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Purpose: Although increasing lines of evidence showed associations between serum uric
acid (UA) levels and schizophrenia, the causality and the direction of the associations remain
uncertain. Thus, we aimed to assess whether the relationships between serum UA levels and
schizophrenia are causal and to determine the direction of the association.

Patients and Methods: Two-sample bidirectional Mendelian randomization (MR) ana-
lyses and various sensitivity analyses were performed utilizing the summary data from
genome-wide association studies within the Global Urate Genetics Consortium and the
Psychiatric Genomics Consortium. Secondary MR analyses in both directions were con-
ducted within summary data using genetic risk scores (GRSs) as instrumental variables.
Results: Three MR methods provided no causal relationship between serum UA and
schizophrenia. Furthermore, GRS approach showed similar results in the three MR methods
after adjustment for heterogeneity. By contrast, inverse variance weighted method, weighted
median and GRS approach suggested a causal effect of schizophrenia risk on serum UA after
adjustment for heterogeneity (per 10-symmetric percentage increase in schizophrenia risk,
beta: —0.039, standard error (SE): 0.013, P =0.003; beta: —0.036, SE: 0.018, P = 0.043; beta:
—0.039, SE: 0.013, P = 0.002; respectively). Moreover, in both directions’ analyses, the
heterogeneity and sensitivity tests suggested no strong evidence of bias due to pleiotropy.
Conclusion: Schizophrenia may causally affect serum UA levels, whereas the causal role of
serum UA concentrations in schizophrenia was not supported by our MR analyses. These
findings suggest that UA may be a useful potential biomarker for monitoring treatment or
diagnosis of schizophrenia rather than a therapeutic target for schizophrenia.
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Introduction

Schizophrenia is a serious and considerably heritable mental illness resulting in
severe disability."> Life expectancy for people with schizophrenia is approximately
10-25 years shorter than that for the general people.®* Studies have indicated that
schizophrenia may be related to oxidative damage, as abnormal levels of major
antioxidants were observed in patients with schizophrenia.”’ Circulating uric acid
(UA) is a major antioxidant of plasma and protects cells from oxidative damage.®’
Study reported approximately 60% of free radical scavenging activity was repre-
sented by UA in human blood.'® In addition, patients with schizophrenia were
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found to have significantly lower UA levels than normal
controls, and further decreased UA levels were observed
after haloperidol withdrawal in the controlled clinical
trial.> Meanwhile, in a case-control study, significantly
lower UA levels were reported in patients with first-
episode schizophrenia (FSPR) rather in controls, suggest-
ing oxidative damage remains in the antioxidant system in
the early course of schizophrenia.” Furthermore, a meta-
analysis of cross-sectional studies reported every 1 mg/dL
lower UA concentration decreased 23-59% FSPR
risk.' 12

Although the association between UA and schizophre-
nia was observed in cumulative studies, whether reduced
UA is a cause or a consequence of schizophrenia remains
unclear. Reverse causality could be one of the explanations
for this association since decreased UA is a defensive
consequence of schizophrenia because of the UA antiox-
idative properties.'® Moreover, it has been demonstrated
that serum UA levels were related to numerous factors,
such as dietary factors and smoking,'” and such factors
may be potential confounders and not all to be adjusted in
the reported studies. Thus, understanding the role of UA in
schizophrenia and insights into the causal nature of these
observed relationships require further investigation.

It is well known that both schizophrenia and UA are
highly heritable. A meta-analysis of twin studies and
a Swedish population-based study estimated the heritability
of schizophrenia ranged from 64% to 81%.'*'> A large
genome-wide association study (GWAS) identified 128 sin-
gle nucleotide polymorphisms (SNPs) significantly asso-
ciated with schizophrenia which explained approximately
3.4% of the variance in schizophrenia risk.'® As for UA,
approximately 40—73% of heritability was estimated by the
twin study,'” path analyses and segregation analyses.'®'”
Recently, 28 SNPs were identified significantly associated
with serum UA level in a large GWAS,® and the proportion
of explained variance was approximately 7%.

