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Abstract 

Background: This study is a systematic review and meta‑analysis on published studies about the Global Survival Rate 
of Graft and Patients in the Kidney Transplantation of children.

Methods: Studies that investigated the survival rate of kidney transplants published until the 30th of December 
2020 were selected using a systematic search strategy in the following databases: Medline, Embase, Scopus, ProQuest, 
ISI Web of Science, and Cochrane. The extracted data were entered into the Excel software and STATA 16.0. The search 
identified 6007 study references. From the total, we excluded 1348 duplicates, 3688 reference titles and abstracts that 
were deemed irrelevant, and 846 references that were not original articles (i.e., letter, commentary, review) or did not 
meet the inclusion criteria. As such, 89 studies involving 12,330 participants were included in this meta‑analysis.

Results: In this study 1, 3, 5, 7 and 10‑year survival rates of graft were estimated to be 92, 83, 74.40, 67.10, and 63.50%, 
respectively. Also, 1, 3, 5, 7 and 10‑year survival rates of patients were estimated to be 99.60, 97.30, 95.20, 74.60, and 
97.90%, respectively.

Conclusions: The findings suggest differences in graft and patient survival among children with kidney transplants. 
Although differences in ethnic origin, incompatibility with deceased donor kidneys, and types of kidney disease are 
unavoidable, interventions to improve preventive and living‑donor transplantation are particularly needed in minority 
groups. In addition, more research is needed to establish and address the contribution of medical and sociocultural 
barriers to preferential treatment of these groups.

Keywords: Kidney transplantation, Graft survival, Patient survival, Meta‑analysis

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
The prevalence of ESRD (End Stage Renal Disease) is 
currently increasing as a global health problem in both 
developed and developing countries [1–3]. Chronic 
kidney disease (CKD) is a disease associated with 

irreversible kidney damage that can progress to ESRD 
(end-stage renal disease) [4–8]. ESRD is a destructive 
disorder that is associated with extreme mortality and 
cardiovascular complications, and certain problems 
such as developmental and psychosocial disorders occur 
in children, all of which severely affect quality of life [9, 
10]. Chronic kidney disease (CKD) is a public health 
problem that affects the general population and has 
significantly grown in recent years. Kidney transplanta-
tion is the treatment of choice for children with ESRD 
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[11, 12]. Transplantation also improves survival, growth, 
and health-related quality of life compared to dialysis. 
Due to new immunosuppressant drugs, the incidence of 
transplant rejection has decreased, and transplant suc-
cess has improved. Since children receiving a kidney 
transplant have a longer life expectancy, it is important 
to maximize the transplant function and survival of the 
transplant in this population [13–15]. In the literature, 
the 5-year survival of transplantation is 85% from living 
donors and 78% from deceased donors. Overall survival 
is steadily improving over time [16]. The most common 
causes of ESRD in children are congenital, cystic, and 
inherited diseases, while primary and secondary glo-
merular diseases are the major cause in adolescents [17]. 
A kidney transplant is the transfer of a healthy kidney 
from a compatible donor to the body of another person 
with a nonfunctional kidney and is the most promising 
option for patients with ESRD. The first organ transplant 
was performed in Boston, the USA, on 23/Dec/1954 
with a living donor, and the first kidney transplant in the 
Middle East was performed in Shiraz, Iran, in 1967. The  
main sources of kidney transplantation are live donors 
(related to consanguinity or affinity), unrelated for finan-
cial benefit or altruistic motivation [15, 18]. CKD in 
children presents with clinical characteristics specific 
to their age, such as the impact on growth. Also, some 
of the typical characteristics of pediatric CKD, such as 
the etiology and cardiovascular complications, repre-
sent variables that not only influence the patient’s health 
during childhood but also impact their future adult life. 
Moreover, CKD has an important psychosocial impact 
on the patient and the immediate family [19, 20]. Studies 
show that kidney transplantation improves survival, life 
expectancy, and quality of life compared to dialysis treat-
ment for ESRD patients. The present study is a system-
atic review and meta-analysis on the published studies to 
determine the Global Survival Rate of Graft and Patient 
in Kidney Transplantation of children.

