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Abstract  Hyperlip idemia is commonly associated with  nephrotic syndrome (NS). We have investigated lipoprotein (a) 
[LP (a)] level and other lipid abnormalit ies in Saudi children with primary nephrotic syndrome (steroid sensitive and steroid 
resistant NS). Thirty eight children with primary nephrotic syndrome who were fo llowed up at King Abdulaziz University in 
Jeddah were recruited for the study on second half of 2009. Their mean age ± SD =8.76± 3.8 years. They were classified into 
group 1; steroid sensitive nephrotic syndrome (SSNS), group 2; steroid resistant nephrotic syndrome in remission (SRNS®), 
group 3; SRNS not in remission , and compared them with 27 controls of normal ch ild ren. Serum creat inine, serum albumin 
and fasting serum lipids were measured in all patients. In addition urine protein was measured on the same day of b lood 
samples. There was a significant increase in cholesterol, triglyceride and low density lipoprotein (LDL) concentrations in 
SRNS as compared to controls, SSNS and SRNS®. All groups showed a significant increase in  high density lipoprotein 
(HDL) levels. There was a significant increase in  LP (a) level (P < 0.001) in SRNS group and in SSNS group (P< 0.05) 
compared to control group. However, a non significant increase (p=0.06) was observed in SRNS® group. No significant 
changes were observed in apoprotein A1 (Apo AI) and Apo B levels between group 1, group 2, g roup 3 and the control group. 
In the SRNS group; there was positive correlation between cholesterol and triglyceride, cholesterol and LDL and trig lyceride 
and Apo B. There was negative correlat ion between cholesterol and albumin, triglyceride and albumin  and LDL and albumin. 
In conclusion, SRNS in ch ild ren was associated with high LP (a) and dyslipidemia which was not completely normalized in 
children who achieved remission. 
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1. Introduction 
Hyperlipidemia is commonly associated with heavy 

proteinuria that it  has come to be regarded as an integral 
feature of the nephrotic syndrome (NS) (1). Raised total 
plasma cholesterol and low density lipoprotein (LDL) 
concentration is the commonest abnormality seen, but 
plasma t rig lyceride and very low density lipoprotein (VLDL) 
levels may also be elevated, particularly in patient with 
heavier proteinuria (2). It is believed that hyperlip idemia of 
NS is multifactorial in origin  and that the altered catabolism 
of LDL may be important in predisposing these subjects to 
premature atherosclerosis (3). 

It was reported that most patients with nephrotic syndrome 
have elevated level of LP (a) concentrations (4). The high 
levels  o f LP (a) in  nephrot ic s yndrome cou ld  cause 
g lomeru lar in ju ry  as  well as  increas ing  the ris k fo r 
atherosclerosis and thrombotic events associated with this 
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disorder (5). 
The exp lanation of this observed dyslipidemia is that in 

NS, there is an increase in the synthesis of both triglyceride 
and cholesterol. The precise stimulus for enhanced hepatic 
lipoprotein synthesis in NS is unknown. It may be related 
directly to hypoalbuminemia, because in both nephrotic 
patients and rats, albumin in fusion normalizes plas ma lip id 
and lipoprotein levels. However, dextran and other 
oncotically active macromolecu les are equally in this regard, 
which suggests that a decrease in plasma oncotic pressure 
may be more important trigger to increase lipoprotein 
production by the liver (6) 

In this study we compare the level of Lp (a) and other 
lip ids in Saudi ch ildren  with steroid resistant nephrotic 
syndrome (SRNS) compared with children with SSNS, 
SRNS® in remission and control group of normal children.  

2. Patients and Methods 
2.1. Patients 

All children with primary nephrotic syndrome, who were 
followed up at paediatric  nephrology clinic at King 



58 Jameela A. Kari et al.:  Lipoprotein (a) and Other Dyslipidemia in Saudi Children   
with Nephrotic Syndrome (SSNS and SRNS) 

 

Abdulaziz University Hospital during the second half of 
2009, were recru ited for this study. Inclusion criteria 
included a diagnosis of nephrotic syndrome depending on 
clin ical and laboratory criteria (proteinuria +3 or more and 
low serum albumin < 25g/L) (7) and normal kidney function. 
Children with congenital nephrotic syndrome or secondary 
nephrotic syndrome were excluded from the study, as well as 
children with renal impairment.  