For those heritable phenotypes evidenced from GWAS,
the causal association between them now can be assessed
by Mendelian randomization (MR) study (ie, utilizing
genetic variants as an instrumental variable (IV) to esti-
mate the causal relationship between exposure and
a medically relevant outcome).?' ** During gamete forma-
tion, alleles are randomly allocated and genetic variants
have effects that are potentially lifelong. Thus, other con-
founding factors are probably not going to confound the

studies, association between genetic variants and outcomes
cannot be generated by reverse causality, since genomes
are determined at conception. So, we performed the bidir-
ectional MR study to identify whether reverse causality is
present in earlier epidemiology studies. MR study has
been used for testing a causal effect for a range of traits
and diseases,” > leading to our understanding for the
aetiological architecture of complex diseases. Compared
with one-sample MR, the two-sample MR method does
not rely on individual-level genotype data and can estimate
the causal association between exposure factors and out-
come variables through the existing GWAS summarized
statistics.> Thus, the causal association between UA and
schizophrenia risk can be assessed by MR. In the present
study, we will use GWAS summarized data to analyze the
causal relationship between serum UA levels and schizo-
phrenia risk with two-sample bidirectional MR method.

Materials and Methods

The schematic of the two-sample bidirectional MR analy-
sis is shown in Figure 1. Briefly, serum UA levels affect
schizophrenia risk were analyzed first (Figure 1A), then
followed the analysis on schizophrenia risk affects serum
UA levels (Figure 1B).

Selection of Datasets and Genetic

Variants

Serum UA to Schizophrenia

The datasets from the serum UA Global Urate Genetics
Consortium (GUGC) GWAS and the Psychiatric Genomics
Consortium (PGC) GWAS were used for the analysis. The
GUGC GWAS comprised more than 140 000 individuals of
European ancestry.”’ Twenty-eight SNPs associated with
serum UA levels were selected from GUGC GWAS,
which were identified to be of genome-wide significance
(P<5x107%) in the combined sample (discovery sample +
replication sample). These variants are not in linkage dis-
equilibrium and were used in the previous MR studies.>***
A central assumption of MR is that the SNPs included in the
genetic instrument are uncorrelated with confounders.* In
the context of UA — schizophrenia/schizophrenia — UA
relationship, smoking is most likely a very important
confounder.***” Information queried from publicly available
databases of human genotype-phenotype associations,
PhenoScanner V2 and GWAS Catalog, was used to assess

relationship of genetic variants with risk of a disease associations of these SNPs with smoking confounder.*®*
outcome.”* Moreover, unlike traditional epidemiology  Of the 28 SNPs related to serum UA therein, we excluded 1
224 submit your manuscript Clinical Epidemiology 2020:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Clinical Epidemiology downloaded from https://www.dovepress.com/ by 202.28.179.6 on 28-Feb-2020
For personal use only

Dove

Luo et al

A SNP-exposure association from
GUGC combined sample

Estimated in 2
sample MR
approach

Uric acid related \l«

SNPs

A 4

Serum uric acid

l

Schizophrenia

SNP-outcome association from PGC
Schizophrenia GWAS discovery sample

A A 4

SNP-exposure association from
B PGC Schizophrenia GWAS
combined sample

Estimated in 2
sample MR
approach

Schizophrenia
related SNPs

A 4

Schizophrenia

Serum uric acid

A A 4

SNP-outcome association from
GUGC discovery sample

Figure | Two-sample bidirectional Mendelian randomization study of the association of serum uric acid (UA) and schizophrenia.
Notes: (A) Data sources for investigating whether serum UA causes schizophrenia. (B) Data sources for studying whether the biological risk of schizophrenia causally affects serum UA.
Abbreviations: SNP, single nucleotide polymorphism; GUGC, Global Urate Genetics Consortium; PGC, Psychiatric Genomics Consortium; MR, Mendelian randomization.

SNP (1rs653178) for being related with smoking confounder
(Table S1) and 1 SNP (rs17632159) for being palindromic.*
Finally, 26 independent SNPs were used as Vs for serum
UA. All these 26 SNPs associated with serum UA were
directly matched in the summary data of gene (SNP)—out-
come (schizophrenia risk) association estimates.

