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           Dyslipidemias in Patients with Nephrotic Syndrome 

    Introduction 

 Nephrotic syndrome (NS) is among the most common types of kidney diseases seen 
in children, and its incidence varies with age, race, and geography. The annual inci-
dence in children in the United States and in Europe has been estimated to be 1–3 
per 100,000 with a cumulative prevalence of 16 per 100,000 children [ 1 ,  2 ]. It is 
characterized by massive proteinuria, hypoalbuminemia, hyperlipidemia, and 
edema. Although NS most often occurs as a primary disorder in children, it can also 
be associated with systemic illnesses. Structural and functional abnormalities in the 
glomerular fi ltration barrier resulting in severe proteinuria are responsible for the 
clinical manifestations of NS. Minimal change NS is the most common form of 
idiopathic NS, accounting for more than 90 % of cases; other types, such as focal 
segmental glomerulosclerosis (FSGS) and membranoproliferative glomerulone-
phritis, are seen rarely [ 3 ]. It is more appropriate to categorize childhood NS accord-
ing to response to steroid therapy, because renal biopsy is usually not performed in 
patients who respond to steroid therapy. Response to steroid therapy carries a greater 
prognostic weight than the histological fi ndings on initial biopsy. Thus, two types of 
NS can be defi ned in the childhood period: steroid- responsive NS, in which the 
proteinuria rapidly resolves with therapy, and steroid- resistant NS, in which steroids 
do not induce remission [ 4 ]. It is estimated that about 80 % of children with idio-
pathic NS will respond to corticosteroid treatment with complete resolution of 
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proteinuria and edema. Among this steroid-responsive group, the clinical course is 
variable, with up to 60 % having frequent relapses or becoming dependent on ste-
roid therapy to maintain them in remission. Both of these groups are at increased 
risk of developing complications of NS and complications from frequent use of 
steroid and other immunosuppressive agents. On the other hand, the steroid-resis-
tant group had signifi cantly higher risk for development of complications of the 
disease, as well as progression of the disease to chronic kidney disease (CKD) and 
end-stage renal failure [ 5 ]. 

 Hyperlipidemia is an almost universal fi nding in children with NS. In plasma, 
lipids are bound to lipoproteins, and the disturbances in lipid metabolism in NS 
result in increased levels of lipoproteins (hyperlipoproteinemia) and remodeling of 
the composition of lipoproteins (dyslipoproteinemia). The lipid profi le is character-
ized by elevations in total plasma cholesterol, very low-density lipoprotein (VLDL), 
and low-density lipoprotein (LDL) cholesterol, and often triglyceride levels, as well 
as variable alterations (more often decreased) in high-density lipoprotein (HDL) 
cholesterol [ 6 ]. In addition, signifi cant increases in plasma levels of lipoprotein   (a), 
which is known to be both atherogenic and thrombogenic, are also often seen in 
children with proteinuria [ 7 ]. 

 The defi nition of dyslipidemia differs in children and adults. The National 
Cholesterol Education Program pediatric report recommended that in order to iden-
tify children and adolescents with abnormal lipid and lipoprotein concentrations, 
total cholesterol concentrations of >200 mg/dL and LDL concentrations of >130 mg/
dL be considered elevated [ 8 ]. The American Heart Association has recommended 
that triglyceride concentrations of >150 mg/dL and HDL concentrations of <35 mg/
dL be considered abnormal for children and adolescents [ 9 ]. Owing to the concerns 
for using the same cut points for all children, percentile values for total cholesterol, 
triglycerides, LDL, and HDL cholesterol concentrations according to age and gen-
der were developed in the 1981 prevalence study of the Lipid Research Clinics 
Program from the National Institute of Health [ 10 ]. Hyperlipidemia in children is 
defi ned as lipid levels greater than the 95th percentile for age and gender. For exam-
ple, LDL concentrations greater than the 95th percentile (or HDL concentration less 
than the 5th percentile) would be considered abnormal, particularly if the abnormal-
ity was insistent. LDL concentrations between the 90th and 95th percentiles (5th–
10th for HDL concentration) would be considered borderline. Clinical effects of 
natural changes in lipid and lipoprotein concentrations with age will be reduced 
with the use of these tables and percentiles [ 11 ].  

    Epidemiology 

 Almost all patients with NS or nephrotic range proteinuria have elevated total cho-
lesterol levels, although some exceptions do occur (e.g., in glomerulonephritis). The 
plasma cholesterol concentration shows an inverse hyperbolic correlation with 
plasma albumin, accompanied by a steep rise in triglycerides in patients with severe 
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hypoalbuminemia [ 12 ]. In patients with steroid-sensitive NS, hyperlipidemia 
resolves gradually upon developing a remission, whereas children with steroid- 
resistant NS who are refractory to therapy are often exposed to prolonged hyperlip-
idemia and its associated risks [ 13 ]. Moreover, it was shown that children with 
frequently relapsing NS have prolonged periods of hypercholesterolemia, even dur-
ing clinical remission [ 14 ]. Merouani et al. [ 15 ] compared plasma lipid profi les of 
25 children with NS at remission, with or without active prednisone treatment, with 
those of an age-matched population. Plasma total and LDL cholesterol were above 
normal in 12 of the 25 patients (48 %), with 7 of them having apolipoprotein B and 
triglyceride concentrations above normal. Hyperlipidemic profi les correlated sig-
nifi cantly with number of relapse episodes.  

    Causes and Pathogenesis 

 Pathophysiology of nephrotic dyslipoproteinemia is multifactorial, including both an 
increased hepatic synthesis and a diminished plasma catabolism of lipoproteins [ 6 ]. 
Since its details have been mentioned in the “Dyslipidemia in Nephrotic Syndrome” 
chapter, herein, we do not further discuss the pertinent pathophysiology.  

