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ABSTRACT

Background: Nephrotic patients are prone to atheroscle-
rosis in consequence of frequent exposures to hyperlipid-
emia, hypertension, and immunosuppressive drugs. Objec-
tives: We studied the carotid parameters as early indicators 
of atherosclerosis in children with nephrotic syndrome. 
Methods: Between 2008 and 2011, 51 children with his-
tory of nephrotic syndrome enrolled in the study. The in-
clusion criteria were: idiopathic nephrotic syndrome with 
normal serum complement, at least one year after initia-
tion of disease, glomerular filtration rate more than 20mL/
min/1.73m2, age over two years old at the time of study. 
Seventy-five healthy sex-age-matched children considered 
as a control group. Carotid function parameters and left 
ventricular mass index were studied in nephrotic chil-
dren. Results: Steroid sensitive, resistant, and dependent 
nephrotic syndrome included one-third each. The mean 
carotid intima-media thickness (mm) in nephrotic children 
was 0.42 (±.14) while the mean cIMT in controls was 0.37 
(±.08) (p-value <.05). After log transformation, General 
Linear Multivariate analysis revealed significant difference 
of carotid intima-media thickness in nephrotic patients (p-
value <.001). Subsequently, the factor that influenced on 
cIMT was duration of disease (P<.05). One-half of nephrotic 
children who had echocardiography, showed left ventric-
ular hypertrophy. It was correlated with carotid stiffness 
and systolic hypertension (P<.05). Conclusions: Carotid 
intima-media thickness was thicker in nephrotic children. 
Carotid parameters were influenced by duration of disease 
and hypertension. 
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Función de la arteria carótida en niños con síndrome nefrótico 
idiopático
RESUMEN
Antecedentes:  Los  pacientes  con  síndrome  nefrótico  son 
propensos a sufrir aterosclerosis como consecuencia de las 
frecuentes exposiciones a medicamentos para la hiperlipidemia, 
la  hipertensión  e  inmunodepresores.  Objetivos:  Hemos 
estudiado los parámetros de la carótida como indicadores 
tempranos  de  aterosclerosis  en  niños  con  síndrome 
nefrótico. Métodos: 51 niños con antecedentes de síndrome 
nefrótico participaron en el estudio entre 2008 y 2011. Los 
criterios de inclusión fueron: síndrome nefrótico idiopático 
con complemento sérico normal, al menos un año después 
del  comienzo  de  la  enfermedad,  índice  de  filtración 
glomerular superior a 20 ml/min/1,73 m2, mayor de dos años 
de edad en el momento del estudio. Se tuvo en consideración 
a setenta y cinco niños del mismo sexo y edad como grupo 
de  control.  Se  estudiaron  los  parámetros  de  la  función 
carótida y el índice de masa ventricular izquierda en niños 
con  síndrome  nefrótico.  Resultados:  Síndrome  nefrótico 
sensible a esteroides, resistente a esteroides y dependiente 
de  esteroides  a  partes  iguales.  El  grosor  íntima-media 
carotídeo medio (mm) en niños con síndrome nefrótico fue 
de 0,42 (±0,14), mientras que  la TMIR media en controles 
fue de 0,37 (±0,08) (valor p <0,05). Tras  la transformación 
logarítmica,  los  análisis  multivariables  lineales  generales 
revelaron  una  diferencia  significativa  de  grosor  íntima-
media carotídeo en pacientes con síndrome nefrótico (valor 
p <0,001). Posteriormente, el factor que influyó sobre la TMIR 
fue la duración de la enfermedad (p <0,05). Conclusiones: La 
mitad de los niños con síndrome nefrótico a los que se les 
realizó una ecocardiografía presentó hipertrofia ventricular 
izquierda.  Se  correlacionó  con  la  rigidez  carotídea  y  la 
hipertensión sistólica.
Palabras clave: Síndrome nefrótico idiopático. Niño. Hipertrofia 
ventricular izquierda. Grosor íntima-media carotídeo.

INTRODUCTION
 
Carotid intima-media thickness (cIMT) is an indirect marker 
of atherosclerosis and target organ damage in adults. Its 
value in children is still under debate but there are increasing 
numbers of studies among children with risk factor for vascular 
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The intima-media thickness (IMT) of the common carotid 
artery (CCA) on each side was measured using a GE Logic 
500 sonography system with two 7.5MHz linear and 5MHz 
convex probes.

