IObservationaI Study

Medicine

Causal association between cardiovascular risk
factors and common skin diseases

A multivariate Mendelian randomization study
Shaoyi Peng, MM?, Kaiyuan Li, MDP¢, Lingyu Han, MM¢, Peng Liu, MD*

Abstract

Cardiovascular diseases and dermatological conditions are prevalent health issues worldwide. Previous studies have Suggest§

that risk factors for cardiovascular diseases may be associated with the development of dermatological conditions. However,
the causal association between these factors remain unclear. This study utilized data from genome-wide association studies
and applied Mendelian randomization (MR) to explore the potential causal association between cardiovascular risk factors and
common dermatological conditions. Genetic variants significantly associated with low-density lipoprotein cholesterol (LDL-C),
serum uric acid, blood glucose, and hypertension were selected as instrumental variables. We employed inverse variance weighted,
MR Egger, and weighted mode methods for analysis. Sensitivity analyses, including Cochran Q test, MR-Egger intercept test,
MR-PRESSO global test, and leave-one-out analysis, were conducted to ensure the robustness of the results. The MR analysis
indicated a positive association between LDL-C levels and the risk of psoriasis (odds ratio [OR] = 1.23, 95% confidence interval
[Cl]: 1.03-1.47, P = .02). Additionally, hypertension and serum uric acid levels were positively associated with the risk of dermatitis
eczema (hypertension: OR = 2.77, 95% CI: 1.23-6.24, P = .01; serum uric acid: OR = 1.09, 95% CI: 1.01-1.06, P = .01). This
study provides evidence of a potential causal association between LDL-C levels and psoriasis, as well as between hypertension
and serum uric acid levels and dermatitis eczema. These findings highlight the potential importance of cardiovascular health
management in the prevention and treatment of common dermatological conditions. Further research is needed to validate these
results and explore the underlying biological mechanisms.

Abbreviations: Cl = confidence interval, CVD = cardiovascular diseases, IVs = instrumental variables, IVW = inverse variance
weighted, LDL-C = low-density lipoprotein cholesterol, MR = Mendelian randomization, OR = odds ratio, SNPs = single nucleotide

polymorphisms.
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1. Introduction

Cardiovascular diseases (CVD) and dermatological conditions
are prevalent and significant global health issues, placing a
substantial burden on patients’ quality of life and healthcare
resources.!

Previous research has suggested that some risk factors for
cardiovascular diseases, such as low-density lipoprotein cho-
lesterol (LDL-C), serum uric acid, blood glucose, and hyper-
tension, may be associated with the development of skin
conditions. These risk factors may affect skin health through
various mechanisms.>¢! Elevated LDL-C levels can lead to ath-
erosclerosis and vascular inflammation, and psoriasis patients
often have a higher risk of cardiovascular diseases; however,
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whether these 2 conditions influence each other remains
unclear.”$! Hyperuricemia is closely related to gout, and ele-
vated uric acid levels may affect the risk of skin-related dis-
eases through inflammatory responses and oxidative stress./*-!!!
However, the causality of these association has not been fully
verified, and traditional observational studies are often affected
by confounding factors, making it difficult to establish causal
links.

Mendelian randomization (MR) uses genetic variants as
instrumental variables (IVs) to effectively avoid the influ-
ence of confounding factors, providing a robust method for
exploring potential causal association.['>3! This study aims
to utilize MR to investigate the potential causal association
between cardiovascular disease risk factors and common skin
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conditions. By providing new perspectives and evidence on
the potential causal links between cardiovascular risk factors
and skin diseases, this research contributes to a better under-
standing that can inform clinical prevention and treatment
strategies.

