
1. Introduction
Chronic kidney disease (CKD) is one of the fastest growing 
chronic diseases, and today it is a major health problem 
worldwide [1]. According to the Global Burden of Disease 
Study (2010), CKD shifted from the 36th leading cause of 
death in 1990 to the 19th leading cause in 2013 [2]. The care 
associated with advanced stages of CKD impose staggering 
costs upon healthcare systems, even in advanced countries. 
For example, in the United States, 6.3% of the annual Medi-
care budget is spent on care for CKD patients [3]. Over 500 
million people around the world suffer from CKD, with 
more than 80% of them living in developing countries [4]. 
There is no precise information about the global prevalence 
of CKD in children; however, studies show that in Europe, 
there are 11 to 12 cases per million of age-related popu-
lation (pmarp) [5, 6]. CKD in children is associated with 
cardiovascular complications, and the identification of the 
causes, especially in children, help improve treatment and 

prevent progression of the disease [7]. The causes of CKD in 
children are very different from those in adults [5, 8].

According to North American Pediatric Renal Trials 
and Collaborative Studies (NAPRTCS) and Europe, the 
most common causes of CKD are congenital anomalies 
of the kidney and urinary tract (CAKUT) (48–58%) and 
hereditary nephropathy (10–19%) [6, 9, 10]. Due to the 
absence of valid registries in Asian countries, obtaining a 
precise determination of the causes is difficult, but indi-
vidual studies have shown that the most common cause 
in countries including Turkey and Kuwait include CAKUT 
(47–62%) and obstructive uropathy following hereditary 
nephropathy (17–30%) [11, 12]. However, in India, glo-
merulonephritis is the most common cause of CKD [13].

The causes of CKD have differed across individual stud-
ies conducted in Iran [14–16]. There is no comprehen-
sive evidence for the exact share of each cause in Iran. 
Unfortunately, unlike adults, very few epidemiological 
studies have been performed on a population of children 
[5, 17]. As the causes of disease can affect treatment pro-
cedures, their early identification in CKD in children helps 
in the better management of the disease, early detection 
of preventable and non-preventable causes, better predic-
tion of prognosis and consultation with afflicted children 
and their families, prevention of progression of the disease 
causes, and a reduction in cardiovascular complications 
resulting in diminished patient mortality. Furthermore, 
identifying the causes leads to better management of 
symptoms by families and will assist health policymakers 
reduce the costs incurred to the health system of Iran (as 
a developing country), where a large portion of the health 
system resources is allocated to chronic diseases, such as 
CKD. This study aimed to identify the causes of CKD in 
Iranian children as an understudied population.
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2. Methods
2.1. Eligibility Criteria
The protocol has been published (PROSPERO: 
CRD42018087316), and the methods adopted for this 
systematic review were developed in accordance with 
the Cochrane Handbook for Systematic Reviews and 
reported using the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) tool [18]. Obser-
vational studies conducted on children populations in 
different CKD stages (1–5) living in Iran were included. 
Outcomes as reported in the studies were collected. The 
minimum required sample size was 25 patients in every 
study. The causes of CKD measured in the current study 
were defined according to the KDOQI criteria as different 
categories, such as glomerulonephritis, congenital anom-
alies of the kidney and urinary tract (CAKUT), urological 
disorders, urinary calculi, and unknown [19].

2.2. Search strategy
International (PubMed, Google scholar, Web of science 
and Scopus) and national (SID and Magiran) databases 
and a key national journal (Iranian Journal of Kidney Dis-
eases) were searched for relevant studies without settings 
and language limits from launching to 30 December 2017. 
The MEDLINE search strategy was adopted to search other 
databases. The specific search strategies were created by 
a health sciences librarian with expertise in systematic 
review according to the PRESS standard [20]. Boolean 
operators (AND, OR, and NOT), Medical Subject Head-
ings (MeSH), truncation “*” and related text words were 
used for searching in titles and abstracts. Keywords used 
were “Causes” OR “kidney disease” OR “kidney failure” OR 
“kidney insufficiency” OR “renal disease” OR “renal failure” 
OR “renal insufficiency” OR “chronic kidney disease” OR 
“CKD” OR “children” OR “pediatrics” OR “Iran.”

2.3. Selection of studies and data extraction
In accordance with the study protocol, two researchers 
independently screened titles and abstracts related to 
the eligibility criteria. In the next step, duplicated studies 
were removed, full texts were screened for eligibility crite-
ria, and the required information was extracted. The con-
sensus method was used to solve controversies between 
the two researchers. Extracted data items included first 
author (year), province, design, stage of CKD, setting, 
sample size, sampling method, study duration, risk of 
bias, patient age, patient gender, and causes of CKD in 
children.

2.4. Quality assessment
To assess the methodological quality and risk of bias of 
each included observational study, all studies were evalu-
ated using the tool introduced by Hoy et al. This 10-item 
tool evaluated the quality of studies in the two dimensions 
of external validity (items 1–4 assessed target population, 
sampling frame, sampling method, and minimal nonre-
sponse bias) and internal validity (items 5–9 assessed data 
collection method, case definition, study instrument, and 
mode of data collection; item 10 assessed bias related to 
analysis). Risk of bias was evaluated by two researchers 

independently; Disagreements were resolved through the 
consensus method.

