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Abstract

Background

Studies have shown strong positive associations between serum urate (SU) levels and
chronic kidney disease (CKD) risk; however, whether the relation is causal remains uncer-
tain. We evaluate whether genetic data are consistent with a causal impact of SU level on
the risk of CKD and estimated glomerular filtration rate (eGFR).

Methods and findings

We used Mendelian randomization (MR) methods to evaluate the presence of a causal
effect. We used aggregated genome-wide association data (N = 110,347 for SU, N= 69,374
for gout, N= 133,413 for eGFR, N= 117,165 for CKD), electronic-medical-record-linked UK
Biobank data (N = 335,212), and population-based cohorts (N = 13,425), all in individuals of
European ancestry, for SU levels and CKD. Our MR analysis showed that SU has a causal
effect on neither eGFR level nor CKD risk across all MR analyses (all P> 0.05). These null
associations contrasted with our epidemiological association findings from the 4 population-
based cohorts (change in eGFR level per 1-mg/dl [59.48 umol/l] increase in SU: —=1.99 ml/
min/1.73 m?; 95% Cl -2.86 to —1.11; P=8.08 x 10~%; odds ratio [OR] for CKD: 1.48; 95% ClI
1.3210 1.65; P=1.52 x 10~'"). In contrast, the same MR approaches showed that SU has a
causal effect on the risk of gout (OR estimates ranging from 3.41 to 6.04 per 1-mg/d|
increase in SU, all P< 10~%), which served as a positive control of our approach. Overall, our
MR analysis had >99% power to detect a causal effect of SU level on the risk of CKD of the
same magnitude as the observed epidemiological association between SU and CKD. Limi-
tations of this study include the lifelong effect of a genetic perturbation not being the same
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presented in the study are available from the UK
Biobank: https://www.ukbiobank.ac.uk/, for
researchers who meet the criteria for access to the
data.

as an acute perturbation, the inability to study non-European populations, and some sample
overlap between the datasets used in the study.
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Author summary

Why was this study done?

« Epidemiological studies have shown strong correlations between serum urate (SU) lev-
els and chronic kidney disease (CKD) risk.

o Elevated SU levels are often found in patients with CKD, but it is not clear whether high
serum urate is a cause of kidney disease or just a common co-occurrence.

« Previous studies examining whether SU levels had a causal effect on CKD were limited
due to not having large enough samples to detect a true causal relationship if it existed
and/or had limitations related to the methodology.

« Several clinical trials have been started that aim to use urate-lowering medication to pre-
vent CKD.

What did the authors do and find?

o To determine whether SU level has a causal effect on CKD, we used a methodology
known as Mendelian randomization to test whether genetic variants known to increase
SU level also increased the risk of CKD.

o We used multiple datasets to perform Mendelian randomization analyses, which
included meta-analyses performed across multiple population-based cohorts, 4 individual
population-based cohorts, and the large electronic-medical-record-linked UK Biobank.

o Across all datasets, we found no significant causal connection between SU level and risk
of CKD.

What do these findings mean?

« Our findings do not support a causal role of SU level in CKD.

 Lower SU levels would be unlikely to translate into reduced risk of CKD.
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Introduction

Approximately 10% of the global population has chronic kidney disease (CKD) [1,2], which
can result in end-stage renal disease, associated with shortened life expectancy and require-
ment for dialysis or kidney transplantation [3]. There are limited therapeutic options for CKD,
with management predominantly focused on control of blood pressure, diabetes, and compli-
cations. Hence, there is an intense search for novel therapeutic targets.

Observational studies have consistently shown strong positive associations between serum
urate (SU) levels and the risk of CKD [4,5]; however, whether the relation is causal remains
unknown. Speculated mechanisms for the potential impact of SU levels on CKD have included
nitric oxide and renin-angiotensin pathways [6], stimulation of the renin-angiotensin system
[7], and vascular smooth muscle cell proliferation [8]. Furthermore, findings in induced-
hyperuricemia rodent models have suggested a causal role of urate in hypertension and associ-
ated renal pathophysiology [9]. However, these findings are difficult to directly translate to
humans as rodents have considerably lower urate levels owing to functional uricase [9].

