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ABSTRACT
The nephrotic syndrome consists of heavy proteinuria with hypoalbuminemia. These are the clinical 

manifestations of several rare kidney disease. Although the population incidence is low (an estimated 
incidence of three cases per 100 000 patient-years), nephrotic syndrome has been associated with a range 
of complications including cardiovascular and thromboembolic events, acute kidney injury or systemic 
infections. These complications are generated by a combination of increased protein urinary losses and 
greater liver protein synthesis. The current paper aims to present pathophysiological mechanisms and 
current therapeutic recommendations for hyperlipidemia, acute kidney injury and other complications 
associated with nephrotic syndrome.
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INTRODUCTION

Nephrotic syndrome (NS) is defined 
by heavy proteinuria (more than 
3.5 g per day in adults or 40 mg/m2 
per hour in children), due to se-
vere alteration in the glomerular 

filtration barrier of various causes and hypoalbu-
minemia (<3.5 g/dL). Both criteria are manda-
tory for diagnosis (1). Edema, hyperlipidemia, etc 
are commonly associated with NS but are not es-
sential to its definition. They can be seen as con-
sequences of heavy proteinuria and are part of 
the clinical presentation of many, but not all, pa-
tients with NS – for this reason, they are not re-
garded as part of the current definition, and 
therefore, like other authors (2), we preferred to 

use the term "complications" instead of "conse-
quences".

Edema is the most frequent complication; hy-
perlipidemia depends on hepatic protein synthe-
sis in response to hypoproteinemia and the  
hypercoagulable state is maintained by a com
bination of imbalance between antithrombo- 
tic-prothrombotic mechanisms, abnormal plate-
let activation and defective fibrinolysis. Acute 
kidney injury (AKI) could complicate the course 
of NS, especially in older male patients, while 
bacterial infections are more often seen in the 
pediatric population. Drugs used for pathogenic 
or symptomatic treatment may also induce or 
exacerbate various complications, which are be-
yond the scope of the present review.
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Acute kidney injury
Acute kidney injury has been mainly observed in 
adult patients with idiopathic NS, with an inci-
dence varying between 24-47% (3-5). Risk fac-
tors for AKI included age over 60 years, male 
patients, hypertension, severe nephrotic edema, 
i.e., heavy proteinuria (more than 10 g/day), low 
serum albumin (1-2 g/dL) and massive edema 
(1, 3, 6). Large series of histopathological studies 
from 1993 to 2017 reported minimal change 
disease (MCD) to be the main substrate of NS in 
patients with AKI, mainly in elderly ones (2). The 
average time between the onset of NS and AKI is 
four weeks, but sometimes it can occur simulta-
neously with a very rapid remission (4). In our 
experience, AKI was diagnosed at presentation 
in a large proportion of nephrotic patients (42%) 
(3).

The pathogenesis of AKI in NS remains un-
certain. Given the different clinical presentation, 
various mechanisms can be identified. Hypovo-
lemia seams to play a predominant role, espe-
cially in “underfill” patients, who describe symp-
toms like nausea, vomiting, diarrhea, tachycardia, 
low blood pressure. Diuretics may worsen this 
picture, but blood volume restauration may cor-
rect the imbalance. Sometimes, especially in the 
elderly, preexisting arteriolar lesions promote 
worsening of the initial lesions, making a com-
plete recovery of renal function unlikely.

Another postulated mechanism is the im-
paired filtration pressure due to tubular obstruc-
tion by protein casts in case of massive protein-
uria. This mechanism appears to be associated 
with sudden onset (or relapses) of NS. The histo-
logical evidence of numerous large protein casts 
in dilated cortical tubules containing varying pro-
portions of albumin and globulin, but no Tamm-
Horsfall protein supports this mechanism (7, 8). 
Also, interstitial edema associated with severe 
NS ("nephrosarca") can induce tubular collapse. 
Recovery of renal function was reported after di-
uretic therapy.

