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Abstract

 Pyroglutamate has been reported to be associated with many diseases such 
atherosclerosis, esophageal cancer, and COVID-19. However, it is still unclear about 
the role of blood pyroglutamate in Systemic Lupus Erythematosus (SLE). The present 
study used a two-sample Mendelian Randomization (MR) study to identify the potential 
causal association of pyroglutamine levels with SLE risk. Pyroglutamine-associated 
genetic Instrumental Variables (IVs) were chosen from the largest Genome-wide 
Association Studies (GWAS) for blood pyroglutamine-levels. The largest GWAS for SLE 
was employed to identify the potential causal association of blood pyroglutamine 
levels with SLE risk using a two-sample MR analysis. We successfully extracted three 
pyroglutamine-associated genetic IVs. Three IVs demonstrated no signifi cant 
pleiotropy or heterogeneity in SLE GWAS. A two-sample MR analysis showed that as 
pyroglutamine genetically increased, the risk of SLE also increased using weighted 
median (OR = 3.994, 95% CI: [1.332 ∽ 11.970], p = 0.013) and Inverse Variance Weighted 
(IVW) (OR = 4.013, 95% CI: [1.484 ∽ 10.848], p = 0.006).  Our analysis suggests a potential 
causal association of genetically increased pyroglutamine levels with increased SLE 
risk. Thus, pyroglutamine may be a potential risk factor for SLE.

Review Article

A Potential Causal Association of
Pyroglutamine with Systemic Lupus 
Erythematosus Revealed by a 
Mendelian Randomization Analysis
Renxi Wang1,2*
1Beijing Institute of Brain Disorders, Laboratory of Brain Disorders, Ministry of Science 
and Technology, Collaborative Innovation Center for Brain Disorders, Capital Medical 
University, Beijing 100069, China
2Laboratory for Clinical Medicine, Capital Medical University, Beijing 100069, China

More Information 

*Address for correspondence: Renxi Wang, 
Beijing Institute of Brain Disorders, Laboratory 
of Brain Disorders, Ministry of Science and 
Technology, Collaborative Innovation Center 
for Brain Disorders, Capital Medical University, 
No.10 Xitoutiao, You An Men, Beijing 100069, 
China, Email: renxi_wang@ccmu.edu.cn

 https://orcid.org/0000-0003-4130-3334

Submitted: June 17, 2025
Approved: July 08, 2025
Published: July 09, 2025

How to cite this article: Wang R. A Potential 
Causal Association of Pyroglutamine with 
Systemic Lupus Erythematosus Revealed by 
a Mendelian Randomization Analysis. J Clini 
Nephrol. 2025; 9(7): 076-082. Available from: 
https://dx.doi.org/10.29328/journal.jcn.1001160

Copyright license: © 2025 Wang R. This is an 
open access article distributed under the 
Creative Commons Attribution License, which 
permits unrestricted use, distribution, and 
reproduction in any medium, provided the 
original work is properly cited.

Keywords: Pyroglutamine; Genetic variants; 
SLE; Genome-wide association study; 
Mendelian randomization

Abbreviations: IVs: Instrumental Variants; 
SLE: Systemic Lupus Erythematosus; GWAS: 
Genome-wide Association Study; MR: 
Mendelian Randomization; SNP: Single 
Nucleotide Polymorphism; IVW: Inverse 
Variance Weighted

OPEN ACCESS

linked to SLE, though research is still in its infancy and the 
link between the two is still nebulous [7]. Viruses and bacteria 
may also cause lupus ϐlares [8]. A subset of SLE, drug-induced 
lupus, is usually brought on by long-term use of certain 
medications such as anticonvulsants, antibiotics, and blood 
pressure medications [9]. Environmental factors, though 
not speciϐically proven, are believed to potentially trigger 
lupus and/or lupus ϐlares [10]. Most researchers agree that 
genetics or heredity is at least one factor in determining your 
propensity for developing lupus [11]. However, the exact 
cause of lupus is still undetermined.

Genome-wide Association Studies (GWASs), Mendelian 
Randomization (MR) study, and observational studies of 
metabolites have suggested that pyroglutamine is a risk 
factor for hypertension [12] atherosclerosis [13,14], heart 
failure [15]. Mechanistically, pyroglutamine is signiϐicantly 
associated with vitamin D supplementation [13] and dietary 

Introduction
Systemic Lupus Erythematosus (SLE) is a chronic 

autoimmune disease, characterized by heterogeneous 
rheumatic systemic disease, involved in cardiovascular, 
neuropsychiatric, dermatological, and renal symptoms [1-3].
Merging data have suggested that the prevalence of SLE 
is rising over time [4]. Globally, SLE incidence and newly 
diagnosed population were estimated to be 5.14 (95% CI 
[1.4 ∽ 15.13] per 100,000 person-years and 0.40 million 
people annually, respectively [5]. Currently, there is no cure 
for SLE and it remains a serious illness that can harm body 
systems [6]. Therefore, identifying risk factors is particularly 
important for preventing and alleviating symptoms of SLE.