As effective medications to lower SU levels are available, the potential causal role of SU level
in CKD has become one of the most investigated targets for a renoprotective agent. As such,
clinical trials of xanthine oxidase inhibitors (allopurinol or febuxostat) for the endpoint of
CKD progression/development are currently underway [10].

Genetic epidemiology can be used to evaluate the causality of risk factors with respect to
potential endpoints of interest. This approach, called Mendelian randomization (MR), posits
that causality can be inferred because the alleles of a particular exposure-associated genotype
are assigned randomly at conception. This can minimize the bias that can occur by confound-
ing and reverse causation in conventional observational studies [11]. Genotypes can be used as
a genetically determined lifetime exposure of interest and can be tested for a causal effect on
outcomes of interest. For example, MR studies have found that low-density lipoprotein choles-
terol is causally related to the risk of coronary artery disease, whereas high-density lipoprotein
cholesterol is not [12].

Our objective was to evaluate whether genetic data are consistent with a causal effect of SU
levels on estimated glomerular filtration rate (eGFR) and risk of CKD. We performed a series
of MR analyses of SU level and eGFR and CKD using genetic variants influencing SU level as
the exposure without the influence of confounders.

Methods
Study design overview

Our study approach was composed of several complementary components (Fig 1). We first
performed a test of heterogeneity to detect the presence of pleiotropy [13] in urate-associated
single nucleotide variants (SNVs) identified in a large meta-analysis of genome-wide associa-
tion (GWA) studies of SU (see S1 Text) [14]. We then conducted 7 distinct MR analyses to
evaluate the potential causal role of SU level in eGFR and CKD risk. Since we found significant
heterogeneity (see Results), indicating potential pleiotropy, these 7 analytic approaches were
specifically chosen to be robust to heterogeneity and pleiotropy in our MR analysis (see S1
Text and below for details). As a positive control endpoint, we assessed whether the same
genetic instrumental variables showed the known causal effect of SU on gout. To assess the
effect of varying disease endpoint definitions and to control for potential artifacts produced
by meta-analyses of heterogeneous populations, we conducted MR analyses using the same
SNVs in the UK Biobank, as well as individual-level MR analyses based on 4 population-
based cohorts (Atherosclerosis Risk in Communities [ARIC] [15], Coronary Artery Risk
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Obijective Approach Data Sources
To test whether SU SNVs are valid Test for heterogeneity / pleiotropy Global Urate Genetics
instruments for MR analysis A d — Consortium (N=110,347)
To test for causal effect of SU level -— 1) Seven distinct MR methods -— Global Urate Genetics
on eGFR and CKD 2) Leave-one-out analysis Consortium (SU: N=110,347,
Positive control: gout endpoint gout: 69,374) &
Chronic Kidney Disease
Genetics Consortium (eGFR:
N=133,413, CKD: N=117,165 )
To control for different potential A Standard MR analysis using a more P Global Urate Genetics
definitions of CKD endpoint severe definition of CKD derived from Consortium (N=110,347) &
electronic medical records UK Biobank (CKD; N=335,212)
To control for artifacts associated - Individual-level GRS analysis for SU level , Four Population-Based
with aggregated data and eGFR/CKD using weighted urate- Cohorts: ARIC, CARDIA, CHS,
specific genetic risk score and FHS (total N=13,425)

Fig 1. Study design overview. Overview of the study design. ARIC, Atherosclerosis Risk in Communities; CARDIA, Coronary
Artery Risk Development in Young Adults; CHS, Cardiovascular Health Study; CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate; FHS, Framingham Heart Study; GRS, genetic risk score; MR, Mendelian randomization; SNV, single
nucleotide variant; SU, serum urate.

https://doi.org/10.1371/journal.pmed.1002725.9001

Development in Young Adults [CARDIA] [16], Cardiovascular Health Study [CHS] [17], and
Framingham Heart Study [FHS] [18]) (Fig 1).

Data sources and participants

We examined 26 SNV strongly associated with SU level identified in a GWA meta-analysis
study of 110,347 participants of European ancestry conducted by the Global Urate Genetics
Consortium (S1 Table) [14].