    Clinical Implications 

 As early as 1969, Berlyne and Mallick reported an 85 times greater incidence of 
ischemic heart disease in adult patients with NS [ 16 ]. The question whether nephrotic 
hyperlipidemia is a cardiovascular (CV) risk factor for the patients is studied further 
exclusively in adults. In nephrotic children, there is only anecdotal evidence of myo-
cardial infarction or documented atherosclerosis [ 17 – 19 ]. Antikainen et al. [ 20 ] 
investigated the arterial pathologies in renal arteries collected at nephrectomy in 
congenital NS of Finnish-type patients. They concluded that the vascular pathology, 
together with altered lipoprotein metabolism, indicates that children with congenital 
NS might have early atherosclerotic arterial disease risk. In an autopsy study of 40 
children with NS due to mixed renal disease, a signifi cantly increased incidence of 
mild to severe atherosclerotic changes were found when compared with 29 matched 
controls who died of non-renal causes [ 21 ]. These patients frequently have addi-
tional risk factors for ischemic events besides hyperlipidemia, such as hypertension, 
steroid-induced obesity, and insulin resistance, which may act together to produce 
atherosclerotic vascular lesions. Lechner et al. [ 22 ] evaluated if relapsing childhood 
NS would predispose patients to develop cardiovascular (CV) disease as young 
adults, in 62 patients between 25 and 53 years of age who had steroid responsive-
dependent NS during childhood. They found that the occurrence of cardiovascular 
mortality is similar to that of the general population; and suggest that steroid-responsive 
NS during childhood is not a risk factor for cardiovascular events in early adulthood 
in the absence of traditional risk factors. 
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 Therapy-resistant NS almost invariably leads to progressive renal insuffi ciency, 
which is histologically characterized by progressive glomerulosclerosis and tubu-
lointersititial fi brosis. This development is driven by pathological mechanisms anal-
ogous to atherosclerosis, regarded by many investigators as an active process 
[ 23 – 25 ]. There is also evidence that hyperlipidemia contributes to the progression 
of renal insuffi ciency in nephrotic patients. This was fi rst shown in animal experi-
ments with cholesterol-rich diets that induced focal sclerosis in strains of guinea 
pigs, rats, and rabbits [ 26 ]. Lipid-lowering drugs reduced proteinuria and the devel-
opment of focal sclerosis, and retarded the progression of established glomerular 
disease in rats [ 27 ]. Muntner et al. [ 28 ] studied the relationship between plasma 
lipids and decreasing renal function in 12,728 patients in their Atherosclerosis Risk 
in Communities Study and found that HDL, HDL-2 cholesterol, and triglycerides 
appeared to be predictors of creatinine increase. Thus, experimental and clinical 
evidence demonstrates that hyperlipidemia could cause renal injury.  

    Treatment 

 Healthy-eating dietary advice is advocated in steroid-responsive NS, where the 
hyperlipidemia usually resolves as proteinuria abates. Dietary fat restriction is usu-
ally recommended in hyperlipidemic states of steroid-resistant NS. Dietary supple-
mentation with fi sh oil has some lipid-lowering effects, mainly decreasing 
triglycerides [ 29 ]. 

 There are some major classes of lipid-lowering drugs: bile acid sequestrants (cho-
lestyramine, colestipol), fi bric acid derivatives (gemfi brozil, bezafi brate), nicotinic 
acid derivatives (niacin), probucol, hydroxymethylglutaryl CoA (HMG-CoA) reduc-
tase inhibitors (lovastatin, fl uvastatin, pravastatin, simvastatin), and cholesterol 
absorption inhibitors such as ezetimibe [ 6 ,  30 ]. In general, these drugs are widely 
used in adult patients, but experience in patients with childhood NS is limited. 

 Bile acid-binding resins act by binding the cholesterol in bile acids in the intesti-
nal lumen, which prevents their reuptake as part of the enterohepatic circulation. 
Average lowering of cholesterol is 10–20 % below baseline. Although these drugs 
do not have systemic effects, the side effect of gastrointestinal discomfort and diffi -
culties in the administration of the medicines limit their use for young patients [ 11 ]. 

 Fibrates are used for elevated triglyceride concentration; however, these drugs 
have not been extensively studied in children. Fibric acid derivatives lead to a 
decrease in VLDL production by inhibiting the synthesis and increasing the clear-
ance of the VLDL apoprotein B. These medications also impede peripheral lipoly-
sis and decrease hepatic extraction of free fatty acids, which reduces hepatic 
triglyceride production. The risk of myopathy and rhabdomyolysis is markedly 
increased when fi brates are used together with statins or in patients with renal insuf-
fi ciency [ 11 ]. Büyükçelik et al. [ 31 ] evaluated the effects of gemfi brozil on hyper-
lipidemia in 12 children with persistent NS and found that at the end of the fourth 
month, gemfi brozil reduced total cholesterol by 34 %, LDL by 30 %, apolipoprotein 
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B by 21 %, and triglycerides by 53 % without any side effects. HDL cholesterol and 
apolipoprotein A levels were not signifi cantly altered. 

 Niacin or nicotinic acid lowers LDL and triglyceride concentrations while 
increasing HDL concentration. The mechanism of action is by decreasing hepatic 
production of VLDL. Niacin may also lower lipoprotein(a) levels. Niacin is a poten-
tially attractive medication for management of dyslipidemia. However, adverse 
effects, including fl ushing, hepatic failure, myopathy, glucose intolerance, and 
hyperuricemia, were impediments to recommending niacin for routine use in the 
treatment of pediatric dyslipidemia [ 11 ]. 

 Probucol is a diphenolic compound with anti-oxidant and anti-infl ammatory 
properties that reduces atherosclerosis and lipid-lowering effects [ 32 ]. Querfeld 
et al. [ 33 ], in a prospective uncontrolled multicenter study, found that probucol 
treatment decreased serum concentrations of triglycerides (15 %), total cholesterol 
(25 %), VLDL cholesterol (27 %), LDL cholesterol (23 %), and HDL cholesterol 
(24 %), as well as apolipoprotein A-I, apolipoprotein B, and malondialdehyde lev-
els after 12 weeks of treatment in persistent childhood NS. The positive effects of 
probucol on the lipoprotein profi le persisted over 24 weeks; however, there was no 
signifi cant effect on either proteinuria or glomerular fi ltration rate (GFR). The drug 
was well tolerated but had to be discontinued because of prolonged QT interval in 
some patients. 