Methods
Search strategy
A comprehensive search was done systematically 
through PubMed, Scopus, Web of Science, ProQuest, 
and Cochrane published documents up to the 30th of 
December 2020. Free text words and medical subject 
heading (MeSH) terms were used. Details of the search 
strategy have been provided in Table S3.

Selection criteria and methods
Two researcehr evaluating the citations and selected 
studies. After removing the duplicates, a screening of 
titles and abstracts was performed. Then, a review of 
the full text. Any discrepancies related to the inclusion 

of studies were resolved through detailed discussion 
between this study’s authors. Only those studies that 
adequately met the inclusion criteria were selected for 
meta-analysis. The bibliographic list of the identified 
studies, and relevant reviews on the subject, were exam-
ined for additional material. For a study to be included in 
the meta-analysis, it should have reported either patient 
or graft survival rates in subjects. Retrospective studies 
or studies using a cohort approach to follow-up of kidney 
transplant recipients were included in the meta-analysis. 
Case reports or review articles were excluded. Studies 
that did not report any results of interest or sample size 
were excluded [21, 22].

Data extraction and quality assessment
Extraction of relevant data from the included studies was 
done independently by two authors using a data extrac-
tion sheet. The following data from the eligible stud-
ies were extracted: the surname of the first author, the 
year in which the study was published, the geographical 
location where the study was done, the sample size, the 
study’s design, and the survival rates. The Newcastle-
Ottawa Quality Assessment Scale adapted for observa-
tional studies was used for quality assessment of included 
studies [23].

Statistical analysis
Statistical analysis was done using STATA version 16.0 
(StataCorp, College Station, TX, USA). The outcomes 
considered were patient survival rates and graft sur-
vival rates. For the patient and graft survival outcomes, 
the reported survival rates were analyzed as follows: (1) 
survival rate at 1 year of transplant; (2) survival rate at 
3-years; (3) survival rate at 5-years; (4) survival rate at 
7-years and (5) survival rate at 10- years. All estimates 
were reported within a 95% confidence interval (CI). The 
heterogeneity of effects was assessed and quantified by 
 I2. Subgroup analysis was done based on the geographi-
cal location. To assess the differences in the accumulation 
of evidence for survival rates, cumulative meta-analyses 
were conducted [22]. Publication bias was not assessed 
with funnel plot because the probability of survival is 
always a positive number between zero and one, and can-
not be negative; therefore, all studies were distributed on 
the right side of the vertical line, and this leads to asym-
metry in the funnel plot which is not related to publica-
tion bias. Therefore, publication bias was only assessed 
using Begg’s test.

Results
Description of studies
The search identified 6007 study references. From the 
total, we excluded 1348 duplicates, 3688 reference titles 
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and abstracts deemed irrelevant, and 846 references that 
were not original articles (i.e., letter, commentary, review) 
or did not meet the inclusion criteria. As such, 89 studies 
involving 12,330 participants were included in this meta-
analysis (Fig. 1).

The characteristics of the included studies are listed in 
Table S1. All studies had a cohort design. Of the 89 stud-
ies included in this meta-analysis, 76 studies reported 
1-year survival of graft, 31 studies reported 3-year sur-
vival of graft, 71 studies reported 5-year survival of 
graft, 11 studies reported 7-year survival of graft, and 
40 studies reported 10-year survival of the graft. Also, of 
the 89 studies included in this meta-analysis, 50 studies 
reported 1-year survival of kidney transplant patients, 
23 studies reported 3-year survival of kidney transplant 
patients, 53 studies reported 5-year survival of kidney 
transplant patients, 4 studies reported 7-year survival 
of kidney transplant patients, and 30 studies reported 

10-year survival of kidney transplant patients. Based on 
geographical location, 37 studies were from Asia, 32 from 
Europe, 15 from North America, 4 from South America, 
and 1 from North Africa. All the included studies were 
non-randomized, and most were retrospective medical 
record-based.