For MR analyses for eGFR and CKD endpoints, we retrieved GWA study summary statis-
tics for eGFR and CKD from a published meta-analysis conducted by the Chronic Kidney Dis-
ease Genetics Consortium (CKDGen) [19]. We used summary statistics for eGFR values
calculated from serum creatinine, available in up to 133,413 participants of European ancestry,
and for CKD status defined as eGFR < 60 ml/min/1.73 m?, available in up to 12,385 cases and
104,780 controls.

For MR analyses for gout (as a positive control endpoint), we retrieved GWA study sum-
mary statistics (effect sizes and standard errors) for gout from a published meta-analysis in
2,115 cases and 67,259 controls of European ancestry from the Global Urate Genetics Consor-
tium [14].

Our additional datasets consisted of electronic-medical-record-linked UK Biobank data
(N'=335,212), and 4 population-based cohorts (ARIC, CARDIA, CHS, and FHS; N = 13,425
total). In the UK Biobank, based on recommendations from UK Biobank (http://www.
ukbiobank.ac.uk/wp-content/uploads/2018/03/ukb_genetic_data_description_v3.txt), we
excluded samples that belonged to any of the following categories: outliers in heterozygosity
and missing rates, putative sex chromosome aneuploidy, self-reported non-white British
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ancestry, and related individuals. Excluded related individuals were defined as 1 individual in
each pair with relatedness up to the third degree. In total, 335,212 individuals of white British
ancestry remained for analyses. For samples from the UK Biobank, we treated the following
ICD-10 codes as indicative of CKD: N03 (chronic nephritic syndrome), N05 (unspecified
nephritic syndrome), N17.1 (acute kidney failure with acute cortical necrosis), N17.2 (acute
kidney failure with medullary necrosis), N18 (chronic kidney disease), N19 (unspecified kid-
ney failure), N26.9 (renal sclerosis, unspecified), N25.0 (renal osteodystrophy), R80.2 (ortho-
static proteinuria, unspecified), I12 (hypertensive chronic kidney disease), 113 (hypertensive
heart and chronic kidney disease), Z99.2 (dependence on renal dialysis), Z94.0 (kidney trans-
plant status), and Z49 (encounter for care involving renal dialysis). In total, this produced
5,615 cases. We performed logistic regression for each of the 26 SU-associated SNV to gener-
ate association summary statistics for CKD using this case definition.

In the 4 population-based cohorts (ARIC, CARDIA, CHS, and FHS), we conducted
individual-level analyses using a genetic risk score (GRS) of the 26 SNV associated with SU
level. eGFR was recalculated in the 4 prospective cohorts using the Modification of Diet in
Renal Disease (MDRD) 4-variable equation. CKD cases were defined as individuals who had
an eGFR less than 60 ml/min/1.73 m>. A description of the 4 cohorts is provided in the S2
Text.

Statistical analyses

First, we tested our 26 instrumental SNV for heterogeneity/pleiotropy using a published test
for heterogeneity, the MR-PRESSO [13] global test (see S1 Text for details). We noted the pres-
ence of significant heterogeneity/pleiotropy. Accordingly, we selected 7 MR analyses designed
to be robust to the presence of heterogeneity in instrumental variables: (i) inverse variance
weighted least squares (WLS) regression with a random effects model [20], (ii) MR-Egger
regression [21,22], (iii) and (iv) weighted and unweighted median tests [22], (v) and (vi)
weighted and unweighted mode-based estimates, and (vii) WLS regression after removing out-
liers identified by the MR-PRESSO outlier test [13]. For all methods, we used the effect size for
the outcome variable (eGFR or CKD) as the response variable, the effect size for the exposure
variable (SU) as the predictor variable, and, for weighted methods, the inverse square of the
standard error for the outcome variable (eGFR or CKD) as the weight. We used the same 7
methods for analysis of the UK Biobank data. For details of all these methods, see S1 Text.

To test the robustness of our analysis to the choice of SNV, we conducted a leave-one-out
analysis, removing each urate-specific SNV separately from the WLS regression test. We also
conducted an analysis specifically excluding 2 SNVs: rs12498742 in the SLC2A9 gene and
rs2231142 in the ABCG2 gene. These are the 2 SNV's with the most significant effects on SU,
and are also the only 2 SNVs identified in the SU GWA analysis as having significant sex-
specific effects after applying multiple test correction [14].

