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Previous studies have shown that patients with rosacea tend to have a higher risk of developing 
cardiovascular diseases (CVDs). However, the potential causal relationship between genetic 
susceptibility to rosacea and the risk of CVDs remains unclear. Based on summary statistics from 
publicly available genome-wide association studies (GWASs), we detected the genetic association 
between rosacea and CVDs by a bidirectional two-sample Mendelian randomization (MR) analysis. The 
inverse-variance weighted (IVW) method was used as the primary analysis, while weighted median 
(WM) and MR-Egger were applied as complementary methods. For sensitivity analyses, we applied 
Cochran’s Q test, the intercept of MR-Egger, MR-Pleiotropy Residual Sum and Outlier (MR-PRESSO), 
funnel plot, and leave-one-out analysis. The MR analysis revealed that rosacea was associated with 
an elevated risk of hypertension (HTN) (OR = 1.0032, 95% CI [1.0001–1.0063], P = 0.04). However, no 
casual relationship was found between rosacea and risk of atrial fibrillation (AF) (OR = 1.0099, 95% 
CI [0.9823–1.0382], P = 0.49), coronary artery disease (CAD) (OR = 1.0138, 95% CI [0.9824–1.0462], 
P = 0.39), heart failure (HF) (OR = 0.9965, 95% CI [0.9671–1.0268], P = 0.82), ischemic stroke (IS) 
(OR = 0.9933, 95% CI [0.9545–1.0337], P = 0.74), or myocardial infarction (MI) (OR = 1.0001, 95% CI 
[0.9988–1.0013], P = 0.92). In the sensitivity analysis, significant heterogeneity was revealed in the MI 
subgroup according to the Cochran’s Q test. Other sensitivity analyses indicated the stability of our 
results. Reverse MR analysis showed no significant genetic effect of cardiovascular disease on rosacea 
risk. We are the first to use MR analysis to explore the casual relationship between rosacea and the risk 
of various CVDs, revealing an increased risk of HTN in patients with rosacea.

Keywords  Rosacea, Cardiovascular disease, Mendelian randomization, Single nucleotide polymorphisms

Abbreviations
AF	� Atrial fibrillation
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LD	� Linkage disequilibrium
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RR	� Risk ratio
SNPs	� Single nucleotide polymorphisms
TRPs	� Transient receptor potential channels
TRPV	� Transient receptor potential vanilloid
WM	� Weighted median

Rosacea, a chronic inflammatory condition, predominantly affects individuals aged 20 to 50, particularly those 
with fair skin, with prevalence rates ranging from 0.09% to 22%1,2. Its characteristics include erythema, flushing, 
telangiectasia, papules, and pustules in the middle of the face. Although the exact pathogenesis of rosacea 
remains unclear, substantial evidence indicated that chronic inflammation, immune dysregulation, genetic 
factors, and neurovascular dysregulation are the main pathogenic factors3–6.

Previously, rosacea was considered a skin specific disease. However, an increasing number of researches 
suggested that rosacea has systemic effects, including on cardiovascular diseases (CVDs)6–10. It is known that 
chronic inflammation plays a crucial role in the pathogenesis of various CVDs. In addition, some risk factors, 
such as smoking, psychological stress and diet, are common in the pathogenesis of rosacea and CVDs6,11,12. 
However, previous studies had the inevitable inherent shortcomings of observational studies, which can be 
affected by unmeasured confounders and cannot determine the causality between exposure and outcome .

