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Supplementary Figure 1. Cumulative incidences of autoimmune connective tissue diseases and predefined

positive and negative control outcomes

The cumulative incidence plot shows the cumulative incidences of autoimmune connective tissue diseases and
predefined positive and negative control outcomes, with the cumulative number of events for each cumulative
event day in mRNA-based COVID-19 vaccination cohort and historical control cohort. The shaded area shows a

95% confidence interval for the cumulative incidences.

Abbreviation: ANCA, anti-neutrophil cytoplasmic antibody; COVID-19, coronavirus disease 2019.
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Cumulative incidence

Supplementary Figure 1. Cumulative incidences of autoimmune connective tissue diseases and predefined

positive and negative control outcomes (continued)

The cumulative incidence plot shows the cumulative incidences of autoimmune connective tissue diseases and

predefined positive and negative control outcomes, with the cumulative number of events for each cumulative

event day in mRNA-based COVID-19 vaccination cohort and historical control cohort. The shaded area shows a

95% confidence interval for the cumulative incidences.

Abbreviation: ANCA, anti-neutrophil cytoplasmic antibody; COVID-19, coronavirus disease 2019.
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Supplementary Figure 2. Stratified analyses of the risks of incident autoimmune connective tissue disorders

in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort in the male

subgroup

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (CIs) in the male individuals

in the mRNA-based COVID-19 vaccination compared with historical controls. The point estimate (centre)

represents the aHR, and the horizontal line (error bar) shows the range of the 99% CI. The incidence rate was

calculated as the number of events divided by 10,000 person-years, with the population at risk also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.
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Supplementary Figure 3. Stratified analyses of the risks of incident autoimmune connective tissue disorders
in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort in the

female subgroup

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (Cls) in the female individuals
in the mRNA-based COVID-19 vaccination compared with historical controls. The point estimate (centre)
represents the aHR, and the horizontal line (error bar) shows the range of the 99% CI. The incidence rate was

calculated as the number of events divided by 10,000 person-years, with the population at risk also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.
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01 os 1 2 4 ¥

10



Supplementary Figure 4. Stratified analyses of the risks of incident autoimmune connective tissue disorders

in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort in the

subgroup aged <40 years

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (CIs) in the individuals aged

<40 years in the mRNA-based COVID-19 vaccination compared with historical controls. The point estimate

(centre) represents the aHR, and the horizontal line (error bar) shows the range of the 99% CI. The incidence rate

was calculated as the number of events divided by 10,000 person-years, with the population at risk also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.
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Supplementary Figure 5. Stratified analyses of the risks of incident autoimmune connective tissue disorders

in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort in the

subgroup aged >40 years

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (CIs) in the individuals aged

>40 years in the mRNA-based COVID-19 vaccination compared with historical controls. The point estimate

(centre) represents the aHR, and the horizontal line (error bar) shows the range of the 99% CI. The incidence rate

was calculated as the number of events divided by 10,000 person-years, with the population at risk also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.
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Supplementary Figure 6. Stratified analyses of the risks of incident autoimmune connective tissue disorders

in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort in the

subgroup without COVID-19 diagnosis

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (CIs) in the individuals

without COVID-19 diagnosis in the mRNA-based COVID-19 vaccination compared with historical controls. The

point estimate (centre) represents the aHR, and the horizontal line (error bar) shows the range of the 99% CI. The

incidence rate was calculated as the number of events divided by 10,000 person-years, with the population at risk

also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval,

COVID-19, coronavirus disease 2019; HR, hazard ratio.

