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Abstract: Mendelian randomization (MR) analysis was performed to explore the effect of psoriasis
on lipid metabolism traits and myocardial infarction (MI) risk and to analyze the proportion of the
mediatory effect of lipid metabolism traits. Publicly accessible summary-level data for psoriasis, lipid
metabolism traits, and MI were provided by the genome-wide association studies (GWASs) of the
FinnGen Biobank, UK Biobank, and CARDIoGRAMplusC4D, respectively. A two-sample MR was
carried out to evaluate the association of psoriasis with lipid metabolism traits and MI. Furthermore,
the current research focused on determining if the impact of psoriasis on MI is mediated by lipid
metabolism traits. The outcomes of the random effect inverse-variance-weighted (IVW) technique
indicated a substantial link between genetically predicted psoriasis and a higher risk of low-density
lipoprotein (LDL) cholesterol (OR: 1.006, 95% CI: 1.005–1.007, p = 0.024), apolipoprotein B (OR: 1.018,
95% CI: 1.010–1.026, p = 0.015), lipoprotein A (OR: 1.006, 95% CI: 1.002–1.010, p = 0.039), and MI (OR:
1.066, 95% CI: 1.014–1.121, p = 0.012). The percentages of the mediatory effect of LDL cholesterol,
apolipoprotein B, and lipoprotein A under psoriasis conditions on MI risk was 7.4%, 10.2%, and 4.1%,
respectively. Psoriasis was causally linked to an elevated risk of lipid metabolism levels and MI. This
study further demonstrated that LDL cholesterol, apolipoprotein B, and lipoprotein A mediated the
effect of psoriasis on MI risk. And timely lipid-lowering treatment should be given to MI patients.

Keywords: psoriasis; lipid metabolism traits; myocardial infarction; mendelian randomization;
mediation

1. Introduction

Psoriasis, a prevalent and chronic papulosquamous skin disease, imposes a significant
societal burden [1]. Psoriasis affects around 125 million individuals globally and exhibits
varying prevalence rates, ranging from 0.1% in East Asia to 1.5% in Western Europe, with
the highest rates recorded in high-income countries [2,3]. Individuals with psoriasis are
more likely to develop other chronic health diseases, such as depression, psoriatic arthritis,
inflammatory bowel disease, and cardiometabolic syndrome [4].

The relationship between psoriasis and myocardial infarction (MI) has been contro-
versial in epidemiologic studies [5]. Gelfand et al. found a substantially elevated adjusted
relative risk of developing MI among individuals with severe psoriasis after adjusting
for major cardiovascular risk factors [6]. Several studies have confirmed the independent
association of psoriasis with an escalated risk of developing MI [7–9]. Nevertheless, results
from a large population-based Dutch cohort study indicated that psoriasis might not be
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an independent risk factor for MI [10]. The lasted new meta-analysis of 31 cohort studies
revealed a 17% higher risk of MI in individuals with psoriasis in comparison to that in
healthy individuals, with pooled ORs of 1.11 to 1.24 [11]. Furthermore, another experimen-
tal study by Siddabasave Gowda B Gowda found a significantly decreased lipidome in
human ischemic LV and differential lipid metabolites in the transition of acute-to-chronic
HF with inter-organ communication [12]. Other genome-wide association studies have
identified a genetic locus at human chromosome 8q24 as having minor alleles associated
with lower levels of plasma lipids, as well as decreased risk for myocardial infarction. Other
studies have provided functional evidence for a novel gene regulating hepatic lipogenesis
and VLDL production in mice that influences plasma lipids and the risk of myocardial
infarction in humans [13]. Notably, most of these results come from observational stud-
ies, which are insufficient for conclusions due to limitations in design, sample sizes, and
confounders [14].

Furthermore, the mechanisms underlying the impact of psoriasis on MI risk are
not fully comprehended. In a previous report, psoriasis was linked to abnormalities in
lipid traits (triglycerides, LDL-C, HDL-C, and total cholesterol), with ORs ranging from
1.04 to 5.55 [15]. Meanwhile, clinical trials have demonstrated that a reduction in blood
lipid levels reduces MI events [16]. Thus, one of the mechanisms may be mediated by
lipid metabolism traits (a cardiovascular risk factor) that increase MI risk. However, the
degree to which these lipid metabolism characteristics account for the total impact of
psoriasis on MI remains unexplored. Mendelian randomization (MR) analysis overcomes
the constraints of traditional methods by employing genetic markers as instrumental
variables (IVs). This approach helps to determine the correlation between predicted risk
factors and disease [17,18]. These advantages also extend to mediation analysis, whereas
methods for mediation analysis that do not employ instrumental variables experience
multiple methodological challenges [19]. In the present research, MR was performed to
examine the impact of psoriasis on lipid metabolism traits and MI risk and also to determine
the proportion of the mediatory effect of lipid metabolism traits.

2. Materials and Methods
2.1. Study Design

The current research involved a two-sample MR analysis to assess the association of
psoriasis with MI, referred to as the total effect. To further explore if lipid metabolism traits
act as mediators of the effects of psoriasis on disease, another two-step MR was conducted.
Initially, the link between psoriasis and lipid traits was assessed. Subsequently, the effect of
lipid traits on MI risk was analyzed. Finally, multivariable MR was carried out to identify
the direct effect of psoriasis on MI, which was subtracted from the total effect to obtain an
estimate of the indirect effects. The summary of the current research design is shown in
Figure 1.

2.2. Data Retrieval or MR

The current research acquired comprehensive data on the correlation between the
single nucleotide polymorphism (SNP) and phenotype from various genome-wide associa-
tion studies (GWASs). Publicly accessible summary-level data for psoriasis were acquired
from the GWAS using data from FinnGen Biobank. The FinnGen study is a unique study
that integrates genomic data with digital health care records of more than 500,000 Finnish
biobank participants [20].