We obtained the summary data of gene (SNP)—outcome
(schizophrenia risk) association estimates from the PGC
GWAS discovery sample,'® which included 35,476 cases of
schizophrenia and 46,839 controls. The summary statistics
were downloaded from the public access (http://www.med.
unc.edu/pgc/downloads (SCZ2)).

We also conducted data harmonization to prevent bias due
to errors according to a previous report (Tables S2 and g).‘“’

Schizophrenia to Serum UA

We utilized variants at genome-wide significance (P<5x10 %)
as genetic instrument for schizophrenia; these variants were
from the combined sample (discovery sample + replication
sample) of the PGC schizophrenia GWAS, which comprised
36,989 cases and 113 075 controls (principally of European

ancestry).'® A total of 128 SNPs were identified genome-wide
significance and 2 SNPs (rs11210892, rs8042374) were
excluded for being related with smoking confounder queried
from PhenoScanner V2 and GWAS Catalog (Table S4),**°
and 7 SNPs (rs11139497, rs12325245, rs12522290, rs215411,
rs2851447, 154240748, rs9841616) were excluded for being
palindromic.** Of the remaining 119 SNPs, 45 SNPs were
directly matched in the summary data of gene (SNP)—outcome
(serum UA) association estimates. Finally, 45 independent
SNPs were used as IVs for schizophrenia.

We obtained the summary data of gene (SNP)-—out-
come (serum UA) association estimates from the GUGC
GWAS discovery sample of up to 110 347 individuals
from 48 studies.?’

We also conducted data harmonization to prevent bias due
to errors according to a previous report (Tables S5 and &).40

Statistical Analyses

Statistical Analyses for MR

Three MR methods were used in two sets of two-sample
MR analyses: (1) inverse variance weighted (IVW)
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method,41 in which the SNP-outcome estimation is
regressed on the SNP—exposure estimation. This approach
assumes that all SNPs are valid instruments; thus, the
overall bias is zero; (2) MR Egger regression analysis,
whose slope represents the causal effect estimate,* is
robust to invalid instruments against directional
pleiotropy;** and (3) weighted median approach, which
assesses consistently regardless of whether up to half of
the weight comes from invalid instruments.**

In the MR analyses, In (exposure) was used in both
directions. That is, in the calculation of the effect size values
for every exposure SNP, a unit increment in In (exposure) is
equivalent to a 10-symmetric percentage (s%) increment in
exposure level, which corresponds to the beta coefficient
(ie, logit of risk estimate) for a binary outcome or a unit
change of a continuous outcome.** Therefore, the causal
estimate value for every exposure SNP is displayed for the
outcome, which corresponds to a 10-s% increment in real
exposure level.

We conducted all analyses utilizing R (version 3.5.3)
with the R package “TwosampleMR”.>* We transformed
all the causal effect estimates (beta coefficients) to odds
ratios (ORs). Two-tail P<0.05 was considered statistically
significant. We used only freely accessible summarized
data in this study; therefore, this work did not require

ethical approval.

Heterogeneity and Sensitivity Tests

Cochran’s Q test was used to estimate heterogeneities
between SNPs.* This test assumes that all valid IV assess
the equivalent effect.*’ A P-value of <0.1 was considered
statistically significant (ie, indicating the possibility of
pleiotropy) for the Cochran’s Q test. We removed stepwise
the SNPs with potential pleiotropic effects (ie, after adjust-
ment for heterogeneity) to limit false positives,*® and then
repeated the analyses until the Cochran’s Q test did not
differ from the null. We then performed MR Egger regres-
sion, whose intercept represents bias due to directional
pleiotropy.** For MR Egger regression, intercept P<0.05
(the MR Egger regression) indicates SNPs with directional
pleiotropy.*? Furthermore, a “leave-one-out” analysis was
conducted to assess whether the causal estimate was driven
by a single SNP.