For our individual-level analyses in the 4 population-based cohorts (ARIC, CARDIA, FHS,
and CHS), we calculated the weighted GRS per individual based on the number of risk alleles
for the SNVs and the effect size of these SNVs on SU level based on summary results from the
Global Urate Genetics Consortium [14]. Individual-level analyses in these cohorts were per-
formed using linear regression when the outcome was a continuous trait or logistic regression
when the outcome was a dichotomous trait, after adjustment for age and sex. An inverse vari-
ance weighted meta-analysis was performed across the 4 cohorts. To account for relatedness in
the FHS cohort, a linear mixed-effects kinship model implemented in the coxme package [23]
was used. To account for relatedness in the ARIC cohort, 66 individuals with known family
relationships were removed. The other cohorts are not known to have kinship between
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individuals. To account for possible nonlinearity in the causal relationship between SU and
eGFR, the weighted GRS per individual was stratified into 100 strata to calculate localized aver-
age causal effect (LACE), and a fractional polynomial fit was performed [24]. The fractional
polynomial fit was performed using the mfp package [25].

Epidemiological associations between SU level and eGFR were assessed using linear regres-
sion, and between SU level and CKD using logistic regression, adjusting for age and sex in the
4 population-based cohort studies.

We performed analytic power calculations using mRnd [26] based on the strength of
observed epidemiological associations of SU with CKD in the 4 population-based cohorts
(odds ratio [OR] = 1.34-1.74 per 1 mg/dl [59.48 umol/l] SU), the fraction of variance in SU
explained by each SNV in the Global Urate Genetics Consortium meta-analysis (0.5% to 3%),
and the numbers of cases and controls in the CKDGen meta-analysis (12,385 cases and
104,780 controls).

All statistical analyses were performed using R (R Project for Statistical Computing, Vienna,
Austria) or Python 2.7 (Python Software Foundation, Wilmington, DE, US).

Results
Primary MR analysis for eGFR level and CKD endpoints

We utilized 26 SNV associated with SU level identified from the GWA study for SU [14] for
our MR analyses (S1 Table). We detected significant heterogeneity when testing for a causal
effect of SU on both CKD and eGFR (both P < 107° for MR-PRESSO global test), which may
indicate the presence of pleiotropy. Accordingly, we selected 7 MR approaches considered to
be appropriate for instrumental variables displaying potential pleiotropy: a standard WLS
regression analysis with a random effects model, 5 alternative MR methods designed to be
robust to heterogeneity, and a WLS regression analysis after removing 4 SNVs identified as
outliers for the effect of SU on CKD and 11 SNVs identified as outliers for the effect of SU on
eGFR (52 Table). All 7 approaches detected no causal relationship between SU level and eGFR
level (Figs 2A and 3A). Similarly, there was no causal effect detected on CKD risk (Figs 2B and
3B). We observed no heterogeneity/pleiotropy after removal of outliers in the MR test of the
effect of SU on CKD (P = 0.06); heterogeneity/pleiotropy in the eGFR analysis was still present
but reduced (P = 0.004). We also performed leave-one-out analysis with the WLS regression
method (S1 Fig), as well as an analysis excluding the 2 SN'Vs with the most significant effects
on SU (SLC2A9 rs12498742 and ABCG2 rs2231142), which are also known to have sex-specific
effects (S2 Fig). Both analyses showed no causal effect.

MR analysis for gout endpoint

As a positive control, we repeated the same procedure using the same 26 SNVs associated with
SU to test for a causal effect of SU on gout. Similarly to the analyses of eGFR and CKD, we
observed significant heterogeneity among the 26 SNV's (P < 10~° for MR-PRESSO global test).
However, unlike for eGFR and CKD, all 7 approaches showed a highly significant causal effect
of SU on gout (P < 107 for all tests; S3 Fig). We observed no heterogeneity/pleiotropy after
removal of outliers in the MR test of SU’s effect on gout (P = 0.09). This result serves as a posi-
tive control of our approach as it is consistent with the known causal role of SU in gout [27].

