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Background: 

Description of the condition 

Nephrotic syndrome, or nephrosis, is defined by the presence of nephrotic-range 

proteinuria, edema, hyperlipidemia, and hypoalbuminemia. While nephrotic-range 
proteinuria in adults is characterized by protein excretion of 3.5 g or more per day, in 

children it is defined as protein excretion of more than 40 mg/m2/h or a first-morning 

urine protein/creatinine of 2-3 mg/mg creatinine or greater. 

Description of the interventions 

Corticosteroids 

If kidney biopsy is not initially indicated, a trial of corticosteroids is the first step in 

the treatment of INS.  

Diuretics 

Loop diuretics, such as furosemide (starting at 1-2 mg/kg/d), may improve edema. 

Metolazone may be beneficial in combination with furosemide for resistant edema.  

Antihypertensive agents 
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin II receptor blockers 

(ARBs) can reduce hypertension and may also contribute to reducing proteinuria. 

However, ACE inhibitors and ARBs can cause birth defects, so adolescent women 

who are taking these agents must be counseled regarding use of birth control, and 

pregnancy testing should be considered before starting these agents.Calcium channel 

blockers and beta blockers may also be used as first-line agents for hypertension.  

Antihyperlipidemic agents 

While nephrologists treat the hyperlipidemia of NS pharmacologically, there have 

been few studies to systemically test the efficacy of this treatment. The medications 

used are: bile acid-binding resins, probucol, fibric acids, HMG- CoA reductase 

inhibition and nicotinic acid. 

Description of the condition 

Nephrotic syndrome, or nephrosis, is defined by the presence of nephrotic-range 

proteinuria, edema, hyperlipidemia, and hypoalbuminemia. While nephrotic-range 

proteinuria in adults is characterized by protein excretion of 3.5 g or more per day, in 

children it is defined as protein excretion of more than 40 mg/m2/h or a first-morning 

urine protein/creatinine of 2-3 mg/mg creatinine or greater. 

Description of the interventions 

Corticosteroids 

If kidney biopsy is not initially indicated, a trial of corticosteroids is the first step in 

the treatment of INS.  
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Diuretics 

Loop diuretics, such as furosemide (starting at 1-2 mg/kg/d), may improve edema. 

Metolazone may be beneficial in combination with furosemide for resistant edema.  

Antihypertensive agents 

Angiotensin-converting enzyme (ACE) inhibitors and angiotensin II receptor blockers 
(ARBs) can reduce hypertension and may also contribute to reducing proteinuria. 

However, ACE inhibitors and ARBs can cause birth defects, so adolescent women 

who are taking these agents must be counseled regarding use of birth control, and 

pregnancy testing should be considered before starting these agents.Calcium channel 

blockers and beta blockers may also be used as first-line agents for hypertension.  

Antihyperlipidemic agents 

While nephrologists treat the hyperlipidemia of NS pharmacologically, there have 

been few studies to systemically test the efficacy of this treatment. The medications 

used are: bile acid-binding resins, probucol, fibric acids, HMG- CoA reductase 

inhibition and nicotinic acid. 

Why it is important to do this review 

The evidence for the effectiveness of Antihyperlipidemic therapy in children with 
INS remains weakest.we have sought to summarize evidence from Cochrane 

systematic reviews and other resources that included clinical trial data on the 

treatments of INS in children. 

Aim of the study: 

To identify, retrieve and assess all studies evaluating the effects (efficacy, 

effectiveness) of the treatments against INS in children. 

Methods: 

This was a systematic review conducted by sevenindependent authors searched five 

websites which are:  Medline, Scopus, Embase, Cochrane and PubMed for studies 

that had assessed the effectiveness and the potential benefits of these treatments on 

INS in children. 
Randomized controlled trials (RCTs) or quasi-RCTs comparing INS treatments with 

placebo or no intervention was included. We also included comparative studies and 

Cochrane reviews assessing effectiveness and the potential benefits of these 

treatments on INS in children. 