SLE is triggered by a combination of genetic and 
environmental factors, such as medications, infections and 
stress [7-11]. Research suggests that hormonal factors are 
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protein intake [14]. Pyroglutamine is also related to risk of 
esophageal cancer [16], shows the strongest metabolite-risk 
signal for prostate cancer [17]. After multiple correction 
tests, pyroglutamine is still signiϐicantly correlated with type 
2 Diabetes, obesity, retinopathy, and dyslipidemia [18,19]. 
We previously use a two-sample MR study to identify the 
genetic causal link between blood pyroglutamine levels and 
COVID-19 risk [20]. These studies suggest that pyroglutamine 
is a potential risk factor for many diseases.

Pyroglutamine is associated with high cholesterol levels 
and kidney function [19]. However, it is still unclear about the 
role of blood pyroglutamate in SLE.  Highly similar to RCTs, 
MR studies have many advantages in assessing the causal 
link between an exposure and an outcome [21-27]. A key 
advantage of MR study is to use genetic variants independent 
of many factors that bias observational studies such as 
RCTs. Thus, the present study used a two-sample Mendelian 
Randomization (MR) study to identify the potential causal 
association of pyroglutamine levels with SLE risk.

Materials and methods
 Pyroglutamine and SLE GWASs

To explore how genetic variation inϐluences metabolism 
and complex disease, Shin, et al. [28] used genome-wide 
association scans with high-throughput metabolic proϐiling 
to perform metabolism-associated GWAS. An atlas of genetic 
inϐluences on human blood metabolites was published in 
2014 [28]. In this study, pyroglutamine-associated GWAS 
has 7,800 European participants. The summary statistics 
for pyroglutamine-associated pyroglutamine are available at 
https://gwas.mrcieu.ac.uk/datasets/met-a-501. The proϐile 
of this GWAS is provided in Table 1.

To determine the susceptibility loci for SLE, Bentham, et al.
[29] performed SLE-associated GWAS comprised 7,219 cases 
and 15,991 controls of European ancestry. The largest GWAS 
for SLE was published in 2015 [29]. The summary dataset 
is available at https://gwas.mrcieu.ac.uk/datasets/ebi-a-
GCST010780. The proϐile of this GWAS is provided in Table 1.

Extraction of pyroglutamine-associated genetic 
Instrumental Variables (IVs)

Pyroglutamine-associated genetic IVs were chosen from 
the largest GWAS for blood pyroglutamine level, based on the 
following three criteria: (1) p - value < 5 × 10−8 as genome-
wide signiϐicance threshold; (2) r2 < 0.001, indicating 
no linkage disequilibrium between SNPs by the Linkage 
Disequilibrium (LD) analysis using LDlink (https://ldlink.
nci.nih.gov/?tab=ldmatrix, CEU); (3) no effects on other 

potential risk factors including body mass index, smoking, 
and blood pressure. F-statistic was used to assess the strength 
of relationship between pyroglutamine-associated genetic 
IVs and blood pyroglutamine level, and calculated using the 
following equation: F = R2 * (N-2)/(1− R2) [30], where R2 is 
the proportion of pyroglutamine variance, k is the number of 
instruments used in the model and n is the sample size. 

Evaluat ion of pyroglutamine-associated IV 
pleiotropy and heterogeneity in SLE GWAS

In tes t ing the pleiotropy of pyroglutamine-associated IVs 
in SLE GWAS, MR-egger_intercept and MR-pleiotropy residual 
sum and outlier (MR-PRESSO) tests have broadly been used 
[31]. Based on the same regression model with Inverse 
Variance Weighted (IVW), MR-Egger intercept test allows and 
accounts for the potential pleiotropy [31-33]. If the selected 
IVs are not pleiotropic, then the MR_Egger intercept should 
tend to zero as the sample size increases [33]. MR-PRESSO 
could detect and correct for the horizontal pleiotropy via 
outlier removal (the MR-PRESSO outlier test) [31]. 

In testing the heterogeneity of pyroglutamine-associated 
IVs in SLE GWAS, MR_egger and IVW in Cochran’s Q statistic 
have been broadly used [34,35]. Cochran’s Q statistic could 
provide evidence of heterogeneity due to pleiotropy or other 
causes [34]. 