MR analysis in the UK Biobank

To account for varying definitions of the CKD endpoint, we performed an additional analysis
using a clinical definition of kidney disease based on electronic medical records in the UK
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Method

Weighted regression

MR-Egger

Weighted median

Simple median

Weighted mode

Simple mode

Outlier corrected
(MR-PRESSO)

CKD
Effect size [95% CI Odds ratio [95% CI
[95%Cl b vaiue | Method (95% Cl1 - o _atue
(per mg/dL urate) (per mg/dL urate)
-0.0064 1.03
0.31 Weighted regression . 0.36
[-0.024 - 0.012] [0.88 - 1.21]
0.0053 0.92
0.36 MR-Egger . 0.31
[-0.020 - 0.030] [0.74 - 1.16]
-0.0043 0.99
0.094 Weighted median Ll 0.39
[-0.0091 — 0.00062] [0.91 - 1.09]
-0.014 ) ' 1.08
0.067 Simple median . 0.23
[-0.028 - 0.00036] [0.93 - 1.26]
—-0.0034 0.98
0.18 Weighted mode - 0.68
[-0.0081 - 0.0014] [0.90 - 1.07]
-0.0034 ) 0.92
0.69 Simple mode . 0.43
[-0.020 - 0.013] [0.75-1.13]
-0.0024 Outlier corrected 0.99
0.52 = 0.74
[-0.0094 - 0.0047] (MR-PRESSO) [0.91 - 1.07]
RRRERRE s ]
0.725 0.80.850.90.85 1 1.051.11.151.21.25

Fig 2. MR analysis of the effect of SU on eGFR and CKD. Estimates of causal effects of serum urate on eGFR (A) and CKD (B) by 7 MR analyses. Effects are shown
per 1-mg/dl increase of serum urate. The effect sizes/odds ratios and P values were calculated using all single nucleotide variants (SN'Vs), except for the outlier-
corrected MR, where pleiotropic SNVs (detected by MR-PRESSO) were excluded. In the outlier-corrected analysis, 11 outliers were removed for eGFR and 4 outliers
were removed for CKD (see S2 Table). CKD, chronic kidney disease; MR, Mendelian randomization; SNV, single nucleotide variant; SU, serum urate.

https://doi.org/10.1371/journal.pmed.1002725.g002

Biobank. In total, we identified 5,615 CKD cases and 329,597 controls using this definition.
We applied the same 7 MR analyses to the 26 SU-associated SNVs. We observed no significant
causal relationship of SU level with kidney disease (P > 0.05 for all analyses; S4 Fig).

Individual-level analysis in 4 population-based cohorts

To account for limitations of using aggregated GWA data, such as heterogeneity among study
populations in the meta-analyses or unaccounted for population stratification within the sam-
ple, we performed an individual-level analysis on 4 population-based cohorts. Within these
cohorts, we observed a highly significant association of a urate-specific GRS composed of the
26 urate-associated SNVs with SU (beta = 1.06; 95% CI = 1.00 to 1.13; P = 7.06 x 102""). How-
ever, the GRS was not associated with either eGFR (beta = —0.42; 95% CI = —1.05 to 0.20;

P =0.18) or CKD risk (OR = 1.05; 95% CI = 0.89 to 1.23; P = 0.59) (Table 1). We repeated the
same analysis after stratifying by sex and age, and found similar results (S3 Table). We also
tested for a nonlinear causal relationship using a fractional polynomial fit [24]. The nonlinear
model does not appear to fit the data better than the linear model (P = 0.49), and still produces
a null result for a causal effect of SU on CKD (P = 0.34).
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Fig 3. Effects of individual SN'Vs on SU, eGFR, and CKD. Effects of individual SN'Vs on SU (x-axis, both panels),
eGFR (y-axis, A), and CKD (y-axis, B), as estimated by the respective genome-wide association meta-analyses. Error
bars indicate 95% confidence intervals. SNVs identified as outliers by the MR-PRESSO outlier test are highlighted in
red. CKD, chronic kidney disease; MR, Mendelian randomization; SNV, single nucleotide variant; SU, serum urate.

https://doi.org/10.1371/journal.pmed.1002725.g003
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Table 1. Association of a genetic risk score of serum urate single nucleotide variants with serum urate level, eGFR, and CKD in 4 population-based cohorts.