Quality assessment
Overall, 54 studies had a good quality, and 35 of them 
had fair quality. Table S2 presents the findings of the 
quality assessment of included studies.

Pooled evidence for graft survival
Pooled 1‑year survival rate of graft
Of the final articles, 76 studies illustrated 1-year sur-
vival rate of the graft kidney. Based on the random-effect 
model, the study demonstrated that 1-year survival 
rates of the graft kidney were 92% (95% CI, 91.0–92.9) 

Fig. 1 Flowchart of the included eligible studies in systematic review



Page 4 of 15Ghelichi‑Ghojogh et al. BMC Pediatrics          (2022) 22:503 

(Fig. 2). There was no evidence of publication bias (Begg’s 
P = 0.64). Furthermore, the 1-year survival by continents 
in descending order is as follows: Asia 92.1% (95% CI: 
90.4–93.7), North America 91.1% (95% CI: 87.2–95), 
Europe 90.5% (95% CI: 87.9–93.1), North Africa 87.5% 
(95% CI: 76–99) and South America 86.2% (95% CI: 
82.2–90.3) (Table  1). The cumulative meta-analysis of 
1-year survival was also presented in Fig. S1. The results 
showed that with an increasing number of studies in later 
years, graft survival rate is somewhat increased.

Pooled 3‑year survival rate of graft
Of the final articles, 31 studies illustrated the 3-year 
survival rate of the graft kidney. Based on the random-
effect model, the study demonstrated that 3-year survival 
rates of the graft kidney were 83% (95% CI, 79.9–86.0) 
(Fig. 3). There was no evidence of publication bias (Begg’s 
P = 0.99). Furthermore, the 3-year survival by continent 
in descending order was: Asia 83.9% (95% CI: 80.1–87.8), 
Europe 82.1% (95% CI: 73.4–90.8), and North America 
80.7% (95% CI: 72.8–88.6) (Table  1). The cumulative 
meta-analysis of 3-year survival was also presented in 
Fig. S2. The results showed that with an increasing num-
ber of studies in later years, graft survival rate is consid-
erably increased.

Pooled 5‑year survival rate of graft
Of the final articles, 71 studies illustrated the 5-year 
survival rate of the graft kidney. Based on the random-
effect model, the study demonstrated that 5-year survival 
rates of the graft kidney were 78.4% (95% CI, 76.2–80.5) 
(Fig. 4). There was no evidence of publication bias (Begg’s 
P = 0.99). Furthermore, the 5-year survival by continents 
in descending order was: Asia 80.8% (95% CI: 77.8–83.9), 
Europe 78.5% (95% CI: 75–82), South America 73.3% 
(95% CI: 62.8–83.9) and North America 72.2% (95% CI: 
64.8–79.5) (Table  1). The cumulative meta-analysis of 
5-year survival was also presented in Fig. S3. The results 
showed that with an increasing number of studies in later 
years, graft survival rate is considerably increased.

Pooled 7‑year survival rate of graft
Of the final articles, 11 studies illustrated the 7-year sur-
vival rate of the graft kidney. Based on the random-effect 
model, the study demonstrated that 7-year survival rates 
of the graft kidney were 67.1% (95% CI: 59.6–74.6). There 
was no evidence of publication bias (Begg’s P = 0.81). Fur-
thermore, the 7-year survival by continents in descend-
ing order was: Asia 68.1% (95% CI:59.7–76.6), North 
Africa 65.6% (95% CI: 49.2–82.1) and North America 
58.7% (95% CI: 47.5–69.8) (Table 1). Based on a cumula-
tive meta-analysis of 7-year survival, the results showed 

Fig. 2 One‑year survival rate of Graft kidney transplantation in 
children
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that with an increasing number of studies in later years, 
the graft survival rate is somewhat increased.