MR analys is

Both IVW  and weighted median methods were used to 
analyze the causal association of blood pyroglutamine levels 
with SLE risk. The IVW was selected as the main MR analysis 
method to combine the variant-speciϐic Wald estimators 
by taking the inverse of their approximate variances as the 
corresponding weights [33]. In addition, we also selected the 
weighted median that could produce consistent estimates 
even up to 50% of selected genetic variants are not valid 
[31-33]. Finally, individual causal effect, single SNP effect 
size, and leave-one-out effect were used to explore each 
effect of pyroglutamine-associated IVs on SLE, respectively. A 
p - value  < 0.05 represents signiϐicant difference.

Results
Three pyrog lutamine-associated IVs have no 
signifi cant pleiotropy or heterogeneity in SLE 
GWAS dataset

Three independent pyroglutamine-associated genetic 
variants as potential IVs were successfully chose from blood 
pyroglutamine level-associated GWAS (Tables 1,2). All these 
selected four genetic variants could explain 2.82% variance 

Table 1:  Pyroglutamine and systemic lupus erythematosus-associated genome-wide association study.
GWAS ID Year Trait Ncase Ncontrol Sample size Number of SNPs Population PMID
met-a-501 2014 Pyroglutamine* NA NA 7,800 2,545,655 European 24816252

ebi-a-GCST003156 2015 Systemic lupus erythematosus 5,201 9,066 14,267 7,071,163 European 26502338
GWAS ID: Genome-wide Association Study Identiϐier; ncase: The Number of Systemic Lupus Erythematosus Cases; ncontrol: The Number of the Controls; SNPs: Single-nucleotide 
Polymorphisms; PMID: Pubmed Unique Identiϐier; NA: Not Available
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of blood pyroglutamine levels (Table 2). The F-statistics of 
the selected three IVs were all above the threshold of weak 
instruments (< 10) of F-statistic [36], indicating strong IVs 
for this MR analysis (Table 2). We successfully extracted 
three independent pyroglutamin e-associated genetic IVs 
(Table 2) from SLE GWAS dataset (Table 1). The association 
of pyroglutamine-associated IVs within SLE GWAS dataset is 
shown (Table 3). No signiϐicant pleiotropy or heterogeneity 
of three independent pyroglutamine-associated IVs were 
determined in SLE GWAS dataset (Table 4). Therefore, all 
selected pyroglutamine-associated IVs can be taken as the 
effective IVs in our MR analysis.

Pyroglutamine genetically promotes SLE  risk

IVW method demonstrated that as pyroglutamine 
genetically increased, the risk of SLE increased (Beta = 1.389 
[95% CI: 0.395 ∽ 2.384], OR = 4.013 [95% CI: 1.484 ∽ 10.848], 
p = 0.006). Weighted median method also demonstrated that 
pyroglutamine genetically increased the risk of SLE (Beta = 
1.385 [95% CI: 0.287 ∽ 2.482], OR = 3.994 [95% CI: 1.332 ∽ 
11.970], p = 0.013) (Table 5). Collectively, our  data suggested 
a causal link between genetically increased pyroglutamine 
levels and the increased risk of SLE.

Single SNP effect of pyroglutamine on  SLE is robust 
without obvious bias

The individual MR  estimates demonstrated that as 

the effect of single SNP on pyroglutamine increased, the 
promoting effect of single SNP on SLE increased using IVW and 
weighted median (Figure 1). All effect size analyses suggest 
that each effect of pyroglutamine SNPs on SLE was robust 
(Figure 2). MR leave-one-out sensitivity analysis suggested 
that removing a speciϐic SNP of the three pyroglutamine SNPs 
did not change the results (Figure 3). Altogether, these results 
indicate that our data were robust without obvious bias.

Table 2: Pyroglutamine-associated genetic instrumental variables.
SNP EA NEA EAF Beta SE p - value Sample size R2 (%) F-statistics

rs11613331 A G 0.553 0.037 0.004 2.23E-25 7354 1.45 35.97
rs1600760 A T 0.663 -0.022 0.004 5.12E-09 7354 0.46 11.36

rs715 C T 0.286 -0.036 0.004 2.46E-16 7354 0.91 22.43
SNP: Single-nucleotide polymorphism; EA: Effect Allele; NEA: Non-effect Allele; EAF: Effect Allele Frequency; Beta: The Regression Coefϐicient based on the pyroglutamine Effect Allele; 
SE: Standard Error; R2: The proportion of pyroglutamine variance explained by the selected genetic variants; F-statistics: the strength of relationship between genetic instrumental 
variables and phenotype.