 Statins inhibit the rate-limiting enzyme 3-hydroxy-3-methyl-glutaryl coenzyme 
A (HMG-CoA) reductase for endogenous synthesis of cholesterol, which lowers the 
intracellular cholesterol level and upregulates the LDL receptors, resulting in 
increased clearance of LDL from the circulation. The adverse effects of statins are 
increased hepatic transaminase and also creatine kinase levels, which may be asso-
ciated with rare but clinically important episodes of rhabdomyolysis. Patients 
should be instructed to report symptoms of muscle aches or cramping, and they 
should be monitored with periodic measurement of liver transaminase and creatine 
kinase levels [ 11 ]. The US Food and Drug Administration has approved the use of 
pravastatin for children with familial hypercholesterolemia who are 8 years and 
older, and lovastatin, simvastatin, fl uvastatin, atorvastatin, and rosuvastatin for chil-
dren ≥10 years, regardless of pubertal status. Coleman et al. [ 34 ] have assessed the 
effi cacy and tolerability of diet prior to and in combination with HMG-CoA reduc-
tase inhibitor, simvastatin, in seven children with steroid-resistant NS with a mean 
age of 8 years. They found that dietary advice alone had little impact on lipid levels 
of children with persistent NS, whereas simvastatin produced a signifi cant and sus-
tained reduction in lipid levels. On a median simvastatin dose of 10 mg/day, there 
was a 41 % reduction in cholesterol level and 44 % reduction in triglyceride level at 
6 months that was sustained at 12 months in fi ve patients. The drug was well toler-
ated with no clinical side effects noted. Similarly, Sanjad et al. [ 35 ] evaluated the 
effi cacy and safety of statins (lovastatin and simvastatin) in 12 children with steroid-
resistant NS followed prospectively for 1–5 years. A marked reduction in their total 
cholesterol (40 %), LDL cholesterol (44 %), and triglyceride levels (33 %) was 
observed, but there was no appreciable change in HDL cholesterol. Statin therapy 
was well tolerated without clinical and laboratory adverse effects. No changes were 
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observed in the degree of proteinuria, hypoalbuminemia, or in the rate of progres-
sion to chronic renal failure. 

 The dietary cholesterol-absorption inhibitors represent the newest class of 
cholesterol- lowering agents. However, these medications have not been extensively 
studied in children. They are assumed to act mainly on intestinal absorption; but 
these drugs are absorbed, enter the enterohepatic circulation, and may have sys-
temic effects [ 11 ]. Additional studies will be needed to evaluate their long-term 
effectiveness in young patients and patients with kidney diseases. 

 Another approach to the management of hyperlipidemia in refractory NS is the 
use of LDL apheresis. A prospective uncontrolled trial of LDL apheresis and steroid 
treatment in 17 patients with FSGS revealed rapid improvement in hyperlipidemia 
and partial or complete remission of NS in 71 % of the patients [ 36 ]. In another 
study, 11 children with steroid- and cyclosporine-resistant NS due to FSGS were 
treated with LDL apheresis, and 63 % entered into either complete or partial remis-
sion [ 37 ]. These fi ndings suggest that in addition to its ability to ameliorate the 
hyperlipidemia seen in NS, LDL apheresis may be useful in maintaining remission 
in pediatric FSGS patients. 

 In view of the available evidence, it seems logical to treat hyperlipidemia in patients 
with unremitting NS in order to prevent progression of atherosclerosis and chronic 
renal failure. However, slowing the progression of renal failure by lowering choles-
terol has not yet been demonstrated in patients with NS, and the degree of the preven-
tive effect of lowering cholesterol level in atherosclerosis prevention is presently not 
measurable exactly. Concerns about possible side effects of the medications and the 
absence of clearly defi ned therapeutic endpoints are clear limitations. Therefore, it is 
not possible to make evidence-based recommendations for treatment of hyperlipid-
emia in pediatric patients. Pharmacological therapy with statins in children with NS 
should be done cautiously until controlled studies are conducted in this population.   

    Dyslipidemias in Patients with Chronic Renal Insuffi ciency 
and End-Stage Renal Disease 

    Introduction 

 The association between CKD and dyslipidemia has long been recognized; how-
ever, compared to the adult population, data about dyslipidemia in children with 
CKD remain scarce. Findings in children largely parallel those in adults. 
Dyslipidemia in chronic renal insuffi ciency (CRI) manifests principally as increased 
triglyceride and decreased HDL with nearly normal total cholesterol. The degree of 
dyslipidemia is usually found to be parallel to the degree of renal impairment. The 
addition of hemodialysis (HD) does not seem to signifi cantly alter the pattern of 
dyslipidemia found in CRI, while peritoneal dialysis (PD) usually results in eleva-
tion of the total cholesterol level with further increases in hypertriglyceridemia [ 38 ].  
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    Epidemiology 

 In 1981, Papadopoulou et al. [ 39 ] showed for the fi rst time that alterations in serum 
triglycerides and alpha lipoproteins (HDL) occur early in CRI and before the onset 
of uremia when the GFR falls below 40 mL/min/1.73 m 2  in pediatric patients. In 
these patients, the serum triglyceride levels become signifi cantly elevated and alpha 
lipoproteins (HDL) markedly decreased as renal function deteriorates. These lipid 
abnormalities become further aggravated with the onset of hemodialysis. These 
fi ndings were further supported by Zacchello et al. [ 40 ]. Recently, dyslipidemia 
profi le of the largest number of patients ( n  = 391) with CKD was reported by Chronic 
Kidney Disease in Children (CKiD) investigators. One-third (32 %) of children had 
elevated triglyceride, 21 % had low HDL cholesterol, and 16 % had high non-HDL 
cholesterol. Overall, 45 % of the cohort had dyslipidemia, defi ned as one or more 
abnormal lipid measure; 45 % of those had combined dyslipidemia. Lower GFR 
was associated with higher triglyceride, lower HDL cholesterol, and higher non- 
HDL cholesterol. Compared to children with GFR >50 mL/min/1.73 m 2 , children 
with GFR <30 mL/min/1.73 m 2  had an OR of 2.9 for any dyslipidemia (prevalence 
65 %) and an OR of 8.58 for combined dyslipidemia (39 % prevalence). Compared 
to normal proteinuria, nephrotic proteinuria was strongly associated with dyslipid-
emia in these patients [ 41 ]. 

