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A B S T R A C T   

Background: Type 1 diabetes mellitus (T1DM) may be associated with various autoimmune dis-
eases, but the causal relationship between T1DM and autoimmune skin diseases is not yet clear. 
Methods: The summary statistical data on T1DM and nine autoimmune skin diseases in European 
populations were extracted for mendelian randomization (MR) analysis. Subsequently, the 
analysis was replicated in East Asian populations. In the MR estimation, inverse variance- 
weighted (IVW), MR-Egger, weighted median, simple mode, and weighted mode methods were 
utilized. Outliers were excluded using MR-PRESSO, and horizontal pleiotropy was assessed with 
MR-Egger. Additionally, a multivariable MR analysis was conducted to investigate whether T1DM 
has an independent effect on autoimmune skin diseases after adjusting for potential confounders. 
Results: In Europe, the MR estimated based on IVW method indicated a causal association between 
genetically determined T1DM and systemic lupus erythematosus (SLE) (OR = 1.38, 95%CI: 
1.26− 1.50, p＜0.01), rheumatoid arthritis (RA) (OR = 1.15, 95%CI: 1.05− 1.25, p＜0.01), as well 
as multiple sclerosis (MS) (OR = 1.17, 95%CI: 1.01− 1.36, p = 0.04), but there is no association 
between T1DM and atopic dermatitis (AD), vitiligo, lichen planus (LP), hidradenitis suppurativa 
(HS), alopecia areata (AA) and systemic sclerosis (SS). After adjusting for time spent watching 
television, body mass index, type 2 diabetes mellitus, and body fat percentage, we found a causal 
relationship between T1DM and SLE (OR = 1.29, 95%CI: 1.16–1.44, p < 0.01), RA (OR = 1.28, 
95%CI: 1.20–1.38 p < 0.01) and MS (OR = 1.11, 95%CI: 1.04–1.18, p < 0.01). Then, no genetic 
causal association was found between TIDM and SLE, and AD in East Asia. These results didn’t 
exhibit horizontal pleiotropy, and “leave-one-out” analysis demonstrated result stability. 
Conclusion: Our MR research indicates a causal relationship between T1DM and SLE, RA, and MS 
in Europe. However, no causal relationship between T1DM and SLE has been observed in East 
Asia. Therefore, it is important to regularly monitor relevant immunological markers of SLE, RA, 
and MS in T1DM patients and take preventive measures.   

1. Introduction 

Autoimmune diseases are a series of fatal diseases caused by the loss of immune tolerance, resulting in excessive activation of 
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immune cells to attack healthy tissues and organs, which seriously threaten human health [1]. The skin, as the largest organ in the 
human body, is impacted by many autoimmune diseases [2,3]. Vitiligo, alopecia areata and pemphigoid are some of the major 
autoimmune diseases affecting the skin system [4]. Until now, autoimmune skin diseases are diagnosed still based on clinical man-
ifestations and serum specific antibodies or histological biopsy [5]. Unfortunately, lacking specific diagnostic antibodies and biopsy 
with invasive procedures makes early diagnosis of autoimmune skin diseases difficult [6]. At present, corticosteroids and immuno-
suppressant are widely used to relieve symptoms of autoimmune skin diseases, but they can bring many serious side effects [7]. With 
the deepening of drug research, emerging biologics are used for treatment, but the high cost is prohibitive for patients [8]. Therefore, 
early prevention of autoimmune skin diseases is necessary. 

To prevent the occurrence and development of autoimmune skin diseases, scholars have devoted themselves to exploring its risk 
factors. The association between various autoimmune diseases is receiving increasing attention [9,10]. Type 1 diabetes mellitus 
(T1DM) a chronic hyperglycemic marked by insufficient insulin secretion, resulting from the autoimmune assault on the 
insulin-producing beta cells located in the pancreas [11]. A cohort study including 5895 participants found an increased risk of hives in 
T1DM children [12]. DiConstanzo et al. analyzed the association of psoriasis with TIDM [13,14], However, solid evidence for a causal 
relationship between T1DM and autoimmune skin diseases is absent due to uncontrolled confounders and reverse causal bias in 
observational studies. 

