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ARTICLE INFO ABSTRACT
Keywords: Background: People with psoriasis are at a higher risk for having central neurological problems,
Psoriasis according to previous studies; however, it is unclear if there is a genetic link between the risk of

Central neurological disorders
Mendel randomization
Causality

Genome-wide association study

developing psoriasis and developing central neurological disorders. In this study, the possible link
between genetically predisposed psoriasis and the risk of common central nervous system dis-
orders was comprehensively investigated.

Methods: There was no overlap in the participant populations between the psoriasis and central
neurological disorders genome-wide association studies, which provide the genetic resources.
Inverse variance weighting, often used as Mendelian randomization (MR) analysis, is the main
method. To guarantee the accuracy of our findings, a number of sensitivity studies were carried
out.

Results: MR analysis revealed that although psoriasis was reported to increase the risk of Par-
kinson’s disease (OR = 4.42, 95%CI[-3.81 ~6.79], P = 0.58) and epilepsy (OR = 4.71, 95%CI
[-2.20 ~ 5.30], P = 0.42) in this study, they did not reach statistical significance. At the same time,
this study did not observe that psoriasis would increase the risk of multiple sclerosis (OR = 0.01,
95%CI [-12.61 ~ 3.83], P = 0.30) and migraine (OR = 0.99, 95%CI [0.94 ~ 1.05], P = 0.78), they
also did not reach statistical significance. Under all sensitivity assessments, the results remained
stable.

Conclusions: Psoriasis does not appear to raise the risk of migraine, Parkinson’s disease, multiple
sclerosis, or epilepsy, according to our study.

1. Background

Central nervous system disorders encompass a spectrum of disorders ranging from modest neurological impairment with motor,
sensory, visual, linguistic, or cognitive functions to comatose states and brain death [1]. Nearly one-sixth of the global population is
currently affected by central neurological disorders [2]. Common central neurological disorders, such as multiple sclerosis and Par-
kinson’s disease, impose a substantial economic burden on society [3,4]. After decades of research, central nervous system disorders
continue to pose diagnostic and therapeutic difficulties, with limited diagnostic and therapeutic options [5]. Central nervous system
disorders have complex etiologies that defy reduction to a single cause. Genetic, environmental, and immunological disorders may
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contribute to the development and progression of various disorders [6].

Well-defined, red, scaly patches are characteristic of psoriasis, a persistent inflammatory skin condition [7]. Psoriasis affects more
than 60 million individuals around the world, with the greatest prevalence in Europe and the least common in East Asia [8].
Approximately 30 % of the heredity of psoriasis was explained by the results of the genome-wide association studies (GWASs), which
found more than 80 susceptibility loci [9]. Some studies showed a positive family history in approximately 35 % of patients [10].

In recent years, the relationship between psoriasis and central nervous system disorders has received a growing amount of study.
Psoriasis patients are more likely to exhibit central nervous system disorders than the general population [11,12]. Notably, it remains
unknown whether the risk of central nervous system disorders is directly attributable to psoriasis. This is because the risk factors for
disorders of the central nervous system are also probable risk factors for psoriasis. These studies did not adequately control for these
confounding variables, which may have led to erroneous associations. Mendelian randomization (MR), a nice method of epidemio-
logical research, can explain observation bias. To determine whether or not an exposure caused a certain result, it uses genetic variants
as instrumental variables(IVs) [13,14]. The instrumental advantages of MR rely on the fact that genetic diversity in a population is
distributed at random as a consequence of the random assignment of genes during meiosis [13]. In genetics, the direction of causality is
determined and genetic diversity leads to different phenotypes but not vice versa. In general, the environmental exposure factors we
measure are more or less correlated with behavioral, social, psychological, and other factors, resulting in bias. However, genetic
variants are not affected by these confounding factors. Therefore, compared with traditional observational studies, Mendelian
randomization studies are less susceptible to reverse causality and confounding. The level of evidence is significantly higher than that
of traditional observational studies. Additionally, the evolving GWAS provides a potent and dependable intravenous infusion for MR
research [15,16].

In the present study, we examined whether genetic evidence of psoriasis is substantially associated with the risk of central
neurological disorders using a two-sample MR analysis.

