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INTRODUCTION
Nephrotic Syndrome (NS) is a common chronic kidney disease 
in children characterised by the leakage of protein through a 
pathologically altered glomerular filtration membrane, associated 
with heavy (nephrotic-range) proteinuria. This is defined as a first 
morning or 24-hour urine protein creatinine ratio of ≥2 mg/mg 
or 200 mg/mmol, or 3+ proteinuria on a dipstick [1]. The clinical 
findings associated with NS include a triad of hypoalbuminaemia 
(≤2.5 g/dL), oedema, and hyperlipidaemia (cholesterol >200 mg/
dL) [2].

NS is one of the most common paediatric renal disorders, with 
an annual incidence of 2-7 per 100,000 children in Western 
countries and an even higher incidence in South Asia [3]. INS 
accounts for more than 90% of NS cases in children between 
the ages of 1 and 10, and 50% of cases in children over 10 years 
of age [4]. According to the International Study of Kidney 
Disease in Childhood (ISKDC), 84.5% of children with INS have 
Minimal Change Nephrotic Syndrome (MCNS), 9.5% have Focal 
Segmental Glomerulosclerosis (FSGS), 2.5% have mesangial 
proliferative glomerulonephritis, and 3.5% have membranous 
nephropathy or other diseases leading to nephrotic-range 
proteinuria [5].

The risk of cardiovascular disease increases in NS due to 
hyperlipidaemia, increased thrombogenesis, and endothelial 
dysfunction [6]. Hypercholesterolemia is strongly associated with 

the severity of decreased albumin levels in patients with NS [7]. 
NS children exhibit increased levels of Intermediate-Density 
Lipoprotein (IDL), Very Low-Density Lipoprotein (VLDL), and Low-
Density Lipoprotein (LDL), resulting in elevated serum cholesterol 
and Triglyceride (TG) levels [8]. In clinical practice, hyperlipidaemia 
is usually assessed by calculating the ratio of TG to High-Density 
Lipoprotein (HDL), and for better expression of the relationship 
between TGs and HDL-C, the log transformation molar ratio of  
TG/HDL-C is adopted, referred to as AIP [9].

Assessing endothelial dysfunction using biomarkers may aid in early 
identification of premature onset atherosclerosis and subclinical 
cardiovascular morbidity. CIMT is a non invasive measurement used 
to evaluate structural changes in arterial segments, serving as a 
surrogate marker for early stages of subclinical atherosclerosis [10]. 
hs-CRP has long been studied as an inflammatory biomarker with 
high sensitivity in several cardiovascular diseases [11]. It is a known 
marker of vascular endothelial damage, with its concentration 
rapidly increasing during inflammation and tissue damage. The 
determination of serum hs-CRP level is currently recommended 
by the American Heart Association (AHA) for all patients at risk 
of cardiovascular diseases. However, there are limited studies in 
the literature on the assessment of hs-CRP levels in children with 
NS [12].

Therefore, the aim of the present study was to assess indices of 
early vascular involvement in children with INS, aiming for early 
identification and prevention of cardiovascular complications.
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ABSTRACT
Introduction: Nephrotic Syndrome (NS) is characterised by 
proteinuria, oedema, hypoalbuminaemia, and hypercholester-
olemia. The latter is a risk factor for atherosclerosis, suggesting 
a higher risk of cardiovascular disease in children with 
NS. Atherosclerosis is proposed to be caused by vascular 
endothelial dysfunction, reflecting the inflammatory response to 
tissue damage.

Aim: To investigate indices of early vascular involvement in 
children with Idiopathic Nephrotic Syndrome (INS). 

Materials and Methods: This case-control study was conducted 
at a tertiary-care hospital, Pt. BD Sharma PGIMS Rohtak, 
Haryana, India, over a period of two years and two months. The 
study included 50 children aged <14 years with NS. Vascular 
indices, including Carotid Intima Media Thickness (CIMT), high-
sensitive C Reactive Protein (hs-CRP), and Atherogenic Index 
of Plasma (AIP), were evaluated. Analysis was performed using 
Statistical Package for the Social Sciences (SPSS) version 22.0 
(IBM SPSS Statistics Inc., Chicago, Illinois, USA) Windows 

software program. The correlation of cardiovascular risk in 
children with NS was calculated by measuring CIMT, AIP, and 
CRP levels, and the relationship was analysed using the Chi-
square test. A p-value of <0.05 was considered statistically 
significant.