2.5. Data synthesis
All eligible studies were included in the synthesis after 
a systematic review. Data was combined with the for-
est plot. The causes of CKD in children were evaluated 
by the random-effects model. The heterogeneity of the 
 preliminary studies was evaluated with I2 tests and uni-
variate meta regression model. Sub-group analysis was 
conducted to determine heterogeneity based on the 
study gender, age and community location (rural/urban). 
Meta-analysis was performed using STATA 14 (StataCorp, 
Texas, USA)  statistical software.

3. Results
3.1. Overall results
3.1.1. Study selection
A total of 2,117 articles from the initial searches were 
retrieved from various databases. Out of 801 non-dupli-
cate studies in the title and abstract screening process, 
778 studies were omitted due to lack of relevance. Of the 
remaining 23 studies, 13 met the eligibility criteria. Of 10 
excluded studies, three were reviews, one was a letter to 
the editor, three were conducted on acute renal failure 
patients, one had no full text available, and two did not 
meet the minimum quality requirements for inclusion in 
the study (Figure 1).

3.1.2. Study characteristics
The studies included in this review were conducted on a 
total of 3,596 Iranian children. The ages of participants 
ranged from 1 to 17 years. Of the 13 included studies, 
5 were cross-sectional and 7 were retrospective studies. 
There were 13 studies obtained from 7 provinces: 4 from 
Tehran [14, 21–23], 2 from Fars [16, 24], 2 from Isfahan 
[25, 26], and 2 from East Azerbaijan [27, 28]. One study 
was conducted in each of the provinces of Khuzestan [29], 
Khorasan Razavi [15], and Mazandaran [30]. The sampling 
method used in all studies was census. Most studies (9) 
had a low risk of bias [14, 15, 21–23, 25, 26, 28–30]. The 
setting in most of the studies (12) was a hospital. Study 
duration ranged from 1 to 24 years. CKD stages in most 
studies (11) were stages 1–4 (Table 1).

3.1.3. Causes of chronic kidney diseases in children
This meta-analysis was done on 13 studies conducted 
on 3,596 Iranian children. Based on the results of the 
random effect method, the main causes of CKD were 
CAKUT, urological disorders, and glomerulonephritis, 
with pooled effect sizes of 38.40% (I2 = 99.33%), 22.28% 
(I2 = 97.84%), and 18.21% (I2 = 96.39%), respectively. In 
the sub-group analysis based on stages of CKD, the results 
showed in stages 1–4, CAKUT was the more prevalent 
cause of CKD and in stage 5 (ESRD), it was glomerulone-
phritis. The prevalence of an unknown cause in Stage 1–4 
of CKD was more than twice that of the stage 5 (ESRD) 
(Table 2).

Overall prevalence of CAKUT was 37.32% (95% CI: 
21.38, 53.25; I2 = 99.35%) (Figure 2) and of urological 
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disorders was 27.38% (95% CI: 13.90, 40.86; I2 = 98.22%) 
(Figures 2 and 3).

3.1.4. Meta-regression
The results of univariate meta-regression analyses showed 
that participant’s mean age, gender (male-to-female ratio), 
and year of publication did not contribute significantly 
to the heterogeneity of CAKUT and glomerulonephritis 
(p-value > 0.05) (Figure 4).

4. Discussion
4.1. Causes of CKD among children
This systematic review of publications through 30 
 December 2017 aimed to determine the causes of CKD in 
Iranian children. A total of 13 studies conducted on a total 
of 3,596 Iranian children were included in the meta-analy-
sis. The overall main causes were CAKUT (38.4%), urologi-
cal disorders (22.28%), and glomerulonephritis (14%). The 
results of sub-group analysis of stages 1–4 (CKD) and stage 
5 (ESRD) showed that the main causes in stages 1–4 of 
CKD were CAKUT (37%) and glomerulonephritis (19.96%).

Due to a shortage of information on the CKD epidemi-
ology in children, no study was found that examined the 
causes of CKD in children around the world through a 
meta-analysis. Registry-based studies have indicated that 
the most common causes of CKD in the U.S. were CAKUT 
(48%), miscellaneous (21%), and glomerulonephritis 
(14%) (US) [9]; in Italy, they were CAKUT (58%), hereditary 
nephropathy (15%), and miscellaneous (10%) [6]; and in 
Belgium, they were CAKUT (59%), hereditary nephropa-
thy (19%), and cystic kidney disease (9%) [10]. As with 
the present study, all other studies identified CAKUT as 
the most important cause of CKD in children around the 
world. Other important causes in Iran were included: 

glomerulonephritis and hereditary nephropathy, which 
indeed have been placed in the classification of CAKUT in 
the present study and are considered important causes of 
CKD in children.