2. Methods
2.1. The Study’s methodology and data sources

This is an MR study with two samples based on summary-level data. The results of a genome-wide association study (GWAS) were
used to obtain genetic data on psoriasis and central nervous system disorders for this study. We used GWAS data for psoriasis from the
IEU Open GWAS Project, which contained 5314 cases and 457,619 controls, for the exposure dataset. Data from the ieu open GWAS
project’s GWAS for numerous disorders of the central nervous system were also included in the result dataset. Table 1 provides a
summary of the demographic characteristics of the study participants.

Using a two-sample MR investigation, we assessed the potential causative relationship between psoriasis susceptibility genes and
the likelihood of developing disorders of the central nervous system. SNPs were employed as IVs. Fig. 1 provides an overview of the
research methodology. Everything fits well within the three fundamental MR analysis theories [17]: 1. IVs influenced exposure
strongly; 2. IVs were not linked to potential confounding factors; and 3. The hazard of outcomes was directly impacted by exposure to
IVs and not via any other mechanisms.

2.2. Selection of IVs

All genetic variants substantially associated with psoriasis (P < 5 x 10~®) were deemed to be IVs. The level of linkage disequi-
librium (LD) was calculated to determine whether SNPs were in a state of LD. By removing SNPs within a 10,000 kb window with a r?
< 0.001 threshold, these SNPs were determined to be independent. To rule out the possibility of pleiotropic effects, we used Phenoscan
V;, to seek for secondary phenotypes associated with each SNP. SNPs corresponding to the phenotypes associated with the outcomes
were excluded from further analysis, while the remaining SNPs were utilized.

The power of the screened SNPs was evaluated using F-statistics to exclude the possibility of weak-tool bias. F = ﬁgxposure/Sngposure.
If F > 10, the strength of the association between the IVs and exposure was judged to be high enough that weak-tool bias would not be a
factor in the MR analysis’s findings.

Table 1

Data sources of the Exposure and Outcomes.
Features Information sources cases/controls Samples Populations
Exposure
psoriasis ukb-b-10537 5314/457,619 462,933 European
Outcomes European
migraine ukb-b-16868 13,597/449,336 462,933 European
Parkinson’s Disease ieu-b-7 33,674/449,056 482,730 European
multiple sclerosis ieu-b-18 47,429/68,374 115,803 European
epilepsy ieu-b-8 15,212/29,677 44,889 European
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Fig. 1. A diagram depicting how Mendelian randomization research might be set up The three theories upon which Mendelian randomization is
based are: 1. There is a high degree of correlation between the exposure and the IVs; 2. the IVs are not influenced by other factors; and 3. the
instrumental variables only influence the results via exposure and not in any other manner.

2.3. Statistical analyses

The aggregated SNP-psoriasis and SNP-nervous system disease statistics were harmonized to verify that the alleles of each SNP were
consistent between psoriasis and central nervous system disorders. The MR study relied mainly on the analytical methodology of
inverse variance weighting (IVW). Simultaneously, the causal relationship was inferred using Weighted median, MR-Egger, Simple
mode, Weighted mode and MR-pleiotropy residual sum and outlier (MR-PRESSO). Each method makes some assertions about the
efficacy of SNPs. The Weighted median is estimated when fifty percent of the IVs are invalid. Despite the low statistical power of the
MR-Egger method, it provides an estimate after correcting for multiple effects. In order to offer an accurate MR estimate, the MR-
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Fig. 2. The scatter plots of Mendelian randomization results: (A) Psoriasis and Migraine; (B) Psoriasis and Parkinson’s disease; (C) Psoriasis and
Multiple Sclerosis; (D) Psoriasis and epilepsy. SNP, single-nucleotide polymorphism; MR, Mendelian randomization. The slope of the scatter plot
represents the magnitude of the impact of psoriasis on central neurological disorders.
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PRESSO approach can automatically identify and remove abnormalities in IVW linear regression. All of these techniques were
employed to investigate causality exhaustively.

2.4. Sensitivity analyses

In this investigation, various sensitivity analysis methodologies were introduced. Before choosing an analytical approach,
Cochran’s Q test was used to determine the degree of variation among SNP estimations. The fixed-effects IVW technique was prior-
itized if the p-value was more than 0.05, suggesting that there was no heterogeneity, and the random-effects model was employed
otherwise. The horizontal pleiotropy of IVs was evaluated using the MR-Egger intercept technique. The intercept in the MR-Egger test
was used to estimate the mean horizontal pleiotropic impact; if the p-value was less than 0.05, it indicated that the IVW estimate may
have been skewed. Third, to see whether the result was due to a single SNP, we performed a leave-one-out sensitivity test. Finally,
funnel and forest plots were developed for the express purpose of detecting pleiotropy.