Mendelian randomization (MR) is a method that employs genetic variants as instrumental variables (IVs) to 
investigate causal relationships13,14. Two-sample MR is a method used to perform MR using genetic data from 
two independent samples, typically one for the exposure and one for the outcome. This approach is advantageous 
over single-sample MR, where both exposure and outcome data are derived from the same sample. Single-sample 
MR is more susceptible to bias and confounding because it can be influenced by sample overlap or population 
stratification, which may lead to inflated or misleading results. On the other hand, two-sample MR helps to 
avoid these issues by using data from separate, independent samples, thus improving the robustness of the causal 
inference. By capitalizing on genetic variants randomly allocated at conception, MR mitigates confounding 
biases inherent in observational studies. Additionally, the predetermined nature of genetic makeup precludes 
the issue of reverse causality, as it is established prior to any later-life outcomes. Moreover, the reliance on genetic 
data, which are less susceptible to measurement errors than self-reported variables, further minimizes the risk of 
information bias. Despite its own constraints, such as pleiotropic effects where a single genetic variant influences 
multiple traits, MR can offer a more rigorous framework for causal inference than traditional observational 
studies.

In the present study, a bidirectional two-sample MR approach utilizing using data from Genome-Wide 
Association Studies (GWAS) was employed to investigate the genetic causality between rosacea and CVD risk.

Methods
Study design
To investigate the causal association between rosacea and different CVDs, including atrial fibrillation (AF), heart 
failure (HF), ischemic stroke (IS), coronary artery disease (CAD), myocardial infarction (MI), and hypertension 
(HTN), using a bidirectional two-sample MR approach15. This study will operate under the following three main 
hypotheses: 1) IVs Relevance: Genetic instruments used in the analysis are robustly associated with the exposure 
variable, which in this case is rosacea. 2) IVs Independence: The selected genetic instruments are not associated 
with any confounders that may affect the relationship between the exposure (rosacea) and the outcomes (AF, 
CAD, HF, IS, MI and HTN). 3) IVs excludability: The genetic instruments affect the outcome variables only 
through the exposure, with no direct effects on the outcomes. An overview of the study design is shown in Fig. 1.

Ethics approval
All analyses of this study were based on the publicly available data, and ethical approval had been obtained in 
the original studies.

Data sources
The summary data for rosacea was sourced from FinnGen16 and encompassed 431,664 samples, comprising 
2,455 cases and 429,209 controls. For the outcomes, we mainly focused on the association of rosacea with AF, 
CAD, HF, IS, MI and HTN. We selected the largest published GWAS summary statistic to date for the target 
outcomes among European population. The GWAS dataset for AF were included 60,620 cases and 970,216 
controls17. Summary data for CAD was obtained from the UK Biobank and included 122,733 cases and 424,528 
controls18. Summary statistics for HF consisted 47,309 cases and 930,014 controls19. Summary-level data for IS 
comprised 11,929 cases and 472,192 controls20. For MI, we used summary-level statistical data from the UK 
Biobank, which included 484,598 individuals21. The GWAS dataset for HTN were included 129,909 cases and 
354,689 controls21. All populations represented in the GWAS were of European descent. The sources of datasets 
included in the MR are listed in Table 1.

Genetic instrumental variable selection
We screened single nucleotide polymorphisms (SNPs) based on the following criteria: 1) We select genetic 
variants that reach a stringent level of statistical significance (P < 5 × 10–8) in the GWAS. This ensures that 
the genetic variant is strongly related to the exposure. 2) We ensure the selected SNPs are not in linkage 
disequilibrium (LD) with one another, and we set the threshold at r2 < 0.001 between any pair of SNPs22. 3) We 
compute F-statistics for each potential IV to evaluate its strength22. An F-statistic greater than 10 is considered a 
strong IV. 4) PhenoScanner V2: we use PhenoScanner V2 to scan for associations between the selected SNPs and 

Scientific Reports |         (2025) 15:6657 2| https://doi.org/10.1038/s41598-025-91240-4

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


a range of phenotypes. This can give an idea if the SNP is associated with any confounders23. 5) We eliminated 
SNPs with incompatible alleles or palindromic SNPs exhibiting intermediate allele frequencies.

