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Abstract

Object: To study whether psoriasis has a causal effect on the risk of chronic kidney disease (CKD) using two-sample Mendelian 
randomization (MR) analysis. 

Methods: We selected single nucleotide polymorphisms (SNPs) as genetic instrumental variables (IVs) from a genome-wide 
association study (GWAS) study of psoriasis. Summary data from the largest GWAS meta-analysis of kidney function was utilized as 
the outcome dataset. Inverse-variance weighted (IVW) was selected to severe as the primary approach of analysis. 

Results: We did not find MR association between genetically determined psoriasis and CKD (OR: 0.996; 95% CI: 0.960-1.033; 
P=0.820), eGFR (OR: 1.000; 95% CI: 0.997-1.001; P=0.244), and BUN (OR: 0.998; 95% CI: 0.994-1.001; P=0.225).

Conclusion: Our MR results showed that no genetic evidence of a causal relationship between psoriasis and CKD risk.
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Introduction
Chronic kidney disease (CKD) is distinguished by abnormal mi-

crostructures and functioning of the renal due to a variety of rea-
sons for more than 3 months, including evidence as follows: Mini-
mum of one kidney damage marker including albuminuria is found 
and (or) a decline in estimated glomerular filtration rate (eGFR) 
drops to less than 6 0mL/min·1.73m2 [1,2]. Renal function contin-
ues to decline as CKD progresses, and patients who have reached 
the end-stage renal disease (ESRD) often require replacement kid-
ney treatment [3,4]. Studies show that the incidence of people with 
CKD is increasing at an alarming rate every year and has developed 
into an immense public health problem around the world [1,5]. It  

 
is estimated that 11-14% population throughout the world are suf-
fering from CKD, representing approximately 700million patients 
[2,6,7]. Worryingly, the mortality rate is particularly high for peo-
ple with CKD. It is estimated that CKD, which is a crucial cause of 
both chronic renal failure and uremia, contributes to the deaths of 
1.2million people every year [8]. In addition, the number of deaths 
caused by CKD is significantly rising at a pace that is just next to HIV 
infection [1]. It is anticipated that CKD would move up to the fifth 
spot on the list of main causes of death around the world within 
the next 20 years [9]. Due to the fact that the pathophysiology of 
CKD is extremely convoluted and remains to be discovered, there 
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is a severe lack of effective medical treatment for delaying the de-
velopment of CKD and avoiding harmful effects [10]. Therefore, it 
is essential to do research on the causes of CKD for develop more 
effective strategies for avoiding the development of the condition.

Previous researches have revealed a number of traditional risk 
factors that related to CKD, including diabetes, hypertension, and 
glomerulonephritis [1]. Among those factors, the potential role of 
psoriasis related inflammation in the increased risk of CKD has 
aroused interest of researchers [11]. Psoriasis is a chronic skin con-
dition related to the immune system that is defined by the forma-
tion of well-defined red areas on the skin covered with scales [12] 
and is often accompanied by comorbidities such as hypertension, 
diabetes mellitus [13]. Over 60 million people throughout the world 
suffer from psoriasis [14]. Numbers of researches indicate that pso-
riasis has an important part in the development and progression of 
other several conditions, such as cardiovascular disease, lung can-
cer, and inflammatory bowel disease [15-17], and has gradually be-
come a research focus on the occurrence and development of CKD. 
Numerous researches have revealed that patients who suffer from 
psoriasis have a greater rate of CKD morbidity than those in gen-
eral [18,19]. According to the research results of a meta-analysis 
included four retrospective cohort studies, psoriasis was found to 
be linked to a considerably elevated risk of CKD [20]. A similar re-
cent meta-analysis reached the same conclusion [21]. Nonetheless, 
it is challenging to ascertain whether causal link exists on the basis 
of observational association alone. Furthermore, the reason of the 
elevated risk of CKD in those suffering from psoriasis is still unclear. 
Although psoriasis-related systemic inflammation is one of possi-
ble explanations, the common comorbidities in psoriasis patients 
and use of drugs used to treat psoriasis [22] might also contribute 
to the development of CKD. Because these potential biases were not 
fully adjusted in earlier researches, it is still not known whether or 
not psoriasis has a causal role in the onset of CKD.