Autoimmune outcomes

Alopecia areata

Cicatricial alopecia
Psoriasis

Vitiligo

ANCA-associated vasculitis
Sarcoidosis

Behcet disease

Crohn disease

Ulcerative colitis
Rheumatoid arthritis
Systemic lupus erythematosus
Systemic sclerosis

Sjogren syndrome
Anklyosing spondylitis
Dermato/polymyositis
Bullous pemphigoid

Positive control outcomes

Myocarditis
Pericarditis
Guillian-Barre syndrome

Negative control outcomes

Benign skin tumor
Melanoma in situ

Tympanic membrane perforation

Incidence rate (no. of events/population at risk)

mRNA
Vaccination

11.68 (3,554/2,360,680)

0.55 (170/2,384,225)
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0.72 (411/4,442,814)
7.82 (4,450/4,410,397)
2.98 (1,703/4,435,908)
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Supplementary Figure 7. Stratified analyses of the risks of incident autoimmune connective tissue disorders

in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort in the

subgroup with COVID-19 diagnosis

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (CIs) in the individuals with

COVID-19 diagnosis in the mRNA-based COVID-19 vaccination compared with historical controls. The point

estimate (centre) represents the aHR, and the horizontal line (error bar) shows the range of the 99% CI. The

incidence rate was calculated as the number of events divided by 10,000 person-years, with the population at risk

also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.

Autoimmune outcomes

Alopecia areata

Cicatricial alopecia
Psoriasis

Vitiligo

ANCA-associated vasculitis
Sarcoidosis

Behcet disease

Crohn disease

Ulcerative colitis
Rheumatoid arthritis
Systemic lupus erythematosus
Systemic sclerosis

Sjogren syndrome
Anklyosing spondylitis
Dermato/polymyositis
Bullous pemphigoid

Positive control outcomes

Myocarditis
Pericarditis
Guillian-Barre syndrome

Negative control outcomes

Benign skin tumor
Melanoma in situ

Tympanic membrane perforation

Incidence rate (no. of events/population at risk)

mRNA
Vaccination

14.31 (3,754/2,034,151)

0.61 (161/2,058,066)
6.15 (1,619/2,038,952)
3.09 (818/2,053,607)
0.08 (20/2,059,355)
0.20 (53/2,059,143)
0.59 (157/2,057,304)
0.65 (174/2,058,028)
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Controls
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0.72 (411/4,442,814)
7.82 (4,450/4,410,397)
2.98 (1,703/4,435,908)
0.09 (50/4,444,706)
0.17 (97/4,444,347)
0.66 (380/4,441,279)
0.61 (350/4,442,829)
1.47 (840/4,438,134)

22.09 (12,399/4,355,972)
0.91 (520/4,440,824)
0.16 (92/4,444,267)
1.45 (831/4,439,578)
2.24 (1,280/4,436,382)
0.20 (117/4,444,396)
0.04 (25/4,444,868)

0.04 (21/4,444,830)
0.09 (54/4,444,734)
0.12 (71/4,444,522)
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Supplementary Figure 8. Stratified analyses of the risks of incident autoimmune connective tissue disorders

in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort in the

subgroup who received the BNT162b2 vaccine

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (Cls) in the individuals who

received the BNT162b2 vaccine in the mRNA-based COVID-19 vaccination compared with historical controls.

The point estimate (centre) represents the aHR, and the horizontal line (error bar) shows the range of the 99% CI.

The incidence rate was calculated as the number of events divided by 10,000 person-years, with the population at

risk also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.

Autoimmune outcomes

Alopecia areata

Cicatricial alopecia
Psoriasis

Vitiligo

ANCA-associated vasculitis
Sarcoidosis

Behcet disease

Crohn disease

Ulcerative colitis
Rheumatoid arthritis
Systemic lupus erythematosus
Systemic sclerosis

Sjogren syndrome
Anklyosing spondylitis
Dermato/polymyositis
Bullous pemphigoid

Positive control outcomes

Myocarditis
Pericarditis
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Negative control outcomes
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Melanoma in situ

Tympanic membrane perforation

Incidence rate (no
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1.47 (840/4,438,134)

22.09 (12,399/4,355,972)
0.91 (520/4,440,824)
0.16 (92/4,444,267)
1.45 (831/4,439,578)
2.24 (1,280/4,436,382)
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Supplementary Figure 9. Stratified analyses of the risks of incident autoimmune connective tissue disorders

in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort in the

subgroup who received the mRNA-1273 vaccine

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (Cls) in the individuals who

received the mRNA-1273 in the mRNA-based COVID-19 vaccination compared with historical controls. The

point estimate (centre) represents the aHR, and the horizontal line (error bar) shows the range of the 99% CI. The

incidence rate was calculated as the number of events divided by 10,000 person-years, with the population at risk

also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.