Power Calculation and Weak Instrument Bias

For the forward-direction MR analysis (SNPs—serum
UA-schizophrenia), the power was assessed at a two-
sided a of 0.05 in accordance with the method of

Brion et al (https://shiny.cnsgenomics.com/mRnd/)
(Table S7).* The forward-direction MR analysis
would have 100% power to detect a statistically sig-

nificant effect. The power level ensured that the asso-
ciations did not arise from chance.

In MR, an F-statistic value of more than 10 reflects as
a strong instrument.’® The F-statistic value for each of the
45 SNP IVs for schizophrenia was more than 10 in the
reverse-direction MR (Table S8), which meant the IVs for
schizophrenia were strong and a causal estimate was unli-
kely to be biased due to weak instruments.

Sample Overlap

Conventionally, if overlap data sets on the SNP—exposure
and SNP—outcome are used, the estimates can be biased
and a spurious causal estimate can be yielded.”' In the
present study, data from the serum UA GUGC GWAS and
the PGC GWAS on the exposure and outcome were taken

from non-overlapping datasets,'®*°

suggesting that the
estimate was less biased and any bias was in the direction

of the null.

Associations Between Exposure Genetic
Risk Score (GRS) and Outcome in Both

Directions

To obtain the combined estimate of the relationship of
exposure-influencing alleles with the outcome, MR ana-
lyses were performed using weighted GRS as IVs in both
directions by using the same summary data described
above. In forward-direction MR, the GRS consisted of
21 SNPs (after removal of five SNPs with potential pleio-
tropic effects from the 26 IVs (SNPs)) that were related to
serum UA level (P<5x10"%) in the combined sample (dis-
covery sample + replication sample) of the GUGC GWAS
(GRSyA).?° In the reverse-direction MR, the GRS com-
prised 44 SNPs (after removal of one SNP with potential
pleiotropic effects from the 45 IVs (SNPs)) that were
related to schizophrenia (P<5x10"®) in the combined sam-
ple (discovery sample + replication sample) of the PGC
GWAS (GRSSCZ).16 We conducted the analyses utilizing
R (version 3.5.3) with the “gtx” R package (version 0.0.8
for Windows), whose grs.summary module has the GRS
function. The grs.summary module merely used single
SNP association summarized data obtained from the
results of the GWAS analysis, which is similar to
a method which regresses an outcome onto an additive
GRS. For uncorrelated SNPs, the causal estimate o value
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and p values are estimated effects on the response variable
or outcome with standard errors ses. This approach is
described in detail elsewhere.”® Furthermore, previous
studies reported that this MR method utilizing meta-
GWAS summary data was equally efficient to that using
individual-level data.*'>* Moreover, goodness-of-fit tests
were conducted to adjust for the heterogeneity of SNPs in

both GRSs.

Results
MR Results of Serum UA to

Schizophrenia

All the three MR approaches (IVW method, MR Egger
regression and weighted median approach) provided no cau-
sal relationship between serum UA and schizophrenia (per
10-s% increment in UA, OR: 0.942, 95% confidence interval
(95% CI): 0.866-1.025, P = 0.163; OR: 0.964, 95% CI:
0.854-1.087, P = 0.555; OR: 0.965, 95% CI: 0.908-1.026,
P = 0.260; respectively) (Table 1). Similar results were
observed by using the three different MR methods after
removing the five SNPs with potential pleiotropic effects

(rs1165151, rs3741414, rs478607, 1rs6770152, 1s7953704),
indicating the lack of causal association between serum UA
and schizophrenia (per 10-s% increment in UA, OR: 0.962,
95% CI: 0.908-1.020, P = 0.195; OR: 0.972, 95% CI:
0.895-1.054, P = 0.496; OR: 0.968, 95% CI: 0.908-1.031,
P =0.307; respectively) (Table 1).