According to mendel’s second law in which genes are randomly 
dispersed during meiosis, similarly, genetic variations in a popula-
tion are also distributed at random. Mendelian randomization (MR) 
analysis is an approach that takes single nucleotide polymorphisms 
(SNPs) as genetic instrumental variables (IVs) on the principle of 
this law, similar to randomized controlled trial (RCT) [23]. Because 
of this, the method plays a more substantial causal reasoning abil-
ity in estimating causality and is viewed as a credible strategy to 
disentangle the causative link of interested exposure on clinical 
outcomes [24,25]. In our research, we utilized data from earlier ge-
nome-wide association studies (GWASs) to carry out two-sample 
MR in order to examine the potential causality between psoriasis 
and CKD. In addition, we analyzed the cross-trait genetic correla-
tion between psoriasis and CKD using linkage disequilibrium re-
gression score (LDSC).

Materials and Methods
Study Design and Data Resources

Our two-sample MR study used genetic variation to investigate 
the possible causative relationship of psoriasis with eGFR (a major 
renal function trait) and blood urea nitrogen (BUN) (a secondary 

renal function trait). For SNPs to be usable as IVs in MR Analysis, 
3 critical assumptions must be true [23]: The correlation assump-
tion, the exclusion limitation assumption, and the independence 
assumption. Firstly, there should be a strong connection between 
the instrument and the exposure (correlation). Secondly, SNP does 
not directly affect outcome unless it is affected by exposure, i.e. plei-
otropy should not be present (exclusion limitation). Thirdly, genet-
ic variation does not correlate with potential confounding factors 
between exposure and outcome (independence). Reporting for this 
study in accordance with the most recent STROBE-MR regulations 
[26].

Summary statistics of the genome-wide association study 
(GWAS) for psoriasis was derived from the FINNGEN Consortium 
(Release 8, http://www.finngen.fi)), analyzing a total of 8, 383 clin-
ically diagnosed psoriasis cases according to the ICD-10 and 347, 
694 controls. Information on kidney function related SNPs was 
sourced from the CKDGen consortium, a network of researchers 
from all over the world working together to carry out the most 
extensive genome-wide association meta-analysis of CKD that has 
been done to date. Taking into consideration factors such as ethnic-
ity, sample size, update frequency of the data and equencing depth, 
we chose to use the genome-wide genetic dataset on kidney func-
tion published by Wuttke, et al. in 2019 [27]. The meta-analysis of 
the GWAS of CKD that was included in this dataset aggregated data 
from a total of 22 cohorts and comprised 41395 cases of CKD as 
well as 439303 controls. This meta-analysis included only patients 
that satisfied the diagnostic criteria for moderate to advanced CKD, 
i.e., eGFR<60mL/min.1.73m2 in all cases. The summary statistics 
for both psoriasis and CKD datasets were collected from persons of 
European ancestry.

Selection of Genetic IVs

Firstly, to satisfy the correlation assumption, the genetic IVs 
assessing the causality between psoriasis and risk of CKD were de-
rived from the FINNGEN consortium GWAS analysis, in which SNPs 
at the genome-wide significance level (p<5×10-8) suggested is as-
sociated with psoriasis. Secondly, by computing pair-wise linkage 
disequilibrium and weeding out SNPs with r2≥0.001 in the specific 
genomic region (kb=10,000). Thirdly, we omitted palindromic SNPs 
(SNPs in which the allele comprises of self-complementary base se-
quences) after harmonizing the SNPs-exposure and SNPs-outcome. 
Finally, in order to ensure the reliability of MR estimation, the MR 
pleiotropy residual sum and outlier (MR-PRESSO) method was ap-
plied to identify potential outliers and remove the outliers [28]. 

