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romosome GO category/ #/total OR FDR p value
9 0002286 TCA 17/24 57.99 0
9 0002323 NKCA 17119 202,96 0
19 0002764 IRRSP 35/37 258.04 0
9 0006959 HIR 18/60 10.23 1.40E-08
6 0050778 PRIR 16/36 13.54 2.15E-08
19 0002682 RISP 15/39 921 4.00E-06
20 0045087 IIR 36/485 283 6.69E-05
9 0002250 AIR 25/193 3.56 0.0001
6 0002250 AIR 30/193 312 0.0001
4 0061844 AHIRMAP 14/99 4.15 0.006
8 0002227 TIRM 7127 937 0.009
17 0045087 IR 12/485 037 0.010
17 0061844 AHIRMAP 17/99 299 0.036
12 0061760 AIIR 6/18 8.62 0.045

TCA, T cell activation involved in immune response; NKCA, natural killer cell activation involved in immune response; IRRSP, immune response-regulating signaling pathway; HIR, humoral
immune response; PRIR, positive regulation of immune response; RISP, regulation of immune system process; IIR, innate immune response; AIR, adaptive immune response; AHIRMAP,
antimicrobial humoral immune response mediated by antimicrobial peptide; IIRM, innate immune response in mucosa; AlIR, antifungal innate immune response.
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innate immune response/0045087 14/485 0.81 0.6494
immune response/0006955 8/310 0.72 0.6494
adaptive immune response/0002250 4/193 0.58 0.6494
AHIRMAP/0061844 2/99 0.56 0.6494
activation of innate immune response/0002218 2/32 1.82 0.6494
positive regulation of innate immune response/0045089 2/30 1.95 0.6494
positive regulation of Ig production/0002639 2/28 2.10 0.6494
immunoglobulin mediated immune response/0016064 2/24 248 0.6494
immunological synapse formation/0001771 113 228 0.6494
negative regulation of immune response/0050777 112 248 0.6494
negative regulation of Ig production/0002638 1/8 3.90 0.6494
positive regulation of adaptive immune response/0002821  1/8 3.90 0.6494
regulation of immunoglobulin production/0002637 1/7 456 0.6494
T cell mediated immunity/0002456 1/16 1.82 0.6497
regulation of innate immune response/0045088 1/21 137 0.6521
regulation of immune system process/0002682 1/39 0.72 0.6585
innate immune response in mucosa/0002227 1/27 1.05 0.6617
regulation of immune response/0050776 127 1.05 0.6617
immune response-regulating signaling pathway/0002764  1/37 076 0.6625
humoral immune response/0006959 2/60 0.94 0.6642
positive regulation of immune response/0050778 1/36 0.78 0.6656

AHIRMAP, antimicrobial humoral immune response mediated by antimicrobial peptide.
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Characteristics No systemic autoimmune  Systemic autoimmune  Proportion with systemic P

disease disease autoimmune value'
n = 878 n =152 disease*

Age at positive ANA, years, mean 479 £193 4181215 0.003

+SD

Race % (n)* 026

White 85% (680) 85% (127) 16%

African American 12% (94) 13% (19) 17%

Asian 2% (16) 0% (0) 0%

Native American 0.1% (1) 1% (1) 50%

Other 1% (10) 1% (1) 9%

Ethnicity* 0.13

Hispanic 4% (30) 1% (2) 6%

Not Hispanic or Latino/a 96% (744) 99% (145) 16%

Sex <0.001

Female 70% (612) 84% (127) 17%

Male 30% (266) 16% (25) 9%

ANA titer® 0.002

1:80 21% (186) 11% (16) 8%

> 1:160 79% (692) 90% (136) 16%

White blood cell count®

K/uL, mean + SD 69 £3.4 71£32 0.49

I Platelet count” 229 £96 274 + 113 <0.001
K/uL, mean + SD
Serum creatinine” 12+ 1.0 0.9 +06 <0.001
mg/dL, mean + SD
Ever present autoantibody!!

No 91% (800) 49% (75) 9% <0.001
Yes 9% (78) 51% (77) 50%

[ Total any billing codes, mean + SD 32+62 23 +43 0.02
Count of specific billing codes,’ 0.6 +0.8 09+09 <0.001
mean + SD
Alopecia 2% (16) 3% (5) 24% 024

I Arthritis 23% (203) 40% (61) 23% <0.001
Fatigue 19% (169) 25% (38) 18% 0.10
Interstitial Lung Disease 2% (13) 1% (1) 7% 0.42
Pulmonary Hypertension 1% (9) 1% (2) 18% 0.26
Rash 9% (81) 11% (16) 17% 0.61
Raynaud’s 1% (12) 5% (7) 37% 0.006

I Serositis 4% (34) 4% (6) 15% 0.97
Sicca 0.3% (3) 0% (0) 0% 047

*Overall percentage of individuals with systemic autoimmune disease is 14.8%. P values calculated with excluding missing observations.
‘Mann-Whitney U test for continuous variables and chi-square test for categorical variables.
$Race, ethnicity, and lab values have missing data with 81 (8%) for race, 109 (11%) for ethnicity, 201 (20%) for white blood cell count, 211 (20%) for platelet count, and 210 (20%) for

serum creatine.

