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ABSTRACT

Background and aim: The aim of the current study is to assess the relation between carotid intima-media thickness (CIMT) measurements, renal Doppler resistive index (RI) and serum levels of interleukin-13 (IL-13) and annexin-V (An-V) in children with idiopathic nephrotic syndrome (INS).

Materials and methods: The present case-control study was conducted on 60 children with INS and 60 age- and sex-matched healthy children. All participants were subjected to evaluation of serum levels of IL-13 and An-V and ultrasound Doppler measurement of CIMT and renal RI.

Results: Patients expressed significantly higher An-V (5.9 ± 2.6 vs. 2.1 ± 0.8 ng/mL, p<0.001) and IL-13 (19.2 ± 7.6 vs. 3.4 ± 1.4 ng/L) levels when compared with healthy counterparts. Moreover, it was shown that patients had significantly higher CIMT (0.49 ± 0.06 vs. 0.35 ± 0.03, p<0.001) as compared to controls. No significant differences were noted between the studied groups regarding right or left RIs. Correlation analysis identified significant direct correlation between serum An-V levels and albumin/creatinine ratio (ACR) (r = 0.55), cholesterol (r = 0.48), triglycerides (r = 0.36), IL-13 (r = 0.92) and CIMT (r = 0.53). Similar correlations could be found between serum IL-13 levels and CIMT measurements and the corresponding parameters.

Conclusions: The present study suggests an association between higher early atherosclerosis expressed as elevated CIMT measurements in children with INS and elevated serum levels of An-V and IL-13.
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Introduction

Idiopathic nephrotic syndrome (INS) is a common childhood disease with average global incidence of 4.7 per 100,000 persons (1). According to one report, most affected children in African countries including Egypt are steroid sensitive (2). Fortunately, the condition has generally favorable prognosis with the majority of patients achieving complete remission (3). However, about 1% of patients may develop end-stage renal disease by the age of 18 (4). INS is characterized by significant proteinuria as well as other pathological alterations. It results from enhanced plasma protein permeability of the glomerular filtration membrane. Although most patients benefit from steroid treatment, 10%-20% of affected children have steroid-resistant nephrotic syndrome (SRNS) (5,6).

While the exact cause of INS is unknown, an imbalance between T helper (Th)1 and Th2 cells is most likely to blame. It is suggested that activation of Th2 cells is a key factor in the pathophysiology of minimal change disease (MCD). Th2-released cytokines interleukin-4 (IL-4), IL-10 and especially IL-13 may play a part in the induction of proteinuria (7). IL-13 is a pleiotropic type 2 cytokine involved in the pathogenesis of many allergic (8), inflammatory (9) and malignant conditions (10). In MCD patients, IL-13 may change glomerular permeability and cause proteinuria (7). Annexin-V (An-V) is a cytoplasmic calcium-binding protein with pleotropic functions (11,12). The cells of the distal tubules and the glomerular epithelium contain considerable levels of An-V. It is frequently used as an apoptotic marker in many pathological conditions including systemic sclerosis (13), diabetes (14) and atherosclerosis (15). It helped to explain a variety of kidney-related events, such as acute kidney damage and diabetic nephropathy. It has also been utilized as a biochemical indicator of atherosclerosis in patients with chronic kidney disease (16).

The carotid intima-media thickness (CIMT) measured by ultrasound is used as a marker of atherosclerotic changes (17). In children with INS, atherosclerotic changes may accelerate progression to chronic kidney disease and are mainly related to dyslipidemia (18,19). Intrarenal hemodynamics was found to be a potential indicator of systemic vascular injury and a helpful tool for better stratifying short- and long-term cardiovascular risk in various clinical subgroups. Particularly, renal Doppler resistive index (RI) and renal pulsatility index (PI) are closely associated with well-known markers of subclinical organ damage, such as CIMT, arterial stiffness, and left ventricular mass (20).

Renal RI has been shown as a noninvasive prognostic marker for assessing the renal disease progression, especially in hypertension, as well as proteinuria (21-24). Additionally, numerous studies have shown that intrarenal hemodynamic dysfunction directly contributes to unfavorable cardiovascular events and even death across a variety of populations, particularly in those with chronic kidney disease (12). The present study hypothesized that there is a relation between subclinical atherosclerosis and inflammatory markers in children with INS. The aim of the current study is to assess the relation between CIMT, renal Doppler RI and serum levels of IL-13 and An-V in children with INS.



Materials and methods


Study design

The present cross-sectional case-control study was conducted during the period from August 2021 to May 2022. The study protocol was approved by the ethical committee and the legal guardians of included children proved written informed consent before participation.