Thirty eight children fu lfilled the criteria, 21 males and 17 
females, their ages ranged between 4-16 years old with mean 
age± SD (8.76 ± 3.8 years). Parents of recruited children 
signed a consent form to approve the inclusion of their 
children in the study. 

Studied children were classified according to their 
response to prednisolone, serum albumin level and 
proteinuria into three groups:  
• Group 1: steroid Sensitive Nephrotic Syndrome (SSNS), 

13 children with mean age ± SD= 9.2 ± 3.49 years: defined as 
responding to prednisolone therapy within four weeks of 
treatment with negative or trace proteinuria and of serum 
albumin above 35g/L. 
• Group 2: Steroid Resistant Nephrotic Syndrome in  

remission (SRNS®), 11 children with mean age ± SD =10.1± 
4.35 years, with SRNS who achieved remission by other 
immunosuppressive drugs such as cyclophosphamide, 
cyclosporine or mycophenolate mofetil (MMF). The 
remission was defined as proteinuria negative or trace and 
serum albumin above 30g/L. 
• Group 3: steroid Resistant Nephrotic Syndrome not in  

remission(SRNS) or , 14 children with mean age ± SD= 7.71 
± 3.91 years: defined as non-responding after four weeks of 
prednisolone therapy with proteinuria≥+2 and serum 
albumin < 30g/L. Th is group did not achieve remission by 
other immunosuppressive therapy and continued to be in 
nephrotic status.  
• Group 4: A control group of normal children was also 

included in  the study consisting of 27 children with matching 
age (10.1± 3.18 years) p value= 0.34. Consents were also 
obtained from their parents. 

Children o f group 1 (SSNS) and group 2 (SRNS®), were 
recruited after being in remission for at least 4 weeks.  

2.2. Methods  

A blood sample (3ml) was collected from every ch ild in a 
plane tube without anti coagulant after an overnight fast of at 
least 8 hours. Serum was immediately separated by 
centrifugation at 3500 rpm for 5 minutes at room 
temperature and kept at -20 º C until used. 

The serum concentration of cholesterol, triglyceride, HDL,  
LDL, albumin, creatin ine and total proteins were determined 
by automated enzymatic procedure using dimension 
instrument (Dimension clinical chemistry analyser, USA). 
Solid phase capture sandwich enzyme linked immune 
sorbent assay (ELISA) (AlerCHEK, Inc, USA) was used to 
determine serum LP (a), serum Apo AI and serum Apo B 
concentrations. 

First morning urine sample was also collected from all 
patients as well as the control group. Proteinuria was 
measured using urine dipstick. The study was approved by 
the research ethical committee of the medical college of 
King Abdulaziz University.  

Statistical Analysis: Results were expressed as mean + SE. 
ANOVA test was used to compare between different groups. 
Regression analysis was used for correlat ion. P value < 0.05 
was considered as significant and<0.01 as highly significant. 

3. Results 
The results showed a significant increase in cholesterol, 

triglyceride and LDL concentrations in group3 (SRNS) as 
compared to  control, g roup1 (SSNS) and group 2 (SRNS®) 
(table 1). However, non significant changes were detected in 
SSNS and SRNS®, compared to the control group. 

All groups showed a significant increase in HDL levels 
compared with control group. A significant increase (P < 
0.012) was also observed in HDL in SRNS compared to 
SRNS®. 

We analysed the data as responder group (group 1 and 
group 2) compared to non-responders (group 3). We found a 
significant increase in the cholesterol, trig lyceride, HDL and 
LDL in  the resistant group compared to the control g roup and 
the responders group (table 1). Furthermore, a significant 
increase was observed in HDL and LDL in  the responders 
group compared to control group whereas the increase in the 
cholesterol and triglyceride level d id not reach a significant 
level.  

