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ABSTRACT:

Background: Hyperlipidemia, an important characteristic of idiopathic nephrotic syndrome in children (NS),
thereby makes them prone to develop premature atherosclerosis and related complications.

Methods: We have investigated the changes in different fractions of lipids and apolipoproteins level in thirty
children of 1-12 years of age with idiopathic nephrotic syndrome. Twenty six age and sex matched hospitalized
children, suffering from non-renal diseases, were enrolled as controls.

Results: The results revealed that ApoB along with cholesterol, triglyceride,and LDL-cholesterol, were
significantly increased (p<0.001), whereas apoAl and HDL-cholesterol were unaltered in the patients compared
to the controls. Further, the ratios cholesterol: HDL-cholesterol, triglyceride: HDL-cholesterol and LDL-
cholesterol: HDL-cholesterol were also increased (p<0.001) and apoAl: apoB were lowered (p<0.001) in
patients of nephrotic syndrome.

Conclusions: Therefore there is a need to evaluate the lipid and lipoprotein levels early and so that appropriate
therapy can be offered to selective candidates.
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I. INTRODUCTION

Nephrotic syndrome is characterized by proteinuria, hypoalbuminemia, hyperlipidemia, edema and other
complications. ™ With improvement in management of patients, more children with nephrotic syndrome now
survive their childhood and adolescent years. Since complications due to atherosclerosis are a major cause of death
in adults undergoing dialysis and renal transplantation, long-term survival of patients with nephrotic syndrome is
increasingly depending upon the risk factors for atherosclerosis. Apart from the well known risk factors for
atherosclerosis, new risk factors are gaining importance as they have a high prevalence in children with chronic
renal disease. In these children, hyperlipidemia might be the commonest cardiovascular risk factor.
Hyperlipidemia is found in almost all patients with nephrotic syndrome. High cholesterol level is a risk factor for
atherosclerosis and is well documented in text books. But in India there have been few, if any, studies regarding
the levels of different lipoproteins and apolipoproteins in nephrotic syndrome. ! Thus, this study focuses on the
changes in different fractions of lipids and lipoprotein levels as well as apolipoprotein concentrations, so that, if
necessary, early treatment can be started to prevent complications of atherosclerosis.

Il. MATERIALS AND METHODS

This Cross-sectional study was conducted in the department of Pediatric medicine of Medical College
and Hospital, Kolkata, WB, India for a period of 8 months from May to December. Two groups of subjects were
selected for the study. The groups consisted of: Group A- 30 children with nephrotic syndrome; Group B- 26 age
and sex-matched healthy controls. All the subjects were from the same age group of 1 to 12 years and of similar
socio-economic and dietary habit. No subject of either group was suffering from any acute or chronic illness or
had a history of cardiac, renal or hepatic dysfunction that can affect lipidemic status, other than nephritic
syndrome itself in group A. The nephrotic syndrome was diagnosed by the presence of edema, massive
proteinuria(24HUP>40mg/m?/day), and hyperlipidemia.
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Blood samples were drawn from all the subjects following a fast of 12 hours. The following parameters
were assayed as follows. Serum triglyceride, cholesterol, HDL-cholesterol (direct) and LDL-cholesterol (direct)
were estimated by enzymatic methods PMAFI! with the help of Randox kits. Serum apolipoprotein Al and
apolipoprotein B were estimated by immunoturbidimetric methods [0 with the help of Randox kits. A Hitachi-902
fully automated chemistry analyzer was used for estimation of the various parameters. Then the ratios between
different parameters were calculated. And finally, the statistical calculations were done by Student’s‘t” test and the
statistical significance was expressed in terms of ‘P’ value.

I1. RESULTS

We found that Group A children had significant hyperlipidemia in the form of increased serum total-
cholesterol, triglyceride, LDL-cholesterol, and apolipoprotein B compared to Group B children (P<0.001). The
mean values of the above parameters in the study group are as follows, total-cholesterol (437.60 + 34.22),
triglyceride (351.83 + 37.45), LDL-cholesterol (242.27 + 35.89), and apolipoprotein B (176.03 + 10.75). (Table.l)
Also the ratios cholesterol: HDL-cholesterol (8.69 + 0.93), LDL-cholesterol: HDL-cholesterol (5.23 + 0.79) and
triglyceride: HDL-cholesterol (6.71 £ 0.97), all were increased in Group A children significantly compared to
Group B children (P<0.001). (Table.ll) We have also calculated, the ratio of apolipoprotein Al: apolipoprotein B,
which was decreased in Group A children significantly compared to Group B children. 0.77 £ 0.03in study group
vs 1.73 £ 0.06in control group. (P<0.001). (Table.Il) The study group has significant proteinuria(+++) leading to
low serum albumin level(1.77 + 0.32). (Table.lll)