 Dyslipidemia in pediatric HD patients were recognized earlier than CRI patients. 
Pennisi et al. [ 42 ] in 1976 reported that 93 % of the hemodialysis patients had ele-
vated triglyceride levels and 13 % had elevated cholesterol. Then, further studies 
also showed elevated triglyceride levels and decreased HDL cholesterol in pediatric 
HD patients [ 7 ,  39 ,  40 ,  42 ,  43 ]. Papadopoulou et al. [ 39 ] showed the aggravation of 
these lipid abnormalities after onset of hemodialysis in CRI patients. Total choles-
terol levels were found to be normal in majority of the hemodialysis patients. 
Elevated triglyceride and total cholesterol levels have been reported in 63–100 % 
and 30–100 % of pediatric PD patients, respectively [ 44 – 47 ]; some studies also 
revealed decreased HDL cholesterol levels [ 7 ,  47 ].    Muller et al. [ 48 ] compared the 
lipid profi les of patients with HD and PD and found that cholesterol and triglyceride 
levels were signifi cantly higher in PD patients.  

    Pathogenesis 

 In CRI and end-stage renal disease (ESRD), lipoprotein synthesis does not appear to 
be signifi cantly exaggerated, but studies consistently demonstrate impaired catabo-
lism of triglyceride [ 38 ]. The diminished clearance of triglycerides, which can lead 
to hypertriglyceridemia, stems both from an alteration in the composition of triglyc-
erides and from reductions in the activity of lipoprotein lipase and hepatic triglycer-
ide lipase, which are involved in triglyceride removal. This results in accumulation 
of VLDL with impaired conversion to LDL, accompanied by low levels of circulat-
ing HDL. Therefore, uremic dyslipidemia is characterized by high triglyceride and 
low HDL cholesterol levels [ 49 ]. An important association is the consistent fi nding 
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of increased concentrations of apoC-III, which has been implicated as a mediator of 
increased plasma triglyceride in several studies, in patients with CRI [ 50 ,  51 ]. 

 Insulin resistance is a consistent fi nding of renal insuffi ciency [ 52 ]. The pattern 
of dyslipidemia associated with insulin resistance is similar to that found in patients 
with uremia [ 53 ]. Insulin regulates lipoprotein lipase in a tissue-specifi c manner, 
increasing its activity in adipose and decreasing it in muscle [ 54 ,  55 ]. Many indi-
viduals with uremia demonstrate a decreased insulin secretory response in addition 
to a post-receptor defect [ 56 ,  57 ]. Abnormalities of both insulin secretion and sen-
sitivity may have signifi cant roles in the development of disordered lipid metabo-
lism in uremia. 

 The concentration of triglyceride-rich lipoproteins (TRL) (chylomicrons, 
VLDLs, and their remnants) is increased among individuals with CRI [ 58 ]. This 
relative hypertriglyceridemia also manifests within individual lipoprotein classes: 
the ratio of triglyceride to cholesteryl ester (CE) is higher in LDL and HDL and 
lower in VLDL and IDL [ 49 ,  59 ,  60 ]. A pathological increase in TRL is followed by 
the cholesterol ester transfer protein (CETP)-mediated transfer of the triglyceride 
from this expanded pool of substrate into HDL and LDL in exchange for CE [ 61 ]. 
Chylomicron and VLDL remnants have prolonged circulation and are found in 
increased levels in patients with CRI. HDL and its principal apolipoprotein, apoA-I, 
are found to be signifi cantly decreased, probably as a consequence of elevated TRL, 
which induces transfer of excess triglyceride into HDL particles, increasing their 
susceptibility to serve as substrate for hepatic lipase [ 59 ,  62 ]. 

 Patients with CRI usually demonstrate total cholesterol and LDL cholesterol that 
are similar to or slightly less than that of the general population, except for those on 
chronic PD, in whom these levels are usually elevated [ 58 ,  63 ]. Despite normal or 
low concentrations of LDL cholesterol, LDL particles are small and more dense than 
normal because of increased VLDL precursor and triglyceride/CE exchange fol-
lowed by triglyceride lipolysis [ 64 ]. As small, dense LDL are prone to oxidation, and 
as oxidative stress is increased in CRI, levels of oxidized LDL are increased [ 65 ,  66 ]. 

 Non-nephrotic proteinuria also affects lipoprotein physiology, and CRI is com-
monly associated with non-nephrotic proteinuria [ 49 ]. 

 Peritoneal dialysis could aggravate dyslipidemia, since a high glucose load and 
peritoneal protein losses could stimulate hepatic production of VLDL. However, 
although most studies have observed an increase in lipoprotein lipids after the start 
of PD, reports have been inconsistent with respect to the infl uence of glucose load, 
nutrition, or protein losses on these abnormalities. Peritoneal losses of lipoproteins 
and apolipoproteins theoretically favor the loss of lower molecular weight lipopro-
teins, that is, HDL and apoA, which are protective against atherosclerosis [ 67 ].  

    Clinical Implications 

 Estimates of cardiovascular mortality rates in children and young adults who devel-
oped ESRD during childhood are 1,000 times greater than comparably aged healthy 
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individuals [ 68 ]. For children on dialysis therapy, the anticipated lifespan is reduced 
by 40–60 years, and for transplant recipients, by 20–25 years compared with an age- 
and race-matched population [ 69 ,  70 ]. The most likely cause of this reduction in 
survival is an excessive burden of CV mortality, with 30–50 % of all deaths in this 
population attributed to CV causes that are related to both accelerated ischemic heart 
disease and premature development of dilated cardiomyopathy in young adult survi-
vors of childhood-onset CKD [ 71 ]. Clinically evident CV lesions (symptomatic 
coronary artery disease, myocardial infarction, and cerebrovascular accident) luckily 
are rare in children and adolescents with CKD. However, there is increasing evidence 
showing signifi cant subclinical CV abnormalities in this population [ 72 ]. In the 2006 
American Heart Association guidelines for CV-risk reduction in high- risk pediatric 
patients, children with CKD were stratifi ed for the fi rst time as “high risk” for the 
development of CV disease, with associated “pathological and/or clinical evidence 
for manifest coronary disease before 30 years of age” [ 73 ]. As in adults, the risk fac-
tors believed to be responsible for accelerated CV disease in children with CKD can 
be divided into two primary groups: traditional risk factors for atherosclerotic dis-
ease (e.g., dyslipidemia, diabetes, hypertension, and smoking) and uremia-related 
risk factors that are unique to or far more prevalent in patients with CKD [ 72 ].  