Summary statistic data for lipid traits, including LDL-C, HDL-C, apolipoprotein B,
apolipoprotein A-1, and lipoprotein A, were retrieved from a genome-wide association
meta-analysis of 35 biomarkers. These data are deposited in the UK Biobank (UKB) and
consist of information from 304,818 participants of European descent [21]. The UKB data
were derived from a prospective cohort investigation that included over 500,000 men and
women aged between 40 and 69 at the start of the study between 2006 and 2010 [22].
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Figure 1. Overview of the MR design of the present study. HDL cholesterol, high-density lipoprotein
cholesterol; LDL cholesterol, low-density lipoprotein cholesterol.

Summary statistic data for MI were obtained from a genome-wide association meta-
analysis of 185,000 coronary artery disease (CAD) cases and controls. This analysis assessed
6.7 million common variants with a minor allele frequency (MAF) > 0.05 and 2.7 million
low-frequency (0.005 < MAF < 0.05) variants [23]. The specifics of the data utilized in this
research are shown in Table 1.

Table 1. Details of the GWAS included in Mendelian randomization analyses.

Trait Consortium Ethnicity Sample Size (Case and Control)

Psoriasis (n, %) FinnGen Biobank European 216,752 (4510 and 212,242)
HDL cholesterol (mmol/L) UK Biobank European 403,943
LDL cholesterol (mmol/L) UK Biobank European 440,546
apolipoprotein B (mmol/L) UK Biobank European 439,214

apolipoprotein A-1 (mmol/L) UK Biobank European 393,193
Lipoprotein A (mmol/L) UK Biobank European 5732

Myocardial infarction (n, %) CARDIoGRAMplusC4D European 171,875 (43,676 and 128,199)

HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol;
CARDIoGRAMplusC4D, Coronary ARtery DIsease Genome wide Replication and Meta-analysis plus Coronary
Artery Disease Genetics Consortium.

2.3. Selection of Genetic IVs and Data Harmonization

The genetic variants utilized as IVs for psoriasis had a genome-wide significance
(p < 5 × 10−8) and were distinct from the variants for lipid traits [24]. Similarly, genetic
variants for lipid traits were not shared with those for psoriasis. For all experiments,
the independent distribution of IVs was achieved by pruning SNPs within a 10,000 kb
window based on a threshold of r2 < 0.001 [25]. SNPs linked to body mass index and
hypertension were identified as pleiotropic IVs. They were obtained by exploring the GWAS
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Catalog (https://www.ebi.ac.uk/gwas/ (accessed on 1 June 2022)) and PhenoScanner
(http://www.phenoscanner.medschl.cam.ac.uk/ (accessed on 1 June 2022)) using MI as an
outcome to help eradicate any potential pleiotropic effects [26]. Following this, SNPs linked
to exposure were acquired from the outcome datasets. Furthermore, SNP harmonization
was carried out to correct for the allele orientation. The specifics regarding the selection of
variables are shown in Supplementary Materials Tables S1–S11.

2.4. Instrument Strength

The F-statistic value for each instrument-exposure effect was above 10, suggesting a
low risk of weak instrument bias. The F-statistic was computed using the following formula:
F = [(N − K − 1)/K] × [R2/(1 − R2)], where R2 indicates the proportion of variance in
instruments according to the formula R2 = 2 × (1 − MAF) × MAF × (Beta/stand error)2.
The F-statistic value for each instrument-exposure association ranged from 15.996 to 64.356,
revealing less likelihood of a weak IV bias in the final results, as detailed in Supplementary
Materials Tables S1–S11.

2.5. Mediation Analysis and the Proportion of the Mediation Effect

The total effect of exposure on an outcome can be classified into two components:
indirect and direct effects [19]. The immediate effect of psoriasis on MI risk was achieved
after adjusting for LDL-C, apolipoprotein B, and lipoprotein A through multivariable MR.
The research involved performing a multivariable MR of the effect of psoriasis on MI by
considering all mediators as a comparison. The multivariable MR used a set of genetic
proxies that were at least associated with psoriasis, LDL-C, apo B, or Lpa to predict each
of the variables in the model [19,27]. These predicted values were used to estimate the
effect of psoriasis on MI after adjusting for mediators in a multivariable regression analysis.
The indirect effect of each lipid trait was derived by utilizing the product method, which
involved multiplying the effect of psoriasis on lipid traits by the effect of lipid traits on
MI [28]. Additionally, a multivariable MR was conducted to analyze the effect of each
mediator on MI after adjusting for psoriasis.

The potential mediators were determined by estimating the variations in the total
effect of the genetically determined psoriasis on the risk of MI. The following formula was
applied to estimate the proportion of the mediation effect [29]:

E(%) =
∑k

k=1 β1 × β2k

∑k
k=1 β3 + β1 × β2k

where β1 denotes the MR effect of psoriasis on a mediator, β2 denotes the MR effect of
mediator k on MI after adjusting for genetically determined psoriasis, and β3 is the MR
effect of psoriasis on MI after adjusting for a genetically determined potential mediator.

