi.org/10.1016/s0272-6386(86)80164-0
https://doi.org/10.1016/s0272-6386(86)80164-0
https://doi.org/10.1016/s0272-6386(86)80164-0
https://doi.org/10.1007/s40259-017-0220-y
https://doi.org/10.1007/s40259-017-0220-y
https://doi.org/10.1007/s40259-017-0220-y
https://doi.org/10.1161/circulationaha.115.020912
https://doi.org/10.1161/circulationaha.115.020912
https://doi.org/10.1161/circulationaha.115.020912
https://doi.org/10.1161/circulationaha.115.020912
https://doi.org/10.1016/j.ekir.2020.09.046
https://doi.org/10.1016/j.ekir.2020.09.046
https://doi.org/10.1016/j.ekir.2020.09.046
https://doi.org/10.1053/j.ajkd.2003.08.012
https://doi.org/10.1053/j.ajkd.2003.08.012
https://doi.org/10.1053/j.ajkd.2003.08.012
https://doi.org/10.1053/j.ajkd.2003.08.012
https://doi.org/10.1007/s10157-013-0930-5
https://doi.org/10.1007/s10157-013-0930-5
https://doi.org/10.1007/s00467-018-4061-9
https://doi.org/10.1007/s00467-018-4061-9