2. Materials and methods

2.1. Study design

This study is reported following the Strengthening the
Reporting of Observational Studies in Epidemiology Using
MR guidelines (STROBE-MR, S1 Checklist).l'+!5 This study
examines LDL-C, serum uric acid, blood glucose, and hyper-
tension as exposure factors to explore their potential causal
association with 4 outcome variables: acne, alopecia areata,
psoriasis, and dermatitis eczema. The MR design follows 3
assumptions: first, single nucleotide polymorphisms (SNPs)
must be strongly associated with the exposure; second, SNPs
should not be related to the outcome through confounding
factors; third, SNPs should not directly influence the outcome
(Fig. 1). This method has been detailed in previous studies and
relies on published research and publicly available summary
data, thus not requiring further ethical approval or participant
consent.

2.2. Date sources

To avoid population overlap between exposure factors and
outcome variables, all datasets for the exposure factors in
this study were sourced from the UK Biobank (https://gwas.
mrcieu.ac.uk/) and the European Bioinformatics Institute
(https://gwas.mrcieu.ac.uk/). The datasets related to the out-
come variables were obtained from FinnGen (https://www.
finngen.fi/fi). All datasets were derived from European popula-
tions and included both male and female participants. Detailed
information on the datasets included in this study is presented
in Table 1.

2.3. Genetic instrumental variables

To avoid analysis bias caused by strong linkage disequilib-
rium among SNPs, the genetic instrumental variables screen-
ing criteria were: (1) P <35 x10% (2) physical distance
M > 10,000 kb between every 2 genes; (3) 7* threshold of LD
between genes < 0.001. In addition, this study searched the
table-scanning database for secondary phenotypes of each
SNP and excluded SNPs associated with outcome confound-
ers to avoid potential multiple effects. R? is the proportion

Medicine

of variance in the exposure variable explained by the instru-
mental variable in the regression model. The R* was calcu-
lated using the formula: R>=B2(1 - EAF) x 2EAF. EAF is the
frequency of mutated genes. SNPs with F statistics > 10 was
defined as reliable and valid IVs.!'®! The F-statistic is calcu-
lated as: F=R*N - K -1)/[K(1 - R?)], K is the number of
SNP-exposure association, and N is the sample size for the
SNP-exposure association.!”!

2.4. Mendelian randomization analysis

This study adopted 3 analytical methods of inverse variance
weighting (IVW), MR Egger regression and weighted mode
for analysis. The IVW is the most commonly used analyti-
cal method, which is mainly used to calculate the weighted
average of the effect values of all Vs, and its estimation
results and accuracy are similar to the two-stage least squares
method, so the main reference is the results of the IVW anal-
ysis. The results presented as odds ratio (OR) and 95% con-
fidence interval (CI) to estimate the causal effect of exposure
on the outcome.

2.5. Bonferroni correction

This study conducted a multivariate MR analysis and there-
fore Bonferroni calibration was chosen to validate the results.
Bonferroni calibration is a multiple comparisons calibration
method which helps the researcher to control the overall error
rate when conducting multiple hypothesis tests, thus making the
results more reliable.

2.6. Sensitivity analysis

This study was conducted with Cochran Q statistic to test for
heterogeneity. If the heterogeneity was not statistically signif-
icant (P >.05), MR analysis was performed using the fixed-
effects model of IVW. Otherwise, the random effects model was
used. The MR Egger intercept test and the MR residuals and
MR-PRESSO test were used to detect multidimensionality and
remove outliers to correct for horizontal multidimensionality.
Leave-one-out analyses were used to assess whether MR results
were altered by specific SNPs.

2.7. Statistical methods

All data analyses were performed using R software (version
4.3.1) and the R packages “TwosampleMR.” Differences
were considered statistically significant only when the
P-value < .05.118
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Figure 1. This study follows the 3 assumptions of MR study.
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https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
https://www.finngen.fi/fi
https://www.finngen.fi/fi