Group Serum urate level (mg/dl)
Beta 95% CI

ARIC 1.08 0.98 to 1.19

CARDIA 1.05 0.87 to 1.24

CHS 1.10 0.93 to 1.26

FHS 1.01 0.88to 1.14

Meta-analysis 1.06 1.00 to 1.13

eGFR (ml/min/1.73 m?) CKD
P value Beta 95% CI P value OR 95% CI P value
1.86 x 107 -0.40 -1.16 t0 0.35 0.30 0.98 0.83t0 1.16 0.82
7.28 x 1072 -1.16 -3.09 t0 0.77 0.24 1.62 0.78 to 3.46 0.20
535x 107° -0.47 -2.18t01.25 0.59 1.14 0.85 to 1.52 0.38
4.82x 1072 0.33 ~1.76 to 2.41 0.76 N/A N/A N/A
7.06 x 107211 -0.42 -1.05 t0 0.20 0.18 1.05 0.89t01.23 0.59

ARIC, Atherosclerosis Risk in Communities; CARDIA, Coronary Artery Risk Development in Young Adults; CHS, Cardiovascular Health Study; CKD, chronic kidney
disease; eGFR, estimated glomerular filtration rate; FHS, Framingham Heart Study; N/A, not applicable; OR, odds ratio.

https://doi.org/10.1371/journal.pmed.1002725.1001

Association of SNV in the SLC2A9 gene with SU, eGFR, and CKD

We also specifically examined rs12498742 in the SLC2A9 gene, which encodes the GLUT9
transporter (for glucose and urate) in the renal proximal tubule and is the largest contributor
to genetic control of SU level, explaining 3% of variance [14]. This SNV was strongly associated
with SU (beta = 0.37, P < 1077%) but neither with eGER (beta = 0.002, P = 0.06) nor with CKD
(OR=10.99, P =0.53).

Conventional epidemiological association of SU, eGFR, and CKD

These null associations contrasted with conventional epidemiological association analyses. In
a meta-analysis of the same 4 population-based cohorts (ARIC, CARDIA, CHS, and FHS), we
observed that an equivalent (1 mg/dl) increase in SU level was associated with reduced eGFR
level (beta = —1.99; 95% CI —2.86 to —1.11; P = 8.08 x 10°) and increased risk of CKD

(OR = 1.48; 95% CI 1.32 to 1.65; P = 1.52 x 10~ '"), after adjustment for age and sex (Table 2).

Statistical power and the probability of missing a causal effect

We assessed the statistical power of our MR study given the sample size and the variance in SU
explained by the 26 SNVs we used as instrumental variables. We calculated that our MR analy-
ses would have greater than 99% power to detect a statistically significant effect at an alpha rate
of 5%, if causality between SU and CKD were present at the strength indicated by observa-
tional epidemiology (OR = 1.5 per 1 mg/dl of SU) (Table 3).

Table 2. Observational association between serum urate level and eGFR and risk of CKD in 4 population-based cohorts.

Group eGFR (ml/min/1.73 m?) CKD

Beta 95% CI P value OR 95% CI P value
ARIC -1.82 -1.99 to -1.65 3.56 x 10~°* 1.40 1.34to 1.46 1.17 x 107!
CARDIA -1.01 ~1.52 to —0.49 1.40 x 107* 1.39 1.14to 1.68 9.51x107*
CHS -3.31 -3.67 to —2.95 1.75 x 107® 1.61 1.50 to 1.74 1.68 x 1077
FHS -1.76 —232to-121 3.85x 107 N/A N/A N/A

Meta-analysis

-1.99

-2.86to —1.11 8.08 x 10°° 1.48 1.32 to 1.65 1.52x 107"

ARIC, Atherosclerosis Risk in Communities; CARDIA, Coronary Artery Risk Development in Young Adults; CHS, Cardiovascular Health Study; CKD, chronic kidney
disease; eGFR, estimated glomerular filtration rate; FHS, Framingham Heart Study; OR, odds ratio.