Autoimmune outcomes

Alopecia areata

Cicatricial alopecia
Psoriasis

Vitiligo

ANCA-associated vasculitis
Sarcoidosis

Behcet disease

Crohn disease

Ulcerative colitis
Rheumatoid arthritis
Systemic lupus erythematosus
Systemic sclerosis

Sjogren syndrome
Anklyosing spondylitis
Dermato/polymyositis
Bullous pemphigoid

Positive control outcomes

Myocarditis
Pericarditis
Guillian-Barre syndrome

Negative control outcomes

Benign skin tumor
Melanoma in situ

Tympanic membrane perforation

Incidence rate (no. of events/population at risk)

mRNA
Vaccination

12.27 (2,067/1,440,198)

0.56 (96/1,455,268)
6.44 (1,086/1,440,529)
3.08 (524/1,452,107)
0.12 (21/1,456,158)
0.19 (33/1,455,986)
0.38 (65/1,454,925)
0.53 (90/1,455,370)
1.27 (217/1,453,336)

20.60 (3,407/1,412,559)

1.04 (178/1,454,622)
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0.21 (36/1,456,143)
0.15 (26/1,456,064)

28.00 (4,682/1,429,862)

0.04 (7/1,456,197)
2.09 (356/1,453,385)
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Controls
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7.82 (4,450/4,410,397)
2.98 (1,703/4,435,908)
0.09 (50/4,444,706)
0.17 (97/4,444,347)
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0.61 (350/4,442,829)
1.47 (840/4,438,134)

22.09 (12,399/4,355,972)
0.91 (520/4,440,824)
0.16 (92/4,444,267)
1.45 (831/4,439,578)
2.24 (1,280/4,436,382)
0.20 (117/4,444,396)
0.04 (25/4,444,868)

0.04 (21/4,444,830)
0.09 (54/4,444,734)
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Supplementary Figure 10. Stratified analyses of the risks of incident autoimmune connective tissue

disorders in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort

in the subgroup who received only mRNA-based vaccines

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (CIs) in the individuals

without history of cross-vaccination with non-mRNA vaccines (BNT162b2 or mRNA-1273) in the mRNA-based

COVID-19 vaccination compared with historical controls. The point estimate (centre) represents the aHR, and the

horizontal line (error bar) shows the range of the 99% CI. The incidence rate was calculated as the number of

events divided by 10,000 person-years, with the population at risk also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.

Autoimmune outcomes

Alopecia areata

Cicatricial alopecia
Psoriasis

Vitiligo

ANCA-associated vasculitis
Sarcoidosis

Behcet disease

Crohn disease

Ulcerative colitis
Rheumatoid arthritis
Systemic lupus erythematosus
Systemic sclerosis

Sjogren syndrome
Anklyosing spondylitis
Dermato/polymyositis
Bullous pemphigoid

Positive control outcomes

Myocarditis
Pericarditis
Guillian-Barre syndrome

Negative control outcomes

Benign skin tumor
Melanoma in situ

Tympanic membrane perforation

Incidence rate (no. of events/population at risk)

mRNA
Vaccination

13.66 (5,422/2,878,470)
0.57 (228/2,911,401)
6.51 (2,590/2,885,121)
2.79 (1,118/2,906,214)
0.08 (32/2,913,205)
0.18 (71/2,912,934)
0.46 (186/2,910,762)
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0.20 (82/2,913,024)
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0.05 (21/2,913,305)
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Controls
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0.16 (92/4,444,267)
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2.24 (1,280/4,436,382)
0.20 (117/4,444,396)
0.04 (25/4,444,868)