Weak tool bias was avoided through the application of the 
F-statistic for assessing the strength between genetic IVs and in-
terested exposure [29]. The formula for calculating the F-statistic 
is as follows: F=R2(N-K-1)/[K(1-R2)]. Here, R2 indicates the level to 
which the genetic IVs explain SNPs in terms of exposure, N denotes 
sample size of GWAS associated with exposure, and K represents 
the number of used SNPs. When the F-statistic is greater than 10, 
we regularly regard the association between IVs and exposure to be 
robust and the findings of the MR study could be shielded from the 
effects of weak tool bias [30].
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MR Analyses

During MR analysis, according to the existence of heterogeneity, 
different inverse-variance-weighted (IVW) (fixed-effects model or 
random-effects model IVW) was selected to severe as the prima-
ry approach of analysis [31]. In order to conduct a comprehensive 
and accurate investigation of causal relationship, MR-Egger [32], 
Weighted median [33], Weighted mode, and Simple mode [34] were 
severed as complementary methods of MR. Despite the fact that the 
MR-Egger technique has a limited statistical ability, it is still able to 
provide an estimate when taking into account multiple effects [32]. 
The Weighted median method can yield reliable conclusions if it is 
assumed that more than half of the IVs are valid in the MR analysis, 
even if there are invalid IVs [33]. 

Sensitivity Analysis

In order to perform sensitivity analysis, this study included a 
number of different methods. (1) Heterogeneity between estimates 
of individual of IVs was evaluated by Cochrane’s Q-statistic. In the 
absence of heterogeneity, the fixed-effects model IVW was severed 
as the main approach of analysis; otherwise, the random-effects 
model [35]. (2) Horizontal pleiotropy of IVs was investigated by 
MR-Egger intercept approach [32]. (3) Asymmetry in the funnel 
plots was also used to investigate the possibility of horizontal plei-
otropy. (4) The leave-one-out analysis was performed to investigate 
whether the findings might be attributed to the high influence SNP.

All MR studies were carried out using R software (version 
4.3.0) and a series of R packages “Two-Sample-MR” (version 0.5.6) 
and “MR-PRESSO” (version 1.0).

Genetic Correlation Analysis 

We utilized LDSC to calculate the co-heritability between psori-
asis and CKD through investigating the genetic correlation (Rg) and 
the p-value [36].

Results
Genetic IVs Selected in MR

In this study, we obtained 24 SNPs associated with psoriasis 
after a generally accepted genome-wide threshold of significance 
(p<5×10-8, r2<0.001, kb = 10,000) (Supplementary Table S1). After 
excluding outliers identified by MR-PRESSO and removal of palin-
dromic sequence SNPs by a harmonizing process, we selected the 
remaining SNPs as genetic IVs. Details of genetic IVs of CKD and its 
renal function features were shown in supplementary Table S2-4. 
The smallest F-statistics of SNPs was 30, larger than the empirical 
standard of 10, suggesting that MR estimates are not affected by 
weak tool bias (Supplementary Table S1).

Causal Relationship between Psoriasis and CKD, BUN, and 
eGFR

Cochrane’s Q-statistic revealed no heterogeneity between 
psoriasis and CKD (IVW: QCKD=14.173, PCKD=0.895; MR-Egger: 
QCKD=14.028, PCKD=0.868), and BUN (IVW: QBUN=12.827, PBUN=0.938; 
MR-Egger: QBUN=12.176, PBUN=0.935), while heterogeneity was 
found between psoriasis and eGFR (IVW: QeGFR=37.767, PeGFR=0.014; 
MR-Egger: QeGFR=35.436, PeGFR=0.018) (Table 1).Therefore, the as-
sociation between psoriasis and CKD, and BUN was analyzed by 
fixed-effects model IVW, and psoriasis and eGFR was analyzed by 
random-effects model IVW. We did not find MR association between 
genetically determined psoriasis with CKD (OR: 0.996; 95% CI: 
0.960-1.033; P=0.820) and BUN (OR: 0.998; 95% CI: 0.994-1.001; 
P=0.225) based on the fixed-effects model IVW (Table 2). Similarly, 
no association was found between psoriasis and eGFR using ran-
dom-effects model IVW (OR: 1.000; 95% CI: 0.997-1.001; P=0.244) 
(Table 2). The association was consistent in complementary meth-
ods of MR using MR-Egger, Weighted median, Weighted mode and 
Simple mode (Table 2). At the same time, the MR-Egger intercept 
approach manifested that the IVs of psoriasis in CKD and its renal 
function features did not exhibit horizontal pleiotropy (PCKD=0.707; 
PeGFR=0.265; PBUN=0.429) (Table 1). The funnel plots were symmet-
ric indicating no horizontal pleiotropy (Figures 1-3). Leave-one-out 
analysis found that no high influence SNP had a significant impact 
on the results (Figures 1-3).