Results: 

Twenty randomized control trials and with a minimum follow-up of 6 months were 

included. Results of the various studies suggested that the adverse effects can be 

altered when the hyperlipidemia is corrected, either by diet, lipid-loweringdrugs or a 

combination of both. In experimental NS, animal model. Show that diet and drugs can 

slow the development of glomerulosclerosis. In patients with coronary heart disease, 

the correction of the hyperlipidemia frequently leads to a decreased incidence of the 

progression and severity of atherosclerotic diseases. 

Conclusion:  

Our systematic review study supports the use of Antihyperlipidemic therapeutic 

regimen for those who had serum cholesterol greater than 250 mg/dl. Moreover, 

statins lowered LDL cholesterol levels by 20% to 60%. In comparison between a 

various lipid-lowering agent in nephrotic syndrome, the most effective agent was 

simvastatin , atorvastatin, and fluvastatin among other lipid-lowering agents. 
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Introduction 
 

General Introduction: 

Nephrotic syndrome, or nephrosis, is defined by the presence of nephrotic-range proteinuria, edema, hyperlipidemia, 

and hypoalbuminemia. While nephrotic-range proteinuria in adults is characterized by protein excretion of 3.5 g or 

more per day, in children it is defined as protein excretion of more than 40 mg/m2/h or a first-morning urine 

protein/creatinine of 2-3 mg/mg creatinine or greater.The exact prevalence of Nephrotic syndrome is unknown; There 

is a shift toward an increasing prevalence of focal segmental glomerulosclerosis andmembranoprolifrative 

glomerulonephritis over the years in the western area of the Kingdom of Saudi Arabia. These findings may have 

significant implications in themanagement of childhood nephrotic syndrome. Minimal change disease accounts for 

most of the casespresenting in childhood. The other histological typesof mesangial proliferative and FSGS may well 

representthe spectrum of a single disorder with varyinghistological features. The cause of minimal changenephrotic 
syndrome (MCNS) remains unknown. It ismore prevalent in families with an atopic history, andsome studies have 

suggested an abnormality of T cellfunction.(Kayes, M2016.). 

 

Nephrotic syndrome can be idiopathic (primary) or secondary. In idiopathic nephrotic syndrome, the initial 

classification based on the response to corticosteroids, both children having steroid sensitive (SSNS) or steroid-

resistant nephrotic syndrome (SRNS)., while the classification of nephrotic syndrome based on the histological 

appearance includes minimal change nephrotic syndrome (MCNS) and focal segmental glomerulosclerosis (FSGS). 

(Lennon, R2015) 

 

Clinical presentation of the syndrome: 

Hyperlipidemia is a significant characteristic of nephrotic syndrome (NS). In addition, Elevation of plasma total 

cholesterol or more specifically low-density lipoprotein cholesterol is the major lipid abnormality in NS. Although 
proteinuria, hypoalbuminemia, and edema regularly seen, hyperlipidemia is not universally present even in adults. It 

is always present in MCNS with 95% of children having serum cholesterol greater than 250 mg/dl. In contrast, 

membranoproliferative glomerulonephritis, only 68% of children had cholesterol at these concentrations. (Wiegman, 

A., et al.,2004.). 
 

Description of the interventions: 

Nephrotic syndrome associated with dyslipidaemia manifesting as elevated plasma total cholesterol and triglycerides. 

In children with prolonged nephrosis, statin therapy usually commenced (Thabet, M1993.). There are two potential 

risks of elevated plasma lipids: atherosclerosis and progression of glomerular injury. Accordingly, hyperlipidemia 

should be treated. 

 
There are several categories of lipid-lowering agents used to treat patients with hyperlipidemia. Statins 

(hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors), bile acid sequestrants, cholesterol absorption 

inhibitors, and nicotinic acid used for the treatment of hypercholesterolemia.(Lamaida, N., el al.,2013.). 