Results: The study found that the thickness of CIMT in group 1 
was 0.67±1.39 mm, while in group 2, it was 0.31±0.04 mm. 
The calculated p-value was <0.001, which was statistically 
significant. The hs-CRP level in group 1 was 4.64±5.87 mg/L, 
higher than the control group (0.85±0.10 mg/L), with p-value 
of <0.001. Furthermore, AIP was higher in children with NS 
(0.80±0.19) compared to the control group (0.02±0.16). There 
was a statistically significant difference between both groups 
(p<0.001). 

Conclusion: Early assessment of indices of vascular involvement, 
such as CIMT, hs-CRP, and AIP, in children with INS can aid 
in the early identification and prevention of cardiovascular 
complications.
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MATERIALS AND METHODS
The present study was a case-control study conducted in the 
Department of Paediatrics, Pt. BD Sharma Post Graduate Institute 
of Medical Sciences, Rohtak, Haryana, India, from August 2020 to 
October 2022, for a period of two years and two months. Ethical 
clearance was obtained from the Institutional Ethics Committee 
(IEC) with approval number: BREC/Th/20/Ped005 before the 
commencement of the study. Informed written consent was 
obtained from the parents or Legally Acceptable Representatives 
(LAR) of all the enrolled children. 

inclusion criteria: 

cases: Children aged 1-14 years with NS who were being 
diagnosed as Frequent Relapsing NS or Steroid Resistant NS. 

relapse is defined as follows [13]:

1. Frequent Relapsing Nephrotic Syndrome (FRNS): Two or more 
relapses in the first six months, or four or more relapses in any 
12-month period after the initial response to corticosteroids 
(standard case). 

2. Steroid Resistant Nephrotic Syndrome (SRNS): Inability to 
induce remission within 4 weeks of daily steroid therapy 
(standard case). 

controls: Age and gender-matched children with no history of NS 
or use of steroids. 

exclusion criteria: Children less than one year old, children with 
less than one year since the first episode of the disease, children 
with pre-existing chronic renal disease and previous use of steroids 
were excluded from the study.

Sample size: The study enrolled 50 cases (Group I) and 50 controls 
(Group II) (age and gender-matched children with no history of 
NS or use of steroids). In Group I, 36 participants (72.0%) were 
males, and 14 participants (28.0%) were females. In Group II, 
37 participants (74.0%) were males, and 13 participants (26.0%) 
were females.

Procedure
After taking a thorough history, each participant underwent a 
detailed clinical examination. Body Mass Index (BMI) was calculated 
after a thorough physical examination, and the study population was 
classified as follows: underweight (BMI <18.5 kg/m2), normal range 
(BMI 18.5-24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2), and 
obese (BMI ≥30 kg/m2) [14]. Blood Pressure (BP) of all the cases 
and controls was noted, and accordingly, the study population was 
divided into the following categories: Normotensive (BP ≤120/80 
mmHg), Prehypertensive (BP 120/80 to ≤129/80 mmHg), Stage-1 
hypertension (BP 130-139/80-89 mmHg), and Stage-2 hypertension 
(BP≥140/90 mmHg) [15]. Blood samples were collected to evaluate 
the lipid profile, including TGs, cholesterol, LDL, and HDL, as well 
as hs-CRP. A 24-hour urine sample was taken to determine 24-hour 
protein excretion. Depending on the child’s age and the required 
blood volume, samples were collected from the heel, finger, or arm. 
The blood samples were processed within one hour of collection. 
After clotting, serum was separated by centrifugation at 2000 rpm 
for 10 minutes. The separated serum was stored at -70°C for 
future analysis. 

Parameters studied: The CIMT was measured by a blindfolded 
experienced radiologist. Ultrasound measurements were obtained 
using a single Esaote ultrasound machine equipped with a broad-
band linear probe operating at a frequency of 3 MHz to 13 MHz. 
The same machine was used for all patients to ensure accuracy. 
CIMT measurements were taken on both carotid arteries, and the 
mean of the left and right common carotid arteries was used in 
the study. [Table/Fig-1,2] shows an ultrasound image illustrating 
CIMT measurement.