Table 1: Pleiotropy and heterogeneity test of the psoriasis genetic IVs from CKD GWAS.

Pleiotropy test Heterogeneity test

Outcomes
MR-Egger intercept MR-Egger Inverse variance-weighted

Intercept SE P Q Q_df Q_P Q Q_df Q_P

CKD -0.002 0.006 0.707 14.028 21 0.868 14.173 22 0.895

eGFR 3.40E-4 2.96E-4 0.265 35.436 20 0.018 37.767 21 0.014

BUN -4.44E-4 0.001 0.429 12.176 21 0.935 12.827 22 0.938

Note*: Abbreviations: df, degree of freedom; MR, Mendelian randomization; Q, heterogeneity statistic Q; CKD, chronic kidney dis-
ease; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen.

Table 2: Mendelian randomization estimates of psoriasis on the risk for CKD and its renal function trait. 

Outcome Methods nSNP Beta SE OR 95%CI P-value

CKD IVW 23 -0.004 0.019 0.996 0.960-1.033 0.82

MR-Egger 23 0.01 0.042 1.01 0.930-1.097 0.813

WM1 23 0.001 0.027 1.001 0.949-1.056 0.997

WM2 23 4.21E-05 0.047 1 0.913-1.096 0.999

SM 23 -0.011 0.046 0.989 0.903-1.082 0.807
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eGFR IVW 22 -0.001 0.001 0.999 0.997-1.001 0.244

MR-Egger 22 -0.003 0.002 0.997 0.993-1.001 0.137

WM1 22 -0.001 0.001 0.999 0.997-1.000 0.546

WM2 22 1.30E-04 0.002 1 0.995-1.005 0.958

SM 22 6.14E-04 0.002 1.001 0.996-1.005 0.803

BUN IVW 23 -0.001 0.002 0.998 0.994-1.001 0.225

MR-Egger 23 0.001 0.004 1.001 0.993-1.008 0.863

WM1 23 -0.002 0.354 0.998 0.993-1.002 0.354

WM2 23 -0.003 0.004 0.997 0.989-1.005 0.458

SM 23 -0.003 0.005 0.996 0.987-1.005 0.434

Note*: Abbreviations: CI, confidence interval; SE, standard error; IVW, inverse variance-weighted; SNP, single-nucleotide polymor-
phism; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; OR, odds ratio; WM1, 
Weighted median; WM2, Weighted mode; SM, Simple mode.

Figure 1: (A) The funnel plot of Mendelian randomization analysis for psoriasis on the chronic kidney disease. (B) Leave-one-out sensitivity 
analysis for psoriasis on the chronic kidney disease.

Figure 2: (A) The funnel plot of Mendelian randomization analysis for psoriasis on the estimated glomerular filtration rate. (B) Leave-one-out 
sensitivity analysis for psoriasis on the estimated glomerular filtration rate.
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Figure 3: (A) The funnel plot of Mendelian randomization analysis for psoriasis on the blood urea nitrogen. (B) Leave-one-out sensitivity 
analysis for psoriasis on the blood urea nitrogen.