0.04 (21/4,444,830)
0.09 (54/4,444,734)
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Supplementary Figure 11. Stratified analyses of the risks of incident autoimmune connective tissue

disorders in the mRNA-based COVID-19 vaccination cohort compared with the historical control cohort

in the subgroup who had history of cross-vaccination with any non-mRNA vaccines

The forest plot depicts adjusted hazard ratios (aHRs) with 99% confidence intervals (CIs) in the individuals with

history of cross-vaccination with non-mRNA vaccines (BNT162b2 or mRNA-1273) in the mRNA-based COVID-

19 vaccination compared with historical controls. The point estimate (centre) represents the aHR, and the

horizontal line (error bar) shows the range of the 99% CI. The incidence rate was calculated as the number of

events divided by 10,000 person-years, with the population at risk also presented.

Abbreviation: aHR, adjusted hazard ratio; ANCA, antineutrophil cytoplasmic antibody; CI, confidence interval;

COVID-19, coronavirus disease 2019; HR, hazard ratio.
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Supplementary Table 1. COVID-19 vaccination profiles of the vaccination cohort

Final vaccine dose

Number of individuals, n (%) 1 dose 2 doses 3 doses

Total number 14,979 (100.00) 793,481 (100.00) 3,629,665 (100.00)

Type of MRNA vaccine

BNT162b2, Pfizer-BioNTech 10,385 (69.33) 469,216 (59.13) 2,438,355 (67.18)
mRNA-1273, Moderna 4,594 (30.67) 321,389 (40.51) 1,126,837 (31.04)
Both 2,876 (0.36) 64,473 (1.78)
Prior non-mRNA vaccination
No 14,979 (100.00) 628,698 (79.23) 2,269,709 (62.53)
Yes 164,783 (20.77) 1,359,956 (37.47)
ChAdOx1 nCoV-19 (AZD1222), Oxford—AstraZeneca 14,101 (1.78) 1,346,454 (37.10)
Ad26.COV2.S, Janssen-Johnson & Johnson 150,682 (18.99) 13,502 (0.37)

Abbreviation: COVID-19, Coronavirus 2019 disease.



Supplementary Table 2. International Statistical Classification of Diseases, Tenth Revision (ICD-10) codes

of the included diseases

Disease ICD-10 code

Autoimmune connective tissue diseases

Alopecia areata L63
Primary cicatricial alopecia L66
Psoriasis L40
Vitiligo L80
Anti-neutrophil cytoplasmic antibody-associated vasculitis M30.1; M31.3; M31.7; M31.8
Sarcoidosis D86
Behcet disease M35.2
Crohn disease K50
Ulcerative colitis K51
Rheumatoid arthritis MO05; M06; M08
Systemic lupus erythematosus M32
Systemic sclerosis M34
Sjogren syndrome M35.0
Ankylosing spondylitis M45
Dermato/polymyositis M33
Bullous pemphigoid L120

Positive control outcomes
Myocarditis 151.4; 140.0; 140.1; 140.8; 140.9
Pericarditis 130
Guillain-Barre syndrome G61.0

Negative control outcomes
Benign skin tumor D23
Melanoma in situ D03.9
Tympanic membrane perforation H72

Chronic diseases served as the covariates

Hypertension 110

Diabetes mellitus E08; E09; E10; E11; E13
Dyslipidemia E78

Atopic dermatitis L20

Allergic rhinitis J30

Asthma J45
Hyperthyroidism EO05
Hypothyroidism E03

Hashimoto thyroiditis E06.3

Vitamin D deficiency E55.9

Hepatitis B virus infection B18.0; B18.1; B191
Hepatitis C virus infection B18.2; B19.2
Human immunodeficiency virus infection B20

Abbreviation: ICD-10, International Classification of Diseases, 10th Revision



