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Previous observational studies have shown that the serum uric acid (UA) level is
decreased in persons with multiple sclerosis (MS). We used the two-sample Mendelian
randomization (MR) method to determine whether the serum UA level is causally
associated with the risk of MS. We screened 26 single-nucleotide polymorphisms
(SNPs) in association with serum UA level (p < 5 × 10−8) from a large genome-wide
meta-analysis involving 110,347 individuals. The SNP outcome effects were obtained
from two large international genetic studies of MS involving 38,589 individuals and
27,148 individuals. A total of 18 SNPs, including nine proxy SNPs, were included in
the MR analysis. The estimate based on SNP rs12498742 that explained the largest
proportion of variance showed that the odds ratio (OR) of UA (per mg/dl increase)
for MS was 1.00 [95% confidence interval (CI) 0.90–1.11; p = 0.96]. The main MR
analysis based on the random effects inverse variance weighted method showed that
the pooled OR was 1.05 (95% CI 0.92–1.19; p = 0.50). Although there was no evidence
of net horizontal pleiotropy in MR-Egger regression (p = 0.48), excessive heterogeneity
was found via Cochran’s Q statistic (p = 9.6 × 10−4). The heterogeneity showed a
substantial decrease after exclusion of two outlier SNPs (p = 0.17). The pooled ORs for
the other MR methods ranged from 0.89 (95% CI 0.65–1.20; p = 0.45) to 1.05 (95%
CI 0.96–1.14; p = 0.29). The results of sensitivity analyses and additional analyses all
showed similar pooled estimates. MR analyses by using 81 MS -associated SNPs as
instrumental variables showed that genetically predicted risk of MS was not significantly
associated with serum UA level. The pooled OR was 1.00 (95% CI 0.99–1.02; p = 0.74)
for the main MR analysis. This MR study does not support a causal effect of genetically
determined serum UA level on the risk of MS, nor does it support a causal effect of
genetically determined risk of MS on serum UA level.

Keywords: multiple sclerosis, uric acid, mendelian randomization analysis, single-nucleotide polymorphism,
causality

Abbreviations: CI, confidence interval; IMSGC, international multiple sclerosis genetics consortium; IMSGC/WTCCC2,
the international multiple sclerosis genetics consortium and the wellcome trust case control consortium 2; MR, mendelian
randomization; SNPs, single-nucleotide polymorphisms; GWASs, genome-wide association studies; MS, multiple sclerosis;
OR, odds ratio; UA, uric acid.
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INTRODUCTION

The etiology of MS is varied and not fully understood (Dobson
and Giovannoni, 2019). As a potent scavenger of peroxynitrite,
previous studies suggested that UA may play an important role
in the development of MS (Liu et al., 2012; Junqueira et al.,
2017). An updated meta-analysis using data from case–control
studies showed that the serum UA level was lower in persons
with MS than in healthy controls (Wang et al., 2016). It has
been suggested that the low serum UA level in persons with MS
may represent the deficiency of protection against oxidative stress
or the consumption of UA during anti-oxidative damage (Koch
and De Keyser, 2006; Rentzos et al., 2006). However, the causal
relationship between the serum UA level and the risk of MS
remains unclear.

Because of the inherent bias, it is not possible to determine
the direction of causality between the serum UA level and risk of
MS from the above-mentioned case–control studies. The method
of MR can be used to clarify the causality of exposure factors in
disease etiology (Smith and Ebrahim, 2003; Mokry et al., 2015a;
Harroud and Richards, 2018; Howell et al., 2018). In MR analysis,
genetic variations such as SNPs will be used as surrogate measures
of genetically determined lifetime exposure of the trait of interest.
Because genetic variations are randomly allocated at meiosis, MR
can mimic the design of randomized controlled trials and thus
can solve the inherent bias of confounding and reverse causation
in case–control studies (Smith and Ebrahim, 2003; Ong et al.,
2018). There are three assumptions of the MR study (Figure 1).
Hemani et al. (2018b) First, the genetic variations are directly
associated with the exposure of the trait of interest. Second, the
genetic variations do not affect the outcome by other pathways.
Last, the genetic variations are not associated with confounders.
The MR method has been used to determine the causal effects of
many exposure factors on the risk of MS (Mokry et al., 2015b;
Devorak et al., 2017; Harroud et al., 2019).