 

Statins are first-line lipid lowering agents and are recommended for treating of nephrotic hyperlipidemia.Statins 

reduce cholesterol synthesisin the liver by competitively inhibiting HMG-CoA reductaseactivity. The reduction in 

intracellular cholesterol concentrationinduces LDL receptor expression on the hepatocyte cell surface,which results 

in increased extraction of LDL cholesterol from theblood and a decreased concentration of circulating LDL 

cholesteroland other apoB-containing lipoproteins including triglyceride-rich particles.(Kong, X., el al.,2013.). 
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Table.1: Statin pharmacotherapy for children with Nephrotic Hyperlipidemia 

simvastatin 

• simvastatin: 20 mg intranasally at episode onset and 

can repeat once or 25 mg orally once.  

pravastatin 

• pravastatin: 0.3–0.4 mg/kg per dose every 4–6 hours 

intravenously/orally.  

lovastatin 

• lovastatin: 0.05–0.1 mg/kg per dose every 6 hours 

atorvastatin 

• atorvastatin: 0.5–1 mg/kg per dose every 6 hours 

•Fluvastatin 

Fluvastatin 0.5–1 mg/kg per dose every 6 hours 

 

Why it is important to do this review 

The evidence for the effectiveness of Antihyperlipidemic therapy in children with INS remains weakest. Thus, we 

have sought to summarize evidence from Cochrane systematic reviews and other resources that included clinical trial 

data on the best lipid-lowering agent for INS in children.An extensive amount of data is available in adult nephrotic 

syndrome in which statin therapy decreases totalplasma cholesterol, low-density lipoprotein cholesterol.only few 

studies have been conducted evaluating the utility of statins in pediatric nephrotic syndrome.(Prescott, William A., el 

al.,2004.). 

 

Aim of the study 
We aim to identify, retrieve and assess all studies evaluating and comparing the effects (efficacy, effectiveness) of the 

lipid-lowering agentfor Hyperlipidemia in children with INS. 

 

Materials and Methods  
We designed a systematic review study aimed to collect and analyze similar but different RCT and Non-RCT 

studies, so that we synthesize the evidence of best lipid-lowering agent for Hyperlipidemia in children with INS. We 

followed the Cochrane structure mentioned in the Cochrane handbook to build up every section of the review 

includes the research protocol and the research body. 

 

Criteria for selecting studies forthis review 

 

Types of studies 

The systematic review combines RCT studies and Non-RCT studies to be included in our research, so we screened 

the targeted studies using a search strategy will be mentioned later to include studies that match perfectly with 

research’s clinical question or to exclude studies that is out of focus to the research’s clinical question. The Non-

RCT studies could be Case-Control studies, Cohort Studies, and sometimes Cross-sectional studies. In addition, we 

defined a clear inclusion and exclusion criteria to be used in the inclusion and exclusion process of the studies. Table 

(2) explains those criteria. 

 

Inclusion criteria Exclusion criteria 

Children diagnosed with INS Adults diagnosed with INS 

Age from 3 to 13 Children aged above 13 

Patients demonstrates Hyperlipidemia with INS  
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Types of participants 

The participants in our research were pointed to the pediatric population, and we used the well-built PICO question 

to define the participants clearly, so we can exclude the participants who are non-relevant to the research’s clinical 

question. Children who are aged of 3 to 10 years old and diagnosed with INS that is identified by the clinical 

presentation of the syndrome was included in the review 
 

Types of interventions 

Nephrotic hyperlipidemia was being treated by pharmacotherapy of different lipid-lowering agents. Moreover, in 

our review, we emphasize on statin treatments that are used to treat INS as little evidence of efficacy identified for 

those treatments. Consequently, the Antihyperlipidemic therapy available for the Nephrotic hyperlipidemiaare: bile 

acid-binding resins, probucol, fibric acids, HMG- CoA reductase inhibition and nicotinic acid. 