Participants

The study included 60 children with INS diagnosed on the basis of the International Study of Kidney Disease in Children criteria (25). In addition, there were 60 age- and sex-matched healthy children who served as the control group. Children with acquired or congenital heart disease, active systemic vasculitis, chronic kidney disease and severe edema at the time of examination or taking lipid-lowering drugs were excluded from the study.



Variables

All participants underwent thorough clinical evaluations, including measurements of weight, height, body mass index (BMI), arterial blood pressure (BP), examination for edema and cardiac examination to exclude congenital or acquired heart disease. All patients completed a thorough clinical history that included past medical history, age at diagnosis, disease duration, responsiveness to steroid treatment, frequency of relapses and use of immunosuppressive drugs. Steroid sensitivity was defined as complete remission at the standard dose of prednisone or prednisolone (PDN) (60 mg/m2/day or 2 mg/kg/day, maximum 60 mg/day) within 4 weeks, while steroid resistance was defined as failure to achieve remission after 4-8 weeks of daily oral PDN therapy at a dose of 2 mg/kg/day (26). In SRNS patients, 19 patients received calcineurin inhibitors, while 3 patients received mycophenolate mofetil.

For measurement of BP, the patient was seated correctly; BP readings for the systolic and diastolic phases were taken using a mercury sphygmomanometer with an appropriate cuff size. At 2-minute intervals, three measurements were collected from each participant, and the average of the last two measurements was recorded. Values >95th percentile are regarded as elevated by the American Academy of Pediatrics for systolic BP and diastolic BP in the pediatrics population (27).

For laboratory assessment, 6 mL of venous blood was withdrawn after 10 hours of fasting and divided into three aliquots; 2 mL was evacuated in ethylenediaminetetraacetic acid (EDTA) tube for complete blood count (Sysmex KX21N, Kobe, Japan). The remaining 4 mL was evacuated in two serum separator tubes, centrifuged at 3,500 rpm for 10 minutes; two mL serum was used for measurement of kidney function tests (urea and creatinine), lipid profile (total cholesterol, triglycerides) and serum albumin; and the other 2 mL was separated and frozen at −20°C for later analysis of IL-13 and An-V. An early morning urine sample was used for albumin/creatinine ratio (ACR) measurement. Measurement of serum IL-13 and An-V was done using the commercial enzyme-linked immunosorbent assay (ELISA) kits (Bioassay Technology Laboratory, China; Cat. No. 202208016). The assay ranges of IL-13 and An-V were from 0.5 to 100 ng L and 0.1 to 35 ng mL, respectively.

Measurement of CIMT was done using the ultrasound machine (Philips 50G ultrasound machine) with high-frequency linear probe (7.5 MHz) (Fig. 1). The examination was done in supine position; the neck is extended and slightly turned to the contralateral side. Prior to measurement, the patients had rest for 10 minutes. The arterial wall of the common carotid artery was assessed bilaterally in a longitudinal view; both walls were clearly visualized to obtain proper measurements. Zoomed frozen images were taken clearly demonstrating the intima-media thickness. Measurements were taken from the far wall of each common carotid artery 1 cm proximal to bifurcation. The measurements were made three times on each side and the average of the measurements was taken. The mean of measurements of the left and right common carotid arteries was calculated.


[image: Image]
FIGURE 1 - B mode ultrasound of carotid intima-media thickness measurement.


Renal Doppler ultrasound evaluation was done in the lateral oblique position or oblique position; however, the left kidney was better examined in a right lateral decubitus. The examination was done using Philips 50G ultrasound machine with low-frequency convex probe (5 MHz) (Fig. 2). Firstly, both kidneys were scanned using B mode for detection of any gross abnormalities such as stones, backpressure changes, echogenicity, cortical thickness or focal lesions. Color Doppler was applied to see interlobar arteries, and then the sample volume was applied to cover only the arterial diameter of interest. Optimum waveform was obtained by adjustment of both the pulse repetition frequency (PRF) and the wall filter to avoid aliasing. Measurement of Doppler parameters was taken at breath holds in cooperative children and in younger children at quiet respiration. For each kidney, RIs of renal interlobar arteries at the upper, middle and lower poles were assessed three times, then the average of the measurements was taken. The arterial RI was calculated by the equation (peak systolic velocity − end diastolic velocity) divided by (peak systolic velocity), and its value is derived via the computer algorithm in the ultrasound machine.


[image: Image]
FIGURE 2 - Color duplex ultrasound measurements of the right and middle pole interlobar artery resistive index.