To determine whether a genetically associated serum UA level
is causally associated with the risk of MS, we performed two-
sample MR analyses using published data from large genetic
studies including genome-wide meta-analyses.

MATERIALS AND METHODS

Standard Protocol Approvals and Patient
Consents
Approval and written consent for the present study were waived
by the institutional review board of the First Affiliated Hospital of
Zhengzhou University because the present MR analysis was based
on summary data from previous genetic studies.

Data Sources and Participants
For the exposure dataset, we screened 26 significant SNPs in
association with serum UA level (p < 5 × 10−8) from a large
meta-analysis of GWASs of serum UA level (Köttgen et al.,
2013). The discovery analysis of this study comprises 110,347
individuals of European ancestry from 48 GWASs that have
investigated variants associated with serum UA concentrations.

In each of the 48 GWASs, genotype imputation was conducted
using the HapMap 2 data as the reference. Across the 48
studies, mean serum UA concentrations ranged from 3.9 to
6.1 mg/dl (median of 5.2 mg/dl). Standard deviations of
serum UA concentrations ranged from 0.92 to 1.68 mg/dl.
The study reported that the proportion of variance in serum
UA concentrations explained by these 26 SNPs was 7.0%. The
proportion of variance in serum UA concentrations explained by
the two leading SNPs (rs12498742 and rs2231142) was 3.4%.

The summary statistics of discovery data of these 26 target
SNPs were used to perform the MR analysis. The summary
statistics include the beta value and standard deviation of the
effect of each SNP on serum UA concentrations. The information
of effect allele, other allele, effect allele frequency, and sample size
was also used to perform the MR analysis. SNPs were excluded
from the MR analysis if their measured linkage disequilibrium
had an r (Junqueira et al., 2017) greater than 0.01. We calculated
the linkage disequilibrium using the CEU panel of the phase 3
data of the 1000 Genomes Project as the reference panel (The
1000 Genomes Project Consortium et al., 2015).

For the outcome dataset, we used the summary statistics
of each target SNP for the risk of MS from the IMSGC
ImmunoChip study and the IMSGC/WTCCC2 study (The
International Multiple Sclerosis Genetics Consortium et al., 2011;
International Multiple Sclerosis Genetics Consortium [IMSGC]
et al., 2013). We used the summary statistics of the target SNPs
regardless of whether the target SNPs were associated with the
risk of MS or not. The IMSGC ImmunoChip study is a large
genetic study regarding MS, which includes 14,498 MS cases
and 24,091 healthy controls of European ancestry. If a UA-
associated SNP was not available from the IMSGC ImmunoChip
study, we searched the SNP from the IMSGC/WTCCC2 study,
which includes 9,772 MS cases and 17,376 healthy controls
of European ancestry. There were over 460,000 SNPs in the
IMSGC/WTCCC2 study, which is substantially larger than those
in the IMSGC ImmunoChip study (over 160,000 SNPs). If
a UA-associated SNP was not available from both studies, a
proxy variant was selected for the MR analysis. A genetic
variant can be used as a proxy variant for the target variant if
there is high linkage disequilibrium between them (r2 > 0.8).
Proxy variants were searched from the IMSGC ImmunoChip
study. If a proxy variant could not be found for a target
variant from the IMSGC ImmunoChip study, we subsequently
searched the IMSGC/WTCCC2 study. The summary statistics
were chosen from discovery data of these two studies. Genotype
imputation was not conducted for the discovery data in
these two studies.