Genetic Correlation between Psoriasis and CKD

Since the epidemiological connection between psoriasis and 
CKD may stem from shared susceptibility genetic variations, we 
carried out LDSC analysis to determine whether there was genetic 

correlation between psoriasis and CKD. However, we did not ob-
serve proof of genetic correlation between psoriasis and CKD and 
its renal function features (Table 3). It has indicated that shared ge-
netic factors are not to blame for the greater prevalence of CKD in 
psoriasis patients.

Table 3: The genetic correlation results of LDSC analysis. 

Phenotype1 Phenotype2 Rg Rg_SE Rg_Z P

eGFR psoriasis 0.0469 0.0388 1.2101 0.2262

BUN psoriasis -0.043 0.0433 -0.991 0.3217

CKD psoriasis -0.0083 0.0663 -0.1248 0.9007

Note*: Abbreviations: Rg, genetic correlation estimate; Rg_SE, standard error of genetic correlation estimate; Rg_Z, z-score of genetic 
correlation estimate.

Discussion
This investigation into the causal association between psoriasis 

and CKD is the first to use MR analysis. MR analysis utilizing five 
different approaches (fixed-effects model IVW or random-effects 
model IVW, MR-Egger, Weighted median, and Simple mode) yielded 
consistent conclusions, suggesting no causality between psoriasis 
and CKD. The LDSC analysis demonstrated that psoriasis and CKD 
have no genetic correlation. This investigation elucidated the effect 
of psoriasis on the risk of CKD from a standpoint of genetic.

Psoriasis has been thought of a systemic disease, with effects 
well beyond the skin [37]. Recently, investigators have switched 
their attention to pathological albuminuria in psoriasis patients 
by measuring 24-hour albuminuria, 24-hour microalbuminuria, 
and albuminuria, but data are limited. Evidence from observational 
study has indicated an increased microalbuminuria, a marker of re-
nal impairment, in patients with psoriasis [38]. Dervisoglu E, et al. 
reported no significant distinction in 24-hour proteinuria and albu-
minuria between patients with psoriasis and controls [39] whereas 
Ren F, et al. has observed increased 24-hour microalbuminuria and 
24-hour proteinuria, which increased the risk of subclinical renal 

dysfunction [40]. The majority of investigations observed people 
with psoriasis had a significantly greater prevalence of pathologi-
cal albuminuria in comparison to controls [39,40], whereas only a 
minority have found no difference [41]. However, all of the afore-
mentioned studies were cross-sectional and had limited sample 
sizes. The outcome of these studies were albuminuria assay results 
of various types instead of the CKD diagnosis. To address these 
knowledge empty spaces, two large population-based cohort stud-
ies from United Kingdom and China have evaluated the relation-
ship between psoriasis and CKD [19,42]. Both investigations have 
showed that patients with psoriasis had a higher risk of CKD com-
pared to without psoriasis. Although both researches have made 
effort to adjust for potential confounds, selection bias and reverse 
causality are still problems inherent to observational study design. 
It is challenging to distinguish the association between two vari-
ables is mediated by confounders or there is a causal association.

Our MR study is the first to use the method that reduces inher-
ent biases in observational studies for investigating the causality 
between psoriasis and CKD. Our results did not support the causal 
relationship from psoriasis to CKD. In addition, the shared genetic 
contributions cannot account for the association observed in the 
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observational studies. However, there are series of potential causes 
for elevated risk of CKD in psoriasis patients.

First, the conventional CKD risk factors may confuse this 
non-causal relationship. Hypertension and diabetes are well-
known conventional risk factors for CKD [1], and these can act as 
confounding factors. High prevalence of hypertension and diabe-
tes are observed in patients suffered from psoriasis [13,43,44]. On 
account of most investigations did not adequately adjust the con-
founding factors, which can impact the observed association be-
tween psoriasis and CKD.