    Treatment 

 Management of dyslipidemia is multifactorial. Therapeutic lifestyle changes (TLC) 
for children are similar to those recommended for adults. General nutritional guide-
lines on fat consumption, including lowering total, saturated, and trans fats and 
limiting cholesterol, should be carried out along with the proposals suitable for 
patients with CRI. Heart-healthy fats (margarines oils made from canola, corn, sun-
fl ower, soy, olives, peanuts) should be used. Obesity should be addressed, if present, 
and treatment of malnutrition related to CRI is essential, and increasing physical 
activity to reach and maintain a healthy body weight is recommended. Nutritional 
requirements to maintain growth should be provided. Studies in the general pediat-
ric population have shown no adverse effects of dietary fat restriction on growth, 
development, or nutritional status; diet and lifestyle recommendations should be 
used with caution or not at all in children who are malnourished [ 74 ,  75 ]. Tube feed-
ing can provide an appropriate energy intake with a balanced fat and carbohydrate 
profi le that does not adversely affect serum lipids [ 76 ]. Correction of metabolic 
acidosis, vitamin D therapy, and correction of anemia with erythropoietin are essen-
tial because each of them is associated with improvements in lipid abnormalities 
[ 77 – 79 ]. Treatments known to reduce proteinuria may improve the lipid profi le. 
Dietary fi sh oil supplementation (3–8 g/dL) was shown to reduce hypertriglyceride-
mia and improve atherogenic serum lipoprotein profi les in a small group of children 
with ESRD [ 80 ]. Dyslipidemia management should be undertaken in conjunction 
with all other available measures to reduce the overall risk of atherosclerotic CV 
disease. Modifi able, conventional risk factors (hypertension, cigarette smoking, 
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obesity, glucose intolerance) should be assessed and managed according to existing 
guidelines. The phosphate binding agent sevelamer hydrochloride also acts as a bile 
acid sequestrant, and it has been shown to lower cholesterol levels in patients with 
CKD. A multicenter study that compared the effi cacy and safety of sevelamer with 
calcium acetate in pediatric patients with CRI and ESRD showed that total choles-
terol (−27 %) and LDL cholesterol (−34 %) levels decreased signifi cantly with 
sevelamer treatment [ 81 ]. Similar results were shown by Gulati et al. [ 82 ] in pediat-
ric patients with CKD stages 3 and 4. 

 The treatment of dyslipidemia in pediatric CKD is not well studied; there is lim-
ited information in the Kidney Disease Outcomes Quality Initiative (K/DOQI) 
guidelines, and it is recommended that prepubertal children be managed according 
to existing national guidelines for children in the general population and that puber-
tal and postpubertal children and adolescents in any stage of CKD or with a kidney 
transplant be managed according to the K/DOQI guidelines for adults [ 74 ]. 
According to K/DOQI guidelines, adolescents with CKD should be considered to be 
in the highest risk category for dyslipidemias. Evaluation of dyslipidemias should 
occur after presentation with CKD, after a change in kidney failure treatment modal-
ity, and annually. Adolescents with CKD should be evaluated for dyslipidemia with 
a fasting lipid profi le for total cholesterol, LDL, HDL, and triglycerides. If LDL is 
130–159 mg/dL, start TLC diet (if nutritional status is adequate), followed in 6 
months by a statin if LDL ≥130 mg/dL. If LDL ≥160 mg/dL, start TLC plus a statin. 

 For prepubertal children, The National Cholesterol Expert Panel on Children 
(NCEP-C) recommendations exist for the management of dyslipidemia in younger 
children [ 83 ]. However, they are not specifi c for patients with CKD or kidney trans-
plant recipients. The NCEP-C recommends diet therapy as the primary approach 
for treating dyslipidemia in children. If LDL levels are more than 130 mg/dL, a step 
I diet (less than 10 % of total calories from saturated fatty acids, no more than 30 % 
of calories from total fat, less than 300 mg/day of cholesterol) is prescribed, fol-
lowed in 3 months by a step II diet (further reduction of the saturated fatty acid 
intake to less than 7 % of calories, the cholesterol intake to less than 200 mg/day) 
if the target levels are not achieved. Pharmacological treatment is recommended in 
children aged ≥10 years, after an adequate trial of diet therapy, if LDL cholesterol 
remains ≥190 mg/dL or if LDL is ≥160 mg/dL and there is a positive family history 
of CV disease or if two or more CV disease risk factors are present in the child. 
However, the American Heart Association expert panel released an updated scien-
tifi c statement addressing high-risk pediatric patients that considered pediatric 
CKD patients to be in the highest risk group [ 73 ]. In children with CKD and a fast-
ing LDL >100 mg/dL, TLC, such as reduced dietary saturated fat and cholesterol 
intake and moderate exercise, are fi rst recommended for the initial 6 months. If 
target levels (<100 mg/dL) are not reached, initiation of statin therapy is indicated. 
According to American Academy of Pediatrics (AAP) 2008 guideline, for patients 
8 years and older with an LDL concentration of ≥190 mg/dL (or ≥160 mg/dL with 
a family history of early heart disease or ≥2 additional risk factors present or 
≥130 mg/dL if diabetes mellitus is present), pharmacological intervention should 
be considered [ 11 ]. The initial goal is to lower LDL concentration to <160 mg/dL. 
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However, targets as low as 130 mg/dL or even 110 mg/dL may be warranted when 
there is a strong family history of CV disease, especially with other risk factors, 
including obesity, diabetes mellitus, the metabolic syndrome, and other higher-risk 
situations [ 11 ]. 

 It is diffi cult to develop an evidence-based approach for the specifi c age at which 
pharmacological treatment should be implemented. Statin use was limited in chil-
dren. Long-term data on effi cacy in pediatric patients are not available, and safety 
information on use of statins in children is not conclusive. The main indication was 
familial hyperlipidemia, and it was shown that they were effi cacious and safe in this 
population [ 84 ]. In contrast to adults with CKD, there have been nearly no system-
atic studies on drug-induced lowering of serum lipids in children with CKD. A 
randomized, double-blind, placebo-controlled, cross-over clinical trial in children 
with hyperlipidemia secondary to kidney disorders showed that total cholesterol 
levels were signifi cantly reduced by 23 %, LDL cholesterol levels by 34 %, and 
triglyceride levels by 21 % during the 3-month simvastatin treatment period. No 
differences were found across groups with respect to adverse events [ 85 ]. In another 
study, atorvastatin led to a decrease in total cholesterol and LDL levels in a small 
number of children with CKD stage 3–4 [ 86 ]. Thus, data on benefi ts of statin ther-
apy in children with CKD are limited. Concerning the differences between the etiol-
ogy of CKD in adults and children, adult data could not be directly interpreted in 
children [ 87 ]. Studies are needed to evaluate the benefi ts and adverse effects of 
statin and other treatment modalities in children with CKD.   