As it would be expected, there was a highly significant 
decrease (P < 0.001) in albumin level in SRNS group 
compared to other groups. Furthermore a significant 
decrease (P < 0.008) was also observed in SRNS® compared 
with control group (table 2). Total protein was significantly 
lower in SRNS compared to SRNS®. We looked at the data 
as responder group and resistant group, we observed a 
significant decrease (P <0.001) in serum albumin level in the 
resistant group as compared to the control and the responder 
groups. Similarly, there was a significant decrease in 
albumin level (P <0.022) in responders group compared with 
control group (table 2). 

On the other hand, the changes in creatinine and total 
protein levels were not significant in responders and resistant 
groups compared to controls (table 2). Renal function was 
normal in all groups and no significant changes were 
detected in creat inine levels between different groups 
compared to control group (table 2).  

We have observed highly a significant increase in LP (a) 
level (P < 0.001) in SRNS group and significant increase (P< 
0.05) in  the SSNS group compared to  control group. 
However, a non significant increase (p=0.06) was observed 
in LP (a) level in SRNS® compared to control group (table 
3). Similarly, when we looked at the level of Lp(a) in the 
responder group and the resistant group, we found, that 
responders group had serum Lp(a) level significantly h igher 
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than control group (P <0.021), while the resistant group 
showed a highly significant elevation (P <0.002) as 
compared to control group. No significant change was 
noticed in the resistant group compared to responders group 
(table 3). We found 6 out of 11 patients with SRNS (54.55%) 
and 2 out of 14 patients with SRNS® who were receiving 
steroid therapy (14.29%) had Lp (a) levels higher than 
30mg/dl.  

No significant changes were observed in Apo AI and Apo 
B levels in responder and resistant groups compared to their 
control group or between group 1, group 2, group 3 and the 
control group (table 3). 

As it would be expected, in the control group, there was a 
positive correlation between cholesterol and LDL (r= 0.85 
and P<0.001), and between plasma albumin and total 
protein(r= 0.84 and P<0.001).  

We have done multip le regression analysis between 
different variab les in the three groups. In the SSNS; There 
was negative correlation between cholesterol and total 

protein (r = -0.74, P < 0.004), positive correlation between 
LDL and Apo B (r = 0.613, P < 0.026); positive correlation 
between creatinine and Apo A1 (r= 0.0.60, P=0.029). There 
was no correlation between LP (a) and any of the variables. 

In the SRNS®; There was positive correlation between 
cholesterol and LDL (r=0.765, P<0.001), positive correlation 
between LDL and Apo B (r = 0.61, P < 0.021) and positive 
between LP (a) and Apo B (r = 0.613, P < 0.02). 

In the SRNS ; There was positive correlation between 
cholesterol and triglyceride (r = 0.686 , P < 0.02), positive 
correlation between  cholesterol and LDL(r = 0.96, P < 0.001), 
negative correlation between  cholesterol and albumin 
(r=-0.805, P<0.003) (figure 1), negative correlation between 
triglyceride and albumin (r = -0.858 , P < 0.01) (figure 2), 
negative correlation between LDL and albumin  (r = -0.784 , 
P<0.004) (figure 3), positive correlat ion between triglyceride 
and ApoB (r = 0.672 , P < 0.023) (figure 4) and negative 
correlation between Lp(a) and creatinine (r=-0.68, p=0.03). 

Table 1.  Serum levels of cholesterol, triglyceride, HDL and LDL in the 4 different groups and in the responders (SSNS + SRNS®) 

Parameters 
 

Groups 

Cholesterol (mmol/L) 
 

Triglyceride(mmol/L) 
 

HDL (mmol/L) 
 

LDL (mmol/L) 
 

Control (n= 27 ) 
Range 

Mean ± SE 

 
2.65 - 5.54 
3.99 ± 0.13 

 
 