Ischemic tubular damage in adult onset MCD, 
with severe NS and expanded extracellular fluid 
("overfill patients"), can be caused by elevated 
endothelin 1 (ET-1). Abnormal regulation of in-
flammatory cytokines involved in MCD patho-
genesis has been shown to induce local ET-1 ex-
pression. Enhanced ET-1 expression following 
transient ischemia induced by diuretic therapy 
could also produce glomerular and mesangial 

cell contraction, reducing the glomerular filtra-
tion rate (9). 

Nephrotoxic drugs are another cause of AKI 
in NS. Acute kidney injury can be precipitated 
by either drug-induced glomerular hemodyna
mic alteration (ACEI/ARB, calcineurin inhibitors, 
nonsteroidal anti-inflammatory drugs), interstitial 
nephritis (NSAID, proton pump inhibitors, diu
retics, antibiotics), or contrast-induced nephro
pathy (especially iodinated high-osmolality con-
trast media). 

Other uncommon causes include renal vein 
thrombosis (more frequent in membranous ne-
phropathy) or another superimposed lesion 
(ANCA vasculitis or anti-glomerular basement 
membrane nephritis associated with membra-
nous nephropathy, or lupus nephritis).

Most patients recover to normal renal func-
tion; the mean time to recovery of renal function 
increases with AKI severity: 20 days for patients 
with AKI risk (AKI R) versus 30 days for patients 
with AKI failure (AKI F) RIFLE classes. Also, the 
recovery of complete renal function in three 
months was 92% for AKI R versus 65% for AKI F 
classes (1). However, AKI does not seem to influ-
ence either the kidney or patients' outcomes (3).

Hyperlipidemia
Nephrotic syndrome is associated with a signifi-
cant alteration in lipid and lipoprotein metabo-
lism. The underlying mechanism is complex and 
seems to be related to hypoalbuminemia rather 
than proteinuria. There are marked elevations in 
serum LDL cholesterol, VLDL, IDL and lipopro-
tein (a) [Lp (a)], accompanied by a low or normal 
HDL level, alteration in the composition of dif-
ferent lipoproteins such as cholesterol to trigly
cerides, free cholesterol to cholesterol ester or 
phospholipid to protein ratios. VLDL and chylo-
micron clearance is impaired. All these result in 
an accumulation of atherogenic particles, poten-
tially increasing the cardiovascular (CV) risk and 
kidney disease progression.

Pathogenesis of hyperlipidemia in the 
nephrotic syndrome
The NS hypercholesterolemia is explained by 
the increased biosynthesis and decreased cata
bolism of cholesterol. These two processes are 
controlled by 3-hydroxy-3-methylglutaryl-CoA 
(HMG-CoA) – the rate-limiting enzyme in cho-
lesterol synthesis – and cholesterol-7 alpha-hy-
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droxylase – the rate-limiting enzyme of chole
sterol catabolism. Both are regulated by the 
intracellular free cholesterol concentration, 
which in NS does not increase despite severe hy-
percholesterolemia. This discrepancy may be 
partly explained by the impaired hepatic chole
sterol uptake due to acquired LDL receptor 
(LDLr) deficiency, but also by up-regulation of 
hepatic acyl-coenzyme A (CoA):cholesterol 
acyltransferase (ACAT) (which catalyzes chole
sterol esterification) activity.

The overexpression of hepatic ACAT is pri-
marily due to proteinuria; it plays a special role 
in both packaging cholesterol in apoB-100 and 
release of VLDL by hepatocytes. Also, by increa
sing cholesterol esterification, ACAT allows its ac-
cumulation in macrophages and vascular tissue, 
hence foam cell generation and atherosclerosis. 