Pooled 10‑year survival rate of graft
Of the final articles, 40 studies illustrated the 10-year 
survival rate of the graft kidney. Based on the random-
effect model, the study demonstrated that 10-year 
survival rates of the graft kidney were 63.5% (95% CI: 
59.4–67.7) (Fig. 5). There was no evidence of publication 
bias (Begg’s P = 0.90). Furthermore, the 10-year survival 
by continents in descending order was: Asia 64.3% (95% 
CI: 57.5–71.1), Europe 64.2% (95% CI: 58.9–69.5) and 
North America 58.1% (95% CI: 41.7–74.5) (Table 1). The 
cumulative meta-analysis of 10-year survival was also 
presented in Fig. S4. The results showed that the graft 
survival rate somewhat increased with an increasing 
number of studies in later years.

Pooled evidence for patients survival
Pooled 1‑year survival rate of patients
Of the final articles, 50 studies illustrated 1-year sur-
vival rate of patients. Based on the random-effect model, 
the overall pooled patient survival rate at a 1-year post-
transplantation period was 99.6% (95% CI: 99.4–99.8) 
(Fig. 6). There was no evidence of publication bias (Begg’s 
P = 0.99). Furthermore, the 1-year survival by continents 
in descending order was: Asia 99.9% (95% CI:99.7–1.00), 

North America 99.9% (95% CI: 99.7–1.00), Europe 
97.1% (95% CI: 95.8–98.4), North Africa 96.9% (95% CI: 
90.8–1.00) and South America 94.2% (95% CI: 91.3–97) 
(Table 1). The cumulative meta-analysis of 1-year survival 
was also presented in Fig. S5. The results showed that 
with an increasing number of studies in later years, the 
survival rate of patients is somewhat increased.

Pooled 3‑year survival rate of patients
Of the final articles, 23 studies illustrated the 3-year sur-
vival rate of patients. Based on the random-effect model, 
the overall pooled patient survival rate at the 3-year post-
transplantation period was 97.3% (95% CI: 96.5–98.1) 
(Fig. 7). There was no evidence of publication bias (Begg’s 
P = 0.99). Furthermore, the 3-year survival by continents 
in descending order was: North America 99.3% (95% CI: 
98.5–1.00), and Europe 96.3% (95% CI: 92.7–99.8), and 
Asia 89.3% (95% CI:85.2–93.4) (Table 1). The cumulative 
meta-analysis of 3-year survival was also presented in 
Fig. S6. The results showed that with an increasing num-
ber of studies in later years, the survival rate of patients is 
considerably increased.

Pooled 5‑year survival rate of patients
Of the final articles, 53 studies illustrated the 5-year 
survival rate of patients. Based on the random-effect 
model, the overall pooled patient survival rate at the 

Table 1 Findings of the subgroup analysis for patient and graft survival

N (no. of studies); pooled effect size (proportion) with 95% C

North Africa North America Asia Europe South America

Graft Survival
 1‑Year N = 1

87.5% (76–99)
N = 12
91.1% (87.2–95),

N = 35
92.1% (90.4–93.7)

N = 24
90.5% (87.9–93.1)

N = 4
86.2% (82.2–90.3)

 3‑Year N = 0
‑

N = 8
80.7% (72.8–88.6)

N = 16
83.9% (80.1–87.8)

N = 7
82.1% (73.4–90.8)

N = 0
‑

 5‑Year N = 0
‑

N = 11
72.2% (64.8–79.5)

N = 30
80.8% (77.8–83.9)

N = 26
78.5% (75–82)

N = 4
73.3% (62.8–83.9)

 7‑Year N = 1
65.6% (49.2–82.1)

N = 1
58.7% (47.5–69.8)

N = 9
68.1% (59.7–76.6)

N = 0
‑

N = 0
‑

 10‑Year N = 0
‑

N = 4
58.1% (41.7–74.5)

N = 16
64.3% (57.5–71.1)

N = 20
64.2% (58.9–69.5)

N = 0
‑

Patient Survival
 1‑Year N = 1

96.9% (90.8–1.00)
N = 11
99.9% (99.7–1.00)

N = 19
99.9% (99.7–1.00)

N = 16
97.1% (95.8–98.4)

N = 3
94.2% (91.3–97)

 3‑Year N = 0
‑

N = 9
99.3% (98.5–1.00)