SFor ANA titer, up until July 1, 2016, titers were reported as 1:40 (negative), 1:80, and > 1:160. After this date, titers were then reported as 1:40 (negative), 1:80, 1:160, 1:320, 1:640, 1:1280,

and 1:2560.

Ipresence of other autoantibodies included rheumatoid factor, cyclic citrullinated peptide, SSA (Ro), SSB (La), scl-70, centromere, RNP, Smith, dsDNA, ANCA, Jo-1, or any antibody from the

myositis antibody panel.

%See Supplementary Table 4 for full list of ICD-9 and ICD-10-CM billing codes and Supplementary Table 5 for details on scoring. For each individual, we counted if any billing code was ever
present (1 for present, 0 for absent) for each of the nine categories (i.c., arthritis, fatigue) and then summed this up across the nine prespecified billing code categories for a maximum score of nine.
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Predicted Risk of Autoimmune Disease Calculator

Whats the patients gender? What s the patient's age (years)?
O Mae o ] @
L . ® » 2 a I T T
ANAtter

® 1:160 or greater What is the patient's platelet count? Enter 237 if missing.

O 180 a2

Does the patient have another autoantibody in addition to the ANA?* How many relevant ICD codes does the patient have?*

oMo 2

®ves

Estimated risk of Autoimmune Disease

91.7%
‘Shiny Application Developed by:
Ryan Moore, Hark Domerico, Dan Byme.
Disclaimer:

This calcuator has been developed oruse nresearch and has bee etrospectivly evakated at Vanderbit Universiy Medical Center, s t shoud ot be used for generalcirical pacice at this tme. This model s intended o be used as an evidence based foo and does
ot repiace & chmcian's incal udgment

* Antiodes incluse: Rheumatod facor, Cycic cirulinated peptide (CCP), SSA (Ro), SSB (La), Sc70, Centromere, RNP, Smith, sDNA, ANCA, Jo-1, and any antiody from myosits antbody panel

 Relevant ICD code names include: Arhiis (pain injoit, symploms and dsorders of joni), Fatigue,Intersial Lung Disease, Hypertnsion, Rash (dsorde ofskin, dermats due t solar radiaton), Raynauds, Serosis (pricardit, pleuriy, peura effusion), Sicca, and
Alopecia Aull It of D9 and GD-10 codes are avaiable e supplemental oo 4





OPS/images/fimmu.2025.1531390/crossmark.jpg
©

2

i

|





OPS/images/fimmu.2025.1531390/fimmu-16-1531390-g001.jpg


OPS/images/fimmu.2024.1456145/fimmu-15-1456145-g001.jpg
Asymptomatic Pre-clinical

Genetic Risk Clinical SARD

Autoimmunity SARD

Epigenetics

Environmental / \ Immune Inflammation

Factors Dysregulation ====p and Organ
Damage

Microbiomes

Immunomodulatory Therapies

(HCQ for SLE, early biologics)






OPS/images/fimmu.2024.1456145/table1.jpg
Lifestyle Exposure  Disease Associ n  Reported Risk from Select Key References (Cita
Air Pollution RA « HR 131 (95%CI: 0.98-1.74) living near traffic pollution (road) vs. not (24)
SLE « Increases in air pollutants nitrogen dioxide (NO,), carbon monoxide (CO), and fine particles (PM, s)

(HR 1.21 [95% CI: 1.08-1.36], HR 1.44 [95% CI: 1.31-1.59], and HR 1.12 [95% CI: 1.02-1.23],
respectively) (37)

SARD' « OR 1.13 (95%CI: 1.02-1.25) for lowest vs. highest satellite fine particulate air pollution level (38)

Cigarette Smoke RA +  RR 3.8 (95%CI: 2.0-6.9) in current smokers vs. never smokers (39)
« OR 1.65 (95%CI: 1.03-2.64) for >20 versus 0 pack-years) for anti-CCP-positive RA (40)

SLE + OR 150 (95%CI: 1.09-2.08) for current smokers compared with non-smokers (11)
« HR 1.86 (95%CI: 1.14-3.04) for current vs. never smokers for dsDNA+ SLE risk (9)

Diet SLE «  Women in the highest tertile of cumulatively updated dietary ultra-processed food (UPF) intake/day
were at almost 50% greater risk of developing SLE vs. women in the lowest tertile of UPF daily
intake (16)
Hazardous Waste Sites SLE « Exposure to volatile organic compounds (P < 0.05) (26)
Obesity RA « History of obesity (OR 1.24 [95%CI: 1.01-1.53]) (41)
SLE « An85% (HR 1.85 [95%CL: 1.17-2.91]) significantly increased risk of SLE among obese compared to
normal BMI women in the more recent NHSII cohort (12), but not NHS
Organic Solvents, Pesticides = RA « Application of chemical fertilizers (adjusted OR 1.7 [95%CI: 1.1-2.7]) and cleaning with solvents (OR
and Heavy Metal 1.6 [95%CI: 1.1-2.4]) (42)
SLE « Pesticide exposure (adjusted OR 2.24 [95%CI: 1.28-3.93]) (27)