Table 3: Association of pyroglutamine genetic instrumental variables with systemic lupus erythematosus-associated genome-wide association study.

SNP
Exposure (Pyroglutamine) Outcome (SLE)

Beta SE p - value Beta SE p - value
rs11613331 0.037 0.0036 2.23E-25 0.051 0.027 0.058
rs1600760 -0.022 0.0037 5.12E-09 -0.030 0.030 0.319

rs715 -0.036 0.0044 2.46E-16 -0.051 0.030 0.088
SLE: Systemic Lupus Erythematosus; SNP: Single-nucleotide Polymorphism; Beta: The Regression Coefϐicient based on Pyroglutamine Raising Effect Allele; SE: Standard Error.

Table 4: Pleiotropy and heterogeneity test of pyroglutamine genetic instrumental variables in systemic lupus erythematosus-associated genome-wide association study.
Pleiotropy test Heterogeneity test

MR_Egger MR_Egger IVW
Intercept SE p - value Q Q_df Q_ p - value Q Q_df Q_ p - value

-0.001 0.077 0.991 0.002 1 0.963 0.002 2 0.999
IVW: Inverse Variance Weighted; SE: Standard Error. p value > 0.05 represent no signiϐicant pleiotropy. Q_p value > 0.05 represents no signiϐicant heterogeneity.

Table 5: The causal association of blood pyroglutamine levels with systemic lupus erythematosus.
Method nsnp Beta SE p - value Beta_lci95 Beta_uci95 OR OR_lci95 OR_uci95

IVW 3 1.389 0.507 0.006 0.395 2.384 4.013 1.484 10.848
Weighted median 3 1.385 0.560 0.013 0.287 2.482 3.994 1.332 11.970

IVW: Inverse Variance Weighted; nsnp: The Number of Single-nucleotide Polymorphism; Beta: The Regression Coefϐicient based on Pyroglutamine Raising Effect Allele; SE: Standard 
Error; p value < 0.05 represents the causal association of the increased pyroglutamine levels with systemic lupus erythematosus; Beta_lci95: Lower Limit of 95% Conϐidence Interval 
for Beta; Beta_uci95: Upper Limit of 95% Conϐidence Interval for Beta; OR: Odds Ratio; OR_lci95: Lower Limit of 95% Conϐidence Interval for OR; OR_uci95: Upper Limit of 95% 
Conϐidence Interval for OR.

Figure 1: Individual estimates about the causal effect of  pyroglutamine 
on SLE. The x-axis shows the single SNP (single nucleotide polymorphism) 
effect (beta value: the regression coeffi cient based on pyroglutamine 
raising effect allele, dark dots) and standard error (SE, horizontal cross 
lines) of three pyroglutamine-associated SNPs on dairy smoothie intake. 
The y-axis shows the single SNP effect (beta value, dark dots) and SE 
(vertical cross lines) of three pyroglutamine-associated SNPs on SLE risk. 
The regression lines are shown using Inverse Variance Weighted (IVW) 
and weighted median methods.
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Discussion
Previous studies suggest that pyroglutamine is a potential 

risk factor for hypertension [12], atherosclerosis [13,14], 
heart failure [15], esophageal cancer [16], prostate cancer 
[17], type 2 diabetes, obesity, retinopathy, dyslipidemia 
[18,19] and COVID-19 [20]. The present two-sample 
MR analysis suggests a causal association of genetically 
increased pyroglutamine levels with increased risk of SLE. 
Our results showed that a genetic predisposition to a higher 

pyroglutamine level may be associated with increased risk of 
SLE.

Previous studies have used MR study and found that 
genetically predicted 486 blood metabolites including 
pyroglutamine in relation to risk of esophageal cancer [16]. 
In this MR analysis, p < 1 × 10−5 was used as the threshold to 
select genetic variants as IVs. The other MR study explored 
relationship between circulating metabolites including 
pyroglutamine and diabetic retinopathy [18]. In this MR 
analysis, p < 1 × 10−6 was used as the threshold to select 
genetic variants as IVs. Over the last decade, GWAS meta-
analyses have used a strict p - value threshold of 5 × 10−8 
to classify associations as signiϐicant [37]. This is to reduce 
a false discovery rate [38]. Therefore, we used p < 1 × 10−8 
as the threshold to select genetic variants as IVs in our MR 
analysis.