N = 8
89.3% (85.2–93.4)

N = 6
96.3% (92.7–99.8)

N = 0
‑

 5‑Year N = 0
‑

N = 12
97.5% (96.5–98.5)

N = 19
94.9% (93.8–96.1)

N = 19
93.9% (92.1–95.6)

N = 3
90.5% (83.5–97.5)

 7‑Year N = 1
84.4% (71.8–97.0)

N = 1
77.3% (67.9–86.8)

N = 2
70.3% (64.4–76.2)

N = 0
‑

N = 0
‑

 10‑Year N = 0
‑

N = 6
88.8% (80.8–96.9)

N = 9
79.1% (71.2–87.0)

N = 15
91.9% (89.9–94.0)

N = 0
‑
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Fig. 3 Three‑year survival rate of Graft kidney transplantation in children
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5-year post-transplantation period was 95.2% (95% 
CI: 94.5–95.9) (Fig.  8). There was no evidence of pub-
lication bias (Begg’s P = 0.46). Furthermore, the 5-year 
survival by continents in descending order was: North 
America 97.5% (95% CI: 96.5–98.5), Asia 94.9% (95% 
CI:93.8–96.1), Europe 93.9% (95% CI: 92.1–95.6), and 
South America 90.5% (95% CI: 83.5–97.5) (Table  1). 
The cumulative meta-analysis of 5-year survival was 
also presented in Fig. S7. The results showed that with 
an increasing number of studies in later years, the sur-
vival rate of patients is somewhat increased.

Pooled 7‑year survival rate of patients
Of the final articles, 4 studies illustrated the 7-year sur-
vival rate of patients. Based on the random-effect model, 
the overall pooled patient survival rate at the 7-year 
post-transplantation period was 74.6% (95% CI: 68.3–
81.0). There was no evidence of publication bias (Begg’s 
P = 0.73). Furthermore, the 7-year survival by continents 
in descending orders was: North Africa 84.4% (95% CI: 
71.8–97.0), North America 77.3% (95% CI: 67.9–86.8) 
and Asia 70.3% (95% CI: 64.4–76.2) (Table 1). Based on 
a cumulative meta-analysis of 7-year survival, the results 
showed that the survival rate of patients is unchanged 
with an increasing number of studies in later years.

Pooled 10‑year survival rate of patients
Of the final articles, 30 studies illustrated the 10-year 
survival rate of patients. Based on the random-effect 
model, the overall pooled patient survival rate at the 
10-year post-transplantation period was 87.9% (95% 
CI: 85.2–90.6) (Fig.  9). There was no evidence of pub-
lication bias (Begg’s P = 0.88). Furthermore, the 10-year 
survival by continents in descending order was: Europe 
91.9% (95% CI: 89.9–94.0), North America 88.8% 
(95% CI: 80.8–96.9), and Asia 79.1% (95% CI: 71.2–
87.0) (Table  1). Based on a cumulative meta-analysis 
of 10-year survival, the results showed that the sur-
vival rate of patients is considerably increased with an 
increasing number of studies in later years.

Discussion
In this study, we investigated the survival of children 
and grafts after kidney transplantation. The results 
of our meta-analysis study show that the survival of 
1-year, 3-year, 5-year, 7-year and 10-year transplants 
are 92, 83, 78.4, 67.1%, and 63.5, respectively. In all, 
one-, three-, five-, seven-, and 10-year graft survival 
is higher in Asia than on any other continent. North 
America has the lowest graft survival, except for 1-year 
of graft survival, whereas South America reports lower.

Fig. 4 Five‑year survival rate of Graft kidney transplantation in 
children
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Fig. 5 Ten‑year survival rate of Graft kidney transplantation in children
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Fig. 6 One‑year survival rate of Patients kidney transplantation in children
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Survival rates of 1, 3, 5, 7 and 10 years after trans-
plantation are 99.6, 97.3, 95.2, 74.6, and 87.9%, respec-
tively. Except for the 1-year survival of patients, which 
is higher in Asia, the rest of the endpoints have a lower 
survival rate, which contrasts with the positive graft 
survival that seems favorable in Asia.