In the R software, version 4.1.2, the packages “TwoSampleMR” and “MR-PRESSO” were used for all statistical testing and analysis.
Moreover, every p-value was two-sided.

3. Results
3.1. Characteristics of selected SNP variants and outcomes of central neurological disorders

We extracted IVs from the GWAS that were substantially associated with psoriasis (P < 5 x 10~% and removed LD
(r2<0.001,10,000-kb). Additionally, we eliminated palindromic SNPs with moderate allele frequency and an incompatible allele. Two
SNPs, rs12188300 and rs13191494, associated with palindromic SNPs were excluded. Additionally, we eliminated the incompatible
allele rs9265203. The SNPs that passed screening were included in subsequent analyses (Supplemental Tables 1-4). The IVs strength
test revealed no evidence of weak-tool bias (F-statistic >10) (Supplemental Tables 1-4).

3.2. Causal estimates of genetic psoriasis susceptibility and central neurological disorders risk

Although psoriasis was reported to increase the risk of Parkinson’s disease (OR = 4.42, 95%CI[-3.81 ~ 6.79], P = 0.58) and epilepsy
(OR =4.71, 95%CI[-2.20 ~ 5.30], P = 0.42) in this study, they did not reach statistical significance. At the same time, this study did not
observe that psoriasis would increase the risk of multiple sclerosis (OR = 0.01, 95%CI [-12.61 ~ 3.83], P = 0.30) and migraine (OR =
0.99, 95%CI [0.94 ~ 1.05], P = 0.78). The scatter plots were illustrated in Fig. 2(A-D). We eliminated some outliers when analyzing the
relationship between psoriasis and multiple sclerosis using MR-PRESSO (Supplemental Table 5).

3.3. Sensitivity analyses of MR

When testing for heterogeneity among these SNPs, the p-value of the Cochran Q statistic was larger than 0.05, suggesting that there
was no heterogeneity (Table 2). The randomized-effects IVW approach was the major analytic tool for this MR investigation,
considering the existence of heterogeneity. Few pleiotropic associations between psoriasis and central neurological diseases were
found using the MR-Egger regression intercept (Table 2). Furthermore, the findings did not significantly shift after progressively
removing one SNP using the leave-one-out technique (Supplementary Fig. 1). More intuitive representations of heterogeneity, such as
forest and funnel plots, are shown in Supplemental Figs. 2 and 3, respectively.

4. Discussion

Previous epidemiological studies have suggested a link between psoriasis and an increased risk for central neurological disorders
[18,19]. However, these observational studies may have been influenced by some confounding factors. Using MR, we examined the
role of psoriasis in the risk of central neurological disorders. The findings revealed that psoriasis had no causal association with the risk
of migraine, Parkinson’s disease, multiple sclerosis, or epilepsy. To the best of our knowledge, this is the first study to investigate the
causal relationship between psoriasis and the risk of central neurological disorders with a mendelian randomization study. These

Table 2
Psoriasis IVs for pleiotropy and heterogeneity testing in relation to central nervous system disorders GWAS.
Outcomes Pleiotropy analysis Heterogeneity analysis
MR-Egger MR-Egger Inverse-variance weighted
Intercept SE P Q Q.df Q_pval Q Q.df Q_pval
migraine —4.60E-05 0.14E-03 0.74 19.96 16.00 0.22 20.10 17.00 0.27
Parkinson’s Disease 2.00E-04 0.01 0.99 9.73 15.00 0.84 9.73 16.00 0.88
multiple sclerosis —0.01 0.03 0.79 19.05 10.00 0.04 19.19 11.00 0.06
epilepsy —0.01 0.01 0.34 15.24 9.00 0.09 16.97 10.00 0.08

df, degree of freedom; MR, Mendelian randomization; Q, heterogeneity statistic Q.
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findings improved our understanding of the function of psoriasis in the progression of these diseases and had clinical implications for
patients and physicians.

