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Genetic and CKD



Introduction

Results from a joint survey by the leading kidney societies : ASN , ISN , and ERA 

850 million people 

11-16% of general population

both genetic and environmental 
contributions

Aging population structure 
increased prevalence of D.M, 

HTN , and obesity. 



Rationale for Genetic Studies in Kidney Disease

Differing prevalence rate
across ethnic groups 

Stacey E. Jolly. CJASN,2011

The progression of CKD 
varies among individuals 
despite similar etiologies

Familial clustering 



Heritability of CKD 

Ning Shang, NPJ, 2021 . 

large case-control dataset of 
2623 pedigrees



-Continued

Mary Hannan, CJASN , 2021

more than 5000 adults with 
CKD. Over the past 10 years



Whole genome-exon



Monogenic / Polygenic Pattern

18 % MENDELIAN DISEASE 

EXOME
more than 600 genes

10 –15 % cases of CKD in adults The genetic contribution to CKD is polygenic, meaning that SNPs in many genes need to 
be combined to form an effective genetic risk profile to help identify CKD patients with 
rapid deterioration of kidney function  and to identify pre symptomatic individuals who 

are at higher risk of progressing to CKD

Monogenic pattern Polygenic pattern



-continued

Low penetrance     
risk alleles

Genetic causality in CKD

Genotype-phenotype correlation

Monogenic disorders

Conceptually, Mendelian and common complex diseases fall at opposite ends of a spectrum. On one end of this spectrum, there are very 
rare but very highly penetrant genetic variants in a single gene. The genotype-to-phenotype relationship is strong. Whereas on the other 
end, there are very common variants at multiple loci in the genome with more subtle effects on phenotype. 



Characteristics of monogenic versus complex genetic 
disease
MONOGENIC 
(MENEDELIAN )

POLYGENIC    

NUMBER OF VARIANCE RESPONSIBLE IN ONE PARTICULAR GENE ONLY IN MULTIPLE GENES AT THE SAME 
TIME

ALLELE EFFECT LARGE INDIVIDUALLY SMALL

INHERITANCE RECESSIVE OR DOMINANT POLYGENIC
(NON-MENDELIAN)

EFFECT OF ENVIRONMENT SMALL/NONE LARGE 

Penetrance High Low

DISEASE RARE COMMON



Genetic architecture of CKD : 
spectrum of allele frequency and effect size



-Continued

common variants in UMOD are among the strongest 
contributors in CKD, whereas rare variants can cause severe 
Mendelian phenotypes

In some instances, genes in which rare, highly penetrant 
variants cause Mendelian disease, also harbor more 
common variation that contribute to CKD. 



Genetic Studies in CKD

Markku laasko,Nutrients 2022

NGS approaches 



Overview of steps for conducting GWAS

GWASs typically genotype millions of SNPs 
across many genomes to find those 

statistically associated with a specific trait (for 
example eGFR, albuminuria) or disease

GWAS aim to identify associations of 
genotypes with phenotypes by testing for 

differences in the allele frequency of genetic 
variants between individuals who are 

ancestrally similar but differ phenotypically. 
GWAS typically report blocks of correlated 
SNPs that all show a statistically significant 

association with the trait of interest, known as 
genomic risk loci. 



GWAS for kidney function 

Polygenic 
inheritance 

of CKD

Gene encoding apolipoprotein L1 Gene encoding Protein shroom3

Gene encoding Renin binding protein

Tamm–Horsfall protein (THP) 
or uromodulin protein

Gene encoding pre-angiotensinogen



In this study , the association between RAAS variants and CKD progression was examined among 
3000 participants. 1523 white and 1490 black subjects were genotyped for 490 SNP in 12 RAAS 
genes Between 2003 and 2008

They identified strong gene- and pathway-based associations with CKD progression. 

CKD progression phenotypes included decline in eGFR over time and the 
occurrence of a renal disease event, defined as incident ESRD or a doubling 

of the serum creatinine level from baseline 



Gene-based associations of RAAS variants and renal event among CRIC study participants

Tanika N, N D T (2015) 

A total of 1523 white and 1490 black subjects 
were genotyped for 490 SNPs in 12 RAAS genes 

The AGT and RENBP genes
were consistently associated 
with risk of renal events in 
separate analyses of white 
and black participants (both 
P < 1.00 × 10−6 ).



-Continued



they examined the effects of APOL1  variants on CKD progression 



Role of APOL1 risk variants on progression of CKD

Afshin Parsa, n engl j med , 2013 

Patients with 2 copies of the APOL1 risk variants were about twice as likely to progress to the composite renal outcome ( ESRD or a decline in the eGFR of at least 50% from baseline)  as was 
the reference group

from2003 through 2008, a total of 3288 
black patients and white patients with an 
eGFR of 20 to 70 ml/min were enrolled

hazard ratio, 2.03 P<0.001



APOL1 locus

Another GWAS pedigree-based analyses in 2021, showed a 
genome-wide significant signal at the known APOL1 locus 
(rs2016708, OR = 1.64, 95% CI: 1.41–1.92, P = 2.9 × 10−10) 
among African ancestry