To analyze the causal association between T1DM and autoimmune skin diseases for prevention and management better, mendelian 
randomization (MR) was used to clarify this issue and understand the unique effects of T1D on autoimmune skin diseases from a 
genetic perspective. 

Fig. 1. Study overview. Notes: SLE, systemic lupus erythematosus; AD, atopic dermatitis; RA, rheumatoid arthritis; MS, multiple sclerosis; LP, lichen 
planus; HS, hidradenitis suppurativa; AA, alopecia areata; SS, systemic sclerosis; MR, mendelian randomization. 
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2. Methods 

2.1. Study design 

MR is a valuable approach for evaluating causality in observational epidemiology, offering a relatively expedited and less complex 
alternative to randomized controlled trials while effectively mitigating certain limitations inherent in conventional epidemiological 
studies. Based on data from genome-wide association analysis studies (GWAS), we conducted this two-sample MR analysis to explore 
the potential causal effects of T1DM on nine autoimmune skin diseases, including systemic lupus erythematosus (SLE), atopic 
dermatitis (AD), rheumatoid arthritis (RA), multiple sclerosis (MS), vitiligo, lichen planus (LP), hidradenitis suppurativa (HS), alopecia 
areata (AA) and systemic sclerosis (SS) (Fig. 1). 

Performing MR Analysis must satisfy three fundamental assumptions: (1) the instrumental variables (IVs) need to be strongly linked 
to T1DM. (2) IVs have no correlation with potential confounder. (3) the IVs don’t affect autoimmune skin diseases independently of 
TIDM. 

2.2. The source of exposure and outcome 

All information of the summary data used in this study is summarized in Table 1. The study relied on previously published public 
database, all original studies received ethical approval. 

TIMD The summary statistical data including 9266 cases and 15,574 controls, extracted from the GWAS Catalog (https://www.ebi. 
ac.uk/gwas/home), was the largest scale and latest GWAS study we researched for T1DM [15]. 

Autoimmune skin diseases Analyzing the potential association between T1DM and different types of autoimmune skin diseases, 
including SLE, AD, RA, MS, vitiligo, LP, HS, AA and SS, was the primary aim of this study. To get more comprehensive information, the 
largest available GWAS study we searched was chosen to conduct MR analysis. To identify the causal relationship in the European 
population, the summary data of SLE [16] (5,201cases and 9066 controls) and AD [17] (6224 cases and 475,075 controls) were 
obtained from GWAS Catalog. In addition, the data of RA (6236 cases and 147,221 controls), vitiligo (131 cases and 207,482 controls), 
LP (1865 cases and 212,242 controls), HS (409 cases and 211,139 controls), AA (289 cases and 211,139 controls) and SS (302 cases 
and 213,145 controls) were retrieved from FinnGen Biobank [18]. And the dataset of MS (47,429 cases and 68,374 controls) came 
from IEU OpenGWAS. To explore the causal link in East Asian populations, by searching different databases, the statistical data of SLE 
[19] (512 cases and 994 controls), and AD [17] (4296 cases and 163,807 controls) were searched from GWAS Catalog. 

2.3. The selection of IVs 

These SNPs highly correlated with exposure (P < 5 × 10− 8) [20] and without linkage disequilibrium (r2 < 0.001 and clump 
window >10,000 kb) were screened as IVs. In addition, to decrease bias caused by weak IVs, F-statistic of IVs were calculated, and it 
was considered appropriate only if the F statistic was greater than 10 [21]. Based on the same allele, the data of SNPs-exposure and 
SNPs-outcome was integrated, and the palindromic SNPs with intermediate allele frequencies were removed. 