Peng et al. ® Medicine (2024) 103:49

www.md-journal.com

Source of the GWAS datas.
Exposure/outcome Database Year Author Participants Number of SNPs Web source if publicly
LDL cholesterol UK Biobank 2020 Richard- 440,546 individuals of 12,321,875 https://gwas.mrcieu.ac.uk/datasets/
(ieu-b-110) son,  European ieu-b-110/
(PMID: 32203549) Tom (Access time: July, 2024)
Hypertension UK Biobank 2018 BenEls- 463,010 individuals 9,851,867 https://gwas.mrcieu.ac.uk/datasets/
(ukb-b-12493) worth (54,358 use cases and 408,652 controls) of ukb-b-12493/
European (Access time: July, 2024)
Serum uric acid levels EBI 2021 Sakaue S 343,836 individuals of European 19,041,286 https://gwas.mrcieu.ac.uk/datasets/
(ebi-a-GCST90018977) ebi-a-GCST90018977/
(PMID: 34594039) (Access time: July, 2024)
Glucose levels EBI 2021 Sakaue S 314,916 individuals 19,046,716 https://gwas.mrcieu.ac.uk/datasets/
(ebi-a-GCST90018955) (60,620 cases and 970,216 controls) of ebi-a-GCST90018955/
(PMID: 34594039) European (Access time: July, 2024)
Alopecia areata Finngen 2021 NA 211,428 individuals 16,380,450 https://gwas.mrcieu.ac.uk/datasets/
(finn-b-L12_ALOPECAREATA) (289 cases and 211,139 controls) of European finn-b-L12_ALOPECAREATA/
(Access time: July, 2024)
Acne Finngen 2021 NA 212,438 individuals 16,380,454 https://gwas.mrcieu.ac.uk/datasets/
(finn-b-L12_ACNE) (1299 cases and 211,139 controls) of Europe- finn-b-L12_ACNE/
an ancestry (Access time: July, 2024)
Zoster Finngen 2021 NA 213,936 individuals 16,380,433 https://gwas.mrcieu.ac.uk/datasets/
(finn-b-AB1_ZOSTER) (2080 cases and 211,856 controls) of finn-b-AB1_ZOSTER/
European (Access time: July, 2024)
Dermatitis and eczema Finngen 2021 NA 218,792 individuals 16,380,466 https://gwas.mrcieu.ac.uk/datasets/
(finn-b-L12_DERMATITISECZEMA) (20,052 cases and 198,740 controls) of finn-b-L12_DERMATITISECZEMA/
European (Access time: July, 2024)
Psoriasis Finngen 2021 NA 216,752 individuals 16,380,464 https://gwas.mrcieu.ac.uk/datasets/

(finn-b-L12_PSORIASIS)
European

(4510 cases and 212,242 controls) of

finn-b-L12_PSORIASIS/
(Access time: July, 2024)

EBI = European Bioinformatics Institute, GWAS = genome wide association study, LDL = low-density lipoprotein.

3. Result

3.1. Genetic instrument variables

According to the SNP selection criteria, 158 SNPs were
obtained from the LDL-C dataset, 70 SNPs from the hyper-
tension dataset, 242 SNPs from the serum uric acid dataset,
and 104 SNPs from the blood glucose dataset (Tables S1-54,
Supplemental Digital Content, http://links.lww.com/MD/
0124).

3.2. Causal association between LDL cholesterol and 4
skin diseases

IVW analysis indicated a potential positive association
between LDL-C and the risk of psoriasis (OR = 1.23, 95%
CI: 1.03-1.47, P =.02). However, after Bonferroni correc-
tion, the adjusted P-value was .08 (Fig. 2A). The [IVW anal-
ysis results showed no potential causal association between
LDL-C and alopecia areata, dermatitis eczema, or acne
(Table 2).

Heterogeneity analysis for LDL-C and psoriasis showed no
evidence of heterogeneity (P = .07), and no evidence of horizon-
tal pleiotropy was detected (Egger intercept = 0.002, se = 0.0035,
P =.956). Both the funnel plot and leave-one-out sensitivity
analysis indicated that the results are robust (Fig. 2B).

