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Purpose: Previous studies have suggested a relationship between autoimmune diseases and the risk of facial skin aging. However, 
evidence from population-based studies on this topic is limited, leaving the causal association between these factors unknown. This 
study aimed to systematically evaluate the causal effects of 18 autoimmune diseases on the risk of facial skin aging, aim of providing 
strategies to mitigate early facial aging in patients with autoimmune diseases.
Patients and Methods: We conducted univariate Mendelian randomization (UVMR) analyses to examine the causal relationship 
between 18 autoimmune diseases and facial aging using publicly available summary data from genome-wide association studies 
(GWASs). We also conducted multivariate Mendelian randomization (MVMR) analyses to adjust for confounding factors, including 
smoking, alcohol consumption, and body mass index (BMI).
Results: The main inverse variance weighted (IVW) method revealed that genetically proxied ankylosing spondylitis (AS) (OR 1.017; 
95% CI: 1.003–1.031; P=0.018), sicca syndrome (SS) (OR 1.008; 95% CI: 1.005–1.011; P= 2.66×10−6), systemic lupus erythematosus 
(SLE) (OR 1.006; 95% 1.001–1.011; P=0.014), multiple sclerosis (MS) (OR 1.004; 95% CI: 1.001–1.007; P=0.021), primary sclerosing 
cholangitis (PSC) (OR 1.002; 95% CI: 1.000–1.004; P=0.023), and celiac disease (CeD) (OR 1.002; 95% CI: 1.001–1.004; P=0.009) 
were significantly associated with higher risk of facial aging. After adjusting for potential confounding factors, the association persisted 
between AS, SLE, and CeD.
Conclusion: These findings indicated that autoimmune diseases play a causal role in facial skin aging. Therefore, patients with 
autoimmune diseases should take appropriate measures to prevent early facial aging.
Keywords: autoimmune disease, facial aging, Mendelian randomization, ankylosing spondylitis, systemic lupus erythematosus, celiac 
disease

Introduction
Autoimmune diseases encompass a group of highly heterogeneous disorders characterized by immune system 
disturbances.1 These conditions affect approximately 5% of the global population.2,3 Autoimmune diseases can affect 
various organ systems and cause diverse clinical manifestations across individuals of any age. Systemic inflammation in 
autoimmune diseases can lead to oxidative stress, which can contribute to skin aging through multiple biochemical 
processes.4 Several autoimmune diseases are associated with premature skin senescence. For instance, skin aging is 
related to the disappearance of melanocytes in vitiligo patients,5 while skin fibroblasts in multiple sclerosis patients 
display an underlying stress phenotype, which leads to reduced resiliency of these cells when exposed to hydrogen 
peroxide.6 Skin, as the largest organ covering the surface of the human body, not only serves as a protective barrier 
against the external environment but also defines our outward appearance.7–9 Facial skin acts as a socially meaningful 
interface with unique psychological importance compared to other areas of the skin. In the context of an aging society 
and the consequent paradigm shift in medical research focus, facial rejuvenation and early intervention for skin aging are 
attracting growing attention.10,11 However, to date, observational studies focusing on the association between auto-
immune diseases and facial aging remain rare. Moreover, conventional observational studies cannot establish causation 
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owing to potential confounding factors. Therefore, more reliable approaches are needed to establish the etiological link 
between autoimmune diseases and facial aging.

Mendelian randomization (MR) is a statistical analysis method that employs genetic variants (generally single- 
nucleotide polymorphisms, SNPs) as instrumental variables (IVs) to infer the epidemiological etiology based on genome- 
wide association studies (GWASs).12 Following the Mendelian inheritance rule, SNPs are randomly assigned during the 
formation of a fertilized ovum and are not associated with random errors. Thus, the fundamental principle of MR 
investigation is equivalent to that of randomized controlled trials (RCTs).13 Compared with traditional observational 
studies, MR can reveal a genuine causal relationship between exposure and outcome, since SNPs cannot be modified by 
acquired factors such as exposures, confounders, and outcomes. In this study, we conducted an MR investigation to 
systematically evaluate the relationship between 18 autoimmune diseases and the risk of facial aging, thereby contribut-
ing to the prevention of early facial aging in patients with autoimmune diseases. Additionally, we also performed 
multivariable Mendelian randomization (MVMR) to adjust for potential confounding factors, including smoking, alcohol 
consumption, and body mass index (BMI), which may increase the risk of facial skin aging.10,14,15