The acquired LDLr deficit is due to a post-
translational and posttranscriptional mechanism. 
The LDL receptor has two important posttransla-
tional regulators: proprotein convertase subtilisin 
kexin type 9 (PCSK9) and inducible degrader of 

the LDLr (IDOL). The first one, PCSK9, a serine 
protease produced by the hepatocyte, intestine 
and kidney, is upregulated in NS primarily in re-
lation to proteinuria; in addition, PCSK9 inter-
feres with the action of CD36 (receptor class B 
type 3 – SR-B3), a multifunctional receptor for 
cholesterol influx and efflux, expressed by se
veral cells (macrophage, cardiomyocyte, adipo-
cyte) (10), which intervenes in foam cell forma-
tion and atherosclerosis, but also contributes to 
lipid utilization by muscle, energy storage in adi-
pocytes by binding and promoting cellular 
uptake of long-chain fatty acids and triglycerides. 
Accordingly, CD36 degradation by PCSK9 con-
tributes to hypertriglyceridemia, elevated serum 
fatty acids and reduced adipose tissue mass in 
nephrotic patients (11, 12). 

High lipoprotein (a) [Lp(a)] level in NS is re-
ported because increased liver synthesis is a risk 
factor for atherosclerosis and TEs in the general 
population. Lp(a) is formed from an LDL particle 
to which apoA is covalently bound. ApoA gene 
has a high polymorphism, explaining the high 
(more than 1 000 times) interindividual varia-
tions in Lp(a) levels. This is important because 
routine methods used to measure LDL do not 
distinguish between LDL- and Lp(a)-derived cho-
lesterol and statins decrease only LDL choleste
rol. Thus, high Lp(a) levels could be a cause of 
statin resistance of hypercholesterolemia in NS.

HDL plays the leading role in reverse chole
sterol transport from extrahepatic tissues to the 
liver, thus providing cardiovascular protection, 
complemented by anti-inflammatory, antioxi-
dant and anti-thrombotic activities. In NS, HDL 
is normal or slightly reduced, but the HDL:total 
cholesterol ratio is low as compared to healthy 
individuals. Also, the maturation of cholesterol 
ester-poor HDL particle to cholesterol ester-rich 
HDL is altered. These disturbances are caused 
by the NS-associated alteration of various pro-
teins involved in HDL metabolism (13). 

Lecithin-cholesterol acyltransferase is the ma-
jor enzyme involved in the maturation of HDL 
particles by rapidly re-esterifying free cholesterol 
on HDL surface. Lecithin cholesteryl ester acyl-
transferase deficiency associated with NS is 
mainly caused by urinary loss. Albumin is also 
one of the free-cholesterol carriers, especially 
from the peripheral tissues, and hypoalbumin-
emia seems to contribute to fewer cholesterol 
ester-rich HDL particles. Cholesteryl ester trans-

FIGURE 1. Pathogenesis of hyperlipidemia in the nephrotic syndrome. 
ACAT-2=acyl-CoA cholesterol acyltransferase-2; CETP=cholesteryl ester 
transfer protein; CM=chylomicrons; LCAT=lecithin cholesterol 
acyltransferase; LDLr=LDL receptor; SR-B1=class B scavenger receptor  
type 1; TG=triglyceride. The main mechanisms of hypercholesterolemia 
include the increase in hepatic cholesterol synthesis and impaired reverse 
cholesterol transport, and for hypertriglyceridemia, impaired triglycerides 
uptake. (i) Increased hepatic cholesterol synthesis is stimulated by the low 
intracellular level of free cholesterol induced by the increased expression of 
PCSK9 and INDOL (which reduces LDL hepatic uptake by degrading the 
LDLr) and by the increase in cholesterol acylation by activated ACAT2.  
(ii) The reverse cholesterol transport to the liver is altered as a result of 
reduced HDL-mediated extraction of cholesterol from lipid-laden cells by 
heavy urinary loss of LCAT and increased ACAT-1 expression. Moreover, 
the marked increase in serum CETP impairs HDL maturation, and the 
marked reduction of SR-B1, an HDL docking receptor, limits HDL uptake 
by the hepatocyte. The altered reverse cholesterol transport promotes 
atheroma plaque organization. (iii) The reduced activity of hepatic 
lipoprotein lipase affects chylomicron (CM) clearance and contributes to 
the development of hypertriglyceridemia.
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fer protein exchanges cholesterol ester with tri-
glycerides between HDL2 and IDL, promoting 
the formation of IDL into LDL. High CETP serum 
levels have been associated with NS. This altera-
tion contributes to impaired maturation of HDL-
cholesterol, therefore also affecting triglyceride-
rich lipoprotein metabolism (11).