    Dyslipidemias in Patients with Renal Transplantation 

    Introduction 

 Together with improvements in the surgical techniques and immunosuppressive 
therapy, the success of pediatric renal transplantation increases and patient and 
organ survival get better. However, with the increase of long-term survivors, chronic 
complications are becoming more frequent. The expected lifespan is shortened 
compared with the age-matched population, mostly as a result of accelerated cardio-
vascular disease. The cardiovascular morbidity and mortality in renal transplant 
recipients are much lower than in dialysis patients, but still remain high. Heart dis-
ease is the second most common cause of death in children after infection, and is the 
leading cause of death in young adults who have undergone renal transplantation 
[ 68 ,  88 ,  89 ]. Post-transplant hyperlipidemia affects the majority of solid organ 
transplant recipients. Changes in serum lipid profi les reported after transplantation 
include an increase in total cholesterol, triglyceride, LDL cholesterol, and VLDL 
cholesterol and a variable effect on HDL cholesterol [ 90 ]. As a consequence, inter-
est in monitoring and attempting to prevent and treat hyperlipidemia in the post- 
transplant period has increased dramatically.  
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    Epidemiology 

 In the early reports, the incidence of hyperlipidemia in pediatric renal transplant 
recipients is reported to be 50 % on average, and as high as 66 %; increasing levels 
of cholesterol and triglyceride are also associated with higher corticosteroid dos-
ages [ 91 – 95 ]. Alterations in lipid metabolism already exist prior to transplantation 
in patients with chronic renal failure. The pattern of hyperlipidemia is known to be 
different in uremic children according to the mode of renal replacement therapy 
before transplantation, and after transplantation the pattern of hyperlipidemia rap-
idly changes during the fi rst few months. Muller et al. [ 48 ] showed that after trans-
plantation, serum cholesterol tended to increase in HD and CRI patients, but to 
decrease in the PD group; similarly, triglyceride levels decrease in the PD and CRI 
patients and increase in the HD patients. Therefore, at 9 months post-transplant, the 
serum lipid levels in all children, with different pretransplant treatment modalities, 
were indiscernible and no longer infl uenced by prior renal replacement therapy. 
Thus, serum lipids converge to a common pattern of “post-transplant hyperlipid-
emia” in pediatric renal graft recipients. 

 The prevalence of dyslipidemia in the post-transplant period is thought to 
decrease over time and may refl ect changes in immunosuppression. Sgambat et al. 
[ 96 ] evaluated the dyslipidemia profi le of 38 pediatric patients who were at least 6 
months post-transplant and receiving a lower dose of corticosteroids (0.1 mg/kg/
day), tacrolimus, and mycophenolate mofetil. They found that 26 % had high total 
cholesterol, 24 % had high LDL cholesterol, 29 % had low HDL cholesterol, and 
10 % had elevated triglyceride, although lower than the previous reports indicating 
the high prevalence of dyslipidemia even after immunosuppressive regimen change. 

 Oberholzer et al. [ 97 ] reported signifi cantly less hyperlipidemia among children 
treated with an early steroid withdrawal protocol compared with those who contin-
ued on steroids after transplantation. Sarwal et al. [ 98 ] also reported no hyperlipid-
emia in ten pediatric recipients at 6 months post-transplant that were treated with 
complete steroid avoidance protocol. All children were treated with tacrolimus in 
both studies. On the other hand, steroid-minimization protocols were also associ-
ated with lower levels of HDL cholesterol.  

    Causes and Pathogenesis 

 There are many causes for the development of post-transplant dyslipidemia. Risk 
factors for the development of hyperlipidemia include degree of renal impairment, 
pretransplant hyperlipidemia, nephrotic syndrome that can occur after transplanta-
tion, use of antihypertensive agents such as thiazide diuretics and B-adrenergic 
blockers, genetic predisposition, lifestyle factors such as obesity, high-fat diet, and 
immunosuppressive agents [ 99 ,  100 ]. However, Siirtola et al. [ 101 ] recently showed 
that high serum cholesterol and triglyceride concentrations observed in renal trans-
plant recipients were not explained by their diets, since comparable dietary intakes 
of total, saturated, and polyunsaturated fats and cholesterol were seen in their 
patients and controls. 
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 The type of post-transplant treatment immunosuppressive regimen is one of the 
most important contributors to dyslipidemia prevalence. Of the immunosuppressive 
drugs, especially prednisone, cylosporin A (CSA) and sirolimus are more likely to 
be associated with dyslipidemia; however, tacrolimus and mycophenolate mofetil 
appear to have minimal to no dyslipidemic effects [ 102 – 104 ]. 

 Corticosteroids, until recently, were used almost universally in the post- transplant 
period. A variety of mechanisms have been postulated for steroid-induced dyslipid-
emia. These include the induction of a hyperinsulinemic state that would increase 
the hepatic synthesis of TRL, inhibit the LDL receptor activity, reduce the activity 
of lipoprotein lipase and hepatic lipase, and an increase in the rate-limiting enzymes 
involved in lipogenesis (acetyl-CoA carboxylase and free fatty acid synthetase) 
[ 100 ]. On the other hand, corticosteroid therapy may raise the HDL level by increas-
ing the apolipoprotein A-1 synthase and by decreasing the activity of CETP [ 105 ]. 

 Possible mechanisms for CSA-induced hypercholesterolemia include impaired 
LDL clearance associated with interference at the LDL receptor, CSA-mediated 
impairment of steroid clearance and CSA-induced hepatic dysfunction. CSA also 
reduces bile acid synthesis by inhibiting hepatic 27-hydroxylation of cholesterol 
which is a potent suppresser of HMG-CoA reductase [ 106 – 109 ]. CSA is known to 
increase the rate of atherogenesis [ 110 ,  111 ]. The reasons for decreased incidence 
of hyperlipidemia observed on tacrolimus therapy when compared with CSA are 
not well understood. With the modern immunosuppression therapies, the incidence 
of acute rejection episodes decreases, together with the need for aggressive steroid 
therapy for the treatment of rejection. 