Table |
Group A Group B P value
Blood Meant SD Mean+ SD
Triglyceride (mg/dl) 351.83 + 37.45 55.58 + 3.06 P<0.001
Cholesterol (mg/dl) 437.6 £ 34.22 136.27 +8.91 P<0.001
HDL-C (mg/dl) 53.23+4.73 56.73 £ 3.55 0.0031
LDL-C (mg/dl) 242.27 + 35.89 93.65 + 7.86 P<0.001
apoAl (mg/dl) 138.53+7.89 139.58 +5.49 0.5740
apoB (mg/dl) 176.03 £ 10.75 80.38 £ 5.40 P<0.001
Table 11
Group A Group B P value
Blood Mean+ SD Mean+ SD
apoAl: apoB 0.77 £0.03 1.73+0.06 P<0.001
Cholesterol:HDL-C 8.69 +0.93 2.38+0.24 P<0.001
LDL-C:HDL-C 5.23+0.79 1.65+0.07 P<0.001
Triglyceride:HDL-C 6.71+0.97 0.96 £ 0.05 P<0.001
Table 111
Group A Group B P value
Blood Mean+ SD Mean+ SD
Albumin (gm/dl) 1.77+0.32 416 +0.35 P<0.001
Urine
Protein (qualitative) +++

IV. DISCUSSION

Our findings from this study is statistically significant (P<0.001) elevation of total-cholesterol,
triglyceride, LDL-cholesterol, apolipoprotein B, and the ratios like cholesterol : HDL-cholesterol, LDL-
cholesterol : HDL-cholesterol and triglyceride : HDL-cholesterol, in children with nephrotic syndrome as
compared with healthy controls. These findings are supported by the work of some other researchers too.
®IMerouani A et al in his study had measured plasma lipid profiles in 25 children with NS at remission, with or
without active prednisone treatment, and were compared with those of an age-matched population. The results
indicate that plasma total and LDL-cholesterol levels were above the 95(th) percentile for age and sex in 12 of
the 25 patients (48%) with 7 of them having apolipoprotein B and triglyceride concentrations above the 95(th)
percentile. ™!Mahmud S et al from his study has concluded that hyperlipidemia in general at remission,
specifically serum total cholesterol, may be regarded as predictor of relapse in childhood idiopathic nephrotic
syndrome. None of the above studies have calculated the derangements related to apolipoproteins and their
ratios in addition to hyperlipidemia as in our study. Increased hepatic synthesis of lipoproteins contributes to the
development of hyperlipidemia in nephrotic syndrome.™® Nephrotic hyperlipidemia is the result of a coordinate
increase in synthesis of apoproteins by the liver.™! Early experiments with isolated perfused liver slices in rats
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with nephrotic syndrome demonstrated that lipoprotein synthesis is increased many times.'? The signal for
increased lipoprotein production may be low plasma oncotic pressure, caused by gross albuminuria. In nephritic
syndrome, severity of proteinuria is reported to be correlated well with increase in serum cholesterol and serum
triglyceride concentrations. It has been shown that the loss of aloumin or other liporegulatory substances in the
urine is more likely to confer the signal for increased lipoprotein production, but the putative liporegulatory
substance still awaits final identification."

The fact that apolipoprotein synthesis is not increased to the same extent for each apolipoprotein suggests
that feedback regulatory mechanisms exist, which are superimposed on the overall stimulation of hepatic synthesis
of secretory proteins.™ The magnitude of the increase in low density lipoproteins (LDL) appears to be related to
the degree of hypoalbuminemia.*® Nevertheless, our current understanding implies that in nephrotic syndrome,
increased hepatic synthesis of VLDL leads to accumulation of LDL particles. Increased LDL-cholesterol may also
be due to severe reduction in hepatic LDL receptor and marked upregulation of hepatic ACAT (acyl CoA :
cholesterol acyl transferase).®