SR-B1 receptors play a central role in reverse 
cholesterol transport, enabling the uptake of 
cholesterol ester from HDL by hepatocytes and 
thereafter returning unloaded HDL particle into 
circulation. Nephrotic animal studies indicate a 
reduction in SR-B1 receptor despite its normal 
mRNA expression. This alteration could be due 
to a significant reduction in PDZK1 protein, an 
adapter protein which confers stability to SR-B1 
in hepatocyte plasma membrane. Acquired SR-
B1 deficiency alters reverse cholesterol trans-
port, leading to a higher atherogenic risk in NS 
(11, 14). Unlike SR-B1, hepatic HDL endocytic 
receptor, which mediates apoA-I and lipid-poor 
HDL endocytosis, is upregulated in NS. Also, he-
patic lipase deficiency contributes to HDL en-
richment in triglyceride (11).

Triglyceride-rich lipoproteins, such as chylo-
microns, VLDL, and their remnants, carry fatty 
acids (as triglycerides) between the sites of ab-
sorption, generation, storage and metabolism. 
Nephrotic syndrome is distinguished by high se-
rum triglyceride, VLDL and IDL levels, increased 
triglyceride contents in apoB lipoproteins and 
prolonged postprandial lipemia. All these altera-
tions result from impaired VLDL and chylomi-
cron clearance due to impaired LPL (lipoprotein 
lipase), hepatic lipase and VLDL receptor, and 
up-regulation of CETP and LRP (LDL recep- 
tor-related protein) (9). 

Consequences of lipid abnormalities in 
nephrotic syndrome
Systemic consequences – Accumulation of athe
rogenic particles such as LDL, IDL and chylomi-
cron remnants, related to impaired reverse cho-
lesterol transport, promotes atheroma plaque 
organization and increases the risk of cardiovas-
cular disease. An elevated Lp(a) level leads to a 
high risk of thromboembolic events. Impaired 
free fatty acids transport to the muscles and adi-
pose tissue may influence body muscle mass and 
diminished exercise capacity; these changes are 
accentuated by insulin resistance which is usu-
ally seen in any kidney disease (9).

Importantly, systemic consequences seem to 
amplify patients’ preexistent cardiovascular risk 
and are proportional to NS duration and severity. 
Accordingly, the therapeutic approach should 
take in consideration both these factors, although 
there are no studies addressing this issue (15).

Kidney consequences – Alterations of lipid 
metabolism had been thought to play an impor-
tant role in the progression of kidney disease 