2.4. Statistical analysis 

“MR-PRESSO” R package were used to check outliers, when P value < 0.05, this SNP was outliers and removed. Next, “Two-
SampleMR” R package was utilized to perform the MR analysis [22]. To clarify the causal relationship between TIDM and different 
autoimmune skin diseases, the random effect IVW method, recognized as a relatively reliable method, was used as the main analysis 

Table 1 
Detailed information for the GWAS data.  

Exposure GWAS ID Data Source Sample Size Cases/Controls Population Year 

T1DM GCST010681 GWAS Catalog 24840 9266/15,574 European 2020 

Outcomes GWAS ID Data Source Sample Size Cases/Controls Population Year 

SLE GCST003156 GWAS Catalog 14,267 5201/9066 European 2015 
GCST90014238 GWAS Catalog 1506 512/994 East Asian 2021 

AD GCST90018784 GWAS Catalog 481,299 6224/475,075 European 2021 
GCST90018564 GWAS Catalog 168,103 4296/163,807 East Asian 2021 

RA finn-b-M13_RHEUMA FinnGen 153,457 6236/147,221 European 2021 
MS ieu-b-18 IEU OpenGWAS 115,803 47,429/68,374 European 2019 
Vitiligo finn-b-L12_VITILIGO FinnGen 207,613 131/207,482 European 2021 
LP finn-b-L12_LICHENPLANUS FinnGen 214,107 1865/212,242 European 2021 
HS finn-b-L12_HIDRADENITISSUP FinnGen 211,548 409/211,139 European 2021 
AA finn-b-L12_ALOPECAREATA FinnGen 211,428 289/211,139 European 2021 
SS finn-b-M13_SYSTSLCE FinnGen 213,447 302/213,145 European 2021 

Notes: SLE, systemic lupus erythematosus; AD, atopic dermatitis; RA, rheumatoid arthritis; MS, multiple sclerosis; LP, lichen planus; HS, hidradenitis 
suppurativa; AA, alopecia areata; SS, systemic sclerosis. 
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Fig. 2. Forest plots between T1DM and autoimmune skin diseases in Europe.  
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[23]. What’s more, MR-Egger, weighted median, simple mode and weighted mode were as additional methods for MR analysis. When a 
causal relationship was found in the univariable MR analysis, to determine whether the observed significant effect of T1DM on 
autoimmune skin diseases was a direct or indirect impact, we would perform multivariable MR analysis with IVW approach to evaluate 
the effect of T1DM on autoimmune skin diseases adjusting for time spent watching television (TV), body mass index (BMI), type 2 
diabetes mellitus (T2DM), and body fat percentage (BFP) accounting for the traditional risk factors of the autoimmune skin diseases. 

The IVW method was a relatively reliable method to performed MR analysis, and p value < 0.05 usually indicated the existence of a 
causal relationship. To reduce the probability of false positives, q-value procedure was applied to perform false discovery rate (FDR) 
correction. The q-value <0.1 was considered to be statistically significant [24], and a suggestive association was considered when P <
0.05 but q ≥ 0.1 [25]. Then, the Cochrane’s Q value based on the IVW method was used to evaluate the heterogeneity of the results, p 
value < 0.05 indicated that there was statistically significant heterogeneity [26]. Horizontal pleiotropy means that the effect of genetic 
variation on outcomes is not entirely through exposure factors, and it violates the assumptions of IVs independence and exclusivity. 
Therefore, the MR-Egger method was used to check horizontal pleiotropy, P value > 0.05 indicates no horizontal pleiotropy [27]. In 
addition, we performed “leave-one-out” test to evaluate the reliability and stability of MR results. 