[Table/Fig-1-2]: Ultrasound images showing measurement of CIMT. 

AIP [9]

Low cardiovascular risk=-0.3-0.1

Medium cardiovascular risk=0.1-0.24

High cardiovascular risk=>0.24

CIMT (mm; mean±SD) [16]
Male=0.43±0.06

Female=0.42±0.05

hs-CRP (mg/L) [17]

Low cardiovascular risk=<1

Average cardiovascular risk=1-3

High cardiovascular risk=3-10

[Table/Fig-3]: Range of normal values of different parameters [9,16,17].

The AIP was calculated using the following equation: AIP=log10(TG/
HDL-C) [9]. TG, HDL, and cholesterol levels were measured using 
a coupled enzymatic reaction system with a calorimetric assay. AIP 
was calculated as the log-transformed molar ratio of TG/HDL-C.

hs-CRP levels were determined using the Calbiotech CRP ELISA 
kit, which employs a solid-phase direct sandwich method. The 
normal value ranges for these parameters can be found in [Table/
Fig-3] [9,16,17].

STATISTICAL ANALYSIS
Descriptive statistics were performed on all the data, and the 
results were reported in terms of the mean and Standard Deviation 
(SD). Appropriate statistical tests of comparison were applied. The 
Kolmogorov-Smirnov test was used to check the normality of the 
data. Categorical variables were analysed using the Chi-square 
test and Fisher’s exact test, where applicable. Continuous variables 
were analysed using the t-test if the variables were normally 
distributed; otherwise, the Mann-Whitney U test was applied. 
Statistical significance was considered at p<0.05. The data were 
analysed using the trial version 22.0 of SPSS and Microsoft Excel. 

RESULTS
The following results were obtained from the present study. The 
comparison of the demographic, anthropometric, and biochemical 
profiles among the two groups is shown in [Table/Fig-4].

variables group i group ii p-value

Mean age (years) 
M±SD

6.13±2.95 6.16±2.93 0.963

gender n (%)

Male 36 (72) 37 (74)
0.822$

Female 14 (28) 13 (26)

Mean BMI (kg/m2) 16.47±2.83 16.76±3.16 0.922

Blood Pressure (BP)

Normotensive-40% Normotensive-94%

<0.001$Prehypertensive-16% Prehypertensive-6%

Hypertensive-44% Hypertensive-0

Mean serum 
cholesterol (mg/dL)

380.94±98.26 92.98±14.61 <0.001

Mean serum TGs 
(mg/dL)

322.90±114.54 60.24±22.41 <0.001

Mean LDL (mg/dL) 258.24±77.07 59.9±5.95 <0.001

Mean HDL (mg/dL) 47.92±10.35 55.68±8.08 <0.001

[Table/Fig-4]: Comparison of demographic, anthropometric and biochemical 
profile in two groups.
Statistical test used Chi-square test ($) and t-test
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disturbance [18]. In the present study, the mean age±SD in Group I 
was 6.13±2.95 years, and in Group II it was 6.16±2.93 years, 
respectively. This mean was lower compared to other studies 
conducted by Wasilewska A et al., where the mean age in Group I 
and Group II was 9.35±3.04 years and 6.55±2.74 years, respectively 
[12]. The gender distribution was similar to a study done by 
Wasilewska A et al., where males dominated the female population 
[12]. The mean weight, height, and BMI were comparable in both 
groups, which was in concordance with the study conducted by 
Patel S et al., where the mean BMI was 14.9±1.2 kg/m² in cases 
and 16±2.9 in controls [19].

Hypertension was more prevalent among nephrotics compared 
to the control group. It was mostly attributed to sodium retention, 
which likely plays a role in the development of hypertension in 
NS. Hypercholesterolemia was observed among nephrotics 
when compared with the control group. This finding was in 
accordance with the work of author Krishnaswany D et al., who 
conducted similar research on nephrotics [20]. Vaziri ND attributed 
this hypercholesterolemia to a defective regulatory response of 
3-hydroxy-3-methylglutararyl-coenzyme A (HMG-COA) reductase 
and hepatic cholesterol 7α-hydroxylase in nephrotics [21]. These 
enzymes are rate-limiting enzymes in cholesterol biosynthesis and 
catabolism to bile acids in humans.