The hyperlipidemia occurring in the nephrotic syndrome appears to be due to hepatic overproduction of
apo B100 as part of the increased hepatic protein synthesis typical of the condition.™"!
Patients with nephrotic syndrome also had hP/pertriegceridemia. This is best explained by a decreased lipolysis of
triglyceride-rich particles VLDL in plasma.® A low activity of plasma lipoprotein lipase (LPL) correlates with
elevated triglyceride levels. An elevation in serum VLDL is reported to be resultant mostly on its reduced
removal. An acquired deficiency of VLDL receptors was found in nephrotic rats, which may also contribute to
decreased catabolism of VLDL. Thus, a combination of increased hepatic synthesis and decreased removal of
lipoproteins from plasma is thought to be present in nephrotic syndrome.!*%

There is a direct relationship between the plasma HDL concentration and its biological half-life; Thus,

increased hepatic synthesis of HDL begins to expand the pool size but because of no compensatory increase in the
number of catabolic receptors, the HDL lost in the urine probably increases as the plasma concentration rises.!*
Thus the HDL levels in patients remained at the same levels as controls. HDL may be lost in the urine and
dependent or whether or not increased synthesis can match the rate of loss, the HDL may be low or normal.
We have calculated the ratios of cholesterol, triglyceride or LDL-cholesterol with HDL-cholesterol because of the
following reasons. In our study, there are patients whose cholesterol, triglyceride or LDL-cholesterol levels are
increased slightly (but not massively) with respect to the controls. in these patients if the HDL-cholesterol levels
are comparable (with respect to the controls), the ratios of cholesterol, triglyceride or LDL-cholesterol with HDL-
cholesterol would not be higher than ratios in controls. But surprisingly, we found that though these patients had
insignificantly decreased HDL-cholesterol levels and insignificantly increased cholesterol, triglyceride and LDL-
cholesterol levels (with respect to the controls), but the ratios of total cholesterol : HDL-cholesterol, triglyceride :
HDL-cholesterol and LDL-cholesterol : HDL-cholesterol in these patients was higher than the ratio in controls.
Thus, the ratios of cholesterol : HDL-cholesterol, triglyceride : HDL-cholesterol and LDL-cholesterol : HDL-
cholesterol may be important diagnostic features of nephrotic syndrome.

In children with nephrotic syndrome, there are only very few recorded cases of ischaemic heart disease or
documented atherosclerosis.” It is yet unknown whether atherosclerosis is uniformly accelerated in nephrotic
syndrome, but these patients frequently have several additional risk factors besides hyperlipidemia, e.g.,
hypertension, steroid-induced obesity, etc., which may act in concert to produce atherosclerotic vascular
lesions.?? There is also evidence that hyperlipidemia contributes to the progression of renal insufficiency in
patients with nephrotic syndrome.?®

V. CONCLUSION
Thus, in view of the cited evidence for an increased risk of atherosclerosis, it seems useful to evaluate the
lipid and lipoprotein levels early and treat hyperlipidemia in these patients for preventive reasons, if not alleviated
with usual treatment schedule of nephrotic syndrome.

V1. CONTRIBUTIONS
AB, planning/designing of study protocol, Collection of data, writing of the manuscript, review of
literature, formatting of the manuscript RB, Collection of data, Data analysis, review of literature, Supervision of
laboratory work KB, Conceptualization of the study, Supervision of data collection and analysis, preparation of
final manuscript.

*Corresponding Author: Arnab Biswas 37 | Page



Nephrotic Syndrome Induced Dyslipidemia In Children And Need For Early Assessment

[11.
[21.
[31.

[4]
[5]

[6].
[71.
[8].
[9].

[10].

[11].

[12].
[13].
[14].
[15].
[16].

[17].
[18].

[19].
[20].
[21].
[22].

[23].

REFERENCES

Togawa A, Yamamoto T, Hishida A. Nephrotic syndrome : pathophysiology, classification and diagnostic criteria. Nippon Rinsho
2004; 62 (10) : 1777-83.
Jameela A. Kari et al. Lipoprotein (a) and Other Dyslipidemia in Saudi Children with Nephrotic Syndrome (SSNS and SRNS)
Journal of Health Science 2012, 2(6): 57-63.
McGowan M, Artiss J, Strandbergh DR. A peroxidase-coupled method for the colorimetric determination of serum triglycerides.
Clin Chem 1983; 29 : 538.
Allain CC, Poon LS, Chan CS. Enzymatic determination of total serum cholesterol. Clin Chem 1974; 20 : 470.
Warnick GR, Nauck M, Rifai N. Evolution of methods of measurement of HDL-cholesterol : from ultracentrifugation to
homogeneous assays. Clin Chem 2001; 47 : 1579-96.
Nauck M, Warnick GR, Rifai N. Methods for measurement of LDL-cholesterol : a critical assessment of direct measurement by
homogeneous assays versus calculation. Clin Chem 2002; 48 : 236.
Bhatnagar D, Durrington PM. Measurement and clinical significance of apoproteons Al and B. In : Rifai N, Warnick GR,
Dominczak MH, eds. Handbook of lipoprotein testing, 2nd ed. Washington D.C.: AACC Press, 2000 : 287.