Materials and Methods
Study Design
In this study, MR analyses were conducted to investigate the causal effects of autoimmune diseases on the risk of facial 
aging. MR analysis is based on three critical assumptions: (1) IVs are strongly associated with the exposure of interest 
(relevance assumption); (2) Confounders of the exposure-outcome association should not affect IVs (independence 
assumption); (3) IVs only affect the outcome via the exposure (exclusion-restriction assumption).16 As the present study 
is based on publicly available GWAS data, and all original studies had already met ethical requirements; therefore no 
additional ethics approvals or informed consent was required. An overview of the MR study is illustrated in Figure 1.

Figure 1 An overview of this MR study.
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Data Sources
We used publicly available summary-level statistics obtained from the IEU OpenGWAS Project database (https://gwas. 
mrcieu.ac.uk) to perform the MR study. The 18 most common autoimmune diseases were included as exposures: (1) 
inflammatory bowel disease (IBD), (2) vitiligo, (3) alopecia areata (AA), (4) multiple sclerosis (MS), (5) sicca syndrome 
(SS), (6) hypothyroidism, (7) sarcoidosis, (8) rheumatoid arthritis (RA), (9) ankylosing spondylitis (AS), (10) celiac 
disease (CeD), (11) systemic lupus erythematosus (SLE), (12) systemic sclerosis (SSc) (13) type 1 diabetes (T1D), (14) 
psoriasis, (15) juvenile idiopathic arthritis (JIA), (16) primary biliary cirrhosis (PBC), (17) primary sclerosing cholangitis 
(PSC), and (18) myasthenia gravis (MG). Details of these GWAS are shown in Table 1.

Facial aging was assessed using publicly available summary statistics from the population-based UK Biobank. A total 
of 423,999 eligible European individuals were recruited to participate in baseline assessments, which encompassed the 
completion of questionnaires, undergoing physical measurements, providing biological samples, and undergoing follow- 
up procedures. The approach of this domain to evaluate perceived age through questionnaire-based assessments has been 
described previously.27,28 Subjective perceptions of facial aging were determined by the following question: Do people 
say that you look (1) about your age, (2) younger than you are, (3) older than you are, (4) do not know, or (5) prefer not 
to answer? Eligible participants were selected from health records within the UK National Health Service (NHS) and 
invited to participate in one of the 22 assessment centers situated in densely populated regions of Great Britain. 
Participants who responded with “do not know” or “prefer not to answer” were excluded from the analysis.

Genetic Instrumental Variable Selection
SNPs with genome-wide significance are required to identify IVs strongly associated with autoimmune diseases. Except 
for vitiligo, AA, MG, and SSc, we selected SNPs related to each autoimmune disease with a significance threshold of 
P <5×10−8. However, for vitiligo, AA, MG, and SSc, SNPs at a lower threshold (P <5×10−6) were selected because there 
were not sufficient SNPs identified at the P <5×10−8 level to perform MR analysis. During the clumping process, SNPs 

Table 1 The Detailed Data Information of the Selected Autoimmune Diseases in the 
Present Study

Traits Number of  
Cases

Number of  
Controls

Datasets in the GWAS References

IBD 4101 480,497 ebi-a-GCST90038683 [17]
Vitiligo 131 207,482 finn-b-L12_VITILIGO NA

AA 289 211,139 finn-b-L12_ALOPECAREATA NA

MS 9722 17,376 ieu-a-1024 [18]
SS 1290 213,145 finn-b-M13_SJOGREN NA

Hypothyroidism 26,306 187,684 finn-b-E4_HYTHYNAS NA

Sarcoidosis 1718 484,955 ebi-a-GCST90018918 [19]
RA 5427 479,171 ebi-a-GCST90038685 [17]