Ning Shang, NPJ, 2021 



Uromodulin locus

In this GWAS pedigree-based 

analyses , They also detected a 

genome-wide significant signal at 
the UMOD locus (rs28544423, 
OR = 1.16, 95% CI: 1.10–1.22, P = 
1.2 × 10−8 ), a known GWAS risk 
locus in Europeans

Ning Shang, NPJ, 2021 

UMOD is the most abundant 
protein found in urine and has 
emerged as a promising 
biomarker of tubule health



SHROOM3, the gene associated
with CKD in Asians

Ryo Matsuura. Scientific reports, 2020

They identified a 
greater number of 
tag variants related 
to shroom family 
member 3

a total of 41,830 subjects

Protein shroom3 is a 
protein that is 

encoded by the 
SHROOM3 gene



Genome-wide polygenic score to predict CKD

Is the existing knowledge on 
polygenic contributions to 

kidney function sufficient to 
build a clinical risk predictor 
for moderate-to-advanced 

CKD across diverse ancestral 

groups ?

Genome-wide 
polygenic score 

GWAS enable the calculation of PGSs. PGSs aggregate the effects of many genetic variants into a single number and 

permit a straightforward investigation of the association between a genetic predisposition with a given outcome. 



This study generated and optimized a polygenic score for CKD across 15 cohorts of different ancestries



Genome-wide polygenic score(GPS)
across ancestries

.

Atlas Khan. Nat Med, 2023

The X-axis depicts odds 
ratio of CKD, the Y-axis 
depicts testing cohort 
meta-analysis by ancestry 
.The effect estimates and 
95% confidence intervals) 
are provided for the top 
5%), top 2% top 1%

GPS in 15 independent 
and ancestrally diverse 

case-control cohorts 
top 2% conveyed 

approximately 3-fold 
increase in the disease risk 

across all ancestries. 



Conclusion

1- CKD may not represent a single phenotype but rather a collection of 
genetically and phenotypically heterogeneous diseases encompassing 
multiple Mendelian subtypes, as well as disorders of more complex genetic 
determination. 

2- GWAS can identify CKD patients with rapid deterioration of kidney 
function and can identify pre- symptomatic individuals who are at higher 
risk of progressing to CKD.



SNPs



Slide 1 

CKD has become a serious public health problem because of its associated 
morbidity, premature mortality, and attendant healthcare costs. The rising 
number of persons with CKD is linked with the aging population structure 
and an increased prevalence of diabetes, hypertension, and obesity. CKD 
can be caused by systemic or primary renal diseases.. The cause of CKD 
remains unexplained in approximately 20% of patients. Retrospective 
studies indicate that there are genetic causes in 10%–50% of patients with 
unexplained CKD.



Slide 2
There is an inherited risk associated with developing CKD, as evidenced by familial clustering and 
differing prevalence rates across ethnic groups. Approximately, 30% of patients with CKD report a 
positive family history of kidney disease . In addition, African-Americans, Hispanics, Native Americans, 
and people of South Asian origin have a higher risk of CKD

Diabetes and hypertension are major risk factors, but do not account for all of the risk. Therefore, in many 
cases a hereditary origin for the disease should be considered

As you know, CKD frequently worsens in severity over time. but,  declines in renal function can vary 
substantially between individuals despite similar etiologies, optimal BP and BS control. It seems many 
genetic risk factors can contribute to the CKD progression 

,

Skrunes R. Clin J Am Soc Nephrol 2014

Groopman EE. N Engl J Med 2019



✓Slide3
At first I want to explain a little about Heritability of CKD. As you Know, Clinical factors account for less than one half of the observed variability

Heritability measures the fraction of phenotype variability that can be attributed to genetic variation. This  study that was done in 2021 , is the largest and most comprehensive 
pedigree-based analysis of heritability for kidney function, albuminuria, and CKD presently

And strongly supported significant genetic contributions to renal function .Based on 2623 pedigrees with adequate phenotype data, they estimated the overall observational 
heritability of eGFR at 0.214 (95% CI: 0.142–0.286, P = 4.3 × 10−5) and as you see,  and was increased with kidney function deterioration 

They also found that heritability was higher for African Americans when compared to other ancestral groups

In addition , observational heritability was  increased  in higher degrees of albuminuria 



✓Slide 3

✓In this slide you can see risk factors associated with CKD progression in the CRIC 
Study

✓CRIC Study is an ongoing, multicenter, longitudinal study of more than 5000 adults with CKD. Over 
the past 10 years, the CRIC Study reported factors associated with CKD progression and found that 
genetic components contribute to this complex heterogeneous disease



✓Slide 5

This is human nuclear genome. less than 2% of the entire human genome encodes proteins referred to as the exome. Of the human exome , 
18 % is associated with monogenic diseases with a mendelian inheritance. From these genes ( Mendeliome),  about 600 are currently 
associated with kidney disease.  

Exons refer to the coding portions of DNA. And introns refer to non-coding sequences found in DNA

High heritability of CKD is attributed to both monogenic and polygenic causes. Monogenic diseases are very important cause of CKD. They 
account for 10–15% of the prevalence of ESRD in adults. SNP is a genomic variant at a single base position in the DNA.