 Sirolimus increases serum triglycerides, LDL cholesterol, and HDL cholesterol 
levels in a dose-dependent manner. This defect in lipid metabolism is characterized 
by either a decrease in the catabolism of apoB100-containing lipoproteins or an 
increase in circulating free fatty acids leading to increased hepatic synthesis of tri-
glycerides [ 112 – 114 ]. In pediatric renal transplant recipients, hyperlipidemia has 
been reported in a range of 10–61 % [ 104 ,  115 – 117 ]. Antiatherogenic effects of 
sirolimus via inhibiting vascular smooth muscle cell proliferation may balance the 
risk of hyperlipidemia [ 112 ].  

    Clinical Implications 

 Cardiovascular disease is one of the leading causes of death in pediatric kidney 
transplant recipients and accounts for over 15 % of all deaths [ 118 ]. Post- transplant 
CV disease has a multifactorial origin and is related to a combination of adverse 
factors that are prevalent in the post-transplant period to varying degrees. Silverstein 
et al. [ 119 ] assessed 45 children who received kidney transplants, all with stages 
2–4 CKD at the time of study; two-thirds of patients had at least two risk factors for 
CVD, and one-third had at least three risk factors. A multicenter study of more than 
200 kidney transplant recipients (aged 1–21 years) showed that 37 % met at least 
three (of a possible fi ve) of the diagnostic criteria for metabolic syndrome at 1 year 
post-transplantation [ 120 ]. 
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 Dyslipidemia has been identifi ed as a major contributor to CV mortality within 
this population. Very little direct data exist on the long-term clinical signifi cance of 
lipid levels in children. Autopsy studies, such as the Pathobiological Determinants 
of Atherosclerosis in Youth (PDAY) study [ 121 ] and the Bogalusa Heart Study 
[ 122 ,  123 ], have demonstrated that the atherosclerotic process begins in childhood. 
PDAY study found that the development of fatty streaks (which are precursors of 
atherosclerotic plaques) in the coronary arteries and aorta was positively correlated 
with the elevated LDL cholesterol and low HDL cholesterol levels in young adults. 
In children, the extent of atherosclerotic lesions correlated signifi cantly with serum 
total cholesterol, LDL cholesterol, and triglyceride concentrations. The Bogalusa 
Heart Study investigators followed a cohort of children who had their risk-factor 
status measured during assessments at school. As this population became older, 
some people died of accidental causes. The investigators obtained autopsies on 
these people in order to evaluate the presence and extent of atherosclerotic lesions. 
They reported that the extent of the arterial intimal surface covered with fatty streaks 
and fi brous plaques increased with age and the prevalence was almost 70 % in 
young adulthood. They also found that the extent to which the intimal surface was 
covered with atherosclerotic lesions was signifi cantly associated with elevation of 
total cholesterol, LDL, and triglycerides concentrations, as well as a lower concen-
tration of HDL. Another important discovery was that increased coverage of athero-
sclerotic lesions was positively correlated with the number of risk factors for CV 
disease present, such as dyslipidemia, obesity, and hypertension. 

 Dyslipidemia after transplantation has been associated with allograft injury, and 
therefore may contribute to the progression of chronic allograft nephropathy and 
subsequent graft loss [ 124 ,  125 ]. The prominence of the vascular lesions and certain 
similarities with the pathological features of atherosclerosis suggest that lipids may 
be involved in the pathogenesis of chronic rejection. In the series of Massy et al. 
[ 125 ], 706 consecutive renal transplants with long-term follow-up were included, 
increased post-transplant serum triglycerides, but not total cholesterol, were strong 
predictors of graft loss due to chronic rejection. This effect was independent of 
other risk factors for chronic rejection such as age, acute rejections, proteinuria, and 
hypoalbuminemia. Data in the pediatric population are also limited in this topic. 
Valavi et al. [ 126 ] performed a cross-sectional study in 62 renal transplant recipi-
ents, aged 5–18 years, with the mean follow-up time of 48 months and found that 
hypercholesterolemia and high LDL cholesterol levels have signifi cant association 
with chronic allograft nephropathy.  

    Treatment 

 Adherence to standard practices of post-transplant care to ensure preservation of 
good renal function and education of patients regarding the benefi ts of maintaining 
a healthy lifestyle are extremely important. The fi rst therapeutic step to be taken in 
all pediatric patients with post-transplant hyperlipidemia is dietary modifi cation. 
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Despite the perception that dietary modifi cation is not achievable for the majority of 
pediatric patients, it should be tried. In a study of Obarzanek et al. [ 127 ], 663 chil-
dren, 8–10 years of age, with elevated LDL cholesterol without renal disease were 
randomized to a dietary intervention or usual care group, with a mean of 7.4 years 
follow-up, and it was shown that the intervention compared with the usual care 
group had lower LDL cholesterol. On the other hand, Delucchi et al. [ 128 ] offered 
the Step II American Heart Association diet (containing low fat and low saturated 
cholesterol content) to 22 children with hyperlipidemia after renal transplantation; 
only about half of the eligible children agreed to participate in the study. Moreover, 
none of the patients demonstrated 100 % compliance with the diet. No patient lost 
weight, nor was the mean body mass index affected, and while the total cholesterol 
and LDL cholesterol did decrease, the magnitude of the decline was small (11 % 
and 14 %, respectively, at 12 weeks). Recently, Filler et al. [ 129 ] showed that sup-
plementation of omega-3 fatty acids may be effective in reducing total cholesterol 
in pediatric renal transplant recipients. Children with adequate graft function who 
have no other disabilities should be able to assume a normal exercise regimen. 

 Avoidance of medications implicated in causing lipid abnormalities, including 
substitution of tacrolimus for cyclosporine in the medication regimen, can be an 
alternative treatment option. Filler et al. [ 130 ] performed a multicenter, 6-month, 
randomized, prospective, open, parallel group study with an open extension phase 
in 18 centers from nine European countries. In total, 196 pediatric patients were 
randomly assigned to receive either tacrolimus or CSA administered concomitantly 
with azathioprine and corticosteroids. Tacrolimus was signifi cantly more effective 
than CSA in preventing acute rejection in pediatric renal recipients. Renal function 
and graft survival were also superior with tacrolimus. Cholesterol remained signifi -
cantly higher in the CSA group throughout follow-up. Another approach may be the 
use of calcineurin inhibitor (CNI) avoidance or withdrawal protocols. Most, if not 
all, of these CNI-free regimens are steroid-based and many have also employed the 
use of sirolimus as a substitute to the CNIs, which makes them more risky for the 
development of hyperlipidemia. However, by improving long-term graft function, a 
CNI-free regimen could reduce dyslipidemia. 

