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Hyperlipidemia due to Nephrotic Syndrome: Its Effects and 
Effects of Interventions on Atherogenesis, Cardiovascular 

and Renal Outcomes

Hidekatsu Yanai

Abstract

Nephrotic syndrome (NS) is one of the most important causes of sec-
ondary hyperlipidemia. Here, I describe characteristics and mecha-
nisms for hyperlipidemia due to NS, and systematically reviewed the 
association of such hyperlipidemia with atherosclerotic progression 
and the development of cardiovascular diseases (CVD) by Pubmed. 
Further, I searched literatures on the effects of interventions includ-
ing diet, statin, fibrates, low-density lipoprotein (LDL)-apheresis and 
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors on 
hyperlipidemia and cardiovascular and renal outcomes in NS patients. 
Although dyslipidemia may be associated with atherosclerosis in NS, 
other factors such as age, duration of disease, number of relapses and 
blood pressure are also crucial determinants of atherosclerosis. The 
disease-specific risk of thromboembolism was different across the 
histological groups. One cohort study suggested that persons with NS 
are at increased risk of coronary heart disease (CHD). Among various 
interventions for NS, statin is relatively safe and effective for hyper-
lipidemia due to NS, but, it does not show sufficient evidence for 
cardiovascular and renal outcomes. Although PCSK9 inhibitors are 
promising therapeutic options for NS, large-scale trials are needed to 
elucidate such effect.

Keywords: Hyperlipidemia; Nephrotic syndrome; Cardiovascular 
disease; Lipoprotein; Coronary heart disease

Introduction

Nephrotic syndrome (NS) is one of the most common kidney 
diseases in children and adults, and is characterized by mas-
sive proteinuria, edema and hypoalbuminemia [1]. Although 
the majority of patients respond to initial treatment with glu-
cocorticoids by entering into clinical remission, a substantial 

proportion of patients (20% of children and 50% of adults) 
either present with or subsequently develop clinical steroid re-
sistance during the course of their disease [2, 3]. Various com-
plications such as infection, acute kidney injury and throm-
boembolism may develop due to persistence of the nephrotic 
state and/or from exposure to the relatively toxic alternative 
therapies that are used to induce remission [4]. Since patients 
with NS include a wide range of age and various histologi-
cal groups such as minimal change disease, immunoglobin A 
(IgA) nephropathy, membranous nephropathy (MN) and mem-
branoproliferative glomerulonephritis, it is difficult to pick up 
patients studied to elucidate its involvement in atherosclerosis.

Dyslipidemia in NS

The major lipoproteins, including intermediate-density lipo-
protein (IDL), very low-density lipoprotein (VLDL) and low-
density lipoprotein (LDL) are increased in plasma of patients 
with NS, therefore, patients with NS show elevated serum cho-
lesterol and triglyceride (TG) levels [4]. Such dyslipidemia is 
owing mainly to impaired clearance and, to a lesser extent, 
increased biosynthesis. Impaired clearance is a direct result of 
decreased hepatic lipase activity and decreased lipoprotein li-
pase (LPL) activity in the endothelium and peripheral tissues 
[4]. In addition, hepatic levels of proprotein convertase subtili-
sin/kexin type 9 (PCSK9) which degrades the LDL receptor 
are increased in patients with NS [4], inducing further eleva-
tion of LDL.

NS and Atherosclerosis and Cardiovascular 
Diseases (CVDs)

In general, dyslipidemia accelerates atherosclerosis, and in-
creases risk of myocardial infarction (MI) and cerebrovascular 
accident. Collected literatures on NS and the makers for ath-
erosclerosis and cardiovascular events were shown in Table 1 
[5, 6, 9-14].

NS and the makers for atherosclerosis

A case control study was conducted in 66 children with NS. 
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Thickness of carotid intima-media thickness (cIMT) was 
higher in NS children as compared to control group in all the 
ages, but this difference was statistically significant only after 
4 years of age [5]. There was statistically significant positive 
correlation between cIMT and age, duration of disease and 
number of relapses. There was no correlation of cIMT with 
dyslipidemia. In another observational study of 38 children 
and adolescents with NS and 37 healthy controls, augmenta-
tion index as the marker for arteriosclerosis was significantly 
higher in NS patients than in controls [6]. A univariate linear 
correlation showed that augmentation index positively corre-
lated with TG (r = 0.525; P = 0.001), and total cholesterol (TC) 
(r = 0.539; P < 0.001), LDL-cholesterol (C) (r = 0.420; P = 
0.010), and non-high-density lipoprotein (HDL)-C (r = 0.511; 
P = 0.001) [6]. A univariate linear correlation showed that aug-
mentation index also positively correlated with the Z-score of 
central and peripheral blood pressure.