3. Results 

3.1. Selection of genetic instrument 

After filtrating for high associations and remove linkage imbalance, we obtained forty-four SNPs as potential IVs. The F statistic was 
calculated based on the formula [28]: F =

R2(N− 2)
1− R2 , and R2 = 2 ∗ (beta.exposure)2

∗ eaf.exposure ∗ (1 − eaf.exposure) [28,29], to 
evaluate the strength of the IVs. Then, we were pleasantly surprised to find that F statistics for 44 SNPs were all more than 10, 
indicating that all SNPs associated with T1DM were all eligible (Supplementary Table 1). 

3.2. The causality of T1DM with autoimmune skin diseases was revealed in Europe 

In Europe, the MR estimated based on IVW method indicated a causal association between genetically determined T1DM and SLE 
(OR = 1.38, 95%CI: 1.26− 1.50, p＜0.01), RA (OR = 1.15, 95%CI: 1.05− 1.25, p＜0.01), as well as MS (OR = 1.17, 95%CI: 1.01− 1.36, 
p = 0.04), but there was no association between TIDM and AD (OR = 1.00, 95%CI: 0.97− 1.02, p = 0.89), vitiligo (OR = 1.06, 95%CI: 
0.91− 1.23, p = 0.45), LP (OR = 1.04, 95%CI: 0.98− 1.12, p = 0.19), HS (OR = 0.96, 95%CI: 0.89− 1.04, p = 0.33), AA (OR = 1.09, 95% 
CI: 1.00− 1.20, p > 0.05), and SS (OR = 1.09, 95%CI: 0.99− 1.19, p = 0.07) (Fig. 2). To obtain more rigorous results, we applied FDR 
correction to our positive analysis. The corrected results still indicated the presence of potential causal links between T1DM and both 
SLE (q＜0.01) and RA(q＜0.01), but the connection between T1DM and MS should be interpreted with caution (p = 0.04, q = 0.18). 

There was no heterogeneity in the MR analysis of T1DM on vitiligo (PIVW = 0.07), HS (PIVW = 0.35), AA (PIVW = 0.32), and SS (PIVW 
= 0.28), while heterogeneity was observed in the MR analysis of T1DM on SLE (PIVW < 0.01), AD (PIVW < 0.01), RA (PIVW < 0.01), MS 
(PIVW < 0.01), and LP (PIVW < 0.01) (Table 2). Scatter plots of TIMD and different autoimmune skin diseases risk association for the IVs 
were showed in Supplementary Fig. 1, in which different colored lines represented the slopes of the different methods analyses. And 
there was not horizontal pleiotropy in the MR analysis of T1DM on SLE (Intercept = − 1.28e− 2, PMR-Egger = 0.62), AD (Intercept =
1.21e− 2, PMR-Egger = 0.10), RA (Intercept = − 3.69e− 2, PMR-Egger = 0.20), MS (Intercept = 3.63e− 2, PMR-Egger = 0.43), vitiligo (Intercept 

Table 2 
Heterogeneity test and pleiotropy test of type 1 diabetes mellitus and autoimmune skin diseases.  

Exposure Outcome Population NSNP Pleiotropy Test (MR-Egger) Heterogeneity 
Test (IVW) 

Outlier Test (MR-PRESSO) 

Egger 
Intercept 

se p- 
value 

Q p- 
value 

Outliers 

TIDM SLE European 26 − 1.28e− 2 2.55e− 2 0.62 120.33 <0.01 rs1131017, rs192324744, rs231971, rs34954, 
rs4566101 

East Asian 21 6.36e− 3 3.88e− 2 0.87 25.86 0.17 NA 
AD European 37 1.21e− 2 7.08e− 3 0.10 74.23 <0.01 rs12722495, rs689,rs8056814 

East Asian 26 1.64e− 2 1.20e− 2 0.18 42.62 0.02 rs62410259, rs6909461 
RA European 29 − 3.69e-2 2.78e− 2 0.20 426.84 <0.01 rs1027769, rs1131017, rs202520, rs2111485, 

rs34296259, rs59680223, rs6679677, rs6719660, 
rs741172 

MS European 23 3.63e− 2 4.49e− 2 0.43 334.29 <0.01 rs10911399, rs194749, rs202520, rs34954, 
rs4566101, rs59680223 