3.99 ± 0.13 

 
0.26 - 1.36 
0.72 ± 0.06 

 
0.65 - 1.64 
1.14 ± 0.05 

 
1.15 - 3.16 
2.22± 0.09 

SSNS (n= 13   ) 
Range 

Mean ± SE 
P value for ANOVA "F" test 

vs.  Control 

 
1.07 - 5.43 
4.07 ± 0.32 

NS 

 
0.35 - 5.02 
1.14 ± 0.34 

NS 

 
1 - 2.09 

1.51 ± 0.09 
< 0.002 

 
1.64 - 3.97 
2.72 ± 0.20 

NS 

SRNS® (n= 14 ) 
Range 

Mean  ±SE 
P value vs. Control 
P value vs. SSNS 

 
0.85 - 8.18 
4.60 ± 0.44 

NS 
NS 

 
0.36 - 2.36 
1.16 ± 0.17 

NS 
NS 

 
0.94 - 2.20 
1.41 ± 0.10 

< 0.017 
NS 

 
1.78 - 4.96 
2.98 ± 0.29 

NS 
NS 

SRNS (n= 11  ) 
Range 

Mean ± SE 
P value vs. Control 
P value vs. SSNS 

P value vs. SRNS in remission 
 
 
 

 
3.56 - 14.4 
8.57 ± 1.10 

< 0.001 
< 0.001 
< 0.001 

 
0.85 - 10.39 
2.50 ± 0.86 

< 0.001 
< 0.015 
< 0.015 

 

 
0.84 - 2.31 
1.77 ± 0.13 

< 0.001 
NS 

< 0.012 

 
2.04 - 9.44 
5.57 ± 0.75 

< 0.001 
< 0.001 
< 0.001 

Responders  ( n= 27    ) 
Range 

Mean ± SE 
P value vs.  Control 

P value vs. SRNS 
 

 
0.85 - 8.18 
4.34 ±0.28 

NS 
<0.001 

 

 
0.35 - 5.02 
1.15 ± 0.18 

NS 
<0.006 

 

 
0.94 - 2.20 
1.46 ± 0.07 

< 0.001 
<0.013 

 

 
1.64 - 4.96 
2.86 ± 0.17 

< 0.001 
<0.001 

 
SSNS= steroid sensitive nephrotic syndrome SRNS®= steroid resistant nephrotic syndrome in remission 
SRNS= steroid resistant nephrotic syndrome  P value is significant at <0.05 P value is highly significant at < 0.01 NS= non significant  
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Table 2.  Serum levels of albumin, creatinine and total proteins in the 4 different groups and in the responders (SSNS + SRNS®) 

            Parameters 
Groups Albumin (g/L) Creatinine (Um/L) Total Proteins (g/L) 

Control  (n= 27) 
Range 

Mean ± SE 

 
32 - 52 

40.85 ± 0.87 

 
28 - 90 

47.41 ± 2.38 

 
52 – 96 

70.70 ± 1.71 

SSNS ( n= 13) 
Range 

Mean ± SE 
P value vs.  Control 

 
34 - 44 

39.23 ± 0.73 
NS 

 
28 - 56 

42.38 ± 2.77 
NS 

 
66 – 99 

73.54 ± 2.34 
NS 

SRNS® (n= 14) 
Range 

Mean + SE 
P value vs. Control 
P value vs. SSNS 

 
30 - 42 

36.79 ± 1.10 
< 0.008 

NS 

 
12 - 94 

45.29 ± 5.21 
NS 
NS 

 
62 – 140 

76.71 ± 5.32 
NS 
NS 

SRNS (n= 11 ) 
Range 

Mean ± SE 
P value vs. Control 

vs. SSNS 
vs. SRNS  in remission 

 

 
4 - 25 

18.82 ± 1.87 
< 0.001 
< 0.001 
< 0.001 

19 - 77 
43.64 ± 5.95 

NS 
NS 
NS 

 
39 – 91 

64.0 ± 4.84 
NS 
NS 

< 0.02 
Responders (n= 27) 

Range 
Mean ± SE 

P value for vs.  Control 
P value for vs.  SRNSl 

 
 

 
30 - 44 

37.96 ± 0.70 
< 0.022 
<0.001 

 
12- 94 

43.89 ± 2.97 
NS 
NS 

 
62 – 140 

75.19 ± 2.94 
NS 

<0.02 

Table 3.  Serum levels of LP (a), Apo AI and Apo B in the different groups and in the responders (SSNS + SRNS®) 