MR Results of Schizophrenia to Serum UA
The results of IVW method showed a causal effect of
schizophrenia risk on serum UA before and after removal
of the SNP (rs10803138) with potential pleiotropic effects
(per 10-s% increase in schizophrenia risk, beta: —0.045,
standard error (SE): 0.014, P = 0.002; beta: —0.039, SE:
0.013, P = 0.003; respectively) (Table 1). Meanwhile,
a causal relationship between schizophrenia risk and
serum UA was demonstrated by the weighted median
of the SNP
(rs10803138) with potential pleiotropic effects as well

approach before and after removal
(per 10-s% increase in schizophrenia risk, beta: —0.038,
SE: 0.018, P = 0.036; beta: —0.036, SE: 0.018, P = 0.043;
respectively) (Table 1). However, no causal association
was observed between schizophrenia risk and serum UA
by using MR Egger regression analysis before and after
removal of the SNP (rs10803138) with potential pleiotro-
pic effects (per 10-s% increase in schizophrenia risk, beta:

Table | Results of Two-Sample Bidirectional MR Analyses on the Causal Effects Between Serum UA and Schizophrenia

MR Method Number of SNPs Beta (95% CI) SE OR (95% CI) P-value
Serum UA to schizophrenia®
Inverse variance weighted 26 —0.060 (—0.144, 0.024) 0.043 0.942 (0.866, 1.025) 0.163
MR Egger 26 —0.037 (—0.158, 0.084) 0.062 0.964 (0.854, 1.087) 0.555
Weighted median 26 —0.035 (—0.097, 0.026) 0.031 0.965 (0.908, 1.026) 0.260
Serum UA to schizophreniab
Inverse variance weighted 21 —0.038 (—0.097, 0.020) 0.030 0.962 (0.908, 1.020) 0.195
MR Egger 21 —0.029 (-0.110, 0.053) 0.042 0.972 (0.895, 1.054) 0.496
Weighted median 21 —0.033 (—0.096, 0.030) 0.032 0.968 (0.908, 1.031) 0.307
Schizophrenia to serum UAC
Inverse variance weighted 45 —0.045 (—0.073, —0.017) 0.014 0.956 (0.929, 0.983) 0.002*
MR Egger 45 0.143 (-0.052, 0.337) 0.099 1.153 (0.949, 1.401) 0.159
Weighted median 45 —0.038 (—0.073, —0.002) 0.018 0.963 (0.930, 0.998) 0.036*
Schizophrenia to serum UA?
Inverse variance weighted 44 —0.039 (—0.065, —0.013) 0.013 0.962 (0.937, 0.987) 0.003*
MR Egger 44 0.134 (—0.044, 0.311) 0.091 1.143 (0.957, 1.365) 0.147
Weighted median 44 —0.036 (—0.071, —0.001) 0.018 0.964 (0.931, 0.999) 0.043*

Notes: *Statistically significant P-value. *Serum UA to schizophrenia MR before removal of the five SNPs with potential pleiotropic effects. ®Serum UA to schizophrenia MR
after removal of the five SNPs with potential pleiotropic effects. “Schizophrenia to serum UA MR before removal of the SNP with potential pleiotropic effects.
9Schizophrenia to serum UA MR after removal of the SNP with potential pleiotropic effects.

Abbreviations: MR, Mendelian randomization; UA, uric acid; SNP, single nucleotide polymorphism; Beta, beta coefficient; Cl, confidence interval; SE, standard error.
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0.143, SE: 0.099, P = 0.159; beta: 0.134, SE: 0.091,
P = 0.147; respectively) (Table 1). The result of MR
Egger regression was inconsistent with those findings
from IVW and weighted median method.

GRSya and Schizophrenia, GRSscz and
Serum UA

Consistent with the MR results of serum UA to schizophre-
nia, the GRSy, revealed no causal effect of serum UA on
schizophrenia risk (per 10-s% increment in UA, OR: 0.963,
95% CI: 0.913-1.015, P = 0.154) (Table 2, Figure 2).
Meanwhile, a consistent causal relationship was found
with the MR results of schizophrenia to serum UA. The
GRSgscz showed a significant effect of schizophrenia on
serum UA (per 10-s% increase in schizophrenia risk, beta:
—0.039, SE: 0.013, P = 0.002) (Table 2, Figure 3).