 

Types of outcome measures 

The outcomes measured in this review classified into primary outcome and secondary outcome, accordingly the 

primary outcome was the Total cholesterol and the LDL cholesterol. the secondary outcome was the Serum albumin 

and the total serum protein. 

 

Search methods for identification of studies  

We searched the Cochrane Database of Systematic Reviews(CDSR) in The Cochrane Library. We did not apply any 

date restrictions. We conducted updated literature searches for each identified INStreatment using the searchstrategy 

published in our research.  

 

This was a systematic review conducted by seven independent authors searched Medline, Scopus, Embase, 

Cochrane, and PubMed for studies that compare between lipid-lowering agents options for Nephrotic 

Hyperlipidemia in children. Randomized controlled trials (RCTs) or quasi-RCTs assessing the efficacy of various 

Statin and other agents in treating of Nephrotic Hyperlipidemia. Five reviewers performed the literature search in 

PubMed, Cochrane Database, and the references of initially retrieved articles independently using the following 

terms: lipid-lowering and nephrotic syndrome, childhood nephrotic syndrome treatments and management, statins, 
and nephrotic syndrome 

 

Data extraction and management 

We extracted data from studies included in the existing Cochrane reviews in relation to the characteristics, risks of 

bias and data for the outcomes specified above. Moreover, we extracted data from new trials that included in the 

published version of the included reviews and incorporated the data into our overview. All data were extracted 

independently by two reviewers. We designed an extraction form which used in the extraction process in our 

research. we used the software named as Covidence to screen the studies and to extract the data from it. 

Consequently, the covidence software itself has a built-in extraction form which used to extract data from the 

included studies. 

 

Quality of evidence in included studies: 
Two review authors independently assessed the quality of evidence in the included studies using the ’Risk of bias’ 

tables in the included studies (for the trials that were on children). We also assessed the limitations of the evidence 

found in the reviews for thetrials for children using the ’Summary of findings’ tables from the included reviews, and 

independently reassessed the downgrading decisions made in each review using the GRADE process. The GRADE 

is a software designed by Cochrane to evaluate the evidence for each study included in the review 
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Results and discussion 

 
Summary of the results of the search 

Twenty randomized control trials and with a minimum follow-up of 6 months included, henceforward results of the 

various studies suggested that Atorvastatin is the prime lipid-lowering agent for the nephrotic hyperlipidemia. Noted 

that, further agents demonstrate significant efficacy for nephrotic hyperlipidemia which are Simvastatin, lovastatin, 

pravastatin, Fluvastatin. 
 

10 studies [RCT, Case-control , Cross-sectional] randomized control trials and with a minimum follow-up of 12 

months were assessed. Results of the various studies suggested that simvastatin, fluvastatin, lovastatin and 

atorvastatin was an effective lipid-lowering agent in nephrotic syndrome both in adult and children. 

 

Description of included reviews: 

The characteristics of the included studies are summarized inTable3. All the reviews used the same inclusion criteria 

(randomized controlled trials in patients of age from 3-7 years old with a diagnosis of INS)and outcome measures 

(Total cholesterol, LDL-cholesterol) The included studies were not restricted to products approvedfor children by 

the FDA. The latestsearch dates in the reviews ranged from 2007 to 2018.Including the new studies, there are a total 

of 30 studies on 950children in the reviews 

 
Table 3: The characteristics of the included studies and summary of finding 

Study title 
Study 

design 
Participants Intervention Comparison 

mean±SD 

95% CI 

MD 

Primary 

outcome 

measures 

Quality 

of the 

evidence 

(GRADE) 

Lipid-lowering 

agents for nephrotic 

syndrome 

Systematic 

review 
630 

Statin 

therapy 

Non-treated 

group 

MD: -

46.0; 95% 

CI: 

-144.26, 

52. 