«  Association with SLE risk seen with mercury (OR 3.6 [95%CI: 1.3-10.0]) and mixing pesticides for
agricultural work (OR 7.4 [95%CI: 1.4-40.0]) (43)

SSc « OR 2.9 (95%CI: 1.1-7.6) for solvent organic solvent exposure (male SSc vs controls) (44)
Periodontitis RA « OR 1.16 (95%CI: 1.13-1.21) history of periodontitis (45)
Psychosocial SLE «  Probable PTSD (HR 2.94 [95%CL: 1.19-7.26]) and trauma exposure (HR 2.83 [95%CI: 1.29-6.21]) (19)

« Women with a history of depression vs. no depression (HR 2.67 [95%CI: 1.91-3.75]) (17)

«  Adverse childhood experiences (abuse, neglect, and household challenges) associated with increased risk
of SLE. Exposure to the highest vs. lowest physical and emotional abuse was associated with 2.57 times
greater risk of SLE (95%CI: 1.30-5.12) (46). HR for >2 episodes of severe sexual abuse compared to no abuse
was 2.51 (95%CI: 1.29-4.85) and >5 episodes of severe physical abuse was 2.37 (95%ClI: 1.13-4.99) among
Black women) (20).

Reproductive/ SLE « Pooled RR 1.5 (95%CI: 1.1-2.1) oral contraceptive use and use of postmenopausal hormones RR 1.9
Hormonal Factors (95%CI: 1.2-3.1) (21)
Silica RA « Silica exposed men OR 2.2 (95%CI: 1.2-3.9) among men aged 18 to 70 years and 2.7 (95%ClI: 1.2-5.8)
among those aged 50 to 70 years (47)
SLE +  Medium silica exposure was OR 2.1 (95%CI: 1.1-4.0), high exposure OR 4.6 (95%CL: 1.4-15.4) (25)
Vasculitis «  Overall significant summary effect estimate of silica “ever exposure” with development of AAV (OR

2.56 (95%CI: 1.51-4.36) (48)

SSc + The combined estimator of relative risk for studies in females was 1.03 (95%CI: 0.74-1.44) and was
3.02 (95%CI: 1.24-7.35) for males (49).

Sleep Deprivation SLE « HR 247 (95%CI: 1.29-4.75) for chronic low sleep duration (<5 hours/night versus >7-8 hours) (18)

UV Radiation SLE « History of more than one serious sunburn before the age of 20 years (OR 2.2, 95%Cl: 1.2-4.1) and
sunburn-susceptible skin type (OR 2.9, 95%CI: 1.6-5.1) (32)

Viruses SLE « Epstein-Barr virus serologic reactivation among unaffected SLE relatives (viral capsid antigen IgG OR
128 [95%CI: 1.07-1.53], p=0.007 and early antigen IgG OR 143 [95%CI: 1.06-1.93], p=0.02) (36)

SARD « Higher risk of RA (adjusted HR (aHR) 2.98 [95%ClI: 2.78-3.20]), SLE (aHR 2.99 [95%CI: 2.68-3.34]),
dermatopolymyositis (aHR 1.96 [95%CI: 1.47-2.61]), SSc (aHR 2.58 [95%ClI: 2.02-3.28]), SjD (aHR 2.62
[95%ClI: 2.29-3.00]), mixed connective tissue disease (aHR 3.14 [95%CI: 2.26-4.36]), Behget's disease
(aHR 2.32 [95%ClI: 1.38-3.89]), polymyalgia rheumatica (aHR 2.90 [95%CI: 2.36-3.57]), and vasculitis
(aHR 1.96 [95%ClI: 1.74-2.20]) among COVID-19 vs. non-COVID-19 exposed unvaccinated
individuals (50).

AAV, anti-neutrophil cytoplasmic autoantibody (ANCA)-associated vasculitis; CI, confidence interval; CCP, cyclic citrullinated peptide; HR, hazard ratio; NHSIL Nurses’ Health Study Cohort 2; OR,
odds ratio; RA, theumatoid arthritis; RR, relative risk; SARD, systemic autoimmune rheumatic diseases; SjD, Sjogren disease; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; UV, ultraviolet.
1. SARD included systemic lupus erythematosus, Sjogren's disease, scleroderma, polymyositis, dermatomyositis, or undifferentiated connective tissue disease.
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RP11-46A10.4;

UDMR 1 chrl 180922636 180923341 RP11-46A105 4 1.38E-05 ¢g00579423 0.09 0.37 0.46
UDMR 2 chrl0 99338056 99338241 ANKRD2 4 1.75E-04 €g27469738 -0.11 0.26 0.17
UDMR 3 chr10 52008360 52008906 ~ ASAH2 4 6.45E-03 €g