Causes of CKD in different regions of Iran were differ-
ent, which may be due to different levels of health liter-
acy among the people in the studies. The most common 
cause of CKD was CAKUT, which showed genetic diseases, 
including hereditary diseases and congenital malforma-
tions, are an important cause of the high incidence of CKD 
among Iranian children. Another important cause of the 
high incidence of CAKUT is the lateness of visits and refer-
rals to the nephrologist due to latent CKD progress and 
high rates of consanguineous marriage [26, 31].

Unlike the present study, CKD in children in Italy and 
Belgium had miscellaneous causes [6, 10]. Furthermore, 
the prevalence of each cause differed from country to 
country, suggesting a difference in the pattern of causes of 
CKD across different countries. In the East Mediterranean 
Region, such as Turkey, CAKUT is again the most impor-
tant cause of CKD in children, confirming the results of 
the present study, but due to some differences between 
Iran and Turkey, we should interpret them with caution 
[12]. Although the general pattern is the same across 
various countries, the prevalence of each cause is differ-
ent. In this regard, the prevalence of CAKUT in American 
and European countries [6, 10] was 48–59%, but in the 
present study, the prevalence of congenital causes and 
CAKUT was around 37%. The prevalence of causes lead-
ing to nephropathy, including glomerulonephritis and 
hereditary causes, in European countries and the U.S. was 
10–14% [6, 9, 10]. However, in the present study, the prev-
alence of glomerulonephritis was 19.96%, which may be 
due to the methodology of the studies, including the place 

Figure 1: Flowchart of study selection process.
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where the research was conducted, sample size, sampling 
method, or the socioeconomic causes of health status, 
including a poor level of knowledge about CKD among 
the parents of children, less access to health services, and 
delayed referral to a nephrologist. The high prevalence of 
glomerulonephritis could suggest a greater prevalence of 
viral and bacterial infections in developing countries, such 
as Iran [32–34].

The results also revealed that in the ESRD group 
(stage 5), the most common causes of CKD were CAKUT 
(40.82%) and urological disorders (27.44%). Studies have 
indicated that the causes of CKD prevalence in children 
in the ESRD stage in Australia and New Zealand include 
CAKUT (34%) and glomerulonephritis (29%) [35], CAKUT 
(36%) and hereditary nephropathy (22%) in Europe [36], 
CAKUT (43%) and glomerulonephritis (18%) in England 
[37], and CAKUT (36%) and glomerulonephritis (22%) in 
Asian countries, including Japan [38]. As with the present 
study, CAKUT was identified by other studies as the most 
common cause of CKD in children at the ESRD stage. The 
prevalence of CAKUT is higher in Iran than in other Asian 
counties, such as Japan, which may suggest a higher rate 
of genetic diseases, late diagnosis of pediatric diseases, 
and poorer health conditions in Iranian children com-
pared to Japanese children.

4.2. Limitations
The limitations of the present study were different clas-
sifications of CKD causes in some included studies, a lack 
of information in some studies where the authors were 
contacted, and the design type of studies, most of which 
were retrospective. Another limitation was the scope of 
the studies, which were performed in only 7 provinces 
(from a total of 31 provinces). One limitation was the tar-
get population; we included studies conducted on Iran as 
the study aim, but it was better for determining the CKD 
causes in the Middle East and children around the globe. 
The most important limitation of the present study was 
a majority of the studies were conducted in hospital set-
tings, which may affect the generalizability of results. It 
seems due to the lack of a national screening program for 
early detection of CKD, a lack of community-based CKD 
related research and necessary required infrastructure, 
and the low number of community-based research cent-
ers in Iran, despite a lot of progress in national medical 
research toward general population health concerns in 
the last decade, the main focus of research is on hospital-
ized patients. The planning and implementation of pro-
grams related to early detection of CKD in children can 
lead to prevention and the minimization of costs for man-
aging ESRD in child patients.

Figure 2: Prevalence of CAKUT in Iranian children.

Figure 3: Prevalence of urological disorders in Iranian children.
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4.3. Strengths
To the best of the authors’ knowledge, the current study is 
the first systematic review and meta-analysis on this sub-
ject conducted in Iran. Moreover, considering the shortage 
of epidemiological studies related to CKD causes around 
the world, this study can be used as sample evidence in 
the region. The report of the causes given the stage of CKD 
was another strength of this study.

5. Conclusion
This systematic review and meta-analysis showed that, 
as with the global pattern, the most important causes 
of CKD in Iranian children include CAKUT, urological 
disorders, and glomerulonephritis; the prevalence of 
these causes, however, is greater among Iranian chil-
dren, suggesting the importance of paying attention 
to early screenings in the pre-natal period and early 
and timely screenings at birth for early detection and 
management of CKD during childhood. In addition, 
considering the high prevalence of glomerulonephri-
tis and urinary problems in Iran, the use of a multi-
dimensional approach can be effective in enhancing 
the knowledge of patients about the causes of kidney 
diseases. The results obtained from the present study 
can assist policymakers in more accurately planning 
screenings of CKD causes in Iranian children. Due to the 
majority of included studies that were hospital based, 
we should use the results with caution. Regarding the 
limited number of provinces involved in the studies, 
conducting further research emphasizing the inclusion 
of all provinces can contribute to a better understand-
ing and more accurate detection of the causes of CKD 
in children.
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