AS 9069 1550 ebi-a-GCST005529 [20]

CeD 12,041 12,228 ieu-a-1058 [21]
SLE 1311 1783 ieu-a-815 [22]

SSc 302 213,145 finn-b-M13_SYSTSLCE NA

T1D 18,942 501,638 ebi-a-GCST90014023 [23]
Psoriasis 5072 478,102 ebi-a-GCST90018907 [19]

JIA 2816 13,056 ebi-a-GCST005528 [24]

PBC 2861 8514 ebi-a-GCST005581 [25]
PSC 2871 12,019 ieu-a-1112 [26]

MG 197 354,945 ebi-a-GCST90018876 [19]

Abbreviations: IBD, inflammatory bowel disease; AA, alopecia areata; MS, multiple sclerosis; SS, sicca syndrome; 
RA, rheumatoid arthritis; AS, ankylosing spondylitis; CeD, celiac disease; SLE, systemic lupus erythematosus; SSc, 
systemic sclerosis; T1D, type 1 diabetes; JIA, juvenile idiopathic arthritis; PBC, primary biliary cirrhosis; PSC, 
primary sclerosing cholangitis; MG, myasthenia gravis; NA, not applicable.
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were clumped using a strict linkage disequilibrium (LD) threshold (R2 >0.001, window size = 10,000 kb) to ensure that 
all SNPs were independent. Subsequently, we used variants in linkage disequilibrium (R2 > 0.8) to identify proxies for 
SNPs that were not available in the outcome GWAS. Ambiguous or palindromic SNPs were removed during harmoniza-
tion. Additionally, to avoid bias caused by weak IVs, we calculated the F-statistic for each SNP and found no IV with an 
F-statistic <10 (Supplementary Table 1).

Statistical Analysis
First, we conducted a univariate Mendelian randomization (UVMR). The inverse-variance weighted (IVW) approach was 
applied as the principal estimator to evaluate the causal effects of autoimmune diseases on the risk of facial aging. The 
IVW method has dramatically high statistical power with the assumption that all IVs are valid.29 In addition, we used 
MR-Egger regression, weighted median (WM), simple mode, and weighted mode as complementary methods to enhance 
the reliability of causal results. The MVMR analysis was conducted only for significant MR relationships in the primary 
analysis. Specifically, each selected autoimmune disease, smoking, alcohol consumption, and BMI were considered 
exposures, with facial aging as the outcome.

Sensitivity analyses were conducted to assess the robustness of the results. Cochrane’s Q test was used to detect 
heterogeneity among the estimates of SNPs. Horizontal pleiotropy occurs when the instruments also affect the outcomes 
through pathways that are independent of the exposure itself.12 Potential horizontal pleiotropic effects were evaluated 
using the MR-Egger regression intercept. The MR-PRESSO framework was used to identify the outlier SNPs with 
pleiotropic effects (NbDistribution was set at 10,000). Leave-one-out sensitivity analyses were performed to determine 
whether the results were driven by a single SNP. All analyses were performed using the statistical software R (version 
4.3.1) with TwoSampleMR package (version 0.5.7) and Mendelian Randomization package (version 0.9.0). P <0.05 was 
considered as the statistical significance threshold.