2.6. Mendelian Randomization Estimates

The primary analysis utilized the inverse-variance-weighted (IVW) technique to pool
Wald ratio estimates of the causal impacts of various SNPs [30]. The application of the
IVW technique presupposes that all SNPs are valid IVs; thus, this method can help achieve
accurate estimation results [31]. However, given that the IVW method can exhibit bias
even if a single genetic variant is invalid (i.e., if only a single variant exhibits horizontal
pleiotropic effects) [32], complementary analyses were carried out by employing the MR-
egger method [33], weighed median method [32], and maximum likelihood method [30].
MR-egger approach comprises a weighted linear regression of the gene–outcome coef-
ficients on the gene–exposure coefficients [33]. The weighted median method offers a
consistent estimate of the causal effect, provided that at least half of the SNPs are valid
IVs [32]. Furthermore, the MR-robust adjusted profile score (MR-RAPS), utilizing the
“Huber” loss function, was employed to account for the random-effects distribution of
pleiotropic effects of the genetic variants in the model [34].

https://www.ebi.ac.uk/gwas/
http://www.phenoscanner.medschl.cam.ac.uk/
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2.7. Heterogeneity and Pleiotropy Analysis

Cochran’s Q statistic was utilized to calculate heterogeneity. The final MR results were
analyzed utilizing a multiplicative random-effects model of IVW if the p value of Cochran’s
Q test was below 0.05; otherwise, a fixed-effects model was employed [35]. The MR-egger
intercept was determined to test for bias attributed to directional pleiotropy, where the
average of the direct effects of the tested genetic variants on outcome was non-zero, and
the intercept demonstrated the average pleiotropic impact across the genetic variants [33].
Finally, leave-one-out sensitivity analyses were performed, whereby a single SNP was
removed at a time to examine if a single SNP was responsible for the causal association.

Analyses were carried out by utilizing R software version 4.0.5 using “Two-Sample-
MR” and “MR-RAPS” packages. p < 0.05 denoted the significance level.

3. Results
3.1. Effect of Psoriasis on Lipid Metabolism Traits

The findings of the random-effect IVW method showed a substantial link between
genetically predicted psoriasis and the enhanced risk of LDL cholesterol (OR: 1.006, 95%
CI: 1.005–1.007, p = 0.024), apolipoprotein B (OR: 1.018, 95% CI: 1.010–1.026, p = 0.015), and
lipoprotein A (OR: 1.006, 95% CI: 1.002–1.010, p = 0.039, Figure 2A, Supplementary Table S12).
The causal estimates remained consistent across all applied MR methods, with the exception
of the effect on lipoprotein A determined with the weighted median method (Figure 2A).
However, no causal effect of psoriasis on HDL cholesterol (OR: 0.997, 95% CI: 0.989–1.006,
p = 0.534) and apolipoprotein A1 abnormalities (OR: 0.994, 95% CI: 0.986–1.002, p = 0.142)
was determined using the random-effect IVW method (Figure 2A, Supplementary Table S12).
The results of heterogeneity and pleiotropy analysis are presented in Table 2. The F-statistic
value for the instrument–psoriasis link was 15.996 in the HDL, LDL, apolipoprotein A1, and
apolipoprotein B model and 16.533 in the lipoprotein A model (Supplementary Tables S1–S5).
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Table 2. Heterogeneity and pleiotropy analysis.

Exposure Outcome No. of
SNPs R2 (%) Heterogeneity Pleiotropy

Method Cochran’s
Q I2 (%) p-Value Egger-Intercept (95% CI) p-Value

Psoriasis HDL
cholesterol 12 0.0886 IVW 35.183 57.34 <0.001 −0.004 (−0.006, 0.002) 0.492

Psoriasis LDL
cholesterol 12 0.0886 IVW 46.187 61.24 0.004 0.002 (−0.004, 0.008) 0.396

Psoriasis apolipoprotein
B 12 0.0886 IVW 11.000 65.49 <0.001 −0.004 (−0.008, 0.000) 0.077

Psoriasis apolipoprotein
A1 12 0.089 IVW 28.134 43.48 0.003 −0.003 (−0.007, 0.001) 0.355

Psoriasis Lipoprotein
A 11 0.084 IVW 14.253 35.36 0.162 0.001 (−0.003, 0.005) 0.655

HDL cholesterol MI 317 3.903 IVW 753.222 37.62 <0.001 −0.004 (−0.008, 0.000) 0.066
LDL cholesterol MI 146 1.752 IVW 847.515 82.12 <0.001 −0.001 (−0.009, 0.007) 0.677
apolipoprotein B MI 178 1.871 IVW 825.557 79.57 <0.001 −0.005 (−0.010, 0.001) 0.103

apolipoprotein A1 MI 261 3.46 IVW 724.154 63.45 <0.001 −0.005 (−0.013, 0.003) 0.182
Lipoprotein A MI 14 0.196 IVW 21.276 39.74 0.068 0.010 (−0.018, 0.032) 0.383

Psoriasis MI 8 0.032 IVW 1.583 2.80 0.979 0.001 (−0.029, 0.031) 0.989

3.2. Effect of Lipid Metabolism Traits on MI

Results of the random-effect IVW method highlighted a substantial association of
genetically predicted LDL cholesterol (OR: 1.591, 95% CI: 1.360–1.861, p < 0.001), apolipopro-
tein B (OR: 1.621, 95% CI: 1.425–1.844, p < 0.001), and lipoprotein A (OR: 1.228, 95% CI:
1.178–1.279, p < 0.001) with an increased MI risk, whereas HDL cholesterol (OR: 0.785, 95%
CI: 0.726–0.848, p < 0.001) and apolipoprotein A1 (OR: 0.834, 95% CI: 0.763–0.911, p < 0.001)
exhibited a substantial correlation with a reduced risk of MI (Figure 2B, Supplementary
Table S13). The results of other implemented MR methods are presented in Figure 2B,
and the results of heterogeneity and the pleiotropy analysis are presented in Table 2. The
F-statistic values for each instrument–lipid association were 49.720, 50.535, 47.418, 49.259,
and 64.356 for HDL cholesterol, LDL cholesterol, apolipoprotein B, apolipoprotein A1, and
lipoprotein A (Supplementary Tables S7–S11).