FIGURE 2. Potential effects of hyperlipemia on kidney (18-23). 
AMPK=AMP activated protein kinase; CTGF=conective tissue growth 
factor; ER=endoplasmic reticulum; ERK=extracelular signal-regulated 
kinase; JNK=c-jun-NH2 terminal kinase; PPARα=peroxisome 
proliferator-activated receptor alpha; ROS=reactive oxygen species. 
Ox-LDL are taken over by “scavenger” receptors (SR-A, CD 36, CXCL-16) 
resulting in foam cells. Scavenger receptor CXCL-16 mediates podocytes 
uptake of ox-LDL, which induces loss of nephrin expression, contributing 
to proteinuria and glomerulosclerosis. Nephrin loss also affects insulin-sti
mulated glucose uptake in podocytes, which will exacerbate the 
endoplasmic reticulum stress initiated by podocyte lipid accumulation. 
Unlike other glomerular structures, the mesangial cells, being not covered 
by the basement membrane, will more easily meet Ox-LDL, which are 
taken by special “scavenger” receptors like TLR 4 (toll-like receptors) or 
LOX-1 (lectin-like oxidized LDL receptor). Thereafter, TGF-β/Smad 
signaling and PAI-1 transcription (plasminogen activator inhibitor-1) are 
activated, leading to progression of kidney failure. Overexpression of 
SREBP-1 and fatty acid synthase leads to increase in renal triglyceride 
contents. These alterations increase TGFβ1 and vascular endothelial 
growth factor expression, which contribute to increased mesangial matrix 
expression, glomerulosclerosis and proteinuria. Tubule-interstitial 
involvement is mainly due to albumin transported fatty acids and, to a 
lesser extent, to direct action of both native and oxidized LDL forms. 
Following high lipid exposure, tubular epithelial cells change their 
phenotype to a pro-inflammatory one, with increased permeability, 
chemotactic stimulation and leukocyte adherence. Cellular permeability is 
affected by reduced E-cadherin expression and FAK overexpression. 
Tubular cells exhibit ICAM-1, whose expression is MAPK-dependent, 
which promotes neutrophiles trafficking along the peritubular capillaries. 
These alterations in tubular cells may play a crucial role in the 
development and progression of tubular dysfunction. 
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since the ‘80s (16). Since then, many animal 
models, which evaluated the effect of a high 
cholesterol diet, have been supporting this theo-
ry. Hyperlipidemia alone is not sufficient to ex-
plain this accelerate progression; therefore, a 
precursor condition such as hypertension, hy-
perfiltration, decreased nephron mass or inflam-
mation is required (17).

Lipid nephrotoxicity is due to a direct toxic 
effect of lipids on the kidney, associated with an 
indirect effect due to atherosclerosis. The initial 
event involved in lipid nephrotoxicity is unclear, 
but it is believed that the process induced by 
oxidative stress initiates many of the events that 
accelerate the progression of renal impairment. 
Nephrotic syndrome specific altered lipid me-
tabolism increases the production of reactive 
oxygen species (ROS) in monocytes. Increased 
ROS levels contribute to tissue dysfunction in 
multiple manners: by altering the redox-sensitive 
signaling pathway, by inducing oxidative mole
cular alteration, damaging DNA, protein and 
lipid structure, and macrophage activation (15).

However, in addition to proteinuria and de-
creased filtration rate, lipotoxicity may be associ-
ated with more subtle manifestations of lipid-in-
duced renal tubular dysfunction. Lipid 
accumulation in proximal tubule decreases am-
monium secretion at these levels, in part by re-
ducing membrane Na+/H+ exchanger-3 activi-
ty and by affecting the regulation of Na+/H+ 

exchanger-3 by specific antagonist. This altera-
tion is clinically manifested with an increased 
risk of uric acid nephrolithiasis due to lower uri-
nary pH and impaired ammonium excretion 
(24).

Interpreting the relation between lipid and 
renal failure requires further studies in animal 
models and non-invasive urinary proteomics as-
says (urinary secretion of proinflammatory cyto-
kines, epidermal growth factor) (25).

Current therapy of hypercholesterolemia in 
nephrotic syndrome
Therapeutic recommendations for nephrotic pa-
tients include diet, life-style changes, and use of 
pharmacological lipid-lowering agents. Howe
ver, there are no controlled studies investigating 
the effect of therapy on cardiovascular endpoints 
in nephrotic patients. Accordingly, KDIGO 2021 
recommended therapy guidelines for the general 
population, taking into account an estimated du-
ration of more than six months for the NS, its 
severity (serum albumin lower than 2.5 g/dL and 
proteinuria over 8 g/day) and additional risks fac-
tors specific to glomerular disease, i.e., systemic 
inflammation. Although these recommendations 
aim to reduce the cardiovascular risk, some 
benefit in terms of kidney function could exist. 
However, these recommendations were mainly 
based on data from membranous nephropathy, 

TABLE 1. LDL-C goals according to cardiovascular risk. Adapted after (26, 27) 
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where the effects of therapy on dyslipidemia 
were best investigated (13). 