Second, systemic inflammation caused by psoriasis is a crucial 
factor in the genesis and progression of CKD [45]. On the one hand, 
atherosclerotic damage to the renal has been identified as one of the 
most common reasons of CKD [46], and numerous investigations 
have observed that psoriasis patients are more likely to have a sig-
nificant atherosclerotic burden due to chronic damage to endothe-
lial cells caused by chronic inflammation [47,48]. On the one hand, 
over-activation of adaptive immune components is thought to be 
essential to the pathogenesis of psoriasis, such as over-activation 
of Th1 and Th17 lymphocytes, which are important immune cells 
known to be involved in the pathogenesis of psoriasis [49]. Th17 
and IL-17 can also directly produce renal inflammation through the 
activation of neutrophils or through their participation in macro-
phage-mediated tissue destruction [50]. Additionally, inflammato-
ry factors such as TNF-α and IL-12, IL-23 can promote kidney dam-
age during the inflammatory process of psoriasis [51,52], of which 
TNF-α has been identified as an independent predictor of progres-
sion of CKD [53]. Another piece of evidence comes from a RCT in 
which mean eGFR levels were improved persistently in advanced 
CKD patients treated with the targeted anti-inflammatory drug bar-
doxolone methyl [54].

Thirdly, drugs used in systemic treatment for psoriasis may 
cause kidney damage, especially methotrexate and cyclosporine. 
Renal injury caused by methotrexate is associated with the accu-
mulation of the drug and its metabolites in the renal tubules, result-
ing in direct damage to the tubular cells [55,56]. Cyclosporine can 
mediate kidney blood flow hypoperfusion, leading to renal tubule 
cell apoptosis, renal tubule atrophy and interstitial fibrosis, which 
directly leads to kidney damage [57]. In addition, cyclosporine in-
creases the risk of high blood pressure, a risk factor for CKD [58]. 
Therefore, long-term drugs therapy may cause the increased risk of 
CKD in people with psoriasis.

Although the results of our MR study do not support the causal 
relationship between psoriasis genetic susceptibility and lifetime 
risk of CKD, the elevated risk of CKD in patients with psoriasis is 
a reality problem that cannot be ignored. It is possible that other 
factors are to blame, such as traditional CKD risk factors that psori-
asis patients are born with, inflammatory factors, and medications. 
Our LDSC analysis results also confirm this point from the side. A 
2015 Swedish registry study involving 193,829 people investigated 
the association between mild and severe psoriasis and 12 specific 
causes of death, kidney disease was identified as the second most 
associated disease with death, after liver disease [59].

Our MR analysis had several strengths; (1) The results we 
observed in the MR-Egger intercept method and the MR-PRESSO 
method are not exactly the same. The MR-Egger intercept method 
did not find the existence of pleiotropy, but abnormal SNPs were 
found in MR-PRESSO. (2) Using MR can reduce bias caused by re-
verse causality and unknown confounding factors, and applies to 
causal reasoning, which can be impossible to achieve in tradition-
al observational studies. (3) The GWAS datasets for both psoriasis 
and CKD were collected from people of European descent, which 
may lessen the impact of demographic stratification on potential 
associations. (4) Data from large-scale GWAS datasets for psoriasis 
(n=356,077) and CKD (n=480,698) made it possible to boost ability 
of statistics to detect minor effects in complicated phenotypes.

Our MR study does contain a few restrictions that cannot be 
disregarded; (1) There may be racial differences in the genetic link 
between psoriasis and CKD, whereas our GWAS datasets were ob-
tained from European population and may not be effectively ex-
tended to other populations. It is possible for hidden population 
structure to interfere with the connection between genetic IV and 
outcome. (2) The existence of potentially confounding factors is 
not something that can be fully eliminated by us, the biggest prob-
lem during MR studies is pleiotropy, horizontal pleiotropy emerg-
es when genetic IV influences results through multiple pathways. 
Although we applied different MR methods as sensitivity analyses 
and obtained consistent results, it has been nearly impossible to 
entirely exclude the presence of pleiotropy in MR studies thus far. 
(3) Because the psoriasis and CKD datasets were derived from 
summary statistics, the relationship between different severity or 
types of psoriasis and different CKD stages could not be explored. 
(4) This study did not involve environmental factors and simply of-
fered genetic evidence of non-causal association between psoriasis 
and CKD.