Although dyslipidemia may be associated with athero-
sclerosis in NS, other factors such as age, duration of disease, 
number of relapses and blood pressure are also crucial deter-
minants of atherosclerosis.

NS and CVD

Children with NS develop thromboembolism at a rate of 
2.8%, whereas adults have a much higher rate of 26.7% [7]. 
Thromboembolism may be due to increased urinary loss of an-
tithrombotic factors and increased hepatic production of pro-
thrombotic factors [7, 8].

The risk of coronary heart disease (CHD) among 142 per-
sons with NS was compared with that among 142 matched 
controls randomly selected from the membership of a large 
northern California health plan [9]. In matched-pair analysis, 
there were 11 cases with MI among NS subjects and none 
among controls (P = 0.001). In an unmatched analysis adjusted 
for hypertension and smoking at diagnosis of NS, the relative 
risk of MI was 5.5 (95% confidence interval (CI): 1.6 - 18.3) 
and the relative risk of coronary death was 2.8 (95% CI: 0.7 
- 11.3), suggesting that persons with NS are at increased risk 
of CHD.

A cohort study of incidences and risk factors for throm-
boembolic events in 766 consecutive Chinese patients with 
MN showed that at 0.5, 1, 2, 3, and 5 years after diagnosis, 
the cumulative incidence of newly diagnosed arterial throm-
boembolic events (ATE) were 4.3%, 5.7%, 6.3%, 7.1%, and 
8.0%, respectively [10]. In 78 ATE, CVD, thrombotic ischemic 
stroke and peripheral artery disease accounted for 50%, 45% 
and 5% respectively. At the time of event, 42.1% patients with 
ATE were at NS status, suggesting that NS is the crucial risk 
factor for ATE. Severe proteinuria, aging, smoking, hyper-
tension and prior ATE history were associated with ATEs. A 
prospective observational study including 191 adult patients 
with NS showed that during follow-up of 24 months, 23 ve-
nous thromboembolic events (VTE) occurred, of which 65.2% 
in the first 6 months [11]. The disease-specific risk of VTE 
was different across the histological groups, with the lowest 
risk in minimal change disease and IgA nephropathy and the 
highest in MN and membranoproliferative glomerulonephri-

tis patients [11]. In 254 MN patients who visited outpatient 
clinic between 1995 and 2009, cardiovascular events occurred 
in 13% of MN patients [12]. Retrospective cohort study of 298 
consecutive patients with NS showed that annual incidences 
of VTE and ATE were 1.02% and 1.48%, respectively [13]. 
Over the first 6 months of follow-up, these rates were 9.85% 
and 5.52%, respectively. Proteinuria and serum albumin levels 
tended to be related to VTE; however, only the predictive val-
ue of the ratio of proteinuria to serum albumin was significant 
[13]. Sex, age, hypertension, diabetes, smoking, prior ATE, 
and estimated glomerular filtration rate (GFR) predicted ATE 
(P = 0.02). Lechner et al reported that the occurrence of CVD 
events (8%) and mortality from CVD (none) in the cohort of 
steroid-responsive NS during childhood patients is comparable 
to patients of a similar age in the general population [14], sug-
gesting that steroid responsive NS is unlikely to develop CVD.

Outcomes of Interventions on Dyslipidemia in 
NS

Diet

Dietary interventions on NS were shown in Table 2 [15-17]. 
Twenty untreated patients with severe proteinuria and hyper-
lipidemia were instructed to eat a vegetarian soy diet for 8 
weeks [15]. The diet was low in fat and protein (daily 0.71 g/
kg ideal body weight), cholesterol free, and rich in monoun-
saturated and polyunsaturated fatty acids and in fiber. During 
the soy-diet period, there were significant decrease in serum 
TC, LDL-C, and HDL-C and apolipoproteins (apos) A and 
B, but serum TG did not change. Urinary protein decreased 
significantly. Serum lipids and proteinuria tended to return to-
wards baseline values during the washout period. Twenty pa-
tients with NS and hyperlipidemia were randomly allocated ei-
ther on soy diet alone or to soy diet plus 5 g/day of fish oil for 2 
months [16]. Then they crossed over to the other treatment for 
two additional months. With the soy diet, a significant decrease 
of hyperlipidemia and proteinuria were observed. The effect of 
the soy diet on proteinuria increased over the 4 months. The 
addition of fish oil had no further beneficial effect. Fasting li-
pids and lipoproteins in 17 patients with nephrotic range pro-
teinuria and 17 age and sex matched controls were measured 
before and after 8 weeks treatment with 4 g daily of omega-3 
fatty acids [17]. The omega-3 fatty acids treatment significant-
ly reduced TG and VLDL-C, small dense LDL, remnant-like 
particles (RLP)-C and RLP-TG. However, insignificant rise of 
LDL-C was observed. Omega-3 fatty acids intake did not alter 
HDL-C.