Results
Genetic Instrumental Variable Selection
After a series of quality control steps, an appropriate number of SNPs was identified as IVs for each analysis. We 
identified 17 independent SNPs in IBD, 25 independent SNPs for AS, 3 independent SNPs for SS, 3 independent SNPs 
for SLE, 26 independent SNPs for MS, 18 independent SNPs for PSC, 15 independent SNPs for CeD, 76 independent 
SNPs for T1D, 10 independent SNPs for psoriasis, 45 independent SNPs for hypothyroidism, 11 independent SNPs for 
AA, 7 independent SNPs for SSc, 5 independent SNPs for sarcoidosis, 4 independent SNPs for vitiligo, 12 independent 
SNPs for MG, 22 independent SNPs for PBC, 4 independent SNPs for JIA, and 8 independent SNPs for RA. In addition, 
1 proxy SNP for IBD (rs112749594 targeted by rs181159261), 1 proxy SNP for SS (rs35407265 targeted by 
rs34518860), 1 proxy SNP for sarcoidosis (rs77527755 targeted by rs72845795), 1 proxy SNP for MG (rs6995908 
targeted by rs6996371), 2 proxy SNPs for PSC (rs139010734 and rs41316239 targeted by rs150697472 and rs41258084, 
respectively), 3 proxy SNPs for T1D (rs1808094, rs28752526, and rs7752257 targeted by rs1790932, rs685810, and 
rs9276180, respectively), and 1 proxy SNP for hypothyroidism (rs62073975 targeted by rs41444548) were found as the 
original SNPs were not present in the selected outcome.

Causal Effects of Autoimmune Diseases on the Risk of Facial Aging
In UVMR, the IVW method demonstrated that six out of 18 autoimmune diseases showed statistically significant effects 
on the risk of facial aging (Figure 2). In detail, a genetic predisposition to AS (OR 1.017; 95% CI: 1.003–1.031; 
P=0.018), genetic predisposition to SS (OR 1.008; 95% CI: 1.005–1.011; P= 2.66×10−6), genetic predisposition to SLE 
(OR 1.006; 95% 1.001–1.011; P=0.014), genetic predisposition to MS (OR 1.004; 95% CI: 1.001–1.007; P=0.021), 
genetic predisposition to PSC (OR 1.002; 95% CI: 1.000–1.004; P=0.023), and genetic predisposition to CeD (OR 1.002; 
95% CI: 1.001–1.004; P=0.009) was associated with higher odds of facial aging. Conversely, genetic liability to IBD 
(OR 1.277; 95% CI: 0.895–1.823; P=0.178), genetic liability to T1D (OR 1.001; 95% CI: 0.998–1.004; P=0.708), 
genetic liability to psoriasis (OR 1.001; 95% CI: 0.995–1.006; P=0.843), genetic liability to hypothyroidism (OR 1.000; 
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95% CI: 0.996–1.005; P=0.838), genetic liability to AA (OR 1.000; 95% CI: 0.999–1.002; P=0.599), genetic liability to 
SSc (OR 1.000; 95% CI: 0.999–1.001; P=0.884), genetic liability to sarcoidosis (OR 1.000; 95% CI: 0.997–1.003; 
P=0.991), genetic liability to vitiligo (OR 1.000; 95% CI: 0.998–1.002; P=0.785), genetic liability to MG (OR 0.999; 
95% CI: 0.998–1.001; P=0.365), genetic liability to PBC (OR 0.999; 95% CI: 0.996–1.002; P=0.568), genetic liability to 
JIA (OR 0.999; 95% CI: 0.997–1.001; P=0.269), and genetic liability to RA (OR 0.812; 95% CI: 0.544–1.211; P=0.307) 
showed no causal relationships with the risk of facial aging. Details of the results of other complementary methods are 
presented in Supplementary Table 2. Details of the SNPs effects are shown in Supplementary Figure 1.

In the MVMR analysis adjusted for alcohol consumption, genetic liability for AS, SS, SLE, MS, PSC, and CeD 
remained significantly associated with facial aging. After adjusting for smoking, alcohol consumption, and BMI, genetic 
liability to AS (OR 1.026; 95% CI: 1.005–1.048; P=0.016), SLE (OR 1.005; 95% CI: 1.001–1.009; P=0.006), and CeD 
(OR 1.002; 95% CI: 1.000–1.005; P=0.044) were still significantly associated with higher risk of facial aging, while 
genetic liability to SS (OR 0.996; 95% CI: 0.991–1.001; P=0.118), MS (OR 1.002; 95% CI: 0.997–1.007; P=0.391), and 
PSC (OR 1.002; 95% CI: 0.998–1.005; P=0.378) were no longer associated with facial skin aging (Figure 3).