Conclusions
Our MR study does not support the causal relationship between 

psoriasis and CKD. Further investigation is still required to deter-
mine the mechanisms underlying the observational association be-
tween them. However, we cannot disregard psoriasis patients are 
at elevated risk of CKD because of traditional CKD risk factors that 
psoriasis patients are born with, inflammation burden, and drugs. 
For patients with psoriasis, early management of CKD is necessary.
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Supplementary Table S1: Characteristics of the Instrumental SNPs associated with psoriasis. 
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rs1250568 ZMIZ1 10:79285523 C T 0.517367 -8.74E-02 0.016014 0.000000048 29.79
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rs1648153 ZC3H12C 11:110088912 A G 0.332234 -9.37E-02 0.017148 4.67E-08 29.85

rs16903065 LINC00824 8:128528218 A C 0.115589 -1.58E-01 0.025968 1.27E-09 36.86

rs17188050 TRIM40 6:30147996 T C 0.005262 5.89E-01 0.090976 9.82E-11 41.86

rs17622656 IRF1 5:132485305 A G 0.259329 9.86E-02 0.01797 4.14E-08 30.08

rs2021511 RMI2 16:11251046 T C 0.26544 -1.10E-01 0.01843 2.45E-09 35.58

rs2633310 CAMK2G 10:73834292 T G 0.541161 -9.24E-02 0.015994 7.46E-09 33.41

rs3115626 MICF 6:29854284 T C 0.720679 2.24E-01 0.018309 1.86E-34 149.86

rs34022406 TNRC18 7:5311037 C T 0.041913 2.51E-01 0.037465 2.08E-11 44.89

rs35251378 TYK2 19:10349293 A G 0.263351 -1.03E-01 0.018445 2.32E-08 31.21

rs4795067 NOS2 17:27779649 G A 0.363528 1.17E-01 0.016424 1.01E-12 50.82

rs644013 SPATA2 20:49899301 C T 0.580155 -8.84E-02 0.016129 4.23E-08 30.04

rs6870774 AC008697.1 5:159400031 A G 0.795386 -1.98E-01 0.019065 3.30E-25 107.59

rs71420376 LINC01185 2:60840231 T C 0.173695 1.14E-01 0.020753 4.22E-08 30.04

rs75851973 TNIP1 5:151085018 G A 0.07389 2.38E-01 0.028713 1.01E-16 68.96

rs76045851 ZFP57 6:24114940 C T 0.0318 2.51E-01 0.042129 2.64E-09 35.44

rs774628 AL356739.1 6:137805141 C T 0.783959 -1.06E-01 0.019165 2.86E-08 30.8

rs7795353 WIPI2 7:5240720 T G 0.099264 1.43E-01 0.025838 3.17E-08 30.6

Supplementary Table S2: Instrument variables of chronic kidney disease. 