https://doi.org/10.1371/journal.pmed.1002725.t002
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Table 3. Power calculations for MR analyses of the effect of SU on CKD.
OR of CKD per 1 mg/dl of SU Fraction of variance in SU explained by SNV Power of MR analysis

1.3 0.5% 94%

1.3 3% >99%
1.5 0.5% >99%
1.5 3% >99%
1.7 0.5% >99%
1.7 3% >99%

Power calculations performed with mRnd. OR 1.3-1.7 is the 95% confidence interval of the observational
epidemiological association between SU and CKD (Table 2); 0.5%-3% is the range of variance explained reported for
single SNVs in the SU genome-wide association study.

CKD, chronic kidney disease; MR, Mendelian randomization; OR, odds ratio; SNV, single nucleotide variant; SU,

serum urate.

https://doi.org/10.1371/journal.pmed.1002725.t003

Discussion

In this study, we investigated a potential causal role for SU level in the development of CKD
using a series of complementary MR analyses. Despite previous observational study findings
that SU levels were strongly associated with the risk of incident CKD [4,5], our MR analyses
found no evidence for a causal role of SU level for eGFR level or incident CKD. In contrast,
our positive control MR analysis demonstrated that SU level was causal for the risk of gout,
which is consistent with a previous study that showed similar results [28].

Unlike previous studies based on smaller sample sizes, our power calculations show that our
study is sufficiently powered to assess a causal relationship between SU level and CKD. One
study that examined only eGFR (not CKD) reported that increased SU levels due to SNVs in
urate transporter genes were associated with increased eGFR only in men (which is opposite to
the expected epidemiological association) [29]. However, this study did not account for pleiot-
ropy, which may explain these unexpected findings. The second MR analysis reported null find-
ings for both eGFR and CKD; however, the study was not sufficiently powered to assess causal
relationships for CKD and also did not account for pleiotropy [30]. A third study observed no
causal effect of SU levels on renal function in 3,734 Chinese individuals but observed significant
effects in some subpopulations: females, individuals under 65 years, individuals with normal
eGEFR levels, current smokers, and individuals with high fasting glucose levels [31]. This study
similarly did not account for pleiotropy and did not directly test for CKD. Importantly, the
sample size of the current study is much larger (N > 400,000) and therefore has higher power
than the previous studies above. Our failure to detect by MR the expected epidemiological asso-
ciation of SU with CKD/eGEFR is therefore not due to lack of power. We suggest instead that it
is due to our MR analyses being robust to unknown confounders and reverse causation, which
can create positive correlations in observational epidemiological studies.

Clinical trial data on lowering SU levels for preventing CKD progression to date have been
conflicting [32,33]. Moreover, no randomized controlled trials have been conducted using tar-
geted interventions to lower SU levels for the prevention of incident CKD, although trials eval-
uating the role of xanthine oxidase inhibitors in disease populations such as patients with early
CKD or type 1 diabetes are ongoing. Furthermore, to date, 2 randomized controlled trials
among adolescents with hyperuricemic pre-hypertension or stage-1 hypertension found that
urate-lowering therapy lowered blood pressure, a strong risk factor for CKD [34,35], whereas
a similarly designed trial among adults did not find such a benefit [36]. Nevertheless, these
studies did not address the causal role of urate reduction in the prevention of incident CKD in
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population-based participants, which would be the relevant context of our study. Furthermore,
the potential benefit of xanthine oxidase inhibitors could exclusively come from reducing oxi-
dative stress by inhibiting superoxide generation, rather than from SU reduction [37]. Our
findings suggest that SU reduction alone would not result in prevention of incident CKD, con-
sistent with a recent study that showed that the initiation of allopurinol in patients with gout
was not associated with a change in CKD risk [38]. Finally, our results are relevant to the
impact of lowering urate and do not rule out the potential benefit of superoxide reduction
resulting from xanthine oxidase inhibition [37].