Thus, with a 10 mmol/L reduction in LDL 
level in the general population, there are further 
reductions in the incidence of major cardiovas-
cular events (such as heart attack and ischemic 
stroke) and revascularization (CTT, 2010). Also, 
according to National Cholesterol Education 
Program, Kidney Disease Outcomes Quality Ini-
tiative and the American Diabetes Association 
for primary and secondary prevention, LDL must 
be maintained below 100 mg/dL in patients with 
coronary heart disease, atherosclerosis or diabe-
tes (Table 1) (24).

In nephrotic patients, various drugs are used 
to treat hyperlipidemia, but only statins, either 
alone or in combination with ezetimibe, prove to 
be effective (Table 2). Thus, the clinician should 
aim to reduce LDL-cholesterol at least 50% from 

baseline as this reduction is also associated with 
a considerable decrease in albuminuria and 
slows down renal function decline (28-30). But 
these therapeutic targets are difficult to achieve, 
even with proper treatment, and LDL-choleste
rol levels are often suboptimally controlled.

However, given the central role of proteinuria 
in the pathogenesis of lipid metabolism disorder 
in NS, the therapeutic target is the reversal or at 
least attenuation of proteinuria by either specific 
(i.e., immunosuppression) or general measures. 
Among general anti-proteinuric measures, the 
control of blood pressure values is the main in-
tervention approach, renin-angiotensin-aldoste-
rone system inhibitors being chosen of first inten-
tion. By controlling blood pressure and improving 
glomerular selectivity, angiotensin-converting 
enzyme (ACE) inhibitor and angiotensin II recep-
tor blocker (ARB) reduce proteinuria. The two 

TABLE 2. Benefits and limitations of different lipid-lowering therapies used in the treatment of 
hypercholesterolemia associated with nephrotic syndrome. Adapted after (33) 
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drug classes also improve glomerulosclerosis by 
reducing pro-inflammatory cytokine secretion 
(like TGH-b) (31). ACE inhibitors seem to have 
an indirect effect on LDL cholesterol level, as a 
result of reducing proteinuria, and a direct dose 
dependent effect on triglycerides (32). The ARB 
hipolipemiant action is also indirect, due to anti-
proteinuric action, and depends on the interac-
tion with PPAR-ϒ (peroxisome proliferator-acti-
vated receptor-gamma), which is  involved in 
carbohydrate and lipid metabolism. 

Diet – Lifestyle changes and dietary adjust-
ments appear to be a physiological measure to 
control NS associated hyperlipidemia with mini-
mal side effects. Initially, a hyperprotein diet 
(2 g proteins/kg ideal body weight) has been pro-
posed to avoid malnutrition, but this idea has 
been abandoned given the lack of improvement 
in serum albumin and the negative effect on glo-
merular hemodynamics. Thereafter, a low pro-
tein diet (0.5 g protein/kg ideal body weight) was 
suggested as it limits proteinuria, uremia and to-
tal cholesterol level (34-36). This idea was sug-
gested by Richard Bright and later supported by 
Brenner et al, with Pedrini et al meta-analysis 
complementing their statements (37, 38). How-
ever, despite all benefits, a low protein diet 
seems to be associated with malnutrition; there-
fore, a normal protein diet (1 g protein/kg ideal 
body weight) is now recommended for most ne-
phrotic patients (33)

The type of protein to consume is another 
debatable topic since the ‘90s. Beef and chicken 
meat significantly alter the glomerular flow, in 
contrast to soy proteins, which have a low post-
prandial effect and are the best options for dia-
betic patients. Soy proteins are considered the 
next “complete proteins” after egg albumin. Soy 
has a high content of fibers and complex carbo-
hydrates as well as a good glycemic index, and it 
lowers insulin secretion due to its arginine/lysine 
ratio (39, 40). An intake of 31-47 g soy 
proteins/day lowers serum cholesterol levels. 
The mechanism appears to be a reduction in 
cholesterol intestinal absorption and an increase 
in the excretion of steroids in the stool (39, 40). 
In addition to lowering LDL-cholesterol and tri-
glycerides, soy diet reduces proteinuria in ne-
phrotic patients. Genistein and daidzein, the 
main soy isoflavones, limit LDL oxidation through 
their phenolic ring (41). Accordingly, vegetarian 
diets are suggested by KDIGO 2021 (13). 