3.3. Causal association between hypertension and 4 skin
diseases

VW analysis results showed that hypertension may be posi-
tively associated with the risk of dermatitis eczema (OR = 2.77,
95% CI: 1.23-6.24, P = .007). After Bonferroni correction, the
adjusted P-value was .04 (Fig. 2C). Meanwhile, IVW analysis
indicated no potential causal association between hypertension
and alopecia areata, acne, or psoriasis (Table 2).

Heterogeneity analysis for hypertension and dermatitis
eczema suggested the presence of heterogeneity (P <.035), so
a random-effects model was used. However, no evidence of
horizontal pleiotropy was detected (Egger_intercept = 0.015,
SE =0.008, P =.064). Both the funnel plot and leave-one-out
sensitivity analysis indicated that the results are robust (Fig. 2D).

3.4. Causal association between glucose levels and 4 skin
diseases

IVW analysis results showed that glucose levels are not potentially
causally related to the risk of any of the 4 skin diseases (Table 2).
Additionally, heterogeneity analysis for glucose levels and the 4
skin diseases indicated no presence of heterogeneity (P all >.05).

3.5. Causal association between serum uric acid levels and
4 skin diseases

IVW analysis results showed that serum uric acid levels may
be positively associated with the risk of dermatitis eczema
(OR =1.09,95% CI: 1.01-1.16, P = .007). After Bonferroni cor-
rection, the adjusted P-value was .04 (Fig. 2E). Meanwhile, IVW
analysis indicated no potential causal association between serum
uric acid levels and alopecia areata, acne, or psoriasis (Table 2).

Heterogeneity analysis for serum uric acid levels and der-
matitis eczema showed no evidence of heterogeneity (P =.13).
Additionally, no evidence of horizontal pleiotropy was detected
(Egger intercept = 0.001, SE = 0.001, P = .859). Both the funnel
plot and leave-one-out sensitivity analysis indicated that the
results are robust (Fig. 2F).

4. Discussion

This study utilized MR study to explore potential causal associa-
tion between common cardiovascular disease risk factors: LDL-C,
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Figure 2. (A) Causal association between LDL cholesterol and psoriasis. (B) Scatter plot, funnel plot, forest plot, and leave-one-out sensitivity analysis in MR
analysis of LDL and psoriasis. (C) Causal association between hypertension and dermatitis eczema. (D) Scatter plot, funnel plot, forest plot, and leave-one-out
sensitivity analysis in MR analysis of hypertension and dermatitis eczema. (E) Causal association between serum uric acid and dermatitis eczema. (F) Scatter
plot, funnel plot, forest plot, and leave-one-out sensitivity analysis in MR analysis of serum uric acid and dermatitis eczema. LDL = low-density lipoprotein, MR
= Mendelian randomization.

serum uric acid, blood glucose, and hypertension, and 4 com-  correction (adjusted P-value =.08). This suggests that LDL-C
mon dermatological conditions. The study found that LDL-C  levels may have an impact on psoriasis risk, but further research
may be positively associated with the risk of psoriasis, although is needed for validation. Hypertension and serum uric acid levels
this association did not reach significance after Bonferroni  were significantly associated with the risk of dermatitis eczema,
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Results of Mendelian randomization analysis.

Outcome Exposure SNPs P-value P, -value or or -Ici%5 or-uci9s
LDL cholesterol Alopecia areata 148 0.36 1 1.24 0.77 1.99
LDL cholesterol Acne 148 0.60 1 0.92 0.69 1.23
LDL cholesterol Dermatitis eczema 148 0.92 1 0.99 0.92 1.06
LDL cholesterol Psoriasis 148 0.02 0.08 1.23 1.03 1.47
Hypertension Alopecia areata 65 0.37 1 8.49 0.07 914.67
Hypertension Acne 65 0.23 0.92 0.26 0.02 2.40
Hypertension Dermatitis eczema 65 0.01 0.04 2.77 1.23 6.24
Hypertension Psoriasis 66 0.09 0.36 3.36 0.82 13.72
Glucose levels Alopecia areata 97 0.80 1 1.08 0.56 2.08
Glucose levels Acne 97 0.53 1 0.89 0.63 1.25
Glucose levels Dermatitis eczema 97 0.10 0.04 0.92 0.84 1.01
Glucose levels Psoriasis 102 0.42 1 1.08 0.88 1.33
Serum uric acid levels Alopecia areata 228 0.43 1 1.19 0.76 1.85
Serum uric acid levels Acne 228 0.82 1 0.97 0.79 1.21
Serum uric acid levels Dermatitis eczema 228 0.01 0.04 1.09 1.01 1.16
Serum uric acid levels Psoriasis 234 0.36 1 0.91 0.75 1.1

