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Background: The association between circulating the selenium level and the

risk of schizophrenia remains unclear.

Objective: To determine the relationship between the circulating selenium

level and the risk of schizophrenia, using the Mendelian Randomization

method in the European population.

Methods: Single nucleotide polymorphisms (SNPs) associated with the

circulating selenium level were identified at p < 5× 10−8. The inverse variance

weighted (IVW) method was used as the principal MR analysis, and MR Egger,

weighted median, and MR PRESSO were used to determine the accuracy

of IVW results. The Cochran’s Q-test and Leave-One-Out sensitivity analysis

were performed to evaluate the heterogeneity and stability of genetic variants

on schizophrenia.

Results: The circulating selenium level was associated with decreased risk

of schizophrenia by the IVW method (OR: 0.906, 95% CI:0.867–0.947). MR

Egger, weighted median, and MR PRESSO methods got similar results. No

heterogeneity was detected by the Cochran’s Q-test, and no single SNP was

driving the overall e�ect by leave-one-out analysis.

Conclusion: Our study provides support for the genetic relationship between

the circulating selenium level and schizophrenia; the decreased circulating

selenium level was associated with an elevated risk of schizophrenia.
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Introduction

Schizophrenia is a complex neurodevelopmental disorder

with a typical onset during late adolescence or early adulthood

(1). Symptoms can be classified into three categories, such as

positive (e.g., hallucinations, delusions), negative (e.g., social

withdrawal, alogia, and flat affect), and cognitive deficiencies

(2). The prevalence of schizophrenia in the European region

was approximately 328 prevalent cases per 100,000 in 2019

(3). Although the prevalence of schizophrenia is relatively low,

individuals living with schizophrenia had a significantly reduced

life expectancy (4). High excess mortality was found across all

age groups between those with and without schizophrenia (5),

and this differential mortality gap may have increased in recent

decades (6).

The risk factors of schizophrenia are multiple, including

genetic susceptibility and environmental factors (7). Numerous

essential mental elements are proved to be associated with the

pathophysiology of schizophrenia (8). Selenium is an essential

trace element that is incorporated into 25 selenoproteins (9), and

is found to be associated with the pathogenesis of schizophrenia

by oxidative stress (10, 11).

Nevertheless, the results of observational studies are

controversial. For example, the concentration of selenium

was significantly reduced in patients with schizophrenia

(10, 12). An intervention study claimed that the serum

selenium level was lower in patients with schizophrenia than

in healthy individuals, and, after selenium supplementation,

the patients with schizophrenia improved appetite and

memory (13). However, no difference was also obtained

between patients with schizophrenia and healthy controls

(14–16). Selenium as selenocysteine becomes incorporated

into selenoproteins. Selenium binding protein 1 (SELENBP1)

was an important selenoprotein and was suggested that

genetic variation in SELENBP1 may influence the risk for

schizophrenia (17). A study of patients during their first

hospitalization with schizophrenia did not report different

levels of SELENBP1 mRNA in blood compared with controls

(18). However, both downregulation and upregulation of

plasma SELENBP1 in schizophrenia patients have also

been reported in the other two studies (19, 20). Hence, the

exact link between the selenium level and schizophrenia

remains unclear.

As a method to use genetic variation to determine

whether the observed association between the risk factor and

the outcome is consistent with causal effect, Mendelian

randomization (MR) can overcome the limitations of

observational studies, such as confounding bias and reverse

causation (21) and provide more favorable evidence to explore

the association between exposure and an outcome (22).

Therefore, we attempt to use the Mendelian

Randomization method to determine the relationship

between circulating the selenium level and schizophrenia,

using the genome-wide association study (GWAS) data from

European ancestry.

Methods

Selection of instrumental SNPs

We selected instrumental SNPs associated with circulating

the selenium level from a GWAS meta-analysis study in 4,162

American adults (23) at the significance level of p < 5×10−8.

The association test was adjusted for age, sex, and smoking

status (23). Supplementary SNPs, which were strongly associated

with the blood selenium level (p < 5×10−8), were selected

from a GWAS meta-analysis of 2,603 Australian twins and their

families (with adjustment for age, sex, and relatedness) and 2,874

British pregnant women (24).