Heterogeneity and Sensitivity Tests

Cochran’s Q test showed certain heterogeneity among both
serum UA IV estimates based on the 26 SNPs and schizo-
phrenia IV estimates based on the 45 SNPs (Table 3). The
heterogeneity may indicate the possibility of pleiotropic
effects of the SNPs. We
a stepwise removal of SNPs until the Cochran’s Q test did

subsequently performed

not differ from the null, and finally, 5 SNPs were removed
from the serum UA IV and 1 SNP was removed from the
schizophrenia IV (Table 3). Of note, the MR Egger regres-
sion revealed no evidence that the result was likely to be
biased by directional pleiotropy for serum UA to schizo-
phrenia MR before and after removal of the five SNPs with
potential pleiotropic effects (intercept = —0.003, P = 0.606;
intercept = —0.001, P = 0.742; respectively) and for schizo-
phrenia to serum UA MR before and after removal of the
SNP with potential pleiotropic effects (intercept = —0.014,
P = 0.063; intercept = —0.013, P = 0.060; respectively)
(Table 3). The “leave-one-out” analysis showed the IVW
causal association estimate was not driven by a single SNP

either (Figures S1-S4).

As for GRS¢yposure and outcome, the results showed no
evidence of the heterogeneity effects on outcome risk
relative to the estimated effects on exposure in both direc-
tions (Qrs = 24.191, P-Het
MR; QOrs = 46.941, P-Het = 0.314 in reverse-direction
MR) (Table 2). Taken together, the results of both direc-
tions were unlikely to be biased by directional pleiotropy.

0.234 in forward-direction

Discussion

To our knowledge, this is the first to use a two-sample
bidirectional MR approach with various sensitivity ana-
lyses to investigate the causal relationship between serum
UA and schizophrenia. Our results provide evidence that
the effect of schizophrenia risk on serum UA may be
causal, whereas the MR estimate for the serum UA-to-
schizophrenia relation is unlikely to be causal.

The published observational studies on the association
between serum UA levels and schizophrenia have yielded
inconsistent results.”* >’ The case-control studies found
the schizophrenia group had lower serum UA levels than
the healthy control group.’®”’” However, Giiltekin et al
found UA levels in patients with schizophrenia were
higher than in healthy males,” and a cross-sectional
study did not find significant differences in blood UA
with
controls.>* All these studies did not control for the dietary

levels Dbetween patients schizophrenia and
confounding factors which may affect the serum UA
levels."? Confounding factors (dietary factors and smok-
ing) and other residual confounding elements naturally
could not be fully excluded in epidemiological studies,'’
which might bias the observed estimates. A way to control
for confounding factors is MR study, which uses genetic
IVs that were randomly allocated during conception; thus,
lifestyle or sociodemographic factors are probably not
going to confound genetic predictors of exposure, as stated
previously.”® Therefore, we used SNPs as IVs to assess

whether serum UA is associated with schizophrenia and

Table 2 The Effect of the GRS Instrument of Serum UA on Schizophrenia and the Effect of the GRS Instrument of Schizophrenia on

Serum UA
Exposure Outcome Number of SNPs Beta (SE) OR (95% CI) P-value Qrs P-Het
Serum UA Schizophrenia 21° —0.038 (0.027) 0.963 (0.913, 1.015) 0.154 24.191 0.234
Schizophrenia Serum UA 44° —0.039 (0.013) 0.962 (0.938, 0.987) 0.002* 46.941 0.314

Notes: *Statistically significant P-value. *Serum UA to schizophrenia MR after removal of the five SNPs with potential pleiotropic effects. “Schizophrenia to serum UA MR

after removal of the SNP with potential pleiotropic effects.

Abbreviations: UA, uric acid; GRS, genetic risk score; SNP, single nucleotide polymorphism; Beta, beta coefficient; SE, standard error; Cl, confidence interval; Qrs,

heterogeneity test statistic; P-Het, P-value of heterogeneity of effect test.
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The estimate of causal effect of serum UA levels on schizophrenia risk is shown by
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grey lines. The estimate of causal effect of schizophrenia risk on serum UA levels is
shown by a red solid line with gradient, and 95% Cl is denoted by red dashed lines.
Abbreviation: OR, odds ratio.

determine whether the association is causally independent
of confounding factors by MR.