On the other hand , CKD as a Complex or multifactorial disease have a polygenic inheritance.

, meaning that SNPs in many genes need to be combined to form an effective genetic risk profile. This profile can identify CKD patients who 
their kidney function were rapidly deteriorated  and  help to identify pre symptomatic individuals who are at higher risk of progressing to 
CKD . 

Therefore, In addition to genetic causality of renal disease, genetic factors have a role in determining kidney function, the
risk of, severity and progression of kidney disease



Monogenic kidney disease is caused by rare pathogenic variants in a single gene . and 
environmental factors have limited influence

On the other hand , CKD have a polygenic inheritance and depend on the interactions 
between multiple genetic variants and environmental factors. They lack simple patterns 
of inheritance (e.g., dominant, recessive, or sex-linked) . 

As you see, genetic risk variants for kidney diseases occur on a spectrum from rare 
variants with large effects to common variants with small effects, and many diseases do 
not fit neatly into either category and are influenced by the aggregate effect of many 
common genetic variants in multiple genomic regions, as well as environmental factors.



.

When we want to consider the cause of kidney disease , we can approach by MPS techniques (previously referred to 
as NGS)

There are 3 NGS approaches: targeted panel sequencing, WES, WGS

In TGP, only coding portions of a specific  set of genes are targeted but WES captures all coding sequences in the 
genome, and WGS covers nearly all regions of the genome.

When we want to detect genetic risk factors associated with common, complex diseases such as CKD, we have to do 
GWASs . 



The number of genes that have been implicated in human kidney diseases 
or variation in kidney function is very large and Many genetic loci have 
been associated with CKD based on GWAS 

Unfortunately, these studies involved predominantly European cohorts. The 
latest study involved 765,348 participants. but more than 70% of which 
were European

Anyway ,The APOL1 , uromodulin , AGT and RENBP genes were strongly 
associated with CKD progression .

Recently , association of Shroom 3 gene with kidney function in the Asian 
population has been reported. 



✓ Genetic variants in APOL1 are relatively common among individuals of African ancestry. Approximately 13% of Africans  carry two APOL1 risk 
alleles .these alleles are a frequent cause of kidney disease 

. they evaluated 2955 white patients and black patients with CKD(46% of whom had diabetes) according to whether they 
had 2 copies of high-risk APOL1 variants (APOL1 high-risk group) or 0 or 1 copy (APOL1 low-risk group)

The primary outcome was defined as a doubling of the serumcreatinine level from baseline or incident ESRD



✓ given that earlier analyses were conducted in Western populations, it remains unknown which genetic loci are associated with kidney function in 
the Asians population. This GWAS using the Biobank Japan dataset by excluding secondary kidney diseases, examined the effects of common 
genetic variants on CKD progression. Although, GWAS identified several genetic loci associated with indices of kidney function , However, most 

of these studies included D.M in their analyses, but this study exclude diabetes to find more primary genetic factors responsible for kidney 
function decline

✓ They showed that half of the top 50 SNPs associated with eGFR are located in the SHROOM3 gene, suggesting that SHROOM3 will be 
responsible for kidney function , with rs142647267 shown to be the most significant



Genome-wide polygenic score to predict CKD across ancestries

✓ this study developed a GPS for CKD that predicts CKD across four ancestry groups

✓ By combining APOL1 risk genotypes with GWAS for kidney function,  this study  designed a GPS for CKD that  
was tested in 15 independent cohorts, including

✓ 3 cohorts of European ancestry (total N=97,050), 6 cohorts of African ancestry (total N=14,544),

✓ 4 cohorts of Asian ancestry (total N=8,625), and 2 admixed Latinx cohorts (total N=3,625).

✓ This study revealed significant associations between a polygenic predisposition to lower eGFR , KF, and death 
among persons with moderate CKD, emphasizing the importance of genetic background even after disease onset.

✓



✓ The CRIC Study is a multicenter, prospective study of racially and ethnically diverse patients with CKD. Although the original 
aims of the study were to identify novel predictors of CKD progression among nearly 4000 individuals with CKD, the CRIC 
Study has evolved into a national resource for investigation of a broad spectrum of CKD-related topics. The study enrolled adults 
aged 21 to 74 years with a broad spectrum of renal disease severity

✓ The primary renal outcome measure was reduction in estimated GFR. Renal events were defined as the need for RRT, an 
estimated halving of GFR, and/or a 25 ml/min per 1.73 m2 decline in GFR from baseline

✓ The study enrolled participants with CKD aged 21 to 74 years.

✓ The cohort is racially and ethnically diverse with 1638 (45%) non-Hispanic white patients, 1651 (46%) non-Hispanic 
black/African American patients, 169 (5%) Hispanic patients, and 154 (4%) Asian/Pacific Islander/Native American patients.

✓ strongly support the hypothesis that the presence of high-risk variants of APOL1 accelerates CKD progression in blacks with 
CKD, regardless of the cause of the underlying kidney disease


