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Association of angiotensin II type 1 receptor gene 
A1166C polymorphism with steroid sensitivity in 
children with nephrotic syndrome
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Introduction 
Nephrotic syndrome is a series of symptoms and signs 
resulted from the proteinuria and the hyperlipidemia due to 
glomerulopathy. According to the type of glomerulopathy 
based on its histopathology, nephrotic syndrome mainly 
falls into the following categories; minimal change 
disease, focal and segmental glomerulosclerosis (FSGS), 
membranous nephropathy, and the cases resulted from 
diabetic nephropathy, systemic lupus erythematous or 
amyloidosis (1,2). 

In children, nephrotic syndrome is usually idiopathic. 
Since taking biopsy is an invasive procedure, all of pediatric 
cases are considered minimal change disease until proven 
otherwise. After clinical diagnosis of nephrotic syndrome, 
steroid therapy is started. The children who respond to 
steroid are called steroid sensitive. The children who do 
not respond to steroids are called steroid resistant. In 
steroid sensitive patients, biopsy will not be indicated and 
the diagnosis must be minimal change disease. In steroid 
resistant patients, biopsy may be indicated and diagnosis 
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Implication for health policy/practice/research/medical education:
This single center study could not show any significant association of angiotensin II type 1 receptor gene A1166C polymorphism 
with steroid sensitivity in children with nephrotic syndrome in Iranian population. Resistance to steroid therapy in children 
with nephrotic syndrome was associated with higher systolic blood pressure. 
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Introduction: In children, nephrotic syndrome is usually idiopathic. Cases are considered as 
minimal change disease until proven otherwise. The children who respond to steroid are called 
steroid sensitive, and the children who do not respond to steroid are called steroid resistant. 
Objectives: According to the role of genetic in effectiveness of steroid therapy of children with 
idiopathic nephrotic syndrome, we designed this study to investigate the role of angiotensin II 
type 1 receptor (AT1R) gene A1166C polymorphism in such conditions. 
Patients and Methods: This single center study was conducted on Iranian children in Hazarat 
Ali Asghar hospital, Tehran, Iran. A total of 40 patients (including 18 steroid resistant and 22 
steroid sensitive patients) were selected. Total DNA samples were taken from peripheral blood. 
Polymerase chain reaction (PCR) was used for genotyping. 
Results: In this study, the association of AT1R gene A1166C polymorphism with groups 
including steroid sensitive and steroid resistant groups was not significant (P > 0.05). We also 
found a significant difference of systolic blood pressure between steroid sensitive and steroid 
resistant group with more values in steroid resistant group (P = 0.0327). 
Conclusion: This low power single center study could not show any significant association for 
this polymorphism in Iranian population. Resistance to steroid therapy was associated with 
higher systolic blood pressure.
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is usually FSGS (3). About 10% of children with nephrotic 
syndrome are steroid resistant. Approximately half of 
them are at risk of end-stage renal disease (4). 

Renin-angiotensin is an endocrine system controlling 
blood pressure, blood volume and blood electrolytes. 
Angiotensin converting enzyme (ACE) and angiotensin II 
type 1 receptor (AT1R) are important involving elements 
of this system. Dysfunction of this system is associated 
with a variety of disorders such as hypertension, nephrotic 
syndrome (2,5), preeclampsia (6), polycystic ovary 
syndrome (7) and kidney allograft dysfunction (8,9). 

Several studies have shown that AT1R gene is 
polymorphic. It has been shown that some genotypes of 
such genes are associated with different types of diseases. 
From the viewpoint of population genetics, distribution 
of alleles and genotypes are different among ethnicities 
(10). Response to steroid therapy is considered as a genetic 
associated condition (3). 

Objectives 
According to the genetic role in effectiveness of steroid 
therapy of children with idiopathic nephrotic syndrome, 
we designed this study to investigate the role of AT1R gene 
A1166C polymorphism in such conditions on Iranian 
children. As well, the role of blood pressure and laboratory 
profile were investigated. 