Sensitivity Analysis
We conducted a series of sensitivity analyses to test the stability of the primary results. MR-Egger regression for 
pleiotropy and Cochrane's Q test for heterogeneity were performed (Table 2). Heterogeneity was observed when the 
causal effects of MS, AS, T1D, psoriasis, and JIA were analyzed. We detected several outliers for AS (rs1041926 and 
rs1128905), T1D (rs1050979, rs1574285, rs2188962, and rs57209021), psoriasis (rs10040411, rs12188300, rs2312786, 
and rs2735008), hypothyroidism (rs4409785), and PBC (rs2523882 and rs8067378). After removing these SNPs, 
heterogeneity was no longer detected in AS or PBC. The IVW results persisted even after removing the outliers. None 

Figure 2 Associations of liability to autoimmune diseases with facial skin aging. AS, SS, SLE, MS, PSC, and CeD was positively associated with the risk of facial aging. The red 
line and bold text represents the OR, 95% CI, and p-value of the statistically significant results. 
Abbreviations: IBD, inflammatory bowel disease; AA, alopecia areata; MS, multiple sclerosis; SS, sicca syndrome; RA, rheumatoid arthritis; AS, ankylosing spondylitis; CeD, 
celiac disease; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; T1D, type 1 diabetes; JIA, juvenile idiopathic arthritis; PBC, primary biliary cirrhosis; PSC, primary 
sclerosing cholangitis; MG, myasthenia gravis.
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of the MR-Egger intercepts was statistically different from zero, suggesting that the heterogeneity of SNPs did not cause 
any horizontal pleiotropic bias. Supplementary Figure 2 shows the results of the leave-one-out analysis. Supplementary 
Figure 3 shows the effects of instrumental SNPs on each autoimmune disease and the risk of facial aging. Supplementary 
Figure 4 shows the distribution of the effects of the individual SNP.

Figure 3 Multivariable MR analysis adjusting for potential confounding variables. After adjusting for smoking, alcohol consumption, and BMI, AS, SLE, and CeD remained 
positively associated with the risk of facial aging. The red line and bold text represents the OR, 95% CI, and p-value of the statistically significant results. 
Abbreviations: MS, multiple sclerosis; SS, sicca syndrome; AS, ankylosing spondylitis; CeD, celiac disease; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; PSC, 
primary sclerosing cholangitis; BMI, body mass index.

Table 2 Sensitivity Analyses of the Present Study

Autoimmune  
Diseases

P for Cochrane's  
Q test (MR  
Egger Method)

P for Cochrane's  
Q test (IVW  
Method)

MR-Egger  
Intercept

P for MR-Egger  
Intercept

IBD 0.696 0.752 0.000 0.755
Vitiligo 0.120 0.224 −0.002 0.823

AA 0.203 0.100 0.002 0.129

MS 0.014 0.017 −0.000 0.685
SS 0.541 0.446 −0.002 0.466

Hypothyroidism 0.003 0.002 0.001 0.313

Sarcoidosis 0.714 0.655 −0.002 0.376
RA 0.068 0.060 −0.001 0.375

(Continued)
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Discussion
Autoimmune diseases constitute a group of inflammatory conditions that affect diverse organ systems.30 Skin, the largest 
organ covering the human body, is generally affected by the systemic inflammation of autoimmune diseases. Oxidative 
stress in autoimmune diseases may accelerate the skin aging process.4 Previous studies have demonstrated a potential 
association between autoimmune diseases and skin aging. As a special part of the skin, facial skin plays a vital aesthetic 
role, prompting increasing interest in early intervention against facial skin aging. However, studies on the association 
between autoimmune diseases and facial skin aging are limited. The lack of research on this topic at the population level 
may be attributed to difficulties in measuring facial aging. For instance, although artificial intelligence (AI) technology 
can deliver comprehensive characteristics of facial aging, it has not been widely used owing to considerable errors and 
biases.31,32 The use of questionnaire-based tools can help overcome the challenges associated with facial aging 
assessment.33 The large sample size of the IEU OpenGWAS project may alleviate concerns about measurement errors 
when evaluating facial skin aging using questionnaires, highlighting the benefits of such data. In the present study, we 
examined the relationship between genetically predicted autoimmune diseases and facial aging by applying an MR 
approach based on the IEU OpenGWAS project database. Our study may help in developing strategies to prevent 
premature facial skin aging in patients with autoimmune diseases.