LDL = low-density lipoprotein.

with the corrected P-values remaining significant, indicating
that elevated uric acid levels may increase the risk of dermati-
tis eczema. Meanwhile, no significant causal association were
found between blood glucose levels and the 4 dermatological
conditions.

Psoriasis is a chronic inflammatory skin disease, and pre-
vious studies have shown that patients with psoriasis have a
higher risk of cardiovascular diseases.["?"! This study’s finding
that LDL-C levels may be associated with psoriasis risk sug-
gests that inflammatory responses could be a common mech-
anism linking the 2 conditions.?" Elevated LDL-C can lead to
atherosclerosis by promoting endothelial cell activation and the
release of inflammatory factors, which may exacerbate psoriasis
inflammation.?”’ Additionally, psoriasis is often accompanied by
metabolic syndrome, including hyperlipidemia, which further
supports the study’s findings.

Hypertension may increase the risk of dermatitis eczema
through several mechanisms. Firstly, hypertension can induce
systemic inflammation, elevating levels of inflammatory mark-
ers such as C-reactive protein and interleukin-6, which may
affect skin health through various pathways.?*-*5I Secondly,
antihypertensive medications, such as f-blockers, have also
been reported to be associated with skin conditions.!*! These
findings are consistent with this study’s results, further support-
ing the causal association between hypertension and dermatitis
eczema.

Elevated uric acid levels may contribute to dermatitis eczema
through inflammation and oxidative stress.?”?%! Uric acid is a
potent oxidant that can activate the NLRP3 inflammasome,
leading to the release of inflammatory cytokines such as IL-1p
and IL-18.%%3% These cytokines are elevated in the skin of
dermatitis eczema patients and may increase the risk of the
condition by exacerbating skin barrier dysfunction and local
inflammation.

However, this study has some limitations. First, the data were
exclusively from European populations, which may limit the
generalizability of the findings to other ethnic groups. Future
studies should include diverse populations to enhance the appli-
cability of the results. Second, while the data came from large
biobanks, sample sizes in certain specific analyses may still be
insufficient to detect small effects, particularly when significance
was lost after Bonferroni correction.

This study underscores the potential importance of cardio-
vascular health management in the prevention and treatment of
dermatological conditions. Clinicians should be aware of car-
diovascular disease risk factors, such as LDL-C, hypertension,
and elevated uric acid levels. Effective management of these

factors may not only reduce cardiovascular disease risk but also
help prevent and alleviate certain skin conditions. Additionally,
this finding suggests that cardiovascular health factors should
be considered in the comprehensive management of skin disease
patients to provide a more holistic treatment approach.

5. Conclusion

This MR study explored the causal association between CVD
risk factors: LDL-C, serum uric acid, blood glucose, and hyper-
tension, and common skin diseases like psoriasis and dermati-
tis eczema. The findings suggest LDL-C may increase psoriasis
risk, while hypertension and serum uric acid levels significantly
raise the risk of dermatitis eczema. These results underscore
the importance of managing CVD risk factors not only to pre-
vent heart disease but also to potentially reduce skin disease
risks. Further research is needed to confirm these findings and
understand the underlying mechanisms. The study highlights the
interconnectedness of cardiovascular and skin health, advocat-
ing for integrated clinical management approaches.
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