Statistical Analyses
The estimate of UA on the risk of MS was evaluated using each
SNP singly via the Wald ratio (Cheng et al., 2019). We used
the random effects inverse variance weighted method to perform
the two-sample MR analysis by pooling all of the estimates.
Because horizontal pleiotropy (i.e. SNPs affecting the risk of
MS through pathways other than the serum UA) may exist,
a random effects model was chosen, as this model allows for
each SNP to have different mean effects (Bowden et al., 2017).
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FIGURE 1 | Diagram of Mendelian randomization analysis of serum uric acid level and multiple sclerosis. Abbreviations: MS = multiple sclerosis;
SNP = single-nucleotide polymorphism; UA = uric acid. The three assumptions of the Mendelian randomization study are as follows: the SNPs associate with serum
uric acid level (assumption IV1); the SNPs do not affect multiple sclerosis by other pathways (assumption IV2); and the SNPs are not associated with confounders
(assumption IV3).

The estimates from each SNP and the pooled estimate were
presented in a forest plot. The methods of the MR-Egger analysis,
median-based estimator, and mode-based estimator were also
used to perform the two-sample MR analysis. The MR-Egger
analysis can produce an unbiased causal effect even if the
assumption of no horizontal pleiotropy is violated for all SNPs
(Bowden et al., 2015). The median-based method is a method
that uses the median effect of all available SNPs, which could
return an unbiased causal effect when at least half of the
SNPs meet the assumption of no horizontal pleiotropy (Bowden
et al., 2016). The mode-based method can return an unbiased
causal effect if the SNPs within the largest cluster meet the
assumption of no horizontal pleiotropy (Hartwig et al., 2017).
SNPs that showed a similar causal effect will be grouped into the
same cluster. ORs for MS were calculated per 1-mg/dl increase
in serum UA level.

We performed leave-one-out sensitivity analysis to determine
if the pooled estimate is being disproportionately influenced by
each single SNP. We assessed heterogeneity among the estimates
from each SNP via Cochran’sQ statistic. The presence of excessive
heterogeneity suggests that some or all of the assumptions may be
violated (Hemani et al., 2018b).

We performed all the statistical analyses in R (version 3.6.1)
using the TwoSampleMR R package (Hemani et al., 2018b). The
level of statistical significance was set at p < 0.05 (two-tailed).

We calculated statistical power using the method proposed by
Brion et al. (2013) We had 80% power to detect an OR of 1.14 or
0.87 at an alpha rate of 5%.

Data Availability
The summary statistics used in the present MR analysis are
all publicly available. Summary statistics can be found in the
NHGRI-EBI GWAS catalog (Buniello et al., 2019).

RESULTS

Variant Selection
Of the 26 target SNPs included, we identified six target SNPs from
the IMSGC ImmunoChip study. Three target SNPs were further
identified from the IMSGC/WTCCC2 study. Subsequently, we
identified three proxy SNPs and six proxy SNPs from the IMSGC
ImmunoChip and IMSGC/WTCCC2 studies, respectively. In
total, we used 18 SNPs, including nine proxy SNPs, for the MR
analysis. The two leading SNPs of rs12498742 and rs2231142 were
included. We confirmed that there is no linkage disequilibrium
(r2 < 0.01) between these SNPs. We found that none of
the 18 UA-associated SNPs and the nine proxy SNPs were
linkage disequilibrium (r2

≤ 0.012) with any MS-associated SNPs
that were reported in the two MS studies. We estimated that
the total proportion of variance in serum UA concentrations
explained by the 18 SNPs was ∼5.0%. We estimated that the
F statistic was ∼322.6 using the proposed formula (Burgess
et al., 2011) suggesting strong instruments for the present
MR study (Burgess et al., 2011; Wang et al., 2019). Figure 1
shows the diagram of MR analysis of the serum UA level and
MS. Table 1 shows the characteristics of SNPs included in
the MR analysis.

Estimates for Individual Variants
The estimates of serum UA level on risk of MS were significant
for three SNPs (Figure 2A). The estimate based on SNP rs653178
showed that a genetically predicted 1-mg/dl increase in serum
UA level was associated an increased risk of MS [OR 4.04;
95% CI 1.66–9.84; p = 2.1 × 10−3). The estimate based on
SNP rs1165151 and rs675209 showed that the ORs were 1.92
(95% CI 1.34–2.76; p = 3.8 × 10−4) and 1.81 (95% CI 1.01–
3.24; p = 0.046), respectively. The estimates based on the
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TABLE 1 | Characteristics of SNPs included in the Mendelian randomization analysis.