Statin

Effects of Statin on NS were shown in Table 3 [18-24]. The 
efficacy, safety, and tolerability of simvastatin (20 mg twice a 
day) in the treatment of hyperlipidemia due to unremitting NS 
was compared with that of cholestyramine (8 g twice a day) 
in a crossover trial [18]. Simvastatin was significantly more 
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effective than cholestyramine in reducing TC, LDL-C and apo 
B. Forty-three NS patients were randomly distributed into two 
age- and sex-matched groups (fluvastatin vs. control) [19]. 
In the fluvastatin-treated group but not in the control group, 
a significant reduction in TC, LDL and TG were observed. 
Proteinuria, serum albumin and creatinine clearance values 
were significantly better in the statin-treated patients [19]. In-
terstitial fibrosis and renal fat deposits were less in the statin-
treated group. Thirty patients were placed on a lipid lowering 
diet for at least 10 weeks before randomization, and after a 
4-week placebo run-in, patients were randomized to simvas-
tatin or placebo therapy (10 mg/day, increasing to 20 to 40 
mg/day as required) for 24 weeks [20]. TC and LDL-C fell 
by a mean of 33 and 31%, respectively, in simvastatin treated 
patients, an apo B100 fell by a mean of 31%. There were no 
significant differences between the groups in their urine pro-
tein levels, their rise in plasma creatinine, or decline in plasma 
inulin clearance. Fifty-six NS patients were randomly assigned 
to treatment with simvastatin or placebo targeted to achieve 
LDL-C below 120 mg/dL [21]. Simvastatin produced a mean 
change in TC, LDL-C, HDL-C and TG of -39% -47%, +1%, 
and -30%, respectively. Seven children with steroid-resistant 
NS took simvastatin dose of 10 mg/day (range: 5 - 40 mg) 
[22]. There was a 41% reduction in TC and a 44% reduction 
in TG at 6 months. Over 6 months the mean plasma albumin 
concentrations increased. Plasma creatinine concentrations 
remained stable in five patients. Twelve infants and children 
with steroid-resistant NS took lovastatin or simvastatin [23]. 
All patients experienced a hypolipidemic response with a 
marked reduction in TC (40%), LDL-C (44%), and TG (33%), 
but no change in HDL-C. There were no changes observed in 
the degree of proteinuria, hypoalbuminemia, or in the rate of 
progression to chronic renal failure. Thirty patients received a 
fixed dose of atorvastatin (n = 15, 10 mg/day) or placebo (n = 
15) by block randomization in a 1:1 ratio [24]. At the end of 
12 months, atorvastatin was not superior to placebo in reduc-
ing plasma LDL-C levels. Apo B levels significantly declined 
with atorvastatin in modified intention-to-treat analysis (P = 
0.01) but not in the per-protocol analysis. There was no signifi-
cant effect on other lipid fractions, cIMT and flow-mediated 
dilation. Change in serum albumin was negatively associated 
with change in serum LDL-C, VLDL-C, TC, TG, and apo B 
(P < 0.001), irrespective of receiving atorvastatin, age, gender, 
body mass index, and serum creatinine.

Most of studies showed that statin use is associated with 
reduction in TC, LDL-C, and TG. Out of seven studies, five 
studies reported renal outcome. Two studies showed an im-
provement of proteinuria due to statin, however, three studies 
did not show any beneficial effects of statin on renal outcome.