The IMT is defined as the distance between the first 
(lumen–intima interface) and the second (media–adventitia 
interface) echogenic line of the far wall, using a manual 
cursor placement measurement technique. The measurement 
was performed at a point 10-20mm proximal to the common 
carotid bifurcation at a 10mm distance of far wall, at systolic 
phase of cardiac contraction (maximum diameter of the 
common carotid artery (CCA) lumen), in mid-longitudinal 
plane using maximum acceptable magnification of the image 
of the far wall. The examination was performed at supine 
position with a slightly overextended neck after 10 minutes 
of rest. Two measurements were made on each side, and the 
mean value was calculated separately for each CCA. The 
internal diameter of CCA was also measured at the same site 
at both systolic (maximum diameter) and diastolic (minimum 
diameter) phases in axial image with maximum acceptable 
magnification by which both near and far wall of the CCA 
could be seen clearly. Only images accepted as of good 
quality were taken to further analysis.

The radiologist was not aware of the clinical data of the 
patients or control group.

The following parameters were calculated according to 
formulas described by Aggoun et al.10 and Tounian et al.11:
–  Mean systolic diameter (sD): (LsD+RsD)/2, where LsD is 

the left CCA systolic diameter and RsD is the right CCA 
systolic diameter;

–  Mean diastolic diameter (dD): (RdD+LdD)/2, where RdD 
is the right CCA diastolic diameter and LdD is the left 
CCA diastolic diameter;

–  Mean lumen cross sectional area of the artery (LCSA); 
p(dD)2/4

–  Mean wall cross-sectional area (WCSA);  
p(dD/2-IMT)2-p(dD/2)2

–  Mean cross-sectional distensibility coefficient (DC) 
=2(∆D/dD)/∆P, where ∆D is difference between systolic 
and diastolic diameter of common carotid artery.

–  Arterial stiffness coefficient β (β): (ln [SBP/DBP])/(∆D/D)
–  Incremental elastic modulus (Einc): [3(1+LCSA/WCSA)]/DC

Echocardiography examination was performed through 
standard transthoracic echocardiography using a Vivid 
3 (General Electric Medical Systems, Horten, Norway,  
2.5–7MHZ probes) equipped with tissue Doppler technology 
as previously described.12 All measurements were carried out 
by one examiner who was blinded to the status of the subjects. 
Left ventricular mass (LVM) was assessed by using two 
dimensional directed M-mode echocardiography. Then, LVM 
index was calculated to evaluate left ventricular hypertrophy 
(LVH). LVM Index more than 38g/H2.7 was defined as LVH.

damage.1 A recent systematic review has reported moderate 
correlation between cIMT and coronary atherosclerosis or 
cardiovascular events.2,3 Hemodynamic, metabolic, and 
inflammatory factors change reversibly the arterial wall 
thickness. Impaired function of endothelium has been shown 
in acute phase of idiopathic nephrotic syndrome.4 Nephrotic 
patients are prone to myocardial infarction and coronary 
artery disease secondary to hypoalbuminemia, dyslipidemia, 
and hypercoagulopathy state.5,6

Few studies of cIMT in nephrotic children show to be 
correlated with duration of disease and unresponsiveness to 
steroid; however, none of them investigates carotid function 
including distensibility, stiffness, and elasticity.7,8 We 
evaluated carotid function as an atherosclerosis surrogate 
marker in children with nephrotic syndrome.

 
METHODS
 
Between 2008 and 2011, all children with history of 
idiopathic nephrotic syndrome were enrolled in the 
study. The inclusion criteria were: 1- Idiopathic nephrotic 
syndrome with normal serum complement, 2- Being on 
therapy (continuous or interrupted) for at least one year,  
3- Glomerular filtration rate more than 20mL/min/1.73m2, 
3- Age above two years at the time of study, 4- Absence 
of acute infection in previous three months, 5- Absence of 
severe edema at the time of investigation. The control 
group consisted of 79 age- sex-matched children with 
history of urinary tract infection who attended outpatient 
clinic. Informed consent was obtained from parents or 
patients. Weight, height, and blood pressure were recorded. 
Past medical and drug history were taken. Hypertension 
was defined as having systolic or diastolic blood pressure 
equal or more than 95% for age, height, and sex. The study 
was performed in accordance with the ethical standards 
laid down in the 1964 Declaration of Helsinki revised 
in Tokyo 2008. It was approved by ethical committee of 
Iran University of medical sciences and followed by the 
institution’s Review Board for Human Subjects guidelines.