Statistical methods

Results were reviewed, given codes and enrolled into the Statistical Package for Social Sciences (IBM SPSS) version 23. Normality of data distribution was assessed using Kolmogorov-Smirnov test. Quantitative data were displayed as means and standard deviation (SD) or median and interquartile range (IQR). Qualitative data were displayed as numbers and percentages. Comparison of non-quantitative data was done by Chi-square test. Comparison of quantitative data with the parametric patterns was done by independent t-test, while non-parametric data were compared using Mann-Whitney U-test. Correlation between various variables was done using Pearson’s correlation coefficient for parametric data and Spearman’s correlation coefficient for non-parametric data. A p-value was considered to be significant if less than 0.05.




Results

The present study included 60 children with INS and 60 age- and sex-matched healthy controls. Patients had disease duration of 2.9 ± 2.6 years. Comparison between the studied groups regarding clinical, laboratory and ultrasonic parameters revealed that patients had significantly lower serum albumin levels (1.7 ± 0.4 vs. 3.5 ± 0.3 g/dL, p<0.001) and significantly higher platelet count (381.4 ± 105.2 vs. 332.4 ± 94.2, p = 0.008), ACR (5,945.5 ± 2,866.6 vs. 75.4 ± 122.4 mg/g, p<0.001), cholesterol (456.3 ± 139.5 vs. 163.8 ± 126.3 mg/dL, p<0.001) and triglyceride (214.6 ± 112.0 vs. 123.6 ± 38.7 mg/dL, p<0.001) levels when compared with controls. No statistically significant differences were found between the studied groups regarding diastolic and systolic BP measurements (Tab. 1).



TABLE 1 - Clinical, laboratory and radiological findings in the studied groups



	
	Patients

n = 60
	Controls

n = 60
	p value





	Age (years)
	9.6 ± 3.6
	9.7 ± 3.7
	0.83



	Male/female n
	39/21
	43/17
	0.43



	BMI (kg/m2)
	21.3 ± 5.6
	20.1 ± 3.8
	0.19



	SBP (mm Hg)
	102.1 ± 10.3
	103.5 ± 8.4
	0.41



	DBP (mm Hg)
	65.2 ± 9.0
	64.9 ± 8.2
	0.83



	Laboratory findings



	WBCs (109/L)
	5.6 (4.9-6.6)
	5.1 (4.7-6.2)
	0.21



	Hemoglobin (mg/dL)
	13.0 ± 1.3
	12.9 ± 1.4
	0.9



	Platelets (109/L)
	381.4 ± 105.2
	332.4 ± 94.2
	0.008



	Albumin (g/dL)
	1.7 ± 0.4
	3.5 ± 0.3
	<0.001



	Urea (mg/dL)
	19.5 ± 5.3
	18.0 ± 4.6
	0.1



	Creatinine (mg/dL)
	0.37 ± 0.22
	0.33 ± 0.22
	0.27



	ACR (mg/g)
	5945.5 ± 2866.6
	75.4 ± 122.4
	<0.001



	Cholesterol (mg/dL)
	456.3 ± 139.5
	163.8 ± 126.3
	<0.001



	Triglycerides (mg/dL)
	214.6 ± 112.0
	123.6 ± 38.7
	<0.001



	Annexin-V (ng/mL)
	5.9 ± 2.6
	2.1 ± 0.8
	<0.001



	IL-13 (ng/L)
	19.2 ± 7.6
	3.4 ± 1.4
	<0.001



	Ultrasound findings



	CIMT (mm)
	0.49 ± 0.06
	0.35 ± 0.03
	<0.001



	Right RI
	0.61 ± 0.02
	0.60 ± 0.02
	0.5



	Left RI
	0.60 ± 0.02
	0.60 ± 0.02
	0.73





ACR = albumin/creatinine ratio; BMI = body mass index; CIMT = carotid intima-media thickness; DBP = diastolic blood pressure; IL-13 = interleukin-13; RI = resistive index; SBP = systolic blood pressure; WBCs = white blood cells.


In addition, they expressed significantly higher An-V (5.9 ± 2.6 vs. 2.1 ± 0.8 ng/mL, p<0.001) and IL-13 (19.2 ± 7.6 vs. 3.4 ± 1.4 ng/L) levels when compared with healthy counterparts. Moreover, it was shown that patients had significantly higher CIMT (0.49 ± 0.06 vs. 0.35 ± 0.03, p<0.001) as compared to controls. No significant differences were noted between the studied groups regarding right or left RIs (Tab. 1).