This study of children with ESRD showed that trans-
plant survival and patient survival were not significantly 
different in several geographical areas. In a study by Lid-
wien A. Tjaden et al. [24], Transplant survival rates were 
similar in different racial groups, but in the study, Asian 
patients were 2.5 times more likely to die than white 
patients, which differed from the results of our study. 
This was partly explained by differences in the initial dis-
tribution of kidney disease. However, another study sug-
gests that differences in survival in kidney patients may 
be explained by racial differences [24] .

Studies suggest that black and Hispanic patients have 
less access to kidney transplantation than white peo-
ple, even after adjusting for the individual-level and 

neighborhood-level measures of socioeconomic status 
[24–28]. These differences have been observed even in 
countries with universal access to health care, such as 
Indigenous children in Canada, Australia, New Zealand 
[19, 20, 23], migrant children, adolescents, and young 
people in the Netherlands and Belgium [29–32].

The causes of differences in kidney transplantation 
in children are thought to be multifactorial and may 
be influenced by a complex mix of biological, socio-
economic, and cultural factors. Given the minor dif-
ferences in geographical areas, one of the hypotheses 
could be that primary kidney disease is significantly 
higher in areas with lower survival, which carries a 
considerable risk of disease recurrence and subse-
quent transplant loss. This increased incidence of ESRD 
explains, to some extent, the difference in access to 
transplantation [24, 33–36]. However, we did not have 
the category of primary renal disease information avail-
able to assess graft access accurately. For this reason, 
only the difference in graft access does not fully explain 

Fig. 7 Three‑year survival rate of Patients kidney transplantation in children
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Fig. 8 Five‑year survival rate of patients kidney transplantation in children
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Fig. 9 Ten‑year survival rate of Patients kidney transplantation in children
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all the variations of survival in different geographical 
areas, and extra non-biological factors are also possibly 
involved.

In addition, part of the difference may be due to 
patients’ varied opinions about the transplant. A Dutch 
study looking to accept live donor kidney transplants 
among patients with ESRD recently found other non-
medical factors that led to reduced living-related 
donation and thus longer dialysis time among groups 
identified as a minority. These factors include different 
beliefs and attitudes toward donating due to insufficient 
knowledge and communication in their social network 
and misunderstandings and miscommunication between 
patients and their families [37–40]. Behavioral consid-
erations may point towards differences in access to kid-
ney transplantation and patients’ sociodemographic and 
educational status [37, 41–43]. The patients’ racial back-
ground may also influence the physician’s views on the 
patient’s behavior and the likelihood of successful treat-
ment [44–48].

Our study has several strengths, including comparisons 
between different continents and reporting both graft 
survival and patient survival at 1-year, 3-year, 5-year, 
7-year, and 10-year. However, there are limitations. First, 
we did not have detailed information on patients from 
minority groups and races, so it is suggested that data 
collection on the racial background and socioeconomic 
status should be strongly encouraged in the records to 
investigate identified differences further. Also, we did not 
have comprehensive clinical information and socioeco-
nomic status data for a sufficient number of patients. As a 
result, we could not separate biological effects other than 
primary kidney disease (e.g., blood type and genotype) 
from socioeconomic and racial backgrounds.

Conclusion
In conclusion, The findings suggest differences in graft 
and patient survival among children with kidney trans-
plants. Perhaps well-known biological aspects related to 
racial backgrounds, such as primary kidney disease, can 
only partially explain this difference, and other biological 
and social aspects of the environment may be involved. 
Complex interactions between biological and social envi-
ronments require further study to guide targeted inter-
ventions to reduce this disparity across racial subgroups. 
Although differences in ethnic origin, incompatibility 
with deceased donor kidneys, and types of kidney disease 
are unavoidable, interventions to improve preventive and 
living-donor transplantation are particularly needed in 
minority groups. In addition, more research is needed 
to identify and address the contribution of medical and 

socio-cultural barriers to preferential treatment among 
specific groups.
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