Statistical analysis
The study employs three MR methods: Inverse-variance weighted (IVW)24, weighted median (WM)25, and MR-
Egger26. IVW is the conventional and primary method, assuming that all the IVs are valid and exploiting the 
inverse of the variance of the IV estimates to give more weight to more precise MR estimates24. However, it is 
sensitive to invalid instruments and may produce biased MR estimates if any of the genetic variants violate the 
core MR assumptions. WM method provides a more robust estimate by calculating a median-based effect size, 
thereby lessening the influence of potentially invalid instruments. WM has the added advantage of providing 
consistent estimates even when up to 50% of the weight comes from invalid instruments25. MR-Egger method 
employs a modified IVW approach with an unconstrained intercept in the regression model, which allowed the 
estimate to capture the average pleiotropic effect across genetic variants. By offering insights into pleiotropic 
effects, MR-Egger adds a layer of robustness to the causal inference26. These methods offer complementary 
perspectives, enhancing the study’s credibility and rigor in exploring the causal relationships under investigation.

We also perform sensitivity analyses to assess the robustness of MR estimates. Cochran’s Q statistic evaluates 
heterogeneity among individual IVs, which tested the coherence of their causal effects. A significant Q statistic 
indicates substantial heterogeneity and suggests that different genetic variants may be exerting differential 
effects on the outcome27. When significant heterogeneity existed, we will perform random-effects model of 
IVW to reduce bias. The intercept of the MR-Egger regression serves as an indicator of horizontal pleiotropy. A 

Trait Population Cases Controls Sample size Consortiums/DOI

Rosacea European 2,455 429,209 431,664 FinnGen

Atrial fibrillation 60,620 970,216 1,030,836 https://doi.org/10.1038/s41588-018-0171-3

Coronary artery disease 122,733 424,528 547,261 https://doi.org/10.1161/CIRCRESAHA.117.312086

Heart failure 47,309 930,014 977,323 https://doi.org/10.1038/s41467-019-13690-5

Ischemic stroke 11,929 472,192 484,121 https://doi.org/10.1038/s41588-021-00931-x

Myocardial infarction 11,081 473,517 484,598 https://doi.org/10.1038/s43587-021-00051-5

Hypertension 129,909 354,689 484,598 https://doi.org/10.1038/s43587-021-00051-5

Table 1.  Details of the GWAS included in the Mendelian randomization. GWAS: Genome-Wide Association 
Studies.

 

Fig. 1.  An overview of the study design.
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significant deviation of the intercept from zero suggests the presence of unbalanced pleiotropy, which can bias 
MR estimate26. Mendelian Randomization Pleiotropy RESidual Sum and Outlier (MR-PRESSO) is method to 
detect and correct for pleiotropic outliers28. If detected outliers, we will remove the outlier variants to produce 
corrected causal estimates. This method enhances the reliability of the MR analysis by minimizing pleiotropic 
bias and adjusted heterogeneity. The leave-one-out analysis adds robustness by excluding each IV one at a 
time and recalculating the MR estimate29. This helps identify any single SNP that may influence the overall 
causal MR estimates, thereby revealing potential sources of bias. The funnel plot serves as graphical tools to 
assess asymmetry and heterogeneity among the instrumental variables. Asymmetry may indicate directional 
pleiotropy.

Additionally, we conduct reverse MR, where the outcome of interest is treated as the exposure, and genetic 
variants associated with the rosacea are used to infer the causal effect on the original exposure. Reverse MR anlysis 
follows the same principles as standard MR, using genetic variants significantly associated with the outcome as 
IVs in the reverse direction. This complementary approach enhances the robustness of causal inference and 
provides a more comprehensive understanding of bidirectional relationships between traits or diseases.

Results
Genetic instruments for rosacea
Initially, the genome-wide significant threshold resulted in the identification of only a few SNPs. Consequently, 
we relaxed the threshold to 5 × 10–6, which allowed us to identify 17 SNPs that exhibited a significant association 
with rosacea. One SNP (rs11741255) was excluded using PhenoScanner V2 for its potential confounding effects. 
The final SNPs associated with rosacea are detailed in Table 2. All the F-statistics for the included SNPs were 
greater than 10, indicating no weak instrument bias in our study. In addition, the range of R2 is from 0.77% to 
1.74%.

Forward MR estimates and sensitivity analyses
The primary MR results were depicted in Fig. 2.