SNP effect_allele other_allele eaf beta se P_value

rs10170637 G T NA -0.0041 0.0094 6.66E-01

rs10242920 A C NA 0.0116 0.011 2.88E-01

rs1250568 C T NA 0.0072 0.0099 4.65E-01

rs12667716 A G NA -0.0033 0.017 8.47E-01

rs13220896 A G NA -0.0291 0.0246 2.37E-01

rs147028320 C T NA 0.0206 0.037 5.79E-01

rs1648153 A G NA -0.0063 0.0097 5.16E-01

rs16903065 A C NA -0.0064 0.0135 6.35E-01

rs17188050 T C NA 0.0003 0.0358 9.92E-01

rs17622656 A G NA 0.0006 0.0095 9.48E-01

rs2021511 T C NA 0.0093 0.0108 3.92E-01

rs2633310 T G NA 0.0022 0.0096 8.17E-01

rs3115626 T C NA 0.023 0.0127 7.04E-02

rs34022406 C T NA 0.0067 0.0411 8.71E-01

rs35251378 A G NA -0.0071 0.0109 5.16E-01

rs4795067 G A NA -0.0056 0.01 5.78E-01

rs644013 C T NA -0.0019 0.0098 8.49E-01

rs6870774 A G NA -0.0052 0.0113 6.49E-01

rs71420376 T C NA -0.0151 0.0123 2.22E-01

rs75851973 G A NA -0.0067 0.0201 7.40E-01

rs76045851 C T NA -0.006 0.0439 8.91E-01

rs774628 C T NA 0.0118 0.0134 3.82E-01

rs7795353 T G NA -0.0237 0.015 1.16E-01

Supplementary Table S3: Instrument variables of estimated glomerular filtration rate. 

SNP effect_allele other_allele eaf beta se P_value

rs10170637 G T NA 0.00036 0.000355 3.11E-01

rs10242920 A C NA 0.000032 0.000421 9.39E-01
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rs1250568 C T NA -0.00021 0.000361 5.67E-01

rs12667716 A G NA 0.000923 0.000635 1.46E-01

rs13220896 A G NA 0.001244 0.000939 1.85E-01

rs147028320 C T NA -0.00176 0.001393 2.05E-01

rs1648153 A G NA 0.000042 0.000355 9.07E-01

rs17188050 T C NA -0.0042 0.001461 4.06E-03

rs17622656 A G NA -0.00112 0.00036 1.95E-03

rs2021511 T C NA 0.000327 0.000394 4.06E-01

rs2633310 T G NA 0.000143 0.000355 6.87E-01

rs3115626 T C NA -0.00143 0.000456 1.73E-03

rs34022406 C T NA 0.000472 0.00135 7.27E-01

rs35251378 A G NA 0.000008 0.000396 9.85E-01

rs4795067 G A NA 0.000436 0.000368 2.37E-01

rs644013 C T NA -0.00022 0.000354 5.44E-01

rs6870774 A G NA 0.0002 0.000418 6.32E-01

rs71420376 T C NA -0.00029 0.000448 5.18E-01

rs75851973 G A NA -0.00016 0.00076 8.31E-01

rs76045851 C T NA -6.2E-05 0.001476 9.67E-01

rs774628 C T NA -0.0004 0.000493 4.14E-01

rs7795353 T G NA 0.000691 0.000547 2.07E-01

Supplementary Table S4: Instrument variables of blood urea nitrogen. 

SNP effect_allele other_allele eaf beta se P_value

rs10170637 G T NA 0.0009 0.0009 5.07E-01

rs10242920 A C NA 0.001 0.001 2.03E-01

rs1250568 C T NA 0.0009 0.0009 7.56E-01

rs12667716 A G NA 0.002 0.002 7.84E-01

rs13220896 A G NA 0.0023 0.0023 3.52E-01

rs147028320 C T NA 0.0037 0.0037 6.67E-01

rs1648153 A G NA 0.0009 0.0009 4.90E-01

rs16903065 A C NA 0.0013 0.0013 5.38E-01

rs17188050 T C NA 0.0033 0.0033 6.01E-01

rs17622656 A G NA 0.0009 0.0009 4.22E-01

rs2021511 T C NA 0.001 0.001 9.12E-01

rs2633310 T G NA 0.0009 0.0009 1.72E-01

rs3115626 T C NA 0.0012 0.0012 3.08E-01

rs34022406 C T NA 0.0039 0.0039 7.32E-01

rs35251378 A G NA 0.001 0.001 2.13E-01

rs4795067 G A NA 0.001 0.001 4.36E-01

rs644013 C T NA 0.0009 0.0009 8.44E-01

rs6870774 A G NA 0.0011 0.0011 8.60E-01

rs71420376 T C NA 0.0012 0.0012 9.90E-01

rs75851973 G A NA 0.002 0.002 4.28E-01

rs76045851 C T NA 0.0041 0.0041 8.59E-01

rs774628 C T NA 0.0013 0.0013 5.99E-01

rs7795353 T G NA 0.0014 0.0014 1.14E-01