         Parameters 
Groups 

Lp (a) ( mg/dl) 
 
 

Apo AI ( mg/dl) 
 
 

Apo B ( mg/dl) 
 
 

Control (n=27) 
Range 

Mean ± SE 
 

 
 

1.89 – 43.99 
12.0 ± 2.2 

 

 
39.41 - 181.88 

99.0 ± 6.4 
 

 
 

67.57 - 142.45 
113.0 ± 3.1 

 
SSNS (   n= 13) 

Range 
Mean ± SE 

P value vs.  Control 
 
 

 
2.8 – 41.11 
19.4 ± 2.9 
< 0.053 

 

 
6.12 - 231 41 
126.2 ± 17.0 

NS 
 

 
79.39 - 158.29 

118.0 ± 7.3 
NS 

 
SRNS®  (n-14) 

Range 
Mean ± SE 

P value for  vs. Control 
vs. SSNS 

 
 
 

 
4.09 – 42.73 
18.8 ± 3.0 

0.06 
NS 

 

 
27.43 - 214.11 
120.2 ± 14.2 

NS 
NS 

 

 
84.61 - 153.83 

115.8 ± 6.3 
NS 
NS 

 
SRNS  (n=11) 

Range 
Mean ± SE 

P value  vs. Control 
vs. SSNS 

vs. SRNS  in remission 

 
2.72 – 39.51 
25.3 ± 3.5 
< 0.002 

NS 
NS 

 

 
6.39 - 191.47 
125.8 ± 15.8 

NS 
NS 
NS 

 

 
92.69 - 157.35 

126.5 ± 6.2 
NS 
NS 
NS 

 
Responders (n= 27) 

Range 
Mean ± SE 

P value vs.  Control 
P value vs.  SRNS 

2.80 - 42.73 
19.1 ± 2.1 
< 0.021 

NS 

6.12 - 231.41 
123.1 ± 10.8 

NS 
NS 

79.39 - 158.29 
116.9 ± 4.7 

NS 
NS 
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Figure 1.  Negative correlation between cholesterol and albumin in SRNS group 

 
Figure 2.  Negative correlation between triglyceride and albumin in SRNS group 

 
 

Figure 3.  Correlation between triglyceride and ApoB in SRNS group 
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Figure 4.  Correlation between triglyceride and ApoB in SRNS group 

4. Discussion 
We found that hyperlipidemia and LP (a) is markedly  

increased in SRNS and to less extent in children in remission 
(group 1 and group 2). This find ing is similar to previous 
reports (1 &4). The influence of renal impairment on serum 
lip ids (8) was excluded as all studied children had normal 
kidney function. 

The underlying cause of hyperlipidemia in NS was related 
by previous investigators to proteinuria and altered 
lipoprotein metabolis m. It has been proposed that 
hypoalbuminemia causes reduced serum oncotic pressure, 
which in turn stimulates hepatic synthesis of albumin and 
other liver-derived proteins, including apolipoproteins (9). If 
the nephrotic syndrome causes increased hepatic protein 
synthesis, then the elevated LP (a) levels in the NS may 
results from over production by the liver. A lternatively, the 
kidney may play a ro le in the catabolism of LP (a) and 
therefore the nephrotic syndrome could affect plasma LP (a) 
levels by affecting the rate of catabolis m (4).  

Similar to prev ious studies we have observed marked 
increase in plas ma Lp(a) level in patients with SRNS (1&4). 
However, insignificant change was observed between SRNS 
group and the other two nephrotic groups who were in 
remission. Although LP (a) was higher in SRNS (25.3±3.5) 
compared to the SSNS (19.4±2.9) and SRNS in remission 
(18.8 ±3.0), this difference did not reach statistical 
significance. Other studies reported significant increase of 
LP (a) in SRNS compared to nephrotic children in remission 
(1&10). The absence of difference in our study could be 
explained by relatively s mall number of ch ild ren studied in 
our cohort. Our result is in  agreement with  the notion that 
controlling nephrotic syndrome by achieving  remission 
improves but does not normalize LP (a) as their mean was 
lower in group 1 and group 2 than the SRNS group, but it 
was higher than the control g roup. Our results were similar to 

Garnotel et  al, who reported higher serum LP (a) levels in 
response to steroid therapy on frequent relapsing steroid 
sensitive nephrotics (11). When we analysed the responders 
as one group (SSNS+ SRNS in remission), SRNS as another 
group and compared them with the control group. We found 
again that nephrotics (responders and resistant) had higher 
LP (a) compared to controls but none significant change was 
observed between responders and resistant (table 3).  