To our knowledge, this is the first study to systematically investigate the causality between diverse autoimmune diseases 
and the risk of facial aging. Using UV-MR statistical approaches, genetically predicted AS, SS, SLE, MS, PSC, and CeD 
are associated with a more severe likelihood of facial skin aging. Previous studies have suggested that tobacco smoking, 
alcohol intake, and adiposity can affect facial skin health.10,14,15 Therefore, we performed MVMR analyses after adjusting 
for these potential confounding factors. The MVMR results demonstrated the robustness of the relationship between 
genetically predicted AS, SLE, and CeD, and a higher risk of facial skin aging. Our study adds to the evidence supporting 
the causal role of autoimmune diseases in facial aging. Autoimmune diseases affect diverse organ systems, including the 
skin, via multiple biochemical processes. AS patients with systemic inflammation presented with a reduced vasodilator 
capacity of the skin microvasculature, which was positively correlated with inflammatory parameters.34 Cutaneous 
vasculitis was observed in CeD patients.35 Maintaining normal vascular activities is crucial in preserving skin health. 
The reduced vasodilator capacity in the skin microvasculature leads to decreased microvessel blood flow, which plays a key 
role in skin aging.36 The microvasculature is responsible for delivering oxygen and epidermal cells, thus determining the 
cell environment and papillae.37,38 Subcutaneous fat also needs adequate support of the capillaries. Loss of subcutaneous fat 
generally causes skin swelling and contraction. Therefore, a disrupted skin microvascular function may be an important 

Table 2 (Continued). 

Autoimmune  
Diseases

P for Cochrane's  
Q test (MR  
Egger Method)

P for Cochrane's  
Q test (IVW  
Method)

MR-Egger  
Intercept

P for MR-Egger  
Intercept

AS <0.001 <0.001 −0.001 0.400

CeD 0.293 0.268 −0.001 0.272

SLE 0.100 0.104 −0.006 0.562
SSc 0.705 0.809 0.000 0.860

T1D <0.001 <0.001 −0.000 0.835

Psoriasis <0.001 <0.001 −0.000 0.933
JIA 0.168 0.310 −0.000 0.942

PBC <0.001 <0.001 −0.002 0.091

PSC 0.038 0.048 0.000 0.658
MG 0.321 0.371 −0.000 0.561

Note: The bold text indicates that the P value is less than 0.05. 
Abbreviations: IBD, inflammatory bowel disease; AA, alopecia areata; MS, multiple sclerosis; SS, sicca syndrome; 
RA, rheumatoid arthritis; AS, ankylosing spondylitis; CeD, celiac disease; SLE, systemic lupus erythematosus; SSc, 
systemic sclerosis; T1D, type 1 diabetes; JIA, juvenile idiopathic arthritis; PBC, primary biliary cirrhosis; PSC, 
primary sclerosing cholangitis; MG, myasthenia gravis.
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factor in facial skin aging in patients with AS or CeD. As an autoimmune enteropathy primarily involving the small 
intestine, CeD is characterized by intestinal villi atrophy and consequent malabsorption. Nutritional factors play important 
roles in preserving normal skin function. In patients with CeD, the balance of serum lipids is dramatically disrupted,39 