SNP Chr Closest gene EA OA EAFa SNP on serum UA (mg/dl) SNP on MS

Beta SE p-value OR (95% CI) p-value Studyb Proxy SNP

rs12498742 4 SLC2A9 A G 0.77 0.373 0.006 0 1.00 (0.96–1.04) 0.961 IMSGC rs7442295

rs2231142 4 ABCG2 T G 0.11 0.217 0.009 1.0 × 10−134 0.99 (0.94–1.05) 0.795 IMSGC –

rs1260326 2 GCKR T C 0.41 0.074 0.005 1.2 × 10−44 1.00 (0.96–1.03) 0.749 IMSGC –

rs3741414 12 INHBC T C 0.24 −0.072 0.007 2.2 × 10−25 1.01 (0.97–1.05) 0.678 IMSGC –

rs675209 6 RREB1 T C 0.27 0.061 0.006 1.3 × 10−23 1.04 (1.00–1.08) 0.048 IMSGC –

rs11264341 1 TRIM46 T C 0.43 −0.050 0.006 6.2 × 10−19 1.03 (0.99–1.06) 0.109 IMSGC –

rs653178 12 ATXN2 T C 0.51 −0.035 0.005 7.2 × 10−12 0.95 (0.92–0.98) 0.002 IMSGC –

rs1178977 7 BAZ1B A G 0.81 0.047 0.007 1.2 × 10−12 0.97 (0.93–1.01) 0.171 IMSGC rs17145713

rs10480300 7 PRKAG2 T C 0.28 0.035 0.006 4.1 × 10−09 1.02 (0.99–1.06) 0.267 IMSGC rs10224002

rs1165151 6 SLC17A1 T G 0.47 −0.091 0.005 7.0 × 10−70 0.94 (0.91–0.97) 3.8 × 10−4 WTCCC2 rs9393672

rs2078267 11 SLC22A11 T C 0.51 −0.073 0.006 9.4 × 10−38 0.97 (0.94–1.00) 0.082 WTCCC2 –

rs7224610 17 HLF A C 0.58 −0.042 0.005 5.4 × 10−17 1.02 (0.99–1.06) 0.241 WTCCC2 –

rs6598541 15 IGF1R A G 0.36 0.043 0.006 4.8 × 10−15 0.99 (0.95–1.03) 0.606 WTCCC2 rs3743264

rs1394125 15 UBE2Q2 A G 0.34 0.043 0.006 2.5 × 10−13 0.97 (0.93–1.01) 0.106 WTCCC2 –

rs7193778 16 NFAT5 T C 0.86 −0.046 0.008 8.2 × 10−10 1.02 (0.97–1.07) 0.488 WTCCC2 rs33063

rs17050272 2 INHBB A G 0.43 0.035 0.006 1.6 × 10−10 1.01 (0.97–1.04) 0.718 WTCCC2 rs6706968

rs7188445 16 MAF A G 0.33 −0.032 0.005 1.6 × 10−09 0.97 (0.93–1.01) 0.160 WTCCC2 rs17767383

rs17786744 8 STC1 A G 0.58 −0.029 0.005 1.4 × 10−08 1.00 (0.96–1.04) 0.900 WTCCC2 rs1705699

CI = confidence interval; EA = effect allele; EAF = frequency of effect allele; MS = multiple sclerosis; OA = other allele; OR = odds ratio; SE = standard error; SNP = single-
nucleotide polymorphism; UA = uric acid. aFrequency of effect allele of uric acid dataset. b IMSGC represents the IMSGC (International Multiple Sclerosis Genetics
Consortium) ImmunoChip study; WTCCC2 represents the IMSGC/WTCCC2 (The International Multiple Sclerosis Genetics Consortium and the Wellcome Trust Case
Control Consortium 2) study.

remaining SNPs showed that genetically predicted serum UA
level was not associated with the risk of MS. The estimate
based on SNP rs12498742 that explained the largest proportion
of variance showed that the OR was 1.00 (95% CI 0.90–1.11;
p = 0.96).