3.3. Effect of Psoriasis on MI

The findings obtained with the fixed-effect IVW method showed a substantial link
between genetically predicted psoriasis and an elevated MI risk (OR: 1.066, 95% CI:
1.014–1.121, p = 0.012, Figure 3, Supplementary Table S12). The results were consistent
across all applied MR methods, with the exception of the effect on MI determined with
weighted median and MR egger techniques (Supplementary Table S12). Moreover, no het-
erogeneity and pleiotropy were detected. The F-statistic value for the instrument–psoriasis
association was 16.995 (Supplementary Table S6).

3.4. Proportion of the Mediatory Effect of LDL Cholesterol, Apolipoprotein B, and Lipoprotein A

According to the above analysis outcomes, LDL cholesterol, apolipoprotein B, and
lipoprotein A mediate the effect of psoriasis on the MI risk. In the multivariable MR of
psoriasis—LDL cholesterol—MI, the direct effect of psoriasis on MI was reduced to an
OR of 1.035 (95% CI: 1.001, 1.066, p = 0.038, Table 3, Figure 3). Furthermore, the direct
effect of psoriasis on MI was also attenuated in the multivariable psoriasis–apolipoprotein
B–MI MR (OR: 1.029, 95% CI: 1.017–1.041, p = 0.046, Table 3, Figure 3). Following an
adjustment for lipoprotein A, no causal effect of psoriasis on MI was detected (Table 3,
Figure 3). Furthermore, no causal effect of psoriasis on MI was observed when the three
lipid metabolism traits were added to the same model (Table 3, Figure 3). The proportions
of the mediatory effect of LDL cholesterol, apolipoprotein B, and lipoprotein A were 7.4%,
10.2%, and 4.1%, respectively. When all three lipid traits (LDL cholesterol, apolipoprotein
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B, and lipoprotein A) were incorporated into the same model, the combined percentage
was 11.6%.
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Figure 3. The effect of genetically predicted psoriasis on myocardial infarction risk after adjusting
for genetically predicted LDL-C, Apo B, and Lpa, either separately or in the same model. LDL-C,
low-density lipoprotein cholesterol; Apo B, apolipoprotein B; Lpa, Lipoprotein A.

Table 3. Multivariate MR analysis of the direct effect of psoriasis on MI.

Exposure/Outcome Adjustied Factors Multivariate MR Analysis

nSNP OR (95% CI) p-Value Mediation
Effect

Mediation
Effect (%)

Psoriasis/Myocardial
infarction None 8 1.066 (1.014, 1.121) 0.012 / /

Psoriasis/Myocardial
infarction LDL cholesterol 162 1.035 (1.001, 1.066) 0.038 0.003 (0.002, 0.004) 7.4

Psoriasis/Myocardial
infarction apolipoprotein B 180 1.029 (1.017, 1.041) 0.046 0.004 (0.002, 0.003) 10.2

Psoriasis/Myocardial
infarction Lipoprotein A 26 1.046 (0.993, 1.102) 0.091 0.002 (0.001, 0.003) 4.1

Psoriasis/Myocardial
infarction

LDL cholesterol
apolipoprotein B

Lipoprotein A
323 1.015 (0.971, 1.059) 0.399 0.009 (0.007, 0.010) 11.6

LDL cholesterol, low-density lipoprotein cholesterol; OR, odds ratio.

4. Discussion

According to the current literature, this is the first study investigating how lipid
metabolism traits mediate the causal path between psoriasis and MI. This research discov-
ered that genetically determined psoriasis exhibited a possible correlation between elevated
levels of lipid metabolism and MI risk. Moreover, it was observed that LDL cholesterol,
apolipoprotein B, and lipoprotein A mediated the psoriasis effect on MI risk.

Recent observational studies have explored the causal association between psoriasis
and MI. A cross-sectional patient–population study of 113,065 patients in Japan reported
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that psoriasis vulgaris exhibited a substantial link to an 87% elevated MI risk [8]. Following
an adjustment for age and gender, psoriasis vulgaris was found to have an independent
association with MI (adjusted OR = 1.49) in adults. However, the population involved in
this study consisted of patients from a Japanese hospital with no information available
about the severity and treatment of psoriasis vulgaris, which could have caused selection
bias. A retrospective cohort study of the American population also found that mild and
severe psoriasis patients exhibited a remarkable link to 31% and 28% increased risks of MI
compared to those in matched control patients, respectively [36]. While psoriasis has been
associated with MI, the results from various epidemiological studies remain inconsistent.
The discrepancies in the results could be attributed to varying factors, such as the severity
and duration of psoriasis, and the presence or absence of arthritis, all of which can influence
the impact of psoriasis on MI [37,38]. Another cross-sectional and cohort study that used
various large-scale epidemiological and genetic datasets also indicated that psoriasis is an
independent yet modest risk factor for MI with a “dose-response” association, as severe
psoriasis was linked to an elevated MI risk [39].

Notably, the above outcomes are primarily derived from observational studies that
are insufficient to make conclusions due to limitations in the design, sample sizes, and
confounders. The MR analysis in the current study that utilized genetic variants as IVs
provided evidence of the effect of psoriasis on MI. The confounder effect was overcome
by extracting the confounder-related SNPs when the IVs were selected. One possible
explanation for the link between psoriasis and MI could be that these entities share common
genetics. However, a comprehensive GWAS indicated that with the exception of two
psoriasis risk loci that had a minor influence on the CAD risk (OR < 1.2), no other recognized
psoriasis risk polymorphisms displayed a strong correlation with CAD [39]. Since the
genetic overlap does not sufficiently elucidate the heightened risk of MI in psoriasis patients,
further research is needed to investigate the cardiovascular risk factors, which might serve
as the mediatory factors of the psoriasis–MI pathway. Furthermore, systemic inflammation
could function synergistically with metabolic abnormalities to enhance the cardiovascular
risk in these patients [5,40–42].