Correlation analysis identified significant direct correlation between serum An-V levels and ACR (r = 0.55), cholesterol (r = 0.48), triglycerides (r = 0.36), IL-13 (r = 0.92) and CIMT (r = 0.53). Similar correlations could be found between serum IL-13 levels and CIMT measurements and the corresponding parameters (ACR, cholesterol, triglycerides) (Tab. 2).



TABLE 2 - Correlations between CIMT, annexin-V, IL-13 and clinical, laboratory and radiological data



	
	CIMT
	Annexin-V
	IL-13



	r
	p
	r
	p
	r
	p





	Age
	0.003
	0.98
	−0.034
	0.71
	−0.027
	0.77



	BMI
	−0.02
	0.88
	−0.01
	0.88
	−0.04
	0.7



	SBP
	−0.06
	0.67
	−0.13
	0.15
	−0.11
	0.25



	DBP
	−0.14
	0.3
	−0.09
	0.32
	−0.04
	0.68



	Disease duration
	−0.05
	0.73
	−0.14
	0.29
	−0.16
	0.23



	WBCs
	0.006
	0.96
	−0.005
	0.97
	0.01
	0.19



	Hemoglobin
	0.08
	0.56
	−0.1
	0.3
	−0.06
	0.51



	Platelets
	0.06
	0.67
	0.13
	0.15
	0.19
	0.043



	Albumin
	−0.77
	<0.001
	0.55
	<0.001
	0.65
	<0.001



	Urea
	−0.2
	0.12
	0.13
	0.16
	0.16
	0.1



	Creatinine
	−0.09
	0.49
	0.13
	0.15
	0.12
	0.18



	ACR
	0.77
	<0.001
	0.55
	<0.001
	0.65
	<0.001



	Cholesterol
	0.7
	<0.001
	0.48
	<0.001
	0.58
	<0.001



	Triglycerides
	0.31
	0.017
	0.36
	<0.001
	0.39
	<0.001



	Annexin-V
	0.53
	<0.001
	–
	–
	0.92
	<0.001



	IL-13
	0.64
	<0.001
	0.92
	<0.001
	–
	–



	CIMT
	–
	–
	0.53
	<0.001
	0.64
	<0.001



	Right RI
	−0.08
	0.54
	0.08
	0.37
	0.06
	0.53



	Left RI
	−0.06
	0.67
	0.04
	0.69
	−0.05
	0.56





ACR = albumin/creatinine ratio; BMI = body mass index; CIMT = carotid intima-media thickness; DBP = diastolic blood pressure; IL-13 = interleukin-13; RI = resistive index; SBP = systolic blood pressure; WBCs = white blood cells.



The present study included 38 (63.3%) steroid-sensitive patients. Comparison between steroid-sensitive and steroid-resistant patients regarding An-V and IL-13 levels, CIMT measurements and other clinical parameters revealed no statistically significant differences (Tab. 3).



Discussion

The present study found an association between increased CIMT levels and higher levels of serum An-V and IL-13 levels, which is a novel finding to the best of our knowledge. The study compared clinical, laboratory and Doppler ultrasound parameters in children with INS and healthy controls. The study found that patients exhibited significantly higher CIMT measurements as compared to healthy controls. Similar results were reported by previous studies (17,28-32), while Kniazewska et al (33) and Rahul et al (34) found no significant differences in CIMT measurements between children with INS and healthy counterparts. This may be explained by the different clinical profile of the studied groups. Elevated CIMT in INS children is usually explained by concurrent hypertension and dyslipidemia. Notably, our patients had significantly higher serum cholesterol and triglyceride levels as compared to controls while both groups expressed comparable systolic and diastolic BP values.



TABLE 3 - Annexin-V and IL-13 levels and CIMT in steroid-sensitive and steroid-resistant patients