Vitiligo European 37 3.26e− 2 4.49e− 2 0.51 49.06 0.07 NA 
LP European 36 3.64e− 3 1.92e− 2 0.85 76.27 <0.01 rs9273363 
HS European 37 4.19e− 2 2.36e− 2 0.08 38.59 0.35 NA 
AA European 37 2.67e− 2 2.91e− 2 0.36 39.42 0.32 NA 
SS European 37 − 1.49e− 3 2.97e− 2 0.96 40.48 0.28 NA 

Notes: SLE, systemic lupus erythematosus; AD, atopic dermatitis; RA, rheumatoid arthritis; MS, multiple sclerosis; LP, lichen planus; HS, hidradenitis 
suppurativa; AA, alopecia areata; SS, systemic sclerosis. 
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= 3.26e− 2, PMR-Egger = 0.51), LP (Intercept = 3.64e− 3, PMR-Egger = 0.85), HS (Intercept = 4.19e− 2, PMR-Egger = 0.08), AA (Intercept =
2.67e− 2, PMR-Egger = 0.36), and SS (Intercept = − 1.49e− 3, PMR-Egger = 0.96) (Table 2). Furthermore, the "leave one method" analysis 
revealed that a single SNP didn’t affected our results, indicating that our results were reliable and stable Supplementary Fig. 2. 

3.3. The causality of T1DM with SLE, and AD was revealed in East Asia 

To reconfirm whether the causal relationships were consistent across different population, by further searching, we obtained GWAS 
data for SLE, and AD in East Asian. And we performed MR analysis to check the causative link between TIDM and aforementioned 
autoimmune skin diseases. Consistent with the results in the European population, no genetic causal association was found between 
TIDM and AD (OR = 0.98, 95%CI:0.95− 1.02, p = 0.39), while contrary to the results in the European population, a causal relationship 
between T1DM1 and SLE was still not observed in the East Asian population (OR = 1.01, 95%CI: 0.88− 1.15, p = 0.93) (Fig. 3). 

Using the IVW approach, we found a statistically significant heterogeneity between T1DM and the risk of AD (PIVW = 0.02), while 
the statistically heterogeneity between T1DM and the risk of SLE (PIVW = 0.17) was not confirmed (Table 2). In addition, we did not 
observe the presence of horizontal pleiotropy (SLE, Intercept = 6.36e− 3, PMR-Egger = 0.87; AD, Intercept = 1.64e− 2, PMR-Egger = 0.18) 
(Table 2). Similar to the results in the European population, the “Leave-one-out” plot suggested that none of the SNPs dominated the 
potential causal association between T1DM and SLE, and AD in East Asia (Supplementary Fig. 3). In addition, the scatter plots of TIMD 
and SLE, and AD were showed in Supplementary Fig. 4. 

3.4. Multivariable MR 

Previous studies have confirmed the correlation between the body mass index (BMI) and the incidence of autoimmune diseases [30, 
31]. Body fat percentage (BFP) might be associated with lupus inflammation [32]. T2DM drove autoimmune activation by an innate 
immune response [33,34]. It was well-known that time spent watching television was closely related to BMI, BFP, and type 2 diabetes 
[35]. Based on these, to explore the potential complex causal mechanisms for T1DM and SLE, RA and MS, further multivariable MR 
analysis were conducted after adjusting for BMI, TV, BFP and T2DM, respectively. The results indicated that the potential causal 
relationships between T1DM and both SLE and RA persist regardless of adjustments for TV, BMI, BFP, or T2DM. While the causal link 
between T1DM and MS is nullified only after adjusting for BFP, this association remains intact when adjustments are made separately 
for TV, BMI, and T2DM (Table 3). In addition, we found a causal relationship between T1DM and SLE (OR = 1.29, 95%CI: 1.16–1.44, p 
< 0.01), RA (OR = 1.28, 95%CI: 1.20–1.38, p < 0.01) and MS (OR = 1.11, 95%CI: 1.04–1.18, p < 0.01) after simultaneously adjusting 
for BMI, T2DM, TV and BFP (Table 3). 