SNPs were pruned for linkage disequilibrium at r2 < 0.3

(region size = 1,000 kb), and the SNP with the lowest P-value

for the genome-wide association was retained. SNPs that were

unavailable in the outcome datasets were replaced by suitable

proxy SNPs that minimum linkage disequilibrium R2 = 0.8

and a minor allele frequency threshold =0.3, where available.

Moreover, we used the PhenoScanner approach (25) to assess

whether the IVs were associated with confounders or risk factors

in disease (see Supplementary Table S1). Finally, nine SNPs are

included in our analysis, which can explain about 12.1% variance

of circulating selenium, and detailed information is presented

in Table 1. All SNPs were based on HG19/GRCh37, eight SNPs

located in gene DMGDH, and one SNP located in gene ARSB.

These SNPs were also mainly associated with other traits, such

as height or sitting height, and comparative height size at age

10 (see Supplementary Table S1), which were deemed not to

confound the genetic association between the blood selenium

level and the risk of schizophrenia.

Genetic associations with the outcomes

Summary statistics of schizophrenia were obtained from a

previous GWAS study (26), conducted by the Schizophrenia

Working Group of the Psychiatric Genomics Consortium in

2014. The study included 33,640 cases and 43,456 controls,

where genome-wide genotype data were obtained from 49

European ancestries matched, non-overlapping case-control

samples, and three family-based samples of European ancestry

(1,235 parent-affected offspring trios). These participants mainly

came from England, Sweden, Germany, Finland, and other

European countries, and some came from non-European

countries, such as America, Canada, etc. More detailed

information could be found at https://www.nature.com/articles/

nature13595#Sec9.
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Statistical analysis

The genetic IV-risk factor association and genetic IV-

outcome association in our study are generated from different

(largely non-overlapping) countries of European descent.

According to the MR principles (27), we used the two-sample

MR analysis to evaluate the relationship between circulating the

selenium level and the risk of schizophrenia.

The inverse variance weighted (IVW) approach was adopted

as the primary MR analysis to assess the potential effect of

selenium on the risk of schizophrenia. Moreover, MR Egger and

weighted median methods were supplemented to improve the

robustness of estimates.

The IVWmethod assumes the absence of average pleiotropic

effect, and, in this case, it is the most efficient method (28).

The MR Egger method is robust to pleiotropy and sensitive to

outliers, and it gives an unbiased estimation if genetic pleiotropy

is present (29). The weighted median method assumes that at

least 50% of IVs are effective, which orders the MR estimates of

each IV weighted for the inverse of their variance (30). Thus,

this method is robust to outliers and sensitive to the addition or

removal of genetic variants.

Several sensitivity analyses were conducted to evaluate

the robustness of our main analyses. The MR pleiotropy

residual sum and outlier (MR-PRESSO) global test method was

conducted to detect horizontal pleiotropy, and the MR-PRESSO

outlier test was conducted to correct the horizontal pleiotropy

via outlier removal. The Cochran’s Q-test and “leave-one-out”

sensitivity analysis were performed to evaluate the heterogeneity

and stability of these genetic variants on schizophrenia.

The TwoSampleMR (version 0.5.6) and MRPRESSO

(version 1.0) packages were used for statistical analyses

in R software (version 4.1.0, R Foundation for Statistical

Computing). All statistical tests were two-tailed, and significance

was considered at a Bonferroni-corrected p-value <0.025

(correcting for two exposures and one outcome).

Results

Blood selenium level and schizophrenia

The MR estimates of selenium on schizophrenia and

the Cochran’s Q-test are presented in Figure 1. Our analysis

supported a potential relationship between the blood selenium

level and schizophrenia by the IVW method (OR: 0.906,

95% CI: 0.867–0.947). Sensitive analysis conducted by MR

Egger and weighted median methods got more significantly

protective results.