Statins – KDIGO 2021 recommends the use 
of statins as first line therapy in patients with NS. 
Statins are competitive inhibitors of hydroxyme-
tyl glutaryl (HMG) CoA reductase, the rate-limi
ting enzyme on the mevalonate pathway of cho-
lesterol synthesis, resulting in a low intracellular 
cholesterol level. Statins have a low bioavailabi
lity, which limits the interaction with extra-he-
patic HMG-CoA, reducing side effects. Howe
ver, associated muscle and liver toxicity may be a 
problem in nephrotic patients. The main reason 
is drug-to-drug interaction with CYP450 activity, 
which may increase the serum concentration of 
statins. Drugs that interact with CYP450 include 
calcineurin inhibitors (cyclosporin, tacrolimus), 
fibrates (gemfibrozil, bezafibrate), macrolides 
(erythromycin), anti-arrhythmics (amiodarone, 
digoxin, verapamil), protease inhibitors (ampre-
navir, indinavir), or anticoagulants (warfarin). 
Chronic or acute renal failure also increases the 
risk of toxicity. Particular attention should be 
paid to the use of rosuvastatin, which may inten-
sify proteinuria and renal failure (44, 45). How-
ever, studies which investigated the effect of 
statins on hyperlipemia of NS have shown that 
they were well tolerated (46, 47). 

In addition to the lipid-lowering effect, by 
blocking mevalonate pathway, statins also influ-
ence processes involved in renal dysfunction 
such as inflammation, mesangial proliferation 
(both cellular and matrix), interstitial fibrosis and 
others (43).

Fibrates – Unlike statins, this class of 
lipid-lowering drugs does not interfere with cho-
lesterol synthesis but rather acts on the plasma 
levels of fatty acids ant triglycerides. The fibrate 
molecule has a structure that meets many cha
racteristics of short-chain fatty acids and acts as 
an antagonist for peroxisome proliferator acti-
vated receptor α (PPAR α). Fibrate effect is due 
to LPL activation by both PPARα activity and de-
crease of apo CIII expression. Thus, triglyceride 
lipolysis from chylomicrons and VLD is accentu-
ated, making lipoprotein residues much easier to 
remove from the circulation.

By activating PPARα, which are mainly pre
sent in the proximal convoluted tubule and less 
in the mesangium, they have a reno-protective 
effect by attenuating lipotoxicity, oxidative stress 
and inflammation. Fibrates improve increase in 
intracellular lipids by downregulating SREBP-1 
and CHREBP-1 and limit oxidative stress and glo-
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merulosclerosis by inhibiting the activation of 
PI3K-Akt-O3a pathway, a regulator of mitochon-
drial oxidative stress (48, 49).

The use of fibrates in patients with renal pa-
thology has been limited due to the increase in 
serum creatinine, especially in those with mild to 
moderate renal failure and transplant patients, 
probably due to fibrate interference with prosta-
glandins generation. Hottelart et al suggest that 
fenofibrate-induced creatinine increase did not 
reflect an impairment in renal function, tubular 
function alteration, or muscular damage, and is 
likely due to an increased creatinine metabolic 
production (48). Observations from post-trial 
studies of FIELD and ACCORD trials support the 
opinion of Hottelart et al. However, KDOQI re
commends careful prescribing of fibrates in pa-
tients with CKD (51, 52).