4. Discussion 

In this study, we conducted a MR analysis from a genetic perspective to investigate the causal relationship between T1DM and 
various autoimmune skin diseases. Our results indicated that in European, T1DM may be a risk factor for SLE, RA, as well as MS, but it 
was no statistically significant correlation with AD, vitiligo, LP, HS, AA, and SS. After further multivariable MR analysis, it was found 
that the causal relationship between T1DM and SLE, RA and MS remained. In addition, we searched available GWAS data for auto-
immune skin diseases in East Asian to verify the causal relationship between T1DM and autoimmune skin diseases in European 

Fig. 3. Forest plots between T1DM and SLE, and AD in East Asia.  
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populations. Unfortunately, we only obtained GWAS data for SLE and AD in East Asian. The results of MR Analysis suggested that a 
potential association between T1DM and SLE and AD has not been found in East Asian populations. 

The most effective method for preventing and reducing the occurrence of autoimmune skin diseases is targeted control of the risk 
factors [36]. Therefore, it is essential to proficiently recognize unconventional risk factors to enhance the prevention and management 
of autoimmune skin conditions. According to previous research, T1DM is one of the risk factors for autoimmune diseases [37–39]. 
Consistent with our findings, a causal relationship between T1DM and SLE has been demonstrated in a recent study [40]. At the same 
time, our study supplemented the exploration of the relationship between T1DM and SLE in the East Asian population. Surprisingly, no 
causal relationship was found in the East Asian population, indicating that geography and race may change the causal association. 
Furthermore, studies reported a threefold to twentyfold higher prevalence of MS in T1DM patients [41,42], but the exact connection 
behind this co-occurrence was not fully illustrated. Our study addressed this gap and identified T1DM as a potential cause of MS. 
Delving into the mechanism, it may be related to environmental and genetic mutations, such as vitamin D deficiency [43], air pollution 
[44], HLA haplotype [45]. Besides, a previous meta-analysis showed that RA could increase the risk of diabetes, both T1DM and T2DM 
[46]. Although the concurrence of RA in T1DM patients is not prominent [47], our analysis revealed that even after adjusting for 
T2DM, T1DM remains a risk factor for RA. The causal association observed between T1DM and autoimmune skin diseases such as SLE, 
RA, and MS among European populations may be attributed to shared immunome mechanisms [48]. Specifically, T1DM resulted from 
a complex interplay of genetic susceptibility, environment, and the autoimmune responses of B cells and T cells against beta cells and 
their products [49]. Similarly, the immunological dysfunction mediated by T cells and B cells, along with cytokines they secrete was 
common pathogenesis of diseases like SLE, RA, and MS [50–52]. Previous studies have estimated that 33–36 % of individuals exhibit 
markers of nonislet autoimmunity at the onset of T1DM or shortly thereafter [53], which supported our finding. 