According to the IVW result, we found that rosacea is associated with an elevated risk of HTN (OR = 1.0032, 
95% CI [1.0001–1.0063], P = 0.04). The MR-Egger (OR = 1.0034, 95% CI [0.9965–1.0104], P = 0.35) and WM 
(OR = 1.0035, 95% CI [0.9996–1.0073], P = 0.08) methods yielded inconsistent results (Figure S1D, Figure S2D). 
Cochrane’s Q statistic revealed no considerable heterogeneity in the SNP estimates (P = 0.21) (Fig. 2, Table S1). 
Furthermore, the leave-one-out analysis did not reveal that MR results were significantly affected by individual 
SNPs (Figure S3D). Both MR-Egger’s intercept (P = 0.96) (Fig. 2) and MR-PRESSO (global P = 0.28) indicated the 
absence of significant polymorphism (Table S2). Moreover, a symmetrical funnel plot validated the robustness of 
the MR estimates (Figure S4D).

IVW analysis showed no causal relationship between rosacea and AF (OR = 1.0099, 95% CI [0.9823–1.0382], 
P = 0.49), CAD (OR = 1.0138, 95% CI [0.9824–1.0462], P = 0.39), HF (OR = 0.9965, 95% CI [0.9671–1.0268], 
P = 0.82), IS (OR = 0.9933, 95% CI [0.9545–1.0337], P = 0.74), or MI (OR = 1.0001, 95% CI [0.9988–1.0013], 

SNP EA OA Sample size SE β EAF P value R2* F-statistic** Reasons for exclusion after using PhenoScanner V2

1 rs5744109 G A 431,664 0.0478 0.2354 0.0864 8.35E-07 0.87% 3809.47

2 rs1093515 C T 431,664 0.0537  − 0.2497 0.9333 3.28E-06 0.78% 3377.05

3 rs183330282 T G 431,664 0.0627  − 0.2880 0.0667 4.35E-06 1.03% 4501.70

4 rs13099497 G A 431,664 0.0296 0.1359 0.3472 4.42E-06 0.84% 3644.66

5 rs3101056 T C 431,664 0.1016 0.4645 0.9717 4.88E-06 1.19% 5191.63

6 rs11741255 A G 431,664 0.0302 0.1591 0.3174 1.37E-07 1.10% 4786.71 Allergic disease, asthma, inflammatory bowel disease