MR Analysis
MR analysis using a random effects inverse variance weighted
method showed that a genetically predicted increase in the serum
UA level (per 1-mg/dl increase) was not significantly associated
with the risk of MS (OR 1.05; 95% CI 0.92–1.19; p = 0.50)
(Figure 3). MR analyses based on the methods of MR-Egger
analysis (OR 1.00; 95% CI 0.84–1.19; p = 0.99), median-based
estimator (OR 1.00; 95% CI 0.91–1.10; p = 0.96), and mode-
based estimator (OR 1.00; 95% CI 0.91–1.10; p = 0.99) showed
similar results (Figure 3). The leave-one-out sensitivity analysis
suggested that the MR analysis result was not driven dramatically
by any single SNP (Figure 2B).

There was no evidence for a significant intercept
(intercept = 0.0070; SE = 0.0097, p = 0.48) in the MR-Egger
regression (Figure 2C), which suggests that there was no
evidence of horizontal pleiotropy or that the horizontal
pleiotropy is balanced.

Strong evidence of heterogeneity was found by Cochran’s Q
statistic. The Cochran’s Q values were 40.9 (p = 9.6 × 10−4)
for the random effects inverse variance weighted method.
Asymmetry of the funnel plot also suggests evidence of
heterogeneity (Figure 2D). After visual inspection of the forest
plot (Figure 2A), scatter plot (Figure 2C), and the funnel plot

(Figure 2D), we found two outlier SNPs (i.e. rs653178 and
rs1165151) that may be the main sources of heterogeneity. The
ORs remained unchanged after exclusion of the two outlier
SNPs (Figure 3). Cochran’s Q values showed a substantial
decrease of the heterogeneity after exclusion of the two outlier
SNPs. Cochran’s Q values were 19.9 (p = 0.17) for the random
effects inverse variance weighted method. There was no evidence
of directional pleiotropy (intercept = −0.0017; SE = 0.0077,
p = 0.83) in the MR-Egger regression after exclusion of the
two outlier SNPs.

After excluding the nine proxy SNPs (i.e. nine SNPs left), the
MR analyses showed similar results (Figure 3).

Additional Analyses
We performed the MR analyses by using the data from the
IMSGC ImmunoChip study and the IMSGC/WTCCC2 study
separately. All the results showed that a genetically predicted
increase in the serum UA level (per 1 mg/dl) was not significantly
associated with the risk of MS (Figure 3). We performed the MR
analyses by using other MR methods. All the results showed no
significant causal relationship (Figure 4).

Finally, we performed the MR analyses by using MS as the
exposure and using serum UA as the outcome. We screened
110 significant SNPs in association with MS from the IMSGC
ImmunoChip study. Seven SNPs were excluded due to linkage
disequilibrium (r2 > 0.01) with other SNPs. Ninety of the 103
left SNPs were genotyped in the UA study. Nine SNPs were
further excluded because of being palindromic with intermediate
allele frequencies. In total, 81 SNPs including nine proxy SNPs
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FIGURE 2 | Forest plot, leave-one-out sensitivity analysis, scatter plot, and funnel plot of the effect of serum uric acid level on multiple sclerosis. Abbreviations:
MR = Mendelian randomization; MS = multiple sclerosis; SNP = single-nucleotide polymorphism; UA = uric acid; IVW = inverse variance weighted. (A) Forest plot:
The horizontal axis represents the estimate of serum UA level (log odds per 1-mg/dl increase) on MS. (B) Leave-one-out sensitivity analysis: Each black point
represents the estimate of serum UA level (log odds per 1-mg/dl increase) on MS after the corresponding SNP was excluded. (C) Scatter plot: Each black point
represents a SNP, plotted by the estimate of SNP on serum UA level (x-axis, 1-mg/dl units) and the estimate of SNP on the risk of MS (y-axis, log odds ratio) with
standard error bars. The slopes of the lines correspond to causal estimates using each of the four different methods. (D) Funnel plot: Each black point represents a
SNP, plotted by the estimate of serum UA level on the risk of MS on the horizontal axis and the inverse of the standard error of the estimate on the vertical axis. The
vertical lines show the pooled estimates using two MR methods.