Patients and Methods
Study population
This observational study was conducted as a single center 
genetic association study on Iranian children in Hazarat 
Ali Asghar hospital, Iran University of Medical Sciences, 
Tehran, Iran. A total of 40 children (including 18 steroid 
resistant and 22 steroid sensitive) with idiopathic nephrotic 
syndrome were selected through convenient sampling. 
The patients had been diagnosed through clinical practice 
and confirmed by proteinuria more than 40 mg/m2/h 
(11). Sensitivity or resistance to steroid therapy had been 
investigated based on follow up. 

Laboratory assay
After taking informed consent from the parents, 2 mL of 
peripheral blood was taken from each child. Total DNA 
was extracted through salting out method. Polymerase 
chain reaction (PCR) was used for genotyping AT1R gene 
A1166C polymorphism.

Ethical issues
Tenets of the Helsinki Declaration was regarded. Written 
informed consent was taken from the parents. The ethics 
committee of Iran University of Medical Sciences (thesis# 
20673; M.D thesis of Parisadat Ahmadi) approved the 
study. 

Statistical analysis
Genotypes were compared among the groups by Fisher’s 

exact test. Kolmogorov-Smirnov test was used to evaluate 
normal distribution of numerical data. Numerical data 
among the groups were analyzed by independent t test 
or Wilcoxon rank (Mann Whitney U) test. Two-tailed P 
value was reported using STATA 14 (StataCorp LLC, US) 
at alpha error level of 0.05. 

Results 
For each participant, gender, age of disease onset, age of 
refer at the time of research, familial history, systolic blood 
pressure, diastolic blood pressure, hemoglobin, serum 
creatinine, serum albumin and total cholesterol were 
reported. Moreover, three genotypes of AA, AC and CC 
were reported. The individual participant data are shown 
in Table 1. 

In this study, the association of ATIR gene A1166C 
polymorphism with study groups including steroid 
sensitive and steroid resistant groups was not significant. 
For numerical data, Kolmogorov-Smirnov test showed 
a normality rejection for systolic blood pressure of the 
groups. We found a significant difference of systolic blood 
pressure between the steroid sensitive and the steroid 
resistant groups with more values in the steroid resistant 
group (P= 0.0327; Wilcoxon rank test) (Figure 1). No 
significant result was observed for other numerical data. 

Discussion 
This study had been hypothesized based on the association 
of AT1R gene A1166C polymorphism and sensitivity or 
resistance to steroid therapy in children with idiopathic 
nephrotic syndrome. In contrast to our hypothesis, no 
significant result was observed for this association. Among 
demographic, clinical and para- clinical characteristics 
of the participants, only the association of systolic blood 
pressure was statistically significant in favor of steroid 
resistance. 

In 1990, it was reported that hypertension is a common 
feature of nephrotic syndrome, while it was not related to 
steroid therapy and renal failure (12). There are few studies 
on the association of hypertension and steroid resistance. 
Therefore, the finding of our study can be used as a piece 
of evidence. Among the genetic association studies, most 
of them were related to ACE gene polymorphism. 

Conclusion 
This low power single center study could not show any 
significant association for this polymorphism on Iranian 
population. In other hands, resistance to steroid therapy 
was associated with higher systolic blood pressure. Thus, 
this evaluation should be performed in other populations 
with larger sample size. 

Limitations 
The low power of this study was the main limitation 
to reach a potential significant result of this genetic 
association study. Among the other limitations it can be 
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Table 1. Individual participant data of the study

ID# Disease 
onset (y) Gender Familial 

history
Follow up 

age (y)
Creatinine 

(mg/dL)
Systolic BP 
(mm Hg)

Diastolic BP 
(mm Hg)

Hemoglobin 
(g/dL)

Albumin 
(g/dL)

Cholesterol 
(mg/dL)

Genotype
(A1166C)