Patients were classified according to the following 
definitions of nephrotic syndrome: Steroid response was 
defined as to achieve complete remission after four weeks 
of steroid therapy. The lack of remission despite of one 
month steroid therapy and three consecutive pulses of 
methylprednisolon considered as steroid resistant. Two 
subsequent relapses during steroid therapy or within two 
weeks after discontinuation of therapy categorized as 
steroid dependent. One-year follow- up was required to 
discriminate between frequent (more than 3 relapses within 
a year) and infrequent relapses.9

Carotid intima-media thickness (cIMT) was measured as the 
following way:
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(p-value=.04, 95% CI: 0.002-0.12). Even after excluding 
children with GFR less than 90mL/min/1.73m2, this 
correlation remained statistically significant (p-value =.031).

Echogradiographic measurement showed LVH in one (1.9%) 
out of 53 healthy children and 19 (50%) out of 38 children with 
nephrotic syndrome (p-value<.001). There was correlation 
between LVH and carotid stiffness (p-value=.005), nephrotic 
group (p-value<.001), proteinuria (p-value<.001), and systolic 
hypertension (p-value=.019). Multivariate analysis revealed 
LVMI was affected mainly by hypertension (p-value=.004). 
This observation showed early changes of carotid parameters 
in nephrotic children. It seems that changes of carotid 
parameters occurred earlier than compensatory LVH to be 
appeared.

 
DISCUSSION
 
Despite the similarity of both groups in basic demographic 
data, carotid intima-media thickness and WCSA were 
significantly thicker in nephrotic patients .cIMT in 
nephrotic children was mainly correlated with duration of 
disease. There was no correlation between cIMT and LVH 
per se. There are few published studies about the value 
of cIMT in nephrotic children. Leno C et al. reported 
on an extensive myocardial infarction in a 7-year old 
with minimal change nephrotic syndrome and resistant 
to corticosteroid. Diagnostic angiography confirmed the 
presence of atherosclerotic plague in right coronary artery 
and circumflex artery. Concomitant dyslipidemia with a 
trait of familial hyperlipidemia considered as risk factors 
for atherosclerosis.5 The levels of total cholesterol, LDL, 
homocysteine, apoprotein B and A1 were significantly 
higher in children with history of idiopathic nephrotic 
syndrome being off treatment for 4 to 15 years.7 Mean 
cIMT was not different in previously treated idiopathic 
nephrotic syndrome and controls. But multifactorial 
analysis revealed strong correlation between IMT and the 
rate of recurrence of the disease.7 The thicker cIMT was 
correlated with severity of proteinuria that reflected the 
effects of tissue edema. In our study, hypertension and 
duration of disease were the main independent variables 
that significantly correlated with carotid parameters. 
Bussy et al. evaluated the effective vs. intrinsic stiffness 
in 104 hypertensive and 40 normotensive patients. 
Effective stiffness was significantly higher in hypertensive 
subjects.14 We found a correlation between carotid stiffness 
or distensibility and high blood pressure. A meta-analysis 
about the effect of antihypertensive treatment on carotid 
intima-media thickness include a large number of patients 
treated with antihypertensive, placebo, or diuretics 
revealed the beneficial effect of usage of antihypertensive 
on cIMT.3 In our study, there was no correlation between 
cIMT and treatment with angiotensin converting enzyme 
inhibitors or angiotensin receptor antagonists.

Plasma creatinine was measured by Jaffe method using 
creatinin kit (Pars Azmun) Biolis 24 I Premium device 
(Tokyo boeki medical system). Glomerular filtration rate 
(GFR) was calculated based on serum creatinine by using 
Schwartz formula [K×Height (cm)/Pcr].13 GFR more than 
90ml/min/1.73m2 considered normal.

Children with history of urinary tract infection with 
normal renal function on imaging study, normal blood 
pressure, normal glomerular filtration rate, and no 
history of early atherosclerosis in family history entered 
into the study as controls. The Student-t-test was used 
to compare means, General Linear Univariate Model of 
variance and covariance used for correlation between 
variables. The analysis performed on variables both in 
categorical and continuous forms. The variables that 
had not normal distribution, log transformation was 
performed before analysis. Because of small sample 
size, Multivariate analysis performed between carotid 
parameters and those independent variables that showed 
significant correlation by Univariate analysis. P<.05 
was considered significant.

 
RESULTS
 
From 55 children who enrolled into the study, 18 (32.7%) 
were resistant to steroid, 19 of them were steroid dependent, 
and 18 (32.7%) were responsive (Table 1). Only 15 cases had 
renal biopsy including focal segmental glomerulosclerosis 
(n=12) and minimal change nephrotic syndrome (n=3). At the 
time of participation, 27 of patients were in remission (49%). 
Frequent relapses were found in 27 cases (49%). 