Nakahara et  al, hypothesized that the Lp(a) lowering 
effect of steroids may be related to the steroid-induced 
elevation of serum albumin  levels or to decrease of 
proteinuria (10). The pathogenesis of the increased levels of 
plasma LP (a) concentration in patients with nephrotic 
syndrome has not been clarified. The plas ma level of LP (a) 
are under the control of Apo (a) gene to large extent and 
largely unaffected by age, sex and prandial status. However, 
the increased hepatic synthesis rate of LP (a) appears to more 
important than a decreased catabolism of lipoproteins (4).  

We did not observe a significant correlation between LP (a) 
and parameters related to the severity of NS, such as serum 
albumin and total protein. This is similar to few previous 
reports (12), who reported no correlation between LP (a) and 
serum albumin level. While others, had reported significant 
correlation (10). The lack of correlat ion could be exp lained 
by the possibility that the LP (a) is normalized after reaching 
certain level of albumin in the blood. 

Joven et al. (13) reported an improvement of LP (a) after 
achievement of complete remission. However 53% of 
patients in his study who achieved remission continued to 
have higher level of LP (a) (>30mg/dl), suggesting a residual 
effect of nephrosis in the overall lipoprotein transport. 
Similarly, Garnotel et al. (11) reported high LP (a) levels of 
over 30mg/dl in 66% of patients in  relapse, 44% of patients 
in remission on steroid therapy and 18% of patients without 
steroid therapy compared to 16% of controls. Our results are 
comparable to them, as we found 54.55% of SRNS group 
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and 14.29% of group 2, had LP (a) levels higher than 
30mg/dl. Nakahara et al. (10) also reported that 5 of 23 
samples (21.7%) of nephrotics receiving steroid therapy and 
achieved remission had LP (a) levels higher than 30 mg/d l. 

In the third group (SRNS), we have observed a negative 
correlation between albumin level and cholesterol levels, 
triglyceride level and LDL. This is similar to Noto et al, who 
reported that albumin level was inversely correlated to the 
increase of cholesterol, triglyceride and LDL in NS (14).  

We have observed higher level of HDL in nephrotic 
children (all three groups) compared to controls. SRNS 
showed a significant elevation of HDL compared to 
responders or controls (table 1). This is similar to previous 
reports (1). 

We did not observe any change in the level of Apo AI in 
the SRNS group compared to controls. Although the mean of 
Apo B level was higher in  SRNS than the responders or 
controls (table 3), it was not statistically  significance. It  was 
thought that lipoprotein abnormalities in nephrotic syndrome 
are associated with a consistent increase of plasma Lp(a) that 
is parallel the increase of Apo B (1 &14).  

In the second group, the mean concentration of variables 
including cholesterol, triglyceride, LDL, Apo AI and Apo B 
were all higher than the control group but it did not reach 
significant levels. This support the hypothesis of 
normalizat ion of lipids levels with the remission of the 
disease (15).  

In SSNS group all lip id values were normal (cholesterol, 
triglyceride, LDL, Apo AI, and Apo B). This was observed 
when patients were in remission as their albumin was normal. 
This is in agreement with previous studies of normalizing 
serum lip ids with remission of NS (14). 

The level of LP (a) was significantly higher in SSNS 
group than control group. Th is could be considered as 
independent risk factor for relapse of SSNS with frequently 
relapsing course (15). 

5. Conclusions 
SRNS in children was associated with high LP (a) and 

dyslipidemia which was not completely normalized in 
children who achieved remission. 
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