Lipid metabolism abnormalities, closely related to psoriasis and MI, might be an
intermediate factor along the pathway from psoriasis to MI. Two meta-analyses highlighted
that LDL cholesterol, lipoprotein A, and apolipoprotein B levels were considerably higher
in individuals with psoriasis than in controls [15,43]. LDL particles undergo oxidative
modification and produce oxidized LDL (ox-LDL). This ox-LDL can enter macrophages,
inducing their transformation into foam cells, which contribute to the development of
atherosclerotic plaques [40]. As a composite measure of all apolipoprotein B-containing
lipoproteins, apolipoprotein B was also associated with developing MI risk [44]. The effect
of psoriasis on MI was decreased when the current investigation involved an adjustment
for lipid metabolism traits in the multivariable MR model, indicating that LDL cholesterol,
apolipoprotein B, and lipoprotein A were the intermediate factors. Lipoprotein A is an LDL-
like lipoprotein with apolipoprotein covalently linked to apolipoprotein B via a disulfide
bond [45]. It has been proven that lipoprotein A plays crucial roles in atherosclerosis, such
as foam cell formation, smooth muscle cell proliferation, and plaque inflammation and
instability [46].

The present study has several notable strengths. First, publicly accessible summary-
level data for psoriasis, lipid metabolism traits, and MI were drawn from several large-scale
consortium data of European populations, enhancing the statistical power of the data.
Second, the current research employed a range of techniques for sensitivity analysis,
especially excluding SNPs associated with potential confounding factors, to improve
estimation reliability. Third, the genetic variants utilized as the IVs were located on distinct
chromosomes, thus minimizing the impact of potential gene–gene interactions on the
estimated value. Fourth, using mediation, MR reduced the bias due to confounding among
exposure factors, mediators, outcomes, and measurement error. Finally, multivariable MR
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could accommodate the combined effects of numerous mediators, even when bidirectional
relationships were present [19].

Nevertheless, the study also has several limitations. First, exposure-associated SNPs
explained a relatively small proportion of the variation, thus restricting the statistical
power to identify a weak correlation between the genetically predicted exposures and
outcomes. However, the F-statistic value exceeding 10 minimized any bias resulting from
the use of a weak instrument in the analysis. Second, although the heterogeneity was
presented in this study, a GWAS with different ages, sexes, and health statuses could not be
obtained to explore the resources of heterogeneity. Third, the success of mediation analysis
crucially depended on the correct pre-established formulation of the causal relationships
of the exposures, as the mediatory and confounding effects could not be statistically
distinguished [47]. Furthermore, the current research did not consider the bidirectional
effect between psoriasis and lipid metabolism. Finally, the data used in the study were from
the GWAS of MI involving a population of South Asian descent, which could potentially
result in bias from the non-European population.

5. Conclusions

This MR study indicated a causal association between genetically determined psoriasis
and an elevated risk of lipid metabolism levels and MI, with evidence that the LDL choles-
terol, apolipoprotein B, and lipoprotein A mediated the effect of psoriasis on the MI risk.
Therefore, more attention should be paid to the lipid metabolism levels of patients with
psoriasis for the primary prevention of MI. And timely lipid-lowering treatment should be
given to MI patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/metabo13090976/s1, Table S1. Harmonized dataset of Mendelian
randomization for the effect of Psoriasis on HDL-C; Table S2. Harmonized dataset of Mendelian
randomization for the effect of Psoriasis on LDL-C; Table S3. Harmonized dataset of Mendelian
randomization for the effect of Psoriasis on Apo B; Table S4. Harmonized dataset of Mendelian
randomization for the effect of Psoriasis on Apo A1; Table S5. Harmonized dataset of Mendelian
randomization for the effect of Psoriasis on Lpa; Table S6. Harmonized dataset of Mendelian random-
ization for the effect of Psoriasis on MI; Table S7. Harmonized dataset of Mendelian randomization
for the effect of HDL-C on MI; Table S8. Harmonized dataset of Mendelian randomization for the
effect of LDL-C on MI; Table S9. Harmonized dataset of Mendelian randomization for the effect
of Apo B on MI; Table S10. Harmonized dataset of Mendelian randomization for the effect of Apo
A1 on MI; Table S11. Harmonized dataset of Mendelian randomization for the effect of Lpa on MI;
Table S12. Effect of psoriasis on lipid metabolism traits; Table S13. Effect of lipid metabolism traits
on MI.

Author Contributions: Methodology, Y.D.; Software, Y.D. and S.Y.; Validation, X.T.; Formal analysis,
M.H., S.F., X.T. and W.L.; Investigation, S.Y.; Writing—original draft, Y.D.; Writing—review & editing,
W.L.; Supervision, W.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Young Talents Project of Zhejiang Medicine and Health
Science and Technology Project: (2022RC097, 2022KY049); Zhejiang Medicine and Health Research
Fund Project (2018KY244).

Institutional Review Board Statement: The Ethics Committee of Zhejiang Provincial People’s Hos-
pital proved that there was no need to obtain review because the data were from public databases.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in supplementary.

Acknowledgments: The authors thank Feihong Chen for his guidance on the methodology and
statistical analysis.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/metabo13090976/s1
https://www.mdpi.com/article/10.3390/metabo13090976/s1


Metabolites 2023, 13, 976 10 of 11

References
1. Griffiths, C.E.M.; Armstrong, A.W.; Gudjonsson, J.E.; Barker, J. Psoriasis. Lancet 2021, 397, 1301–1315. [CrossRef]
2. Armstrong, A.W.; Read, C. Pathophysiology, Clinical Presentation, and Treatment of Psoriasis: A Review. JAMA 2020, 323,

1945–1960. [CrossRef] [PubMed]
3. Parisi, R.; Iskandar, I.Y.K.; Kontopantelis, E.; Augustin, M.; Griffiths, C.E.M.; Ashcroft, D.M. National, regional, and worldwide

epidemiology of psoriasis: Systematic analysis and modelling study. BMJ 2020, 369, m1590. [CrossRef]
4. Nestle, F.O.; Kaplan, D.H.; Barker, J. Psoriasis. N. Engl. J. Med. 2009, 361, 496–509. [CrossRef] [PubMed]
5. Savonitto, S.; Damiani, G.; Colombo, D. Psoriasis and risk of myocardial infarction: Uncertain link, costly implications. Eur. J.