Of three selected pyroglutamine-associated IVs, rs715 
has been reported to be associated with colorectal cancer 
recurrence [39], macular telangiectasia type 2 [40], coronary 
artery disease [41] and type 2 diabetes [42]. A nationwide 
cohort study in Taiwan showed increased risk of type 2 
diabetes in patients with systemic lupus erythematosus [43]. 
Paraneoplastic SLE is also associated with colorectal cancer 
[44]. Thus, rs715 may be a common risk factor for these 
diseases. It is worth further research the explore the role of 
rs715 or the two IVs in SLE.

Pyroglutamine is a cyclic derivative of glutamine related 
to pyroglutamate [45]. Notably, pyroglutamate promotes the 
survival of retinal ganglion cells [46], consistent with the 
observed decrease in glutamate in retinopathy [19]. It also 
reveals the possible roles of pyroglutamine in association 
with high cholesterol and kidney function [19]. A higher 
concentration of pyroglutamate in interstitial ϐluid in the 
hypertensive might indicate alterations in biochemical 
pathways associated with glucose metabolism [47,48]. 
Pyroglutamate is also an intermediate in the glutathione 
metabolism [49], involved in increased levels of oxidative 
stress/inϐlammation [12]. Increased oxidative stress is 
involved in causing inϐlammatory and cellular defects in the 
pathogenesis of SLE [50]. However, it is unclear about the 
detailed mechanisms underlying pyroglutamine-mediated 
the pathogenesis of SLE. 

This study has several strengths. First, three pyroglutamine 
genetic IVs are chosen from the largest pyroglutamine-
associated GWAS, reported by Shin, et al. in 2014 [28]. 
Second, we used the largest GWAS for SLE described by 
Bentham, et al. [29] in 2015. Third, both pyroglutamine and 
SLE GWASs are from European ancestry. Thus, it reduced the 
inϐluence of population stratiϐication. Fourth, all four different 
analysis methods demonstrated no signiϐicant pleiotropy or 
heterogeneity of pyroglutamine-associated genetic IVs in SLE 
GWAS dataset. Fifth, both IVW and weighted median proved 

Figure 3: MR leave-one-out sensitivity analysis for the effect of pyroglutamine 
SNPs on SLE. The x-axis shows MR leave-one-out sensitivity analysis of three 
pyroglutamine-associated SNP effect on SLE risk. The y-axis shows leave-
one-out effect of SNPs and the total SNPs on SLE using IVW. Dark and red dots 
represent the single and the total SNP effect (beta value), respectively. SE: 
horizontal cross lines. The beta value of 0: vertical dotted line.

Figure 2: Forest plot of pyroglutamine associated with risk of SLE. The x-axis 
shows the MR effect size for pyroglutamine on SLE. The y-axis shows the 
analysis for the single SNP and the total SNPs. Dark and red dots represent the 
single and the total SNP effect (Beta value), respectively. SE: horizontal cross 
lines. Red dots and lines represent overall causal effects estimated using MR 
Egger and IVW. The beta value of 0: vertical dotted line.
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a causal link between genetically increased pyroglutamine 
levels and increased risk of SLE. Finally, all three methods 
demonstrated that each effect of pyroglutamine-associated 
IVs on SLE risk was robust without obvious bias.

This study has several limitations. First, once a larger 
 GWAS is available, the instrument panel can further expand 
to raise the sample size and allow MR-Egger with adequate 
power. Second, limited experimental or mechanistic 
evidences were used to show how pyroglutamine might 
modulate immune tolerance. Although of no reverse causal 
effect of SLE on pyroglutamine, reverse causation through 
yet-unknown feedback loops remains possible without 
functional validation. Third, due to no avai lable GWAS on 
diverse populations, we did not conduct replication studies 
to ensure the generalizability of the ϐindings. In addition, 
ϐindings may not generalize to other ancestries where 
allele frequencies and linkage patterns differ. Thus, the 
generalizab ility of the ϐindings needs be tested once GWASs 
on diverse populations are available. Fourth it is necessary 
to clarify whether pyroglutamine could increase the risk of 
SLE by randomized controlled trials. Finally, it is still unclear 
about the underlying mechanism by which pyroglutamine 
genetically increased SLE risk that is worth to be explored 
in the future. Further research on pyroglutamine is needed 
since too little is known so far about its physiological role 
in SLE. Integration of trans criptomic and proteomic MR to 
map the metabolic pathway, and then test in cell or animal 
models whether modulating pyroglutamine alters lupus-
like phenotypes may be guaranteed to explore the role of 
pyroglutamine in SLE.

In conclusion, our analysis suggested a causal link 
between genetically increased pyroglutamine and increased 
risk of SLE. Thus, pyroglutamine may be a risk factor for 
patients with SLE.
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