 Steroid withdrawal and minimization protocols seemed to be associated with a 
reduction in lipid abnormalities. Lau et al. [ 131 ] compared 16 children that were 
receiving maintenance steroids with 13 children on a steroid-minimization regimen, 
who were also receiving preemptive pravastatin treatment. At 1 month, children 
receiving maintenance steroids had higher cholesterol compared with the steroid 
minimization group. Statistically signifi cant differences in total cholesterol were 
not seen at other time points. Similar fi ndings were noted for the LDL cholesterol, 
LDL/HDL, and cholesterol/HDL ratios. At 1 month, the serum HDL cholesterol 
was substantially lower in the steroid-minimization group. 

 The National Kidney Foundation K/DOQI Working Group created guidelines for 
the management of dyslipidemia in kidney transplant recipients in 2004 [ 132 ]. The 
working group considered that adolescents be included in the guidelines and that 
children before the onset of puberty be managed according to existing national guide-
lines for children in the general population. The K/DOQI guidelines recommend that 
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a fasting lipid profi le (total cholesterol, LDL, HDL, triglycerides) be measured dur-
ing the fi rst 6 months post-transplant, at 1 year after transplant, and annually thereaf-
ter. A lipid profi le should also be measured 2–3 months after stopping or starting an 
immunosuppressive medication known to affect lipid levels. Kidney transplant recip-
ients with dyslipidemias should be evaluated for remediable, secondary causes. For 
adolescent kidney transplant recipients with fasting triglycerides ≥500 mg/dL that 
cannot be corrected by removing an underlying cause, treatment with TLC should be 
considered. For adolescent kidney transplant recipients with LDL ≥130 mg/dL, 
treatment should be considered to reduce LDL to <130 mg/dL. Secondary causes of 
dyslipidemias should be treated fi rst. Thereafter, for LDL 130–159 mg/dL, TLC 
should be used fi rst. If, after 6 months of TLC, LDL is ≥130 mg/dL, then consider 
pharmacological management. If LDL is ≥160 mg/dL, then consider starting atro-
vastatin at the same time as TLC. For adolescent kidney transplant recipients with 
LDL < 130 mg/dL, fasting triglycerides ≥200 mg/dL, and non-HDL cholesterol (total 
cholesterol minus HDL) ≥160 mg/dL, treatment should be considered to reduce non-
HDL cholesterol to <160 mg/dL. Therefore, statins should be considered for therapy 
in adolescent kidney transplant recipients and elevated LDL, or in hypertriglyceride-
mic adolescent kidney transplant recipients and increased non-HDL cholesterol. For 
adolescents who do not achieve the desired target with a statin, addition of a bile acid 
sequestrant can be considered. For prepubertal children, the existing guidelines are 
already described in the CKD section [ 11 ,  83 ]. 

 Statins is an option in patients who remain persistently dyslipidemic in spite of 
TLC and modifi cation of their immunosuppressive regimen. There are only a lim-
ited number of studies describing the use of lipid-lowering agents in pediatric renal 
transplant patients. Penson et al. [ 133 ] showed for the fi rst time that pravastatin 
therapy is effective and safe when used in 21 pediatric and adolescent cardiac trans-
plant recipients. Patients receiving pravastatin experienced a mean 32 mg/dL 
decrease in total cholesterol and a mean 31 mg/dL decrease in LDL cholesterol, 
regardless of their immunosuppressive regimen. Krmar et al. [ 134 ] used low-dose 
atorvastatin in eight children and young adult renal transplant recipients who had 
inadequately controlled hypercholesterolemia; at the end of the study, the total 
serum cholesterol was lowered by 32 % and the LDL cholesterol by about 42 %. 
Argent et al. [ 135 ], in a prospective study, showed that atorvastatin safely reduced 
total cholesterol, LDL cholesterol, and serum triglyceride by approximately 40 %, 
60 %, and 45 %, respectively, in nine children with renal transplants who had per-
sistent hyperlipidemia. Butani et al. [ 136 ] demonstrated that the preemptive use of 
pravastatin in seven pediatric renal transplant recipients appears to be effective in 
signifi cantly reducing serum cholesterol. At 1 month only 43 % of the pravastatin 
group had hypercholesterolemia compared with 67 % of the controls; by 12 months 
this difference was even more signifi cant (0 % in the pravastatin group vs. 45 % in 
the control group). The same group further evaluated the effi cacy of the preemptive 
use of pravastatin in the post-transplant period in 17 children who were receiving 
maintenance steroids, and demonstrated it to effectively reduce total cholesterol, 
triglyceride, and LDL cholesterol after transplantation. The general linear model 
analysis showed that with time, there was a signifi cant decline in the total 
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cholesterol, serum triglyceride, LDL, and also HDL cholesterol. Compared with the 
controls, the mean serum cholesterol was lower at all time points post-transplant in 
the treated patients. However, despite treatment, the prevalence of hypercholesterol-
emia increased from 31 % pretransplant to 53 % at 1 month, but declined thereafter 
to 6 % at 3 and 6 months and 0 % at 1 year. Multivariable regression analyses 
showed the prednisone dose, pre- transplant cholesterol, and age to be the most 
important risk factors for the development of dyslipidemia. This group remarkably 
has been using a fi xed dose of pravastatin preemptively in pediatric renal allograft 
recipients since 1999 [ 137 ]. Sgambat et al. [ 96 ] also showed a signifi cant reduction 
in total cholesterol, LDL, VLDL, and triglyceride levels after 3–6 months of atro-
vastatin treatment compared with pretreatment value in fi ve children. No difference 
in HDL was observed. There are various potential side effects associated with 
statins such as myopathy, rhabdomyolysis, and elevation of liver enzymes. In addi-
tion, there appears to be interaction between statins and cyclosporine, based upon 
their similar metabolism via the P450 cytochrome pathway [ 100 ]. Thus, drug levels 
should be monitored carefully. 

 It is not possible to make evidence-based recommendations for treatment of 
hyperlipidemia in pediatric renal transplant patients. The prevalence of dyslipid-
emia in the post-transplant period seems to decrease over time, together with the 
improvements in the immunosuppression regimen. Pharmacological therapy with 
statins in children with renal transplantation must be done carefully until controlled 
studies are conducted in this population.      
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