Second-line lipid-lowering drugs include 
ezetimibe, nicotinic acid and bile acid seques-
trants (colestipol, cholestyramine). Bile acid se-
questrants have a minimal effect on LDL-C and 
the side effects limit their prescription, while 
ezetimibe and nicotinic acid have not been 
shown to be effective in nephrotic patients (53).

LDL APHERESIS was developed as a treatment 
for refractory familial hypercholesterolemia (FH) 
and is currently used as a new therapeutic stra
tegy for rapid correction dyslipidemia in refrac-
tory NS. In LDL apheresis, plasma is separated 
from blood cells, after which lipids are removed 
from plasma, which is then reinfused. There are 
four different techniques for removing plasma 
LDL: immunoadsorption, dextran sulfate cellu-
lose adsorption, heparin extracorporeal LDL pre-
cipitation (HELP), direct adsorption of lipopro-
tein using hemoperfusion. Of this, dextran sulfate 
cellulose adsorption, which removes the posi-
tively charged apolipoprotein B-containing lipo-
proteins [LDL, VLD, Lp (a)] using negatively 
charged dextran sulfate, rapidly decrease LDL 
levels by 76-81% and Lp (a) level by 65-68% 
with minimal side effects (54).

Several mechanisms could explain the thera-
peutic effects of LDL-apheresis: limiting glome
rular injuries by reducing macrophage hyper-
stimulation by improving dyslipidemia, direct 
adsorption and eliminating circulating “soluble 
factors” involved in the pathogenesis of FSGS. 
Recovery of cell sensitivity to lipophilic drugs 
such as cyclosporine (CyA), as a result of amelio-
rating dyslipidemia and recovery of the CyA re-

ceptor function, has also been observed. Thus, in 
addition to ameliorating hyperlipidemia, it also 
relives proteinuria, inducing remission or partial 
remission in refractory NS (55). Besides nume
rous retrospective studies, the prospective co-
hort study POLARIS, initiated by the Japanese 
Society of Kidney and Lipids, shows the effec-
tiveness of LDL-apheresis in ameliorating pro-
teinuria in nearly half of patients with refractory 
NS (56).

PCSK9 inhibitors – As mentioned earlier, the 
underlying mechanism of upregulation of 
HMG-CoA reductase and impaired LDL clea
rance in NS is PCSK9- and IDOL-mediated de
gradation of LDL receptors. Starting from the 
central role that PCSK9 plays in NS associated 
dyslipidemia, PCSK9 inhibitors may be effective 
in the treatment of nephrotic patients.

PKSC9 inhibitors are a novel lipid-lowering 
tool. Alirocumab and evolocumab are clinically 
available and the current evidence supports their 
benefits in patients who might not be eligible or 
unable to meet lipid targets with other lipid-lo
wering drugs. Bococizumab is a human mono-
clonal antibody to PCSK9 that was under deve
lopment, but researchers have discontinued the 
clinical trials due to the development of anti-
drug antibodies. Another tested agent is Iclisiran, 
a small RNAs molecules designed to target PCSK9 
messenger RNA (57).

However, available data supporting the effi-
cacy and safety of monoclonal antibodies against 
PCSK9 in nephrotic patients are still limi- 
ted (58-61) – they not only support a new reco
mmendation for these new drugs, confirming the 
central role of PCSK9 in pathogenesis of hyper-
cholesterolemia of NS, but also will certify the 
“lipid nephrotoxicity” hypothesis (8).

Infections
Patients with NS have an increased risk of infec-
tion. Prior to the introduction of corticosteroids 
and antibiotics, infections were the most com-
mon cause of death, especially in nephrotic chil-
dren. Despite considerable therapeutic improve-
ments, infections remain an important cause of 
morbidity and mortality, mainly in children (62). 
In children, Streptococcus pneumoniae is known 
to be the main pathogen, followed by β-hemolytic 
streptococci, Haemophylus spp and Gram-nega-
tive bacteria. In adults with NS, infections are 
mainly caused by nosocomial bacteria (59, 63).
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