Intern. Med. 2022, 98, 12–14. [CrossRef]
6. Gelfand, J.M.; Neimann, A.L.; Shin, D.B.; Wang, X.; Margolis, D.J.; Troxel, A.B. Risk of myocardial infarction in patients with

psoriasis. JAMA 2006, 296, 1735–1741. [CrossRef]
7. Karbach, S.; Hobohm, L.; Wild, J.; Münzel, T.; Gori, T.; Wegner, J.; Steinbrink, K.; Wenzel, P.; Keller, K. Impact of Psoriasis on

Mortality Rate and Outcome in Myocardial Infarction. J. Am. Heart Assoc. 2020, 9, e016956.
8. Shiba, M.; Kato, T.; Izumi, T.; Miyamoto, S.; Nakane, E.; Haruna, T.; Inoko, M. Risk of myocardial infarction in patients with

psoriasis: A cross-sectional patient-population study in a Japanese hospital. J. Cardiol. 2019, 73, 276–279. [CrossRef] [PubMed]
9. Levesque, A.; Lachaine, J.; Bissonnette, R. Risk of myocardial infarction in canadian patients with psoriasis: A retrospective

cohort study. J. Cutan. Med. Surg. 2013, 17, 398–403. [CrossRef]
10. Wakkee, M.; Herings, R.M.; Nijsten, T. Psoriasis may not be an independent risk factor for acute ischemic heart disease

hospitalizations: Results of a large population-based Dutch cohort. J. Investig. Dermatol. 2010, 130, 962–967.
11. Liu, L.; Cui, S.; Liu, M.; Huo, X.; Zhang, G.; Wang, N. Psoriasis Increased the Risk of Adverse Cardiovascular Outcomes: A New

Systematic Review and Meta-Analysis of Cohort Study. Front. Cardiovasc. Med. 2022, 9, 829709. [CrossRef]
12. Gowda, S.G.B.; Gowda, D.; Hou, F.; Chiba, H.; Parcha, V.; Arora, P.; Halade, G.V.; Hui, S.P. Temporal lipid profiling in the

progression from acute to chronic heart failure in mice and ischemic human hearts. Atherosclerosis 2022, 363, 30–41. [CrossRef]
13. Burkhardt, R.; Toh, S.A.; Lagor, W.R.; Birkeland, A.; Levin, M.; Li, X.; Robblee, M.; Fedorov, V.D.; Yamamoto, M.; Satoh, T.; et al.

Trib1 is a lipid- and myocardial infarction-associated gene that regulates hepatic lipogenesis and VLDL production in mice. J.
Clin. Investig. 2010, 120, 4410–4414. [CrossRef] [PubMed]

14. Libuda, L.; Laabs, B.H.; Ludwig, C.; Bühlmeier, J.; Antel, J.; Hinney, A.; Naaresh, R.; Föcker, M.; Hebebrand, J.; König, I.R.; et al.
Vitamin D and the Risk of Depression: A Causal Relationship? Findings from a Mendelian Randomization Study. Nutrients 2019,
11, 1085. [CrossRef]

15. Ma, C.; Harskamp, C.T.; Armstrong, E.J.; Armstrong, A.W. The association between psoriasis and dyslipidaemia: A systematic
review. Br. J. Dermatol. 2013, 168, 486–495. [CrossRef] [PubMed]

16. Schubert, J.; Lindahl, B.; Melhus, H.; Renlund, H.; Leosdottir, M.; Yari, A.; Ueda, P.; James, S.; Reading, S.R.; Dluzniewski, P.J.;
et al. Low-density lipoprotein cholesterol reduction and statin intensity in myocardial infarction patients and major adverse
outcomes: A Swedish nationwide cohort study. Eur. Heart J. 2021, 42, 243–252. [CrossRef] [PubMed]

17. Emdin, C.A.; Khera, A.V.; Kathiresan, S. Mendelian Randomization. JAMA 2017, 318, 1925–1926. [CrossRef] [PubMed]
18. Burgess, S.; Foley, C.N.; Allara, E.; Staley, J.R.; Howson, J.M.M. A robust and efficient method for Mendelian randomization with

hundreds of genetic variants. Nat. Commun. 2020, 11, 376. [CrossRef]
19. Carter, A.R.; Sanderson, E.; Hammerton, G.; Richmond, R.C.; Davey Smith, G.; Heron, J.; Taylor, A.E.; Davies, N.M.; Howe, L.D.