were included in the MR analyses. MR analyses showed that
genetically predicted risk of MS was not significantly associated
with serum UA level (Figures 5, 6). There was no evidence of
horizontal pleiotropy, or the horizontal pleiotropy is balanced
(intercept = −0.0022; SE = 0.0027, p = 0.43). A strong
evidence of heterogeneity was found by Cochran’s Q statistic
(p = 2.2 × 10−5). We performed several sensitivity analyses.
The results of leave-one-out analysis, MR analysis by excluding

nine proxy SNPs, and MR analysis by excluding six outlier SNPs
showed no significant causal relationship (data not shown).

DISCUSSION

In this MR study using the summary statistics of large genetic
studies regarding serum UA levels and MS, we found no evidence
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FIGURE 3 | Mendelian randomization analyses of serum uric acid level on risk of multiple sclerosis. Abbreviations: CI = confidence interval; OR = odds ratio;
IMSGC = International Multiple Sclerosis Genetics Consortium; IMSGC/WTCCC2 = The International Multiple Sclerosis Genetics Consortium and the Wellcome Trust
Case Control Consortium 2; SNP = single-nucleotide polymorphism; IVW = inverse variance weighted. Cochran’s Q values for all SNPs, proxy SNPs excluded,
outlier SNPs excluded, SNPs from IMSGC, and SNPs from IMSGC/WTCCC2 were 40.9 (p = 9.6 × 10−4), 23.2 (p = 3.2 × 10−3), 19.9 (p = 0.17), 19.5 (p = 0.01),
and 49.3 (p = 5.5 × 10−5), respectively. The intercepts in the MR-Egger regression are 0.0070 (SE = 0.0097, p = 0.48), 0.0052 (SE = 0.0212, p = 0.81), −0.0017
(SE = 0.0077, p = 0.83), 0.0095 (SE = 0.0138, p = 0.51), −0.0006 (SE = 0.0113, p = 0.96).

FIGURE 4 | Serum uric acid level on risk of multiple sclerosis by using additional Mendelian randomization methods. Abbreviations: CI = confidence interval;
OR = odds ratio; IVW = inverse variance weighted; MR = Mendelian randomization.

to support a causal role of genetically predicted serum UA
level for the risk of MS. The sensitivity analyses and additional
analyses supported these findings. MR analyses also showed that
genetically predicted risk of MS was not significantly associated
with serum UA level.

Although there is increasing evidence of an association
between decreased serum UA level and the risk of MS from
case–control studies, the temporal order is unclear because of
the inherent limitation of the case–control study and lack of
prospective observational data. The present MR analysis suggests
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FIGURE 5 | Forest plot of the estimate of risk of multiple sclerosis on serum uric acid level. Abbreviations: MR = Mendelian randomization; MS = multiple sclerosis;
UA = uric acid; IVW = inverse variance weighted. The horizontal axis represents the estimate of multiple sclerosis risk on serum uric acid level.

that even if there is an association between the serum UA level
and MS, the observed decrease in the serum UA level is only
an effect of MS disease attack, not its cause. In addition, the
genetically predicted risk of MS was not significantly associated
with serum UA level. Furthermore, although pilot clinical studies
showed that treatment by increasing serum UA level have
protective effects for persons with MS by reducing magnetic
resonance imaging activity (Markowitz et al., 2009), preventing
the progression of disease (Spitsin et al., 2001), and reducing
relapse rates (Toncev, 2006), a subsequent multicenter double-
blind placebo controlled trial with a 2-year study period failed
to confirm these benefits (Gonsette et al., 2010). Although the
sample size was small (n = 159), there was not even a slight trend
of benefit on MS progression. This, in part, supports our finding
that there is no causal relationship between genetically predicted
serum UA level and genetically predicted risk of MS. The results
of the present MR study support the idea that the low serum UA
level in persons with MS may represent the consumption of UA

during anti-oxidative damage after the disease attack, rather than
a primary deficiency (Koch and De Keyser, 2006).