In the present study, the results from all the three MR
methods provided no causal relationship between serum
UA and schizophrenia risk. Cochran’s Q test suggested

heterogeneity in the first forward-direction MR (serum
UA to schizophrenia MR before removal of the 5 SNPs
with potential pleiotropic effects). After excluding the 5
SNPs with potential pleiotropic effects, the three MR
methods’ estimates still provided no causal relationship
between serum UA and schizophrenia risk. Moreover,
Cochran’s Q test did not show heterogeneity among the
serum UA IV estimates, and MR Egger regression result
did not show any bias by directional pleiotropy. Therefore,
bias may not exist by not violating one of the assumptions
of MR that any genetic effect on the outcome was indirect
but via exposure. In accordance with these MR results, the
results from GRSy, and schizophrenia analysis also sup-
ported that serum UA was not causally related to
schizophrenia.

Our study also indicated the effect of schizophrenia
risk on serum UA may be causal. Both [IVW method and
weighted median approach suggested a causal effect of the
schizophrenia risk on serum UA, and the MR Egger
regression analysis suggested a null causal effect. When
the genetic variants are uncorrelated, the IVW method
using summarized data gives similar estimates to the two-
stage least squares estimate that commonly used in the
4l Furthermore, the IVW method
had greater empirical power than that of two-stage least

individual-level data.

squares estimate.*' As for the weighted median approach,
which assesses consistently when up to half of the weight
comes from invalid IVs, it is shown to have better finite-
sample Type 1 error rates than the IVW method.**
Moreover, compared to MR Egger regression analysis,
the weighted median approach has the strength of holding
prominent accuracy in the estimates.** Thus, the effect of
the schizophrenia risk on serum UA was potentially causal,
as indicated by the IVW and weighted median approach.
When we further analyzed the relationship between
GRSgcz and serum UA, we found GRSg-; was related
to serum UA as well. The schizophrenia SNPs, separately
or combined as the GRS, were causally related to serum
UA. Taken together, the genetic risk for schizophrenia may
causally reduce the serum UA levels.

Recent studies have shown that the prevalence of smok-
ing in patients with schizophrenia was about 60%.>”° Some
evidence has demonstrated that smoking reduced serum UA
levels.***! So smoking may be a potential confounder for
the relationship between serum UA and schizophrenia risk.
Considering the confounding effects, we removed those
SNPs associated with smoking as well as associated with
UA and schizophrenia, and the causal relationship between
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Table 3 Cochran’s Heterogeneity Statistic and MR Egger Intercept, Indicating Horizontal Pleiotropy for Two-Sample Bidirectional MR

Analyses Between Serum UA and Schizophrenia

Exposure Outcome Number of SNPs | Cochran’s Cochran’s MR EGGER

Heterogeneity Heterogeneity Statistic

Statistic (IVW) (MR Egger)

Q P-value Q P-value Intercept | SE® P-value
Serum UA Schizophrenia | 26° 69.491 4.58E-06 68.708 3.42E-06 —0.003 0.006 | 0.606
Serum UA Schizophrenia | 21° 24.191 0.234 24.051 0.194 —0.001 0.004 | 0.742
Schizophrenia | Serum UA 45°¢ 57.803 0.079 53.302 0.135 —0.014 0.007 | 0.063
Schizophrenia | Serum UA 444 46.941 0314 43.120 0.423 —0.013 0.006 | 0.060

Notes: *Serum UA to schizophrenia MR before removal of the five SNPs with potential pleiotropic effects. "Serum UA to schizophrenia MR after removal of the five SNPs
with potential pleiotropic effects. “Schizophrenia to serum UA MR before removal of the SNP with potential pleiotropic effects. “Schizophrenia to serum UA MR after

removal of the SNP with potential pleiotropic effects. °SE of the intercept.