Mendelian randomisation for mediation analysis: Current methods and challenges for implementation. Eur. J. Epidemiol. 2021, 36,
465–478. [CrossRef]

20. Locke, A.E.; Steinberg, K.M.; Chiang, C.W.K.; Service, S.K.; Havulinna, A.S.; Stell, L.; Pirinen, M.; Abel, H.J.; Chiang, C.C.; Fulton,
R.S.; et al. Exome sequencing of Finnish isolates enhances rare-variant association power. Nature 2019, 572, 323–328. [CrossRef]
[PubMed]

21. Sinnott-Armstrong, N.; Tanigawa, Y.; Amar, D.; Mars, N.; Benner, C.; Aguirre, M.; Venkataraman, G.R.; Wainberg, M.; Ollila,
H.M.; Kiiskinen, T.; et al. Genetics of 35 blood and urine biomarkers in the UK Biobank. Nat. Genet. 2021, 53, 185–194. [CrossRef]
[PubMed]

22. Collins, R. What makes UK Biobank special? Lancet 2012, 379, 1173–1174. [CrossRef]
23. Nikpay, M.; Goel, A.; Won, H.H.; Hall, L.M.; Willenborg, C.; Kanoni, S.; Saleheen, D.; Kyriakou, T.; Nelson, C.P.; Hopewell, J.C.;

et al. A comprehensive 1000 Genomes-based genome-wide association meta-analysis of coronary artery disease. Nat. Genet. 2015,
47, 1121–1130. [PubMed]

24. Gao, N.; Kong, M.; Li, X.; Zhu, X.; Wei, D.; Ni, M.; Wang, Y.; Hong, Z.; Dong, A. The Association Between Psoriasis and Risk of
Cardiovascular Disease: A Mendelian Randomization Analysis. Front. Immunol. 2022, 13, 918224. [CrossRef]

25. Park, S.; Lee, S.; Kim, Y.; Lee, Y.; Kang, M.W.; Kim, K.; Kim, Y.C.; Han, S.S.; Lee, H.; Lee, J.P.; et al. Atrial fibrillation and kidney
function: A bidirectional Mendelian randomization study. Eur. Heart J. 2021, 42, 2816–2823. [CrossRef]

26. Staley, J.R.; Blackshaw, J.; Kamat, M.A.; Ellis, S.; Surendran, P.; Sun, B.B.; Paul, D.S.; Freitag, D.; Burgess, S.; Danesh, J.; et al.
PhenoScanner: A database of human genotype-phenotype associations. Bioinformatics 2016, 32, 3207–3209. [CrossRef]

27. Sanderson, E.; Davey Smith, G.; Windmeijer, F.; Bowden, J. An examination of multivariable Mendelian randomization in the
single-sample and two-sample summary data settings. Int. J. Epidemiol. 2019, 48, 713–727. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(20)32549-6
https://doi.org/10.1001/jama.2020.4006
https://www.ncbi.nlm.nih.gov/pubmed/32427307
https://doi.org/10.1136/bmj.m1590
https://doi.org/10.1056/NEJMra0804595
https://www.ncbi.nlm.nih.gov/pubmed/19641206
https://doi.org/10.1016/j.ejim.2022.02.009
https://doi.org/10.1001/jama.296.14.1735
https://doi.org/10.1016/j.jjcc.2018.10.008
https://www.ncbi.nlm.nih.gov/pubmed/30583988
https://doi.org/10.2310/7750.2013.13052
https://doi.org/10.3389/fcvm.2022.829709
https://doi.org/10.1016/j.atherosclerosis.2022.11.005
https://doi.org/10.1172/JCI44213
https://www.ncbi.nlm.nih.gov/pubmed/21084752
https://doi.org/10.3390/nu11051085
https://doi.org/10.1111/bjd.12101
https://www.ncbi.nlm.nih.gov/pubmed/23106411
https://doi.org/10.1093/eurheartj/ehaa1011
https://www.ncbi.nlm.nih.gov/pubmed/33367526
https://doi.org/10.1001/jama.2017.17219
https://www.ncbi.nlm.nih.gov/pubmed/29164242
https://doi.org/10.1038/s41467-019-14156-4
https://doi.org/10.1007/s10654-021-00757-1
https://doi.org/10.1038/s41586-019-1457-z
https://www.ncbi.nlm.nih.gov/pubmed/31367044
https://doi.org/10.1038/s41588-020-00757-z
https://www.ncbi.nlm.nih.gov/pubmed/33462484
https://doi.org/10.1016/S0140-6736(12)60404-8
https://www.ncbi.nlm.nih.gov/pubmed/26343387
https://doi.org/10.3389/fimmu.2022.918224
https://doi.org/10.1093/eurheartj/ehab291
https://doi.org/10.1093/bioinformatics/btw373
https://doi.org/10.1093/ije/dyy262
https://www.ncbi.nlm.nih.gov/pubmed/30535378


Metabolites 2023, 13, 976 11 of 11

28. Zhao, S.S.; Holmes, M.V.; Zheng, J.; Sanderson, E.; Carter, A.R. The impact of education inequality on rheumatoid arthritis risk is
mediated by smoking and body mass index: Mendelian randomization study. Rheumatology 2022, 61, 2167–2175. [CrossRef]

29. Xu, L.; Borges, M.C.; Hemani, G.; Lawlor, D.A. The role of glycaemic and lipid risk factors in mediating the effect of BMI on
coronary heart disease: A two-step, two-sample Mendelian randomisation study. Diabetologia 2017, 60, 2210–2220. [CrossRef]

30. Hartwig, F.P.; Davey Smith, G.; Bowden, J. Robust inference in summary data Mendelian randomization via the zero modal
pleiotropy assumption. Int. J. Epidemiol. 2017, 46, 1985–1998. [CrossRef]

31. Pierce, B.L.; Burgess, S. Efficient design for Mendelian randomization studies: Subsample and 2-sample instrumental variable
estimators. Am. J. Epidemiol. 2013, 178, 1177–1184. [CrossRef]

32. Bowden, J.; Davey Smith, G.; Haycock, P.C.; Burgess, S. Consistent Estimation in Mendelian Randomization with Some Invalid
Instruments Using a Weighted Median Estimator. Genet. Epidemiol. 2016, 40, 304–314. [CrossRef] [PubMed]

33. Bowden, J.; Davey Smith, G.; Burgess, S. Mendelian randomization with invalid instruments: Effect estimation and bias detection
through Egger regression. Int. J. Epidemiol. 2015, 44, 512–525. [CrossRef]