Nosratola DV, Kaihuli L. Effects of HMG-CoA reductase inhibition on hepatic expression of key
cholesterol regulatory enzymes and receptors in nephrotic syndrome. American Journal of Nephrology 2004; 24 : 606-13.

Meérouani A, Lévy E, Mongeau JG, Robitaille P, Lambert M, Delvin EE. Hyperlipidemic profiles
during remission in childhood idiopathic nephrotic syndrome. ClinBiochem. 2003 Oct;36(7):571-4.
Wheeler DC, Bernard DB. Lipid abnormalities in the nephrotic syndrome: causes, consequences and treatment. Am. J. Kidney Dis
1994; 23:331-46.
De Sain-Vander Velden VMG, Kaysen GA, Barrett HA, Stellaard F, Gaoellaa MM, Voorbij HA, Reijngoud DJ, Rabelink TJ.
Increased VLDL in nephritic patients results from a decreased catabolism while increased LDL results from increased synthesis.
Kidney International 1998; 53(4) : 994-1101.
Marsh JB, Sparks CE. Hepatic secretion of lipoproteins in the rat and the effect of experimental nephrosis. J. Clin. Invest 1979; 64 :
1229-37.
Mahmud S?, Jahan S, Hossain MM. Hyperlipidemia in childhood idiopathic nephrotic syndrome during initial remission and
relapse. Mymensingh Med J. 2011 Jul;20(3):402-6.
Kaysen GA, Gambertoglio J, Felts J, Hutchinson FN. Albumin synthesis, albuminuria and hyperlipemia in nephritic patients.
Kidney Int 1987; 31 : 1368-76.
Marenah CB. Lipid metabolism, hyper- and hypo-lipidemias and atherosclerosis. In : Marshall WJ, Bangert SK, eds. Clinical
Biochemistry : metabolic and clinical aspects. 1% ed. New York : Churchill Livingstone, 1995: 621-40.
Kaysen GA. Proteinuria and the nephritic syndrome. In: Schrier RW, ed. Renal and electrolyte disorders. 5" ed. New York:
Lippincott Raven, 1997: 640-84.
Marsh JB. (2002): Lipoprotein metabolism in the nephrotic syndrome. Front Biosci. 1(7): €326-e338.
Joles JA, Bijlveld C, Van Tol A, Geelen MJH, Koomans HA. Plasma triglyceride levels are higher in nephritic than in
analbuminemic rats despite a similar increase in hepatic triglyceride secretion. Kidney Int 1995; 47(2) : 701-08.
Liang K, Vaziri ND. Acquired VLDL receptor deficiency in experimental nephrosis. Kidney Int 1997; 51 : 1761-65.
Kronenberg F. (2005): Dyslipidemia and nephrotic syndrome: recent advances. J Ren Nutr. 15(2):195-203.
Hopp L, Gilboa N, Kurland G, Weichler N, Orchard TJ. Acute myocardial infarction in a young boy with nephrotic syndrome : a
case report and review of literature. Pediatr. Nephrol 1994; 8 : 290-94.
Kniazewska MH, Obuchowicz AK, Wielkoszynski T, Zmudzinska-Kitczak J, Urban K, Marek M, et al. (2009): Atherosclerosis risk
factors in young patients formerly treated for idiopathic nephrotic syndrome. Pediatr Nephrol. 24(3): 549-54.
Keane WF, Kasiske BL, O’Donnell P, Kim Y. The role of altered lipid metabolism in the progression of renal disease:experimental
evidence. Am. Jr. Kid. Dis 1991; 17 : 38-42.

*Corresponding Author: Arnab Biswas 38 | Page


http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%A9rouani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14563452
http://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A9vy%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14563452
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mongeau%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=14563452
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robitaille%20P%5BAuthor%5D&cauthor=true&cauthor_uid=14563452
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lambert%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14563452
http://www.ncbi.nlm.nih.gov/pubmed/?term=Delvin%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=14563452
http://www.ncbi.nlm.nih.gov/pubmed/14563452
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahmud%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21804502
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jahan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21804502
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hossain%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=21804502
http://www.ncbi.nlm.nih.gov/pubmed/21804502