Potential limitations of this study and, in particular, MR deserve comment. First, MR analy-
sis requires suitable SNV to act as instrumental variables, and selection of inappropriate or
unrepresentative instrumental variables may undermine the validity of the study. Here, we
used the SNVs significantly associated with SU in a previously published GWA study. We also
performed an additional analysis using a single SNV with a strong effect on SU and a well-
understood mechanism (rs12498742 in the SLC2A9 gene), as well as an analysis excluding
both this SNV and a second large-effect SNV (rs2231142 in the ABCG2 gene). Second, an
assumption of MR is that the SNV’ used as instrumental variables are not subject to “horizon-
tal pleiotropy,” meaning that the SNVs should not have pleiotropic effects on the outcome out-
side of the target biomarker or risk factor. We have used MR approaches designed to be robust
to horizontal pleiotropy to account for this. Third, our MR findings cannot predict with abso-
lute certainty that therapeutics lowering SU levels will not result in a lowering of CKD risk,
since the effects of genetic variation may not be exactly the same as the effects of a therapeutic
intervention. Nevertheless, studies have suggested that genetic findings can predict the effect
of drugs on disease outcomes [39]. Fourth, the study is focused on individuals of European
ancestry; therefore, it is unclear whether our results can be generalized to non-European popu-
lations. Fifth, there are some overlapping samples between the SU and CKD GWA datasets
(61% of samples in the SU GWA dataset, 50% in the eGFR GWA dataset, and 43% in the CKD
GWA dataset), which can affect the accuracy of MR tests [40]. However, this would only affect
our study by producing a false positive result, and we observe only negative results. Further-
more, we also performed an MR analysis with non-overlapping datasets (the SU GWA dataset
and the UK Biobank dataset for CKD), and found the same negative result. Sixth, the SU and
CKD GWA studies both aggregated heterogeneous populations with differing distributions
of age, sex, and other potentially important features, and it is possible that the differences
between the populations mask the effect of SU on CKD. However, these studies did account
for age and sex as covariates, and we performed individual-level analyses that found a negative
result when stratifying by age and sex. Seventh, some individuals included in the GWA data-
sets for SU and CKD may have been taking urate-lowering medication, which may distort the
relationship between SU and CKD. We were not able to remove these individuals from our
sample for the GWA summary statistic analysis. However, we did remove individuals taking
urate-lowering medication from our individual-level analyses in the population-based cohorts,
and these analyses found a similar result to the GWA summary statistic analysis.

In conclusion, our MR analyses do not support a causal effect of SU level on eGFR or CKD.
Our results suggest that lowering SU levels would be unlikely to translate into risk reduction
for incident CKD.

Supporting information

S1 Fig. Leave-one-out analysis of effect of SU on CKD using WLS regression. Lines show
95% confidence intervals; odds ratio estimates are per 1 mg/dl of SU.
(TIFF)
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S2 Fig. MR analyses leaving out the 2 most significant SNVs. Analyses were performed with
24 SNVs, excluding rs12498742 in the SLC2A9 gene and rs2231142 in the ABCG2 gene. Lines

show 95% confidence intervals; odds ratio estimates are per 1 mg/dl of SU. Four outliers were

removed in the outlier-corrected (MR-PRESSO) analysis (see S2 Table).

(TIFF)

$3 Fig. MR analyses showing significant causal effect of urate on gout. Lines show 95% con-
fidence intervals; odds ratio estimates are per 1 mg/dl of SU. One outlier was removed in the
outlier-corrected (MR-PRESSO) analysis (see S2 Table).

(TIFF)

S4 Fig. MR analysis on UK Biobank data. Lines show 95% confidence intervals; odds ratio
estimates are per 1 mg/dl of SU. Four outliers were removed in the outlier-corrected (MR-
PRESSO) analysis (see S2 Table).

(TIFF)

S1 Table. List of SN'Vs for SU level.
(XLSX)

$2 Table. Detection of pleiotropy using the MR-PRESSO (Mendelian randomization plei-
otropy REsidual sum and outlier) test on SU and eGFR, CKD, and gout.
(XLSX)

S3 Table. MR results in population-based cohorts stratified by age and sex.
(XLSX)

S1 Text. Description of the 7 MR methodologies used in the primary analysis.
(DOCX)

$2 Text. Description of the 4 population-level cohorts.
(DOCX)
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