34. Fu, Y.; Xu, F.; Jiang, L.; Miao, Z.; Liang, X.; Yang, J.; Larsson, S.C.; Zheng, J.S. Circulating vitamin C concentration and risk of
cancers: A Mendelian randomization study. BMC Med. 2021, 19, 171. [CrossRef] [PubMed]

35. Bowden, J.; Del Greco, M.F.; Minelli, C.; Davey Smith, G.; Sheehan, N.; Thompson, J. A framework for the investigation of
pleiotropy in two-sample summary data Mendelian randomization. Stat. Med. 2017, 36, 1783–1802. [CrossRef]

36. Wu, J.J.; Choi, Y.M.; Bebchuk, J.D. Risk of myocardial infarction in psoriasis patients: A retrospective cohort study. J. Dermatol.
Treat. 2015, 26, 230–234. [CrossRef]

37. Ogdie, A.; Yu, Y.; Haynes, K.; Love, T.J.; Maliha, S.; Jiang, Y.; Troxel, A.B.; Hennessy, S.; Kimmel, S.E.; Margolis, D.J.; et al. Risk of
major cardiovascular events in patients with psoriatic arthritis, psoriasis and rheumatoid arthritis: A population-based cohort
study. Ann. Rheum. Dis. 2015, 74, 326–332. [CrossRef]

38. Ogdie, A.; Troxel, A.B.; Mehta, N.N.; Gelfand, J.M. Psoriasis and Cardiovascular Risk: Strength in Numbers Part 3. J. Investig.
Dermatol. 2015, 135, 2148–2150. [CrossRef]

39. Koch, M.; Baurecht, H.; Ried, J.S.; Rodriguez, E.; Schlesinger, S.; Volks, N.; Gieger, C.; Rückert, I.M.; Heinrich, L.; Willenborg, C.;
et al. Psoriasis and cardiometabolic traits: Modest association but distinct genetic architectures. J. Investig. Dermatol. 2015, 135,
1283–1293. [CrossRef]

40. Masson, W.; Lobo, M.; Molinero, G. Psoriasis and Cardiovascular Risk: A Comprehensive Review. Adv. Ther. 2020, 37, 2017–2033.
[CrossRef] [PubMed]

41. Boehncke, W.H. Systemic Inflammation and Cardiovascular Comorbidity in Psoriasis Patients: Causes and Consequences. Front.
Immunol. 2018, 9, 579. [CrossRef] [PubMed]

42. Shahwan, K.T.; Kimball, A.B. Psoriasis and Cardiovascular Disease. Med. Clin. N. Am. 2015, 99, 1227–1242. [CrossRef]
43. Ramezani, M.; Zavattaro, E.; Sadeghi, M. Evaluation of serum lipid, lipoprotein, and apolipoprotein levels in psoriatic patients: A

systematic review and meta-analysis of case-control studies. Postep. Dermatol. Alergol. 2019, 36, 692–702. [CrossRef]
44. Balling, M.; Afzal, S.; Varbo, A.; Langsted, A.; Davey Smith, G.; Nordestgaard, B.G. VLDL Cholesterol Accounts for One-Half

of the Risk of Myocardial Infarction Associated With apoB-Containing Lipoproteins. J. Am. Coll. Cardiol. 2020, 76, 2725–2735.
[CrossRef] [PubMed]

45. Miksenas, H.; Januzzi, J.L., Jr.; Natarajan, P. Lipoprotein(a) and Cardiovascular Diseases. JAMA 2021, 326, 352–353. [CrossRef]
46. Kamstrup, P.R. Lipoprotein(a) and Cardiovascular Disease. Clin. Chem. 2021, 67, 154–166. [CrossRef]
47. MacKinnon, D.P.; Krull, J.L.; Lockwood, C.M. Equivalence of the mediation, confounding and suppression effect. Prev. Sci. 2000,

1, 173–181. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/rheumatology/keab654
https://doi.org/10.1007/s00125-017-4396-y
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1093/aje/kwt084
https://doi.org/10.1002/gepi.21965
https://www.ncbi.nlm.nih.gov/pubmed/27061298
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1186/s12916-021-02041-1
https://www.ncbi.nlm.nih.gov/pubmed/34325683
https://doi.org/10.1002/sim.7221
https://doi.org/10.3109/09546634.2014.952609
https://doi.org/10.1136/annrheumdis-2014-205675
https://doi.org/10.1038/jid.2015.218
https://doi.org/10.1038/jid.2015.8
https://doi.org/10.1007/s12325-020-01346-6
https://www.ncbi.nlm.nih.gov/pubmed/32314303
https://doi.org/10.3389/fimmu.2018.00579
https://www.ncbi.nlm.nih.gov/pubmed/29675020
https://doi.org/10.1016/j.mcna.2015.08.001
https://doi.org/10.5114/ada.2019.91420
https://doi.org/10.1016/j.jacc.2020.09.610
https://www.ncbi.nlm.nih.gov/pubmed/33272366
https://doi.org/10.1001/jama.2021.3632
https://doi.org/10.1093/clinchem/hvaa247
https://doi.org/10.1023/A:1026595011371
https://www.ncbi.nlm.nih.gov/pubmed/11523746

	Introduction 
	Materials and Methods 
	Study Design 
	Data Retrieval or MR 
	Selection of Genetic IVs and Data Harmonization 
	Instrument Strength 
	Mediation Analysis and the Proportion of the Mediation Effect 
	Mendelian Randomization Estimates 
	Heterogeneity and Pleiotropy Analysis 

	Results 
	Effect of Psoriasis on Lipid Metabolism Traits 
	Effect of Lipid Metabolism Traits on MI 
	Effect of Psoriasis on MI 
	Proportion of the Mediatory Effect of LDL Cholesterol, Apolipoprotein B, and Lipoprotein A 

	Discussion 
	Conclusions 
	References