SR-1 1.33 M - 5.00 0.72 95.00 78.00 13.40 2.60 305.00 AA

SR-2 2.50 F - 7.58 0.61 111.00 69.00 14.10 1.50 245.00 AC

SR-3 1.25 M - 3.08 0.64 115.00 81.00 14.20 2.50 195.00 AC

SR-4 2.00 F - 5.33 0.58 114.00 60.00 13.90 2.40 420.00 CC

SR-5 3.41 F + 6.00 0.46 120.00 70.00 14.00 1.40 210.00 AA

SR-6 2.50 M - 4.67 0.33 102.00 74.00 13.80 2.50 351.00 AA

SR-7 3.91 M - 7.08 0.51 116.00 59.00 12.30 3.60 368.00 AC

SR-8 1.25 M - 3.00 0.76 100.00 65.00 13.50 2.40 186.00 AC

SR-9 4.08 F - 4.91 0.62 114.00 61.00 14.10 1.60 190.00 AA

SR-10 3.00 F - 6.50 0.59 99.00 75.00 13.90 3.50 310.00 CC

SR-11 2.67 M - 6.50 0.65 94.00 79.00 13.80 1.80 314.00 AA

SR-12 1.91 M - 4.17 0.76 113.00 79.00 12.90 2.10 324.00 AA

SR-13 2.75 F - 8.17 0.37 109.00 60.00 13.80 1.50 311.00 AC

SR-14 1.58 M - 6.41 0.47 115.00 78.00 13.50 2.60 319.00 AC

SR-15 2.75 F + 3.83 0.23 120.00 77.00 14.20 1.70 125.00 AA

SR-16 3.08 M - 3.33 0.66 119.00 63.00 13.70 1.60 351.00 AA

SR-17 1.25 F - 2.83 0.79 132.00 80.00 14.20 1.30 314.00 AC

SR-18 3.67 M - 7.25 0.58 110.00 61.00 14.10 1.90 360.00 AA

SS-1 3.25 F - 7.58 0.68 111.00 91.00 15.80 2.40 375.00 AA

SS-2 2.08 M - 5.41 0.30 82.00 62.00 13.80 1.30 214.00 AA

SS-3 1.91 F - 5.50 0.45 84.00 76.00 15.10 1.90 290.00 AC

SS-4 4.25 F - 6.41 0.49 93.00 82.00 11.40 2.10 235.00 AA

SS-5 2.50 M - 5.50 0.56 110.00 89.00 10.50 2.50 249.00 AA

SS-6 1.91 M - 5.83 0.71 95.00 85.00 11.80 2.50 287.00 AA

SS-7 3.58 F - 4.67 0.42 84.00 83.00 12.50 1.80 352.00 AC

SS-8 2.17 F - 3.67 0.39 116.00 76.00 13.90 1.40 345.00 AC

SS-9 3.25 F - 7.08 0.65 121.00 83.00 14.30 1.60 321.00 AA

SS-10 4.08 F - 4.50 0.48 89.00 65.00 13.20 2.10 256.00 AA

SS-11 1.83 F - 5.17 0.35 95.00 74.00 9.50 2.50 230.00 AA

SS-12 2.33 M - 5.33 0.67 115.00 69.00 12.80 2.40 301.00 AC

SS-13 2.33 M - 6.17 0.49 92.00 79.00 13.40 1.50 295.00 AC

SS-14 3.75 F - 4.91 0.47 84.00 90.00 14.60 1.80 256.00 CC

SS-15 3.67 M - 3.50 0.57 73.00 56.00 13.90 2.60 261.00 AC

SS-16 2.67 F - 7.41 0.36 119.00 57.00 14.80 2.10 201.00 AA

SS-17 4.41 M - 6.91 0.54 106.00 91.00 15.80 2.20 304.00 AC

SS-18 5.08 M - 7.75 0.28 96.00 89.00 14.60 1.70 295.00 AA

SS-19 2.33 M - 7.75 0.75 129.00 77.00 10.20 1.60 305.00 AA

SS-20 4.33 F - 5.83 0.62 102.00 65.00 12.90 1.70 264.00 AA

SS-21 1.91 F - 6.67 0.90 121.00 80.00 13.80 1.10 310.00 AA

SS-22 1.83 M - 6.50 0.41 81.00 63.00 15.10 1.70 245.00 AC

SR: steroid resistant; SS: steroid sensitive; BP: blood pressure; M: male; F: female. 
Each month was considered equal to 0.08 of a year.
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pointed out that, the laboratory data had bias because the 
patients were at different stages of treatment and follow 
up. This study was not cross-sectional and therefore the 
prevalence of steroid resistance was not real. Lack of 
healthy control group was another limitation. 
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Figure 1. Distribution and rank of systolic blood pressure of each 
participants in the two groups. Wilcoxon rank test shows a positive 
significant association (P = 0.0327).
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