Abbreviations: MR, Mendelian randomization; UA, uric acid; SNP, single nucleotide polymorphism; IVVY, inverse variance weighted; SE, standard error.

schizophrenia and UA still persisted. Previously, studies have
indicated the schizophrenia-to-low serum UA causality is
biologically plausible. Schizophrenia is related to
a complex pathophysiology and is a result of radical-
mediated neurotoxicity.’® The antioxidative properties of
UA with

peroxynitrite,* nitric oxide and hydroxyl radical.*** In the

include reaction and inactivation of
deactivating procedure, UA is demolished and easily oxi-
dized at a comparable rate.'® Because of the antioxidative
properties, serum UA levels deplete in a state of oxidative
stress, as observed in patients with schizophrenia.
Furthermore, UA is the final product of purine metabolism
(xanthine oxidase catalyzes the conversion of xanthine to
UA), in which the conversions of guanosine to guanine or
xanthosine to xanthine are reversible.? In patients with FSPR,
significantly higher levels of xanthosine and lower levels of
guanine were seen compared to healthy control subjects, and
diminished product—precursor ratios indicate a shift favor-
able to xanthosine production from xanthine, thereby
decreasing the UA levels.” Therefore, a low UA may be
a consequence of schizophrenia. A study on the metabolo-
mics of schizophrenia observed a reduction of UA in the
patient with schizophrenia group in comparison with the
control group, suggesting that UA is a potential biomarker
for monitoring the therapy or diagnosis of schizophrenia.®®
Although decreased UA is a defensive consequence of schi-
zophrenia, further studies are needed to clarify precise
mechanisms.

Our study has several strengths. First, the sample size is
large. In particular, the summary data from PGC GWAS
comprising a total of 36,989 schizophrenia cases increased
our analysis power. Moreover, our study using MR methods

as well as GRS analysis increases the reliability of the results,

and both showed a consistent result. Our sensitivity analyses
also indicated robustness. To the best of our knowledge, no
existing MR study has investigated on the causal relationship
between serum UA and schizophrenia. Our work is the first
to use a two-sample bidirectional MR approach with
a variety of sensitivity analyses to investigate the causal
relationship between serum UA and schizophrenia.

However, our study has several limitations. First, only
45 SNPs of the 119 remaining non-palindromic SNPs
significantly associated with schizophrenia were matched
in the outcome data directly and used as IVs for schizo-
phrenia. We also did not find proxy SNPs in the schizo-
phrenia-to-serum UA MR. If the relationships of the
excluded SNPs with serum UA differed from the relation-
ships of the included SNPs, then our results would be
biased. However, using excessive proxy SNPs may pro-
duce unreliable results. Second, the subjects used in our
analyses mostly are European ancestry, which minimized
the possibility of population stratification bias. However,
given that causality may rely upon ethnicity and selection
bias, performing further MR studies in other populations is
expected. Finally, the summarized data in our MR analyses
did not classify schizophrenia (ie, into FSPR and chronic
schizophrenia). Hence, further stratification of schizophre-
nia needs to conduct in future analyses if possible.

Conclusion

We conducted the first two-sample bidirectional MR analysis
to assess the causal relationship between serum UA concen-
trations and schizophrenia. A causal role of serum UA con-
centrations in schizophrenia was not supported by our MR
analyses, suggesting that diminishing serum UA levels may
not mean hazard increment for schizophrenia in European
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individuals and UA does not seem to be a relevant therapeu-
tic target. By contrast, our evidence supported the causal
effect of schizophrenia risk on serum UA, suggesting that
serum UA may be a potential biomarker for monitoring the
therapy or diagnosis of schizophrenia. Earlier observational
studies were susceptible to reverse causation because it is the
pathophysiology, behavior or treatment of people with schi-
zophrenia seem to influence uric acid levels.

Abbreviations

UA, uric acid; MR, Mendelian randomization; GRS, genetic
risk score; FSPR, first-episode schizophrenia; GWAS, gen-
ome-wide association study; SE, standard error; IV, instru-
mental variable; SNP, single nucleotide polymorphism;
GUGC, Global Urate Consortium; PGC,
Psychiatric Genomics Consortium; IVW, inverse variance

Genetics

weighted; s%, symmetric percentage; OR, odds ratio; CI,
confidence interval.
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