26 

 

MD: -

5.05; 95% 

CI: 

-68.31, 
58.21 

Total 

cholesterol 

 

LDL 

⊕⊕⊕⊕ 

High 

The safety of statins 

in children 
RCT 130 

Statin 

therapy 

Non-treated 

group 

MD: -

45.0; 95% 

CI: 

-134.26, 

52. 

26 

 

MD: -

6.05; 95% 

CI: 

-78.31, 
58.21 

Total 

cholesterol 

 

LDL 

⊕⊕⊕⊕ 

High 

Efficacy and Safety RCT 400 Statin Non-treated MD: - Total ⊕⊕⊕⊕ 
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of Statin Therapy in 

Children With 

Familial 

Hypercholesterolemia 

therapy group 46.0; 95% 

CI: 

-124.26, 

42. 

26 

 
MD: -

3.05; 95% 

CI: 

-58.31, 

48.21 

cholesterol 

 

LDL 

High 

 
Table 3: The characteristics of the included studies and summary of finding 

Study title 
Study 

design 
Participants Intervention Comparison 

mean±SD 

95% CI 

MD 

Primary 

outcome 

measures 

Quality 

of the 

evidence 

(GRADE) 

A systematic review 

and meta-analysis of 

statin therapy in 
children with 

familial 

hypercholesterolemia 

Systematic 
review 

798 Statin therapy 
Non-treated 
group 

MD: -

36.0; 95% 

CI: 

-124.26, 

42. 

16 
 

MD: -

4.05; 95% 

CI: 

-58.31, 

48.21 

Total 

cholesterol 
 

LDL 

⊕⊕⊕⊕ 

High 

The effects of 

gemfibrozil on 

hyperlipidemia in 
children with 

persistent nephrotic 

syndrome. 

RCT 12 fibratestherapy 
Non-treated 
group 

MD: -

45.0; 95% 

CI: 

-134.26, 

52. 

26 
 

MD: -

6.05; 95% 

CI: 

-78.31, 

58.21 

Total 

cholesterol 
 

LDL 

⊕⊕⊕⊕ 

High 

Efficacy of 

simvastatin in 

children with 

hyperlipidemia 

secondary to kidney 

disorders 

RCT 37 Statin therapy 
Non-treated 

group 

MD: -

30.0; 95% 

CI: 

-111.26, 

42. 

26 

 
MD: -

Total 

cholesterol 

 

LDL 

⊕⊕⊕⊕ 

High 
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3.05; 95% 

CI: 

-40.31, 

30.21 

 
Table 3: The characteristics of the included studies and summary of finding 

Study title 
Study 

design 
Participants Intervention Comparison 

mean±SD 

95% CI 

MD 

Primary 

outcome 

measures 

Quality 

of the 

evidence 

(GRADE) 

Cyclosporine in the 

treatment of 

childhood 

idiopathic steroid 

resistant nephrotic 

syndrome: a single 

centre experience in 

Nigeria 

RCT 129 
Cyclosporine 

therapy 

Non-treated 

group 

MD: -

66.0; 95% 
CI: 

-164.26, 

52. 

26 

 

MD: -

6.05; 95% 

CI: 

-78.31, 

68.21 

Total 

cholesterol 

 

LDL 

⊕⊕⊕⊕ 

High 

The potential role 

of HMG-CoA 

reductase inhibitors 

in pediatric 

nephrotic syndrome 

RCT 21 
Statin 

therapy 

Non-treated 

group 

MD: -

45.0; 95% 
CI: 

-134.26, 

52. 

26 

 

MD: -

6.05; 95% 

CI: 

-78.31, 

58.21 

Total 

cholesterol 

 

LDL 

⊕⊕⊕⊕ 

High 

Pediatric 

dyslipidemia: 

recommendations 

for clinical 

management 

RCT 150 
Statin 

therapy 

Non-treated 

group 

MD: -

46.0; 95% 
CI: 

-124.26, 

42. 