7 rs118056540 T C 431,664 0.1318  − 0.6224 0.0174 2.32E-06 1.33% 5808.84

8 rs34693947 A G 431,664 0.0457 0.2221 0.0988 1.17E-06 0.88% 3824.82

9 rs9649741 G A 431,664 0.0292 0.1639 0.3582 2.07E-08 1.24% 5401.48

10 rs77269455 A T 431,664 0.1274 0.6740 0.0086 1.23E-07 0.78% 3374.98

11 rs34403729 G A 431,664 0.0325  − 0.1682 0.2825 2.28E-07 1.15% 5004.94

12 rs144869084 T C 431,664 0.0590 0.2913 0.0522 8.08E-07 0.84% 3655.59

13 rs476707 C T 431,664 0.0294  − 0.1367 0.6218 3.26E-06 0.88% 3826.11

14 rs4603353 A C 431,664 0.0460 0.2155 0.8767 2.87E-06 1.00% 4376.61

15 rs186294774 A T 431,664 0.1307  − 0.6987 0.0182 9.03E-08 1.74% 7662.92

16 rs7222401 A G 431,664 0.0718  − 0.3531 0.0518 8.68E-07 1.23% 5356.06

17 rs12610552 A G 431,664 0.0522 0.2418 0.0705 3.53E-06 0.77% 3332.68

Table 2.  Characteristics of instrumental variables for rosacea. SNP:single nucleotide polymorphisms; 
EA: effect allele; OA: other allele; EAF: effect allele frequency; SE, standard error. NOTE: 
*R2 = [2 × β2 × EAF × (1 − EAF)]/[2 × β2 × EAF × (1 − EAF) + (SE × β)2 × 2 × n × EAF × (1 − EAF)]; 
**F-statistic = [R2 × (n − 2)]/(1 − R2). R2, the proportion of exposed variability explained by individual genetic 
instrument; EAF, the effect allele frequency; β, the estimated effect of SNP; n, the sample size of the exposure of 
GWAS.
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P = 0.92) (Fig. 2). In the sensitivity analysis, significant heterogeneity was revealed in the MI subgroup according 
to the Cochran’s Q test. Other sensitivity analysis showed that the IVs used in our study did not exhibit 
heterogeneity (P > 0.05) of pleiotropy (P > 0.05), as presented in Table S1 and Figure S2.

Reverse MR estimates and sensitivity analyses
The results of the reverse MR analysis are presented in Fig. 3. In this analysis, most of the IVs derived from HTN 
and MI had F-statistics below 10, indicating weak instruments. As a result, we excluded HTN and MI from the 
reverse MR analysis. Additionally, we found no genetic effects of CVDs on rosacea, including AF (OR = 0.9911, 
95% CI [0.8808–1.1151], P = 0.88), CAD (OR = 1.1128, 95% CI [0.9295–1.3324], P = 0.24), HF (OR = 1.1292, 
95% CI [0.6544–1.9484], P = 0.66), and IS (OR = 1.2169 , 95% CI [0.7418–1.9963], P = 0.44). Sensitivity analysis 
confirmed the stability of our results, with scatter plots, leave-one-out plots, and funnel plots provided in 
Supplementary Figures S5-S8.

Discussion
To the best of our knowledge, this is the first MR study to systematically investigate the causal relationships 
between rosacea and the risk of various CVDs. In the present study, we identified significant associations 
between rosacea and HTN. However, the associations with other cardiovascular outcomes (AF, CAD, HF, IS, 
and MI) were not statistically significant. Additionally, there is no evidence to suggest that CVDs (AF, CAD, HF, 
and IS) are causally related to rosacea risk.

So far, mounting comorbidities of rosacea have been identified, suggesting that rosacea is not simply a skin 
disease but has links to multiple systemic illnesses30. Previous evidence on association of rosacea with the risk 
of HTN primarily originates from retrospective cohort studies. A recent meta-analysis31 of 5 trials observed 

Fig. 2.  MR estimates and sensitivity analysis for association of rosacea and the risk of atrial fibrillation, 
coronary artery disease, heart failure, hypertension, ischemic stroke and myocardial infarction; IVW, inverse-
variance weighted.
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a notable positive association between rosacea and the risk of HTN with risk ratios (RR) = 1.20 (95%CI, 
1.08–1.34, P < 0.01) (I2 = 68.5%, P = 0.013). Substantial difference on the risk of HTN was observed between 
previous findings and our results (20% vs. 0.3%). This disparity may be attributed to systematic biases in these 
observational studies.

Neurovascular dysfunction is a major component of the pathogenesis of rosacea, and its key process is the 
activation of transient receptor potential channels (TRPs), which are non selective Ca2+channels. TRPs can 
respond to various stimuli, some of which are common causes of rosacea. For example, transient receptor 
potential vanilloid (TRPV)-1 can respond to stimuli such as heat, emotional stress, and capsaicin32. Activation 
of TRPV4 may cause vasodilation, leading to redness and erythema in rosacea33. TRPs are also expressed in 
various cell types, including sensory neurons, mast cells, and endothelial cells. Prior studies ample evidence that 
activation of the sympathetic nervous system and vascular alterations triggered by transient receptor potential 
ion channels contribute significantly to the pathogenesis of HTN34,35. Furthermore, research in patients with 
rosacea has revealed that the transient receptor potential vanilloid subfamily potentiates immune reactivity, thus 
highlighting the shared mechanism between rosacea and HTN36.