Fibrate

Effects of fibrate on NS were shown in Table 4 [25, 26]. Gem-
fibrozil 600 mg or placebo was administered to 11 NS patients 
twice a day with 6-week treatment periods [25]. There was a 
third unblinded period in which seven patients received gem-
fibrozil plus the bile acid-binding resin, colestipol, 10 g twice 
a day. Gemfibrozil treatment produced a marked reduction in A
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TG and TC. LDL-C significantly decreased, and HDL-C sig-
nificantly increased, and a significant decrease of the ratio of 
LDL to HDL was also obtained. Apo A1 was unchanged while 
apo B decreased. Renal outcome due to gemfibrozil was not 
reported. Placebo was administered to five patients and gem-
fibrozil was administered to seven patients for 4 months [26]. 
Gemfibrozil significantly reduced TC, LDL-C, apo B and TG. 
HDL-C and apo A levels were not significantly altered. Renal 
function and urine protein excretion were not affected by gem-
fibrozil.

Pemafibrate, a novel selective peroxisome proliferator-
activated receptor α modulator (SPPARMα), showed the su-
periority of pemafibrate on effects on serum TG reduction 
and HDL-C elevation as well safety [27]. Although previous 
fibrates showed worsening of kidney function test values, 
pemafibrate was less likely to increase serum creatinine or de-
crease eGFR [27]. However, the interventional trial for NS us-
ing pemafibrate has not been performed yet, which is desired 
in the future.

LDL-apheresis (LDL-A)

Effects of LDL-A on NS were shown in Table 5 [28-31]. 
LDL-A was performed twice a week for 3 weeks (first 
course), then weekly for 6 weeks (second course) [28]. 
Eleven patients who had biopsy-proven focal segmental glo-
merulosclerosis (FGS) presenting with NS and were resistant 
to steroid and conventional-dose cyclosporine A therapy 
were included. Beginning from the second LDL-A course, 
a dosage of 1 mg/kg/day of prednisone was administered 
for 6 weeks, then tapered. Serum TC and TG significantly 
decreased. Seven patients experienced remission of NS, five 
of whom achieved complete remission within 4 weeks af-
ter initiating prednisone therapy with LDL-A [28]. Complete 
remission was associated with significantly more highly se-
lective proteinuria compared with treatment failure [28]. In 
another study investigating the effects of combined therapy 
LDL-A and steroid in FGS patients, a significant decrease of 
urinary protein and increase of serum albumin were obtained 
by this treatment [29]. The rate of entering complete or in-
complete remission was 71% with a relatively short duration 
of nephrotic-range proteinuria using the LDL-A therapy in 
comparison with steroid therapy alone.

In 44 patients with drug-resistant NS, along with rapid im-
provement of hyperlipidemia, LDL-A significantly improved 
proteinuria and hypoproteinemia [30]. More than half of the 
patients showed remission of NS based on the urinary protein 
level at the completion of LDL-A. In 58 refractory NS patients 
from 40 facilities, 21 patients (47.7%) showed remission of 
NS based on a urinary protein level < 1.0 g/day [31]. The uri-
nary protein level immediately after LDL-A and the rates of 
improvement of urinary protein, serum albumin, serum cre-
atinine, eGFR, and TC and LDL-C after the LDL-A treatment 
session significantly affected the outcome.

In most studies, LDL-A was significantly associated with 
reduction of TC and LDL-C, and remission of NS in FGS or 
refractory NS patients. However, renal outcome due to LDL-A 
may depend on selectivity of proteinuria, duration of nephrotic Ta
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state and reactivity of lipids and urinary protein after LDL-A.

PCSK9 inhibitors

PCSK9 plays a crucial role in the regulation of cholesterol 
homeostasis and has thus gained considerable attention in the 
context of lipid-lowering strategies. Patients with NS showed 
a decrease in plasma cholesterol and plasma PCSK9 on remis-
sion of their disease (P < 0.05, n = 47 - 50) [32]. Podocyte 
damage was reported to trigger marked inductions in plasma 
PCSK9, and knockout of Pcsk9 ameliorates dyslipidemia in a 
mouse model of NS [32]. PCSK9 inhibitors may be beneficial 
in patients with NS. Large-scale trials which investigate the 
effects of PCSK9 inhibitors in NS patients is desired in the 
future.

Conclusions

Although dyslipidemia may be associated with atherosclerosis 
in NS, other factors such as age, duration of disease, number 
of relapses and blood pressure are also crucial determinants of 
atherosclerosis. The disease-specific risk of thromboembolism 
was different across the histological groups. One cohort study 
suggested that persons with NS are at increased risk of CHD. 
Among various interventions for NS, statin is relatively safe 
and effective for hyperlipidemia due to NS, but, it does not 
show sufficient evidence for renal outcomes. Although PCSK9 
inhibitors is promising therapeutic option for NS, large-scale 
trials are needed to elucidate such effect.
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