From 134 participants, seven subjects (4 cases, 3 controls) 
were excluded due to lack of carotid measurements. Table 
2 depicted carotid parameters in both nephrotic patients 
and in controls. Mean cIMT and WCSA were significantly 
higher in nephrotic children than controls. We evaluated the 
effect of gender, age, GFR, BMI, blood pressure, proteinuria, 
lipid profile, and disease statues on carotid measurements 
(Table 3). As shown in table 3, hypertension had influence 
on distensibility, stiffness, carotid remodeling, and LCSA. 
Multivariate analysis revealed correlation between mCIMT 
and nephrotic (p-value=.029). Moreover, there was 
correlation between age and LCSA (p-value=.007) or WCSA 
(p-value=.036).

Subsequently, nephrotic children were classified to steroid 
sensitive, dependent, and resistant. Mean cIMT and carotid 
parameters were not statistically different in three groups 
(P>.05). Subgroup analysis performed for lipid profile, 
serum albumin level, GFR, age, duration of disease, 
hypertension, BMI, gender, steroid response, relapse statues, 
immunosuppressive regimen, and carotid parameters. cIMT 
was correlated with duration of disease more than 2 years 
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revealed that duration of the disease and hypertension 
were the main variables correlated with carotid 
parameters. This finding indirectly showed the vascular 
changes in nephrotic patients. Our study showed that 
episodes of hypertension contributed to these vascular 
changes and left ventricular hypertrophy. Carotid 
changes occur earlier than left ventricular hypertrophy. 
Hence, it can be an easy tool for early assessment of 
vascular changes before end organ damage such as LVH 
happen. Previous investigation revealed the reversibility 
of carotid changes; therefore, serial assessment of 
carotid parameters, blood pressure, and lipid profile are 
necessary in nephrotic patients.

cIMT is a surrogate marker for evaluation of diffuse 
thickening and st iffening of  large and medium 
sized vessels. It is secondary to hypertension and 
atherosclerosis that is focal lesion secondary to 
hyperlipidemia and metabolic disorder. Cardiovascular 
disease preceded by endothelial dysfunction and cIMT 
changes.4 A systematic review by Lorenz MW et al. 
questioned about the correlation between cIMT, stroke, 
and myocardial infarction on 200000 patients. They 
found hazard risk of 1.15 for stroke and hazard ratio of 
1.18 for myocardial infarction per 0.1mm change of carotid 
thickness.2 In our study, the mean cIMT and WCSA 
were thicker in nephrotic children. Subgroups analysis 

Table 1. Demographic data of children with nephrotic syndrome and controls

Case
(n=51)

Control
(n=75)

P-value

Age, mean(SD), y 7.8(4) 7.9(3) NS
Sex 
Female, N,(%)
 Male, N,(%)

17(33)
34(67)

35(47%)
40(53%)

NSa

Weight, mean(SD), kg 30.7(17.5) 27.5(12) NS
Height, mean(SD), cm 124(25) 128(18) NS
BMI, mean(SD) 18.7(5.5) 16.2 (3.5) 0.005
SBP, mean(SD), mmHg 105(17.5) 97(13) 0.01
DBP, mean(SD), mmHg 68 (13) 61(9.6) 0.002
GFR, mean(SD), mL/min/1.73m2 117(42) 128(40) NS 
GFR classification, n(%)
>90
60-90
30-60
15-30
<15

43(78.2)
9(16.4)
2(3.6)
1(1.8)

0

65(86.6)
10(13.3)

0
0
0

NSa

Urine protein (mg/m2/h) 7(0-418) 0.6(0-10) <0.001b

Blood Glucose, mean (SD), mg/dL 98(16.4) 100(15) NS
Cholesterol, median (range), mg/dL 269(105-875) 133(101-218) <0.001b

Triglyceride, median (range), mg/dL 168(40-1400) 71(20-165) <0.001b

HDL, median (range) 51(21-95) 65(37-94) 0.003b

Medication 
Prednisolon, N,(%)
Methylprednisolon, N,(%)
Cyclophosphamide, N,(%)
Cyclosporine, N, (%)
Mycophenolate Mofetile, N,(%)
Levamisole, N,(%)
ACEI, N,(%)
ARB, N,(%)
Levostatin, N,(%)
Vitamin D, N,(%)

51(100)
7(14)

12(23.5)
19(37)
7(14)

13(25.5)
16(31)
8(16)

24(47)
28(55)