There was also an increased level of TGs in nephrotics compared 
to the control group, which was in agreement with the studies 
conducted by Joven J et al., [22]. This hypertriglyceridaemia observed 
in nephrotics is attributed to the downregulation of lipoprotein lipase 
found in nephrotics’ skeletal muscle, myocardium, and adipose 
tissue, which are the principal sites of fatty acid consumption and 
storage [21].

The HDL-C level of nephrotics was significantly decreased 
compared to the control group in this study. This finding was in 
accordance with the documented studies conducted by Adekoya 
AO et al., [23]. A plausible explanation for the low level of HDL-C 
in nephrotics observed in the present study is the urinary losses 
of Lecithin: Cholesterol Acyltransferase (LCAT), which leads to 
severe deficiency and limits the HDL-mediated uptake of surplus 
cholesterol from extrahepatic tissues [21]. These limitations greatly 
affect the homeostasis of HDL-C in nephrotics.

The present study also observed an increased level of LDL-C in 
nephrotics, which was in agreement with studies conducted by 
Krishnaswany D et al., and Joven J et al., [20,22]. The increased 
LDL can be explained by the severe reduction of hepatic LDL 
receptor protein abundance in nephrotics, despite normal LDL 
receptor mRNA abundance and gene translation rate. These 
findings point to inefficient translation and/or increased LDL 
receptor protein turnover as a cause of LDL receptor deficiency in 
NS [24].

Children with INS had a higher CIMT than the control group (p-value 
<0.001). This finding was consistent with the studies conducted 
by Chaubey DS et al., (p-value <0.0014) [25], Skrzypczyk P et 
al., (p-value=0.0002) [26], and Mehta A et al., (p-value <0.0001) 
[27]. However, the present study showed a statistically insignificant 

vascular indices group i group ii p-value

CIMT (mm) 
(Mean±SD)

0.67±1.39 0.31±0.04 <0.001

distribution of cimt

0.20-0.35 16 36

<0.0010.36-0.50 29 14

>0.50 5 0

AIP {log10 (TG/HDL)}] 
(Mean±SD)

0.80±0.19 0.02±0.16 <0.001

distribution of aiP

-0.3-0.1 0 43

<0.0010.1-0.24 1 5

>0.24 49 2

hs-CRP (mg/L) 
(Mean±SD)

4.64±5.87 0.85±0.10 <0.001

distribution of hs-crP

<1 15 48

<0.0011-3 8 2

>3 27 0

[Table/Fig-5]: Association of vascular indices in two groups.
Statistical test used t-test, Chi-square test and Fisher-exact test

characteristics cimt mean±Sd p-value

Age (years)

2.0 to 4.0 0.32±0.07
0.451 

(Insignificant)
4.1 to 10.0 0.62±1.34

≥10.1 0.39±0.08

Blood 
Pressure 
(BP) (mmHg)

Normotensive 0.38±0.07
0.005 

(Significant)
Prehypertensive 2.09±3.28

Hypertensive 0.40±0.07

BMI (kg/m2)

<18.5 0.63±1.39

0.921 
(Insignificant)

18.5-24.9 0.79±1.48

25-29.9 0.35±0.00

>30 0.00±0.00

Serum 
cholesterol 
(mg/dL)

≥400 0.41±0.07
0.242 

(Insignificant)
200-400 0.89±1.88

<200 1.0±0.00

Serum TG 
(mg/dL)

>300 0.39±0.06
0.528 

(Insignificant)
100-300 1.02±2.07

<100 0.42±0.00

Serum LDL 
(mg/dL)

≥400 0.00±0.00
0.843 

(Insignificant)
200-400 0.73±1.53

<200 0.40±0.08

Serum HDL 
(mg/dL)