Currently, research on the association between T1DM and AD is mostly conducted in children and remains inconclusive. A 
retrospective cohort study from Taiwan found that the incidence of AD in the T1DM group was 1.4-fold higher than that in the non- 
T1DM group [54]. However, another study revealed that the prevalence of atopic diseases in T1DM patients was similar to that in the 
general population [55]. A case-control study indicated that in children who subsequently developed T1DM, the occurrence of AD was 
notably lower than in the control group prior to the onset of T1DM. Nevertheless, following the onset of T1DM, there was no disparity 
in the incidence of AD between the group with T1DM and the group without T1DM [56]. Our research from a genetic perspective 
clarified that, in both European and East Asian populations, no potential causal link has been found between T1DM and AD. This may 
be due to AD being more associated with Th2 immune responses [57], whereas T1DM primarily involves Th1 responses [58]. Similarly, 
no causal links were found between T1DM and vitiligo, LP, HS, AA, as well as SS. The reason may be attributed to differences in genetic 
backgrounds, immune response mechanisms, target tissues, and underlying pathological processes between these diseases and T1DM. 
Firstly, The pathogenesis of LP was mainly related to CD8+ T cells, which attacked the basal cell layer of the skin expressing specific 
antigens, leading to the disruption of intercellular junctions and apoptosis of epithelial cells [59]. Although CD8+ T cells also play a 
significant role in T1DM, CD4+ T cells and other immune-regulating cells, such as regulatory T cells and B cells, were equally 
indispensable in the disease’s pathology. In addition, HS was a chronic inflammatory skin condition involving the abnormal activity of 
Th17 cells and inflammatory cytokines such as IL-1β, IL-17, IL-12/23, and TNF-α [60], which was distinct from the autoimmune 
destruction of pancreatic beta cells seen in T1DM. AA and SS primarily targeted the hair follicles and exocrine glands, respectively, the 
differences in target tissues and their tissue specificity may help explain why their associations with T1DM are not supported in genetic 
causality analyses. 

While our study is based on MR analysis methods, which mitigate certain limitations of traditional observational studies, there are 
still some limitations in our research. Firstly, we have only established a causal relationship between T1DM and autoimmune skin 
diseases, but specific mechanisms require further investigation. Next, GWAS data used for this study did not encompass all global 
populations, so our findings should be interpreted cautiously. Finally, there is heterogeneity in some of the results, but we have 

Table 3 
The results of multivariable MR.  

Exposure Outcome nsnp pval OR 95%CI 

T1DM adjusting for TV SLE 28 <0.01 1.37 1.28–1.46 
T1DM adjusting for T2DM 17 <0.01 1.30 1.17–1.45 
T1DM adjusting for BMI 18 <0.01 1.41 1.33–1.49 
T1DM adjusting for BFP 24 <0.01 1.39 1.29–1.50 
T1DM adjusting for TV, T2DM, BMI, BFP 10 <0.01 1.29 1.16–1.44 
T1DM adjusting for TV RA 34 <0.01 1.18 1.11–1.26 
T1DM adjusting for T2DM 20 <0.01 1.26 1.18–1.35 
T1DM adjusting for BMI 19 <0.01 1.25 1.18–1.33 
T1DM adjusting for BFP 28 <0.01 1.20 1.10–1.31 
T1DM adjusting for TV, T2DM, BMI, BFP 13 <0.01 1.28 1.20–1.38 
T1DM adjusting for TV MS 27 <0.01 1.15 1.05–1.26 
T1DM adjusting for T2DM 17 <0.01 1.09 1.03–1.16 
T1DM adjusting for BMI 18 0.02 1.11 1.02–1.21 
T1DM adjusting for BFP 24 0.17 1.10 0.97–1.25 
T1DM adjusting for TV, T2DM, BMI, BFP 11 0.04 1.11 1.04–1.18 

Notes: SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; MS, multiple sclerosis; TV, time spent watching television; BMI, body mass index; 
T2DM, type 2 diabetes mellitus, BFP, body fat percentage. 
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addressed outliers using MR-PRESSO and confirmed the reliability of the results through “Leave-one-out” method. Therefore, this 
slight heterogeneity should not significantly affect the reliability of our findings. 

5. Conclusion 

In conclusion, our MR research indicates a causal relationship between T1DM and SLE, RA, and MS in European populations, with 
no evidence of a causal link between T1D and AD, vitiligo, LP, HS, AA, and SS. Therefore, it is important to regularly monitor relevant 
immunological markers of SLE, RA, and MS in T1DM patients and take preventive measures. 
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