A recently published study reviewed relevant systematic
reviews and MR studies that explored the causal associations of
serum UA levels with multiple health outcomes (Li et al., 2017).
Similar to our finding, the review showed that although serum UA
levels were reported to be associated with most health outcomes
in systematic reviews or meta-analyses of observational studies,
most (84%) health outcomes investigated in MR studies were not
statistically significant. This is because most MR studies could
have been underpowered to detect modest effects. Our power
calculation suggested that our MR analysis is sufficiently powered
to assess an OR of 1.14 or 0.87. In addition, most of the point
estimates from the pooled analyses in our study are very close
or even equal to null, which suggests that there was probably no
modest effect on risk of MS.

One important weakness of the MR study involves the
second and third assumptions, which are difficult to evaluate
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FIGURE 6 | Mendelian randomization analyses of risk of multiple sclerosis on serum uric acid level. Abbreviations: CI = confidence interval; OR = odds ratio;
IVW = inverse variance weighted; MR = Mendelian randomization.

(Hemani et al., 2018a). In our study, although no evidence of net
horizontal pleiotropy was found using the MR-Egger regression
(p = 0.90), evidence of heterogeneity suggested that one or
more assumptions may be violated. After exclusion of the two
outlier SNPs, the heterogeneity showed a substantial decrease
and the ORs remained essentially unchanged. Furthermore,
the results of different MR methods, sensitivity analyses, and
additional analyses all showed similar results. Therefore, the
pooled estimates in this study are probably unbiased or only
slightly biased.

There are several limitations of this MR study which may
bias the MR results. First, the first assumption of the MR study
is that the instrument variable (i.e. UA-associated SNPs in this
study) should be strongly associated with the exposure (i.e. serum
UA level in this study). However, the proportion of variance in
serum UA levels explained by the selected SNPs in our study
was∼5.0%, which was substantially lower than the heritability of
40–60%, suggested by a previous study (Krishnan et al., 2012).
Weak instruments can result in misleading estimates of causal
effects. Although the explained variance was relatively low, we
estimated that the F statistic was ∼322.6, suggesting strong
instruments for the present MR study (Burgess et al., 2011;
Wang et al., 2019). Second, the IMSGC ImmunoChip study is a
genetic study of MS risk that focused on immune-related variants
outside the major histocompatibility complex, which may bias
the MR results because non-immune-related variants were not
investigated. A recently published genetic study involving more
subjects found 200 autosomal susceptibility variants outside
the major histocompatibility complex (International Multiple
Sclerosis Genetics Consortium, 2019). Future updated MR
analysis using the summary statistics of this larger genetic study
is warranted to confirm the results of our MR study. The
summary statistics of this study are not publicly available now.
Third, the serum UA level that was measured at a specific time

point may be affected by many temporary factors such as diet
and UA-lowering therapies, which may not reflect the lifelong
serum UA level determined by the encoding gene. However,
these data were not available. Fourth, because the individual-
level data were not available, we did not test the potential non-
linear associations nor did we investigate the associations in
different subgroups (e.g. males and females). Fifth, the results
might also be influenced by survival bias by using case–control
studies. Last, the included populations are all of European
ancestry, which may restrict the generalization of the finding to
other populations.

CONCLUSION

In conclusion, by using the summary statistics from large genetic
studies regarding serum UA level and MS, this MR study does
not support a causal effect of genetically determined serum UA
level on the risk of MS, nor does it support a causal effect
of genetically determined risk of MS on serum UA level. The
observed decreased serum UA level in MS persons in previous
case–control studies may be an effect of the MS disease attack.
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