30-45 0.39±0.06
0.435 

(Insignificant)
45-60 1.07±2.17

>60 0.43±0.10

[Table/Fig-6]: Association of characteristics of Nephrotic Syndrome (NS) children 
with CIMT.
Statistical test used t-test

hs-crP (mg/l)

Serum cholesterol (mg/dl)

p-valuemean±Sd median range

<1 270.47±28.77 278.00 222-322

<0.0011-3 332.50±22.67 321.00 303-368

>3 456.67±62.41 465.00 290-544

[Table/Fig-7]: Association of distribution of hs-CRP in Nephrotic Syndrome (NS) 
children (Cases=Group I) with serum cholesterol.
Statistical test used t-test

The various vascular indices used in the present study were CIMT 
(in mm), AIP (calculated as log10 TG/HDL), and hs-CRP (mg/L). 
The association between the vascular indices in the two groups is 
shown in [Table/Fig-5]. 

The association of characteristics of NS children with CIMT is 
shown in [Table/Fig-6].

The association of the distribution of hs-CRP in NS children 
(Cases=Group I) with serum cholesterol is shown in [Table/Fig-7].

DISCUSSION
The current understanding of the pathogenesis of INS remains 
unknown, and it is thought to be the result of a primary immune 
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association between the age of the children and CIMT (p>0.05). 
Nonetheless, the study conducted by Hooman N et al., [28] revealed 
a statistically significant but weak positive association between 
CIMT and age.

In the INS group, children with arterial hypertension had significantly 
higher CIMT than normotensive children, which was consistent 
with the studies conducted by Skrzypczyk P et al., and Hooman N 
et al., [26,28]. The present study did not find a association between 
CIMT and BMI, whereas Litwin M et al., reported a weak positive 
correlation between them [29]. Additionally, the study found no 
association between CIMT and LDL, HDL, and TG, except for a 
statistically insignificant negative association with cholesterol levels. 
Other researchers have also not shown any association between 
cIMT and dyslipidaemia [28,30].

The serum hsCRP level was significantly higher in NS children 
(mean 4.64±5.87 mg/L) compared to healthy controls (mean 
0.85±0.10 mg/L). The majority of cases presented with hsCRP 
levels greater than 3 mg/L. A higher hs-CRP level in NS than controls 
was also reported in the studies conducted by Wasilewska A et 
al., and Shostak E et al., [12,31]. Furthermore, the study found a 
positive association between serum hs-CRP and cholesterol levels 
in cases. 

To better express the relationship between TGs and HDL-C, the 
log-transformed molar ratio of TG/HDL-C was adopted, referred 
to as AIP (Atherogenic Index). In the present study, the AIP was 
observed to be elevated (mean=0.80±0.19) compared to the control 
subjects (mean 0.02±0.16). When comparing the AIP of the study 
population with the guidelines, it appeared that nephrotic syndrome 
patients had an unfavourable risk profile for cardiovascular disease. 
These findings were consistent with the findings of Adu EM [32]. 
The majority of NS children had an AIP greater than 0.24, which is 
considered a high cardiovascular risk factor according to the study 
conducted by Dobiasova M [9].

Based on the above study, it was found that early assessment 
of vascular involvement indices, such as CIMT, hs-CRP, and AIP, 
can aid in the early identification and prevention of cardiovascular 
complications in children with INS.

Limitation(s) 
The study had a main limitation, which was a lack of long-term 
follow-up to observe changes in CIMT over time, especially 
during the remission phase. Additionally, the effects of steroids 
and immune suppressants on CIMT and hs-CRP were necessary 
to strengthen their role. Another issue was the small number of 
subjects in the study.

CONCLUSION(S)
As increased CIMT is a surrogate marker of atherosclerosis in 
children, assessing CIMT can benefit the long-term care of children 
with NS. There was a steep rise in serum hs-CRP and cholesterol, 
which showed a positive association with CIMT. In the later part of 
life, the inflammatory response plays a critical role, increasing the 
risk of atherosclerosis in children with NS. Identifying such children 
early may enable early intervention to slow down the atherosclerotic 
process and prevent or delay cardiovascular diseases. Therefore, of 
indices of vascular involvement such as CIMT, hs-CRP, and AIP in 
children with INS helps in the early identification and prevention of 
cardiovascular complications.
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