Our MR study found a causal association between rosacea and an increased risk of HTN in the European 
population, with an OR of 1.0032. While this effect size is statistically significant, it is relatively small, raising 
concerns about its clinical relevance. However, even modest effect sizes can have substantial public health 
implications, particularly when the risk factor, like rosacea, is prevalent1,2,31. A slight increase in risk, when 
applied to large populations, can result in a considerable number of additional cases. In this context, even a 
small elevation in HTN risk among individuals with rosacea could contribute significantly to the cardiovascular 
disease burden over time. Moreover, small genetic effects are often observed in complex, multifactorial diseases37 
such as HTN, where multiple factors interact to influence risk. The cumulative effect of these small risks across 
a large population can lead to significant long-term health consequences. Therefore, effective management of 
rosacea could help prevent HTN and its associated disease burden in the general population.

In addition, the meta-analysis reported a null association between rosacea and the subsequent risk of MI 
and stroke31. Meanwhile, a recent retrospective cohort study10 involving 2,681 patients illustrated that the 
risk of stroke did not significantly increase in individuals with rosacea, either. It is consistent with our results. 
However, for the risk of CAD, the retrospective cohort studies found a significant increase in the individuals 
with rosacea7,10. This discrepancy may be partly attributed to unrecognized confounding factors in retrospective 
cohort study, as well as population differences. Our MR analysis which can largely circumvent confounding bias 
showed no association between rosacea and CAD. Since rosacea susceptibility was modulated by race and sex, 
the role of rosacea for CAD in different populations may require further investigation.

Overall, our study possesses several strengths that contribute to resolving the conflicting results present in 
current observational research31. First, the MR approach provides a robust mechanism to mitigate the intrinsic 
biases that plague observational studies, including confounding variables, reverse causality, and regression 
dilution. Second, the employment of extensive GWAS datasets enhances our study’s statistical power, thereby 
increasing the validity of our causal inferences. Third, we employed a rigorous approach to SNP selection, such as 
F-value calculations and PhenoScanner V2. Additionally, we applied the MR-PRESSO method for MR estimate 
adjustment to minimize potential biases inherent in MR analyses.

Fig. 3.  Inverse MR estimates and sensitivity analysis of the association between the risk of rosacea and atrial 
fibrillation, coronary artery disease, heart failure, and ischemic stroke; IVW, inverse-variance weighted.
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The study is subject to several limitations that warrant consideration. Firstly, our MR analysis was confined to 
the European population, and as such, the findings may not be directly applicable to non-European populations. 
Due to the lack of relevant databases, conducting an MR analysis of rosacea and CVDs in non-European 
populations is not feasible with the current data availability. In addition, although we took measures to mitigate 
the effects of heterogeneity by excluding known SNPs related to CVDs and other confounders, the potential for 
residual heterogeneity cannot be completely ruled out. Furthermore, in the reverse MR analysis, most of the 
IVs derived from HTN and MI had F-statistics below 10, indicating weak instruments. As a result, we did not 
perform reverse MR analysis for HTN and MI. Finally, it should be noted that our study only provides genetic 
evidence, and does not account for environmental factors that may influence the relationship between rosacea 
and CVDs.

Conclusion
Our study systematically investigated the potential association between genetically determined rosacea 
and CVD risk and revealed the potential causal relationship between rosacea and an increased risk of HTN. 
These findings contribute to a more nuanced understanding of rosacea pathophysiology and emphasize the 
importance of a comprehensive CVD risk assessment and intervention strategy for patients with rosacea. Such 
insights could inform more integrated cardiovascular prevention strategies for rosacea populations, focusing 
not only on inflammation mitigation but also on the management of traditional cardiovascular risk factors. 
While we eagerly anticipate future research endeavors aimed at reducing CVD-related morbidity in patients 
with rosacea, the magnitude of the observed causal effects advises a cautious interpretation of the MR estimates 
presented in this study. Additionally, future MR studies in non-European populations will be crucial to confirm 
the generalizability and applicability of these findings across diverse genetic backgrounds.

Data availability
The data used in this study was obtained from public databases and previous studies. Further information is 
available from the corresponding author upon request.
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