Observational investigations have demonstrated a correlation between psoriasis and migraine. Migraine attacks with or without
aura (MA and MO) are marked by moderate to severe unilateral recurring pulsatile headaches. Le et al. reported that 23 and 12 co-
morbid diseases are linked to MA and MO, respectively [20]. Four studies have characterized the association between psoriasis and
migraine [18,20-22]. Patients with psoriasis were shown to be more likely to get migraine headaches if they were female. More so than
in the general population without psoriasis, those with the illness were more likely to have MA crises, and they occurred more often.
However, there was no change in the incidence of MO crises. Psoriasis sufferers who had migraines tended to have far more severe
instances of the skin condition, as measured by the psoriasis area and severity index (PASI) [21]. While some research has linked
psoriasis to an increased incidence of migraines, another population-based study has shown no such link [23]. Different research found
that moderate-to-severe psoriasis was the only level at which migraines were linked [22]. Given the paucity of existing research, it is
clear that more must be done. To investigate this potential genetic link between psoriasis and migraine, we conducted a mendelian
randomization study.

A total of three studies examined the association between psoriasis and the risk of developing Parkinson’s disease (PD) [12,24,25].
Although all studies found an elevated risk, only two met the criteria for statistical significance [24,25]. In psoriasis, the risk of
developing PD was 1.38 times higher than in healthy individuals [26]. Notably, the prevalence of psoriasis was not observed to be
higher in those with Parkinson’s disease, according to a population survey [27]. Generally speaking, more extensive study is needed to
explain these contradictory findings.

Treatment with fumarates has shown potential for both multiple sclerosis (MS) and psoriasis, suggesting that the two conditions
may have a shared etiology [28]. In fact, genetic risk variants and inflammatory pathways are similar in both of these inflammatory
disorders. The prevalence of psoriasis in the MS community was 54 % greater than in matched individuals, and almost 5 % of MS
patients were confirmed to have the skin disease [29]. On the other hand, psoriasis patients were also reported to have an increased
incidence of MS[30,31]. A recent research conducted in Denmark indicated that the severity of psoriasis was significantly correlated
with an elevated risk of MS(30). In other words, the rates of MS incidence per 10000 person-years were 3.22 (95 % CI: 2.57-4.04) for
those with moderate psoriasis, 4.55 (95 % CI: 2.52-8.22) for those with severe psoriasis, and 1.78 (95 % CI: 1.74-1.82) for those in the
control. Even after accounting for confounding variables, the rate was still significantly greater in the psoriasis groups than in the
control group. It is not completely understood how psoriasis and MS influence each other and affect the overall prognosis of patients.
According to Miron et al. [32], Having psoriasis is linked to a slower rate of MS disease development, a later time to relapse, and a later
time to substantial neurological impairment scores. In addition, our findings indicate that psoriasis may not be a risk factor for the
progression of multiple sclerosis.

Epilepsy has been documented as a symptom of psoriasis in case-report studies [33]. However, in these patients, seizures were
caused by progressive multifocal leukoencephalopathy due to efalizumab use. Psoriasis has been linked to the development of epileptic
occur, a phenomenon initially reported by Lindegrd (1986)[34]. Psoriasis patients may have an increased chance of developing ep-
ilepsy, according to research [35]. Psoriasis patients were found to be using anticonvulsant drugs at a rate 4.37 times higher than the
control group, according to a review of medications associated with psoriasis co-morbidities [odds ratio (95 % CI): 4.37 (2.81-6.79);
adjusted odds ratio (95 % CI): 4.20 (2.68-6.60); p < 0.001] [36]. Analyzing data from 23,542 people with psoriasis, researchers found
an elevated incidence of epilepsy compared to the general population [odds ratio (95 % confidence interval):1.9 (1.6-2.3)] [35].
Furthermore, an elevated incidence of epilepsy was linked to the presence of psoriasis in children [35,37]. Psoriasis patients’ expe-
riences with epilepsy are poorly understood on many fronts. We don’t know much about the frequency with which seizures occur, their
causes, or the most prevalent types.

Nevertheless, our research has some limitations. Firstly, due to the lack of detailed clinic information, we were unable to perform
subgroup analysis among the European population. Secondly, according to ethnicity, psoriasis prevalence and mortality vary. Only the
European populations participated in the study, so the causal relationship between psoriasis and central neurological disorders cannot
be extrapolated to other populations.

In brief, this MR study does not provide evidence of a causal association between psoriasis and the risk of central neurological
disorders in European populations. Most likely, psoriasis is not the cause of these diseases.
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