-
-
-
-
-
-
-
-

-

Duration of disease, median(range), y 2(1-11) - -

ACEI: Angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker, BMI: Body mass index, cm: centimeter, DBP: 
diastolic blood pressure, GFR: glomerular filtration rate, HDL: High density lipoprotein, Kg: kilogram, N: number, SBP: systolic blood 
pressure, SD: standard deviation, y: year. 
a Chi-square test, b Non-parametric median test.
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kidney disease was not entered into the study; therefore, LVH 
was found in earlier stage of CKD in nephrotic patients. Our 
previous study showed higher rate of progression to end stage 
of renal disease in steroid resistant nephrotic syndrome despite 

It was interesting that significant number of children with 
nephrotic syndrome had abnormal left ventricular mass index 
and it was more frequent in those children with systolic 
hypertension and had carotid stiffness. The severe chronic 

Table 2. Demographic data of children with nephrotic syndrome and controls

Case
(n=51)

Mean (SD)

Control
(n=75)

Mean(SD)
p-value

mRCC (mm) 0.42(0.13) 0.37(0.07) 0.023
mLCC (mm) 0.43(0.16) 0.37(0.08) 0.017
mCIMT (mm) 0.42(0.14) 0.37(0.08) 0.016
sD 5.57(0.65) 5.66(0.62) NS
dD 4.89(0.65) 4.97(0.53) NS
LCSA 19.1(5.2) 19.7(4.3) NS
WCSA 7.2(3.4) 6.2(1.4) 0.049
DC 8.6x10-3(5x10-3) 8x10-3(4x10-3) NS
β 3.7(2.2) 4(3.8) NS
Einc 1.768 x103(1.1x103) 1.958x103(1.77x103) NS

DC: cross-sectional distensibility coefficient, dD: Mean diastolic diameter, Einc: Incremental elastic modulus, LCSA: lumen cross 
sectional area of the artery, mCIMT: mean carotid intima media thickness, mLCC: mean left carotid intima media thickness,  
mRCC: mean right carotid intima media thickness, sD: Mean systolic diameter, WCSA: wall cross-sectional area, β: Arterial stiffness 
coefficient.

Table 3. General Linear univariate model for analyzing the effect of Group, BMI, Blood pressure, gender, age, and 
proteinuria on carotid parameters

Dependent 
variable

Source of 
variation

df Sum of squares Mean square F statistic P-value

mCIMT (mm)

Nephrotic 1 0.074 0.074 7.1 0.009
Age, y 1 0.056 0.056 5.38 0.022

Proteinuria  2 0.14 0.068 6.8 0.001
>40mg/m2/h

WCSA

Nephrotic 1 0.065 0.065 4.35 0.039
Age, y 1 0.24 0.24 18 <0.001

Proteinuria 
>40mg/m2/h

2 0.21 0.1 7.6 0.001

LCSA
Age, y 1 591 591 33.6 <0.001

SBP, mmHg 1 220.7 220.7 10.5 0.002
DBP, mmHg 1 117.7 117.7 5.4 0.022

DC
SBP, mmHg 1 1.74 1.74 46.3 <0.001
DBP, mmHg 1 0.99 0.99 26.5 <0.001

β
SBP, mmHg 1 1.16 1.16 29.7 <0.001
DBP, mmHg 1 1.68 1.68 43.2 <0.001

Einc
SBP, mmHg 1 0.58 0.58 10 0.002

DBP, mmHg 1 0.45 0.45 7.7 0.006

Arterial stiffness coefficient, DBP: Diastolic blood pressure, DC: cross-sectional distensibility coefficient, Einc: Incremental elastic 
modulus, LCSA: lumen cross sectional area of the artery, mCIMT: mean carotid intima media thickness, SBP: Systolic blood pressure, 
WCSA: wall cross-sectional area, Y: year.
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of steroid dosage, any changes of immunosuppressant, and 
when the child had no severe edema during relapse phase, the 
effect of hemodynamic changes could not be ignored.

 
CONCLUSIONS
 
cIMT was thicker in nephrotic children. The other carotid 
parameters were correlated with hypertension and longer 
duration of disease. Left ventricular hypertrophy was more 
frequent in nephrotic children and correlated with carotid 
stiffness and systolic hypertension. Carotid parameters 
changes occurred earlier than compensatory LVH to be 
appeared.
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risk factors might be consider seriously.

The limitations of this study were absence of longitudinal 
assesses of cIMT in nephrotic children and low power of 
the study. Although cIMT was assessed before increment 
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