	
	Steroid sensitive

n = 38
	Steroid resistant

n = 22
	p value





	Age (years)
	9.8 ± 3.7
	9.3 ± 3.4
	0.56



	Male/female n
	23/15
	16/6
	0.34



	BMI (kg/m2)
	20.5 ± 4.6
	22.7 ± 7.1
	0.16



	SBP (mm Hg)
	102.1 ± 8.5
	102.0 ± 12.8
	0.99



	DBP (mm Hg)
	63.2 ± 6.4
	68.6 ± 11.6
	0.05



	Laboratory findings



	WBCs (109/L)
	5.5 (4.9-6.1)
	5.7 (4.9-9.6)
	0.42



	Hemoglobin (mg/dL)
	12.9 ± 1.4
	13.3 ± 1.2
	0.29



	Platelets (109/L)
	380.3 ± 95.4
	383.2 ± 122.7
	0.92



	Albumin (g/dL)
	1.7 ± 0.4
	1.8 ± 0.3
	0.81



	Urea (mg/dL)
	20.3 ± 5.9
	18.2 ± 4.0
	0.14



	Creatinine (mg/dL)
	0.40 ± 0.21
	0.31 ± 0.21
	0.11



	Cholesterol (mg/dL)
	464.3 ± 153.9
	442.5 ± 112.6
	0.56



	Triglycerides (mg/dL)
	210.0 ± 110.4
	222.6 ± 117.0
	0.68



	Annexin-V (ng/mL)
	19.8 ± 8.0
	 18.3 ± 7.1
	0.55



	IL-13 (ng/L)
	6.3 ± 2.6
	5.2 ± 2.4
	0.55



	Ultrasound findings



	CIMT (mm)
	0.493 ± 0.061
	0.488 ± 0.056
	0.76



	Right RI
	0.611 ± 0.024
	0.609 ± 0.026
	0.79



	Left RI
	0.608 ± 0.019
	0.607 ± 0.024
	0.85





BMI = body mass index; CIMT = carotid intima-media thickness; DBP = diastolic blood pressure; IL-13 = interleukin-13; RI = resistive index; SBP = systolic blood pressure; WBCs = white blood cells.


The present study proposed to assess if serum An-V and IL-13 levels are related to dyslipidemia and CIMT measurements in those patients. The study showed significantly higher concentrations of An-V in children with INS in comparison with healthy controls. Jakubowska and Kiliś-Pstrusińska (16) also reported higher concentrations of plasma An-V in children with INS. Moreover, we detected a positive correlation between serum An-V with ACR in line with the conclusions of Simsek and colleagues (35). The cause of elevated plasma An-V concentrations in INS is still unknown. It is well recognized that An-V pathophysiological function is linked to cell apoptosis, and increased circulating lymphocyte apoptosis have been observed in children with nephrotic syndrome (35). Interestingly, Ye and colleagues (36) had demonstrated higher level of anti-annexin antibodies in children with INS, which significantly correlated with urine protein level. In addition, An-V levels were well correlated with dyslipidemia and CIMT in our study. To the best of our knowledge, this is a new finding in children with INS. In support of this result, one study on adult diabetic population observed positive correlation between serum An-V levels and CIMT (37).

Moreover, the present study detected a significantly higher concentration of IL-13 in INS patients in comparison with healthy controls. The overexpression of IL-13 is probably related to downregulation of podocin, nephrin and dystroglycan (essential molecules in preserving the slit diaphragm integrity of the glomeruli) (38).

Our findings are also supported by the studies of Kimata et al (39) who reported increased levels of urinary IL-13 in untreated children with INS. The present study also documented a significant positive correlation between serum IL-13 levels and ACR, cholesterol and triglyceride levels in INS patients. The relation between IL-13 levels in dyslipidemia observed by the present study may be explained by the interesting experimental work of Low et al (40). In their study on cytokine-induced rat MCD model, they showed that IL-13 induced changes in hepatic handling of cholesterol that resulted in hypercholesterolemia even before the onset of proteinuria. Our results may have therapeutic implications. Possible blockade of IL-13 pathways was recently studied in many inflammatory conditions (41-43). Use of similar approach in INS may be tried in the forthcoming future.

Notably, no significant differences were found between patients and controls regarding renal hemodynamic parameters. This reflects the fact that in spite of the increased CIMT in the studied patients, the renal hemodynamics remained unaffected. Also, the study showed no significant difference in CIMT between steroid response and SRNS and this came in agreement with Ahmed et al (17) who reported no significant difference in the CIMT between different steroid response and resistant groups. Also Rahul et al (34) found no significant difference in CIMT between steroid-sensitive nephrotic syndrome (SSNS) and SRNS patients.

Finally, we noticed that our patients expressed significantly higher platelet count. This comes in agreement with Gulleroglu et al (44) who reported increased platelet count and platelet volume in children with INS. The precise mechanism of this finding is still unknown. However, it has been noted that platelet hyper-aggregation and high platelet numbers are associated with hypoalbuminemia and hypercholesterolemia. The contribution of these cofactors to the development and clinical presentation of INS remains to be elucidated. Findings of the present study are limited by its cross-sectional design and the relatively small sample size. In conclusion, the present study suggests an association between early atherosclerosis expressed as elevated CIMT measurements in children with INS and elevated serum levels of An-V and IL-13. Further studies are recommended to confirm these findings and to explore their practical implications.
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