which may promote skin aging. Triglycerides are crucial for moisturizing the human skin, and their deficiency can lead to 
skin dryness. Maintaining water content in the stratum corneum is crucial for the mechanical properties and normal 
desquamation of the skin. Low water content in the stratum corneum can inhibit the activities of proteinases responsible for 
the orderly degradation of skin structures, leading to abnormal desquamation and dysfunction of the stratum corneum.40 In 
such conditions, the skin becomes rough and scaly, resulting in reduced flexibility and premature aging of facial skin. 
A high degree of unsaturated fatty acids also affects skin health, as increased fat unsaturation in tissue membranes 
accelerates aging by generating free radicals. Cutaneous inflammation is quite common in patients with SLE.41 The 
activation of the innate and adaptive immune systems promotes skin tissue inflammation, thus resulting in cytotoxic 
damage. Accumulated damage resulting from chronic inflammation leads to the inability of keratinocytes and fibroblasts to 
produce crucial cellular components compared to their younger counterparts. Fibroblasts, the dominant dermal cells, are 
responsible for the turnover of the extracellular matrix (ECM). Changes in the dermal compartments, such as reduced 
synthesis or heightened degradation of the ECM, can result in wrinkles and sagging of the facial skin.42 The present study, 
conducted at the population level, supported the association between autoimmune diseases and facial skin aging. The 
clinical relevance of facial aging in autoimmune diseases is shown in Figure 4.

Previous studies have also revealed a potential association between vitiligo and skin aging.5 However, our study did 
not observe such a relationship. The discrepancy may be attributed to undetected biases caused by extracting SNPs 
associated with vitiligo at a relatively relaxed threshold (P<5×10−6). In addition, after adjusting for alcohol consumption, 
SS, MS, and PSC remained significantly associated with facial aging, whereas this relationship no longer existed after 
adjusting for all three confounding factors. This indicates that alcohol consumption might be merely a minor confounding 
factor compared to smoking and adiposity. As alcohol is known to be a risk factor for autoimmune diseases,43 patients 
with autoimmune diseases are more likely to refrain from alcohol consumption, thereby mitigating the impact of alcohol 
on facial aging.

Figure 4 The clinical relevance of facial aging in autoimmune diseases.
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Based on this evidence, potential strategies for the prevention of premature facial aging can be developed. Patients 
with AS, CeD, or SLE should receive proactive treatment to control disease progression and reduce systemic inflamma-
tion. Improving the skin microcirculation perfusion function is also necessary in patients with AS and CeD. Patients with 
CeD and severe intestinal manifestations should pay more attention to their serum lipid levels and receive appropriate 
medical intervention if necessary. For SLE patients with poor fibroblast function, oral collagen peptide or hyaluronan 
may be an option to supply the ECM and maintain dermis health. Additionally, patients with SS, MS, or PSC should 
avoid excessive smoking, alcohol consumption, and adiposity, as these factors contribute to accelerated facial aging in 
individuals with SS, MS, and PSC.

We acknowledge several limitations to our study. A major limitation is that the leave-one-out method observed single 
genetic markers driving associations in several MR analyses. However, these SNPs, including rs2596501, rs2853986, 
rs3134954, rs3131781, and rs13198474, were not linked to any confounding phenotypes below the threshold of 
P<5×10−8 according to the PhenoScanner database (www.phenoscanner.medschl.cam.ac.uk/), suggesting the robustness 
of the present results. Other sensitivity analyses also confirmed the stability of our results. Another limitation is that the 
present research was confined to the epidemiological level and did not investigate the specific mechanisms of the 
associations between autoimmune diseases and facial aging, owing to the limitations of the datasets. In addition, our 
study primarily involved Europeans, which may have limited the applicability of our findings to other populations. 
Finally, we were unable to detail the inclusion and exclusion criteria, which is a common limitation of MR analyses using 
publicly available summary-level data. However, the data derived from high-quality GWAS studies ensure the robustness 
of the present study.

Conclusion
This MR study provides evidence that genetically proxied AS, SS, SLE, MS, PSC, and CeD are associated with a higher 
risk of facial skin aging. After adjusting for confounding factors, the relationships between AS, SLE, and CeD remained 
unchanged. Further investigations should focus on the underlying mechanisms of these associations. Moreover, indivi-
duals of different ancestries should be included in future research to expand generalizability.
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