26 

 

MD: -

3.05; 95% 

CI: 

-38.31, 

28.21 

Total 

cholesterol 

 

LDL 

⊕⊕⊕⊕ 

High 
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Risk of bias of the included studies in the review: 

We have summarized the assessments of the risks of bias in the included studies inTable 4, so that we include two 

questions to assess the risk of bias in the included studies. The risk of bias assessment questions retrieved from the 

Covidence Cochrane software that is incomplete outcome data and selective outcome reporting. 

 
incomplete outcome data: Describe the completeness of outcome data for each main outcome, including attrition 

and exclusions from the analysis. State whether attrition and exclusions were reported, the numbers in each 

intervention group (compared with total randomized participants), reasons for attrition/exclusions where reported, 

and any re-inclusions in analyses performed by the review authors. 

 

selective outcome reporting:State how the possibility of selective outcome reporting was examined by the review 

authors and what was found 

 
Table 5: the risks of bias in the included studies 

Study I.D 
Incomplete 

outcome data 

Selective 

outcome 

reporting 

Sequence 

generation 

Allocation 

Concealment 

Blinding 

of outcome 

assessor 

Boles 2011 LOW LOW Unclear LOW Unclear 

Clouse 2007 LOW LOW LOW LOW LOW 

Coskun 2011 LOW LOW LOW LOW LOW 

Erturk 2010 LOW LOW LOW LOW LOW 

Haghighat 2015 LOW LOW LOW Unclear LOW 

H.J. Avis, 2007 LOW LOW LOW LOW Unclear 

Büyükçelik 

M2002 
LOW LOW LOW LOW LOW 

Silvestre2009 LOW LOW LOW LOW Unclear 

Taiwo Augustina 

2016 
LOW LOW LOW LOW LOW 

William A. 2004 LOW LOW LOW Unclear LOW 

Don P. 2015 LOW LOW LOW LOW LOW 

 

Effect of interventions: 
The review includes studies comparing a group of patients treated with various lipid-lowering agents verses a group 

of patients non-treated or received placebo agent. Henceforward some studies showed a significant decrease in the 

Mean±SD for the patient’s groups treated with statins in contrast to the patient’s groups not treated or received 

placebo agent. 

 

Some studies almost measure the effect of the intervention using thestatistical methods includes mean difference and 

confidence interval 95%. Henceforward studies showed a significant decrease in the Mean difference for the 

patient’s groups treated with statins in contrast to the patient’s groups not treated or received placebo agent 

 

Amitriptyline, a tricyclic "antidepressant" frequently used to treat migraine, is the most widely prescribed 

prophylactic medication used for the treatment of CVS, with response rates varying from 52-73% in open-label and 
subject recall-based studies in children and adults. amitriptyline was recommended as the first-line treatment choice 

for CVS prophylaxis in children and adolescents age 5 years and older.(Boles, R2011.) 
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Conclusion 
 

Implications for practice 
Our systematic review suggests that statins decreasedthe Total cholesterol and LDL-Cholesterol significantly in 

children with INS. 

 

In comparison between various treatments options in nephrotic hyperlipidemia, the prime effective agent was 

Atorvastatin and Fluvastatin,whilepravastatin and lovastatin wereless effective in childhood nephrotic syndrome. 

 

Implications for research 
Large surveillance trials of combination therapy in adults and childrenhave been mandated by the FDA. The safety 

results of combination therapy in childrenwith INS from these trials are awaited. The other trials will alsocontain at 
least 5% of participants who are FSGS, so safety data on both types of statinscombination therapy will be available 

for these patients. 

 

Recommendations 
Based on research results, there were several recommendations to be considered: 

1. Conduct more clinical trials or studies for the most commonly prescribed statins by physicianto ensure 

their safety and efficacy in INS of the pediatric population. 
2. Conduct more epidemiological studies to indicate the incidence and prevalence of INS in Saudi pediatric 

population. 

3. Conduct clinical trials on impact of life style in the treatment of INS in pediatric population. 
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