The MR PRESSO global test did not find any outliers

in the SNPs of schizophrenia, and the statistic and P-value

were 7.813 and 0.694, respectively. The MR PRESSO estimate

of the effect of the blood selenium level on schizophrenia T
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FIGURE 1

The forest plots of MR estimates and the Cochran’s Q-test for the blood selenium level on schizophrenia. SNP, single-nucleotide polymorphism;

df, degree of freedom; IVW, inverse variance weighted; MR-PRESSO, MR pleiotropy residual sum and outlier. * significant at p < 0.05, **

significant at p < 0.025.

was similar to the main analysis, showing a protective effect

(OR: 0.906, 95% CI: 0.872–0.942).

There was no evidence for heterogeneity measured by

the Cochran’s Q test (QIVW = 6.054, PIVW =0.641; QEgger

= 4.661, PEgger =0.701). In our study, no pleiotropic

effects were found by the MR Egger regression intercept

(intercept=0.021, p= 0.288).

The result of the leave-one-out analysis of genetic variants

of the blood selenium level on schizophrenia is presented in

Figure 2. The leave-one-out analysis indicated that there was no

single SNP driving the overall effect, and it suggested the stability

of our results.

The scatter plot of the effects of SNPs on the blood

selenium level and schizophrenia was illustrated in

Supplementary Figure S1. The forest plot combing the single

SNP effect estimates of the blood selenium level on the risk for

schizophrenia is displayed in Supplementary Figure S2. Among

the nine SNPs, three SNPs’ single-effect estimates (rs586199,

rs921943, and rs16876498) were significant for the risk of

schizophrenia and correlate with changed blood selenium levels.

The other SNPs, e.g., rs705415, rs478651, rs163124, etc., were

not significant for the risk of schizophrenia and correlate with

changed blood selenium levels.

Sensitivity analysis

Furthermore, we also used an additional IV set associated

with blood and the toenail selenium level to assess the robustness

of our findings in the sensitivity analysis. Two SNPs (rs234709,

rs6586282), associated with homocysteine, which has been

confirmed to increase the risk of schizophrenia (31), were

excluded from our study (see Supplementary Table S2).

The characteristics of blood and the toenail selenium

level-associated SNPs on schizophrenia are presented in

Supplementary Table S3.

In the sensitivity analysis of blood and the toenail selenium

level-associated SNPs on schizophrenia, the effect remained

consistent with those of the blood selenium level (OR: 0.937,

95% CI: 0.899–0.978) (see Figure 3). There was no evidence
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FIGURE 2

The leave-one-out analysis of genetic variants on schizophrenia.

for heterogeneity measured by Cochran’s Q-test (QIVW =

8.979, PIVW = 0.344; QEgger = 6.114, PEgger = 0.526). No

pleiotropic effects were found by the MR Egger regression

intercept (intercept=0.034, p= 0.134).

The scatter plot of the effect estimates of IVs on blood

and toenail selenium and the risk of schizophrenia are

presented in Supplementary Figure S3. The forest plot combing

the single-SNP effect estimates of blood and the toenail

selenium level on the risk of schizophrenia is presented in

Supplementary Figure S4. The leave-one-out analysis of genetic

variants of blood and toenail selenium level on schizophrenia is

presented in Supplementary Figure S5.

Evaluation of the assumptions of MR

Three critical assumptions must be met for causal

estimations derived from MR analysis to be valid: (1) they

associate with the risk factor of interest (the relevance

assumption); (2) they are not associated with confounders of the

risk factor-outcome association (the independence assumption);

(3) they do not affect the outcome except through the risk factor

(the exclusion restriction assumption) (32).

Firstly, for the relevance assumption, we selected the

SNPs that are associated with circulating the selenium level at

genome-wide significance (p < 5∗10−8), and the F-statistics

for each SNP were all > 10, which make the selected SNPs

robustly associated with exposures, and unlikely result in

weak instrument bias. Additionally, for the independence

assumption, as mentioned in the methods section, we used

the PhenoScanner approach to assess whether the SNPs were

associated with confounders or risk factors in disease. The

selected SNPs were associated with height or sitting height,

and comparative height size at age 10, which were deemed

impossible to confound the genetic association between the

blood selenium level and the risk of schizophrenia. Lastly, the

exclusion restriction assumption may be violated by horizontal

pleiotropy. To make our MR analysis meet this assumption,
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FIGURE 3

The forest plot of MR estimates and the Cochran’s Q-test for blood and the toenail selenium level on schizophrenia. SNP, single-nucleotide

polymorphism; df, degree of freedom; IVW, inverse variance weighted; MR-PRESSO, MR pleiotropy residual sum and outlier. * significant at p <

0.05, ** significant at p < 0.025.

we adopted the Clumping technique to prune for linkage

disequilibrium to make the SNPs independent from each

other. Moreover, no pleiotropic effects were detected by the

MR Egger regression intercept (Interceptblood selenium =0.021,

Pblood selenium =0.288, Interceptblood and toenail selenium
=0.034, Pblood and toenail selenium =0.134).

Discussion

Using two-sample Mendelian randomization, we found that

the circulating selenium level was associated with the risk of

schizophrenia in the European population.

In our study, the blood selenium level was associated

with a decreased risk of schizophrenia, which was consistent

with the previous observational studies (8, 10, 13). These

studies concluded that a lower concentration of selenium was

significantly associated with an elevated risk of schizophrenia.

Furthermore, another two clinical trials provided more robust

evidence that selenium supplementation had beneficial,

statistically significant effects on schizophrenia, such as the

general Positive and Negative Syndrome Scale (PANSS) score,

metabolic profiles (33), appetite, and memory (13).

Mechanistically, there were several potential explanations.

Oxidative stress was involved in schizophrenia pathogenesis

(11, 34), and at least half of selenoproteins participate in

suppressing oxidative stress (9). Dopamine has been proposed to

contribute significantly to the pathophysiology of schizophrenia

(35), and selenium-dependent glutathione peroxidase plays

a protective role against dopaminergic toxicity induced by

methamphetamine (36). Additionally, fatty acids reported to

have a significantly negative association with selenium (10) were

identified as a potential risk for schizophrenia (37). Moreover,

another study suggested that selenium intake in patients with

schizophrenia can increase the level of copper and zinc in serum,

which can elevate the capability of appetite and memory (13),

and depletion of maternal copper can affect fetal development

and may leave the offspring prone to schizophrenia (38).

This study provided the genetic evidence that the elevated

circulating selenium level was related to decreased risk of
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schizophrenia by using the MR design, which can minimize

biases from residual confounding and reverse causation. Our

study was performed under the validation of the three critical

assumptions of the MR study. The results were robust enough,

which were confirmed by different MR approaches, such

as IVW, MR-Egger, weighted median, and MRPRESSO. No

heterogeneity was found within the SNPs, and leave-one-out

analysis demonstrated that the overall effect was not driven

by a single SNP, indicating the stability of our results. The

sensitivity analysis by using the blood and toenail selenium-

associated SNPs also backed up the beneficial effect of selenium

on schizophrenia. Meanwhile, a number of mechanisms,

as described above, support the biological plausibility for

our research.

Limitations need to be considered when interpreting our

findings. We studied the relationship between the selenium

level and the risk of schizophrenia, not the selenium level

in cerebrospinal fluid or prefrontal cortex, which might lead

to different results. Additionally, the non-linear relationship

of the selenium level with risk for schizophrenia was not

evaluated. Besides, genome-wide association studies about

selenium exposure only adjusted for sex, age, and smoking,

other potential factors may affect the real association of the

selected SNPs with selenium exposure, and thus induce bias.

Moreover, the cases were individuals with schizophrenia or

schizoaffective disorder. The schizophrenia cases were not

classified according to symptoms, such as positive, negative,

and cognitive deficiencies. Therefore, the relationship between

blood selenium levels and specific symptoms of schizophrenia

cannot be derived, as limited by the current GWAS research.

Furthermore, we restricted the sample to European ancestry to

reduce bias, which might make our results not applicable to

other populations.

Conclusion

Our study provides genetic support for a relationship

between the circulating selenium level and schizophrenia; the

decreased circulating selenium level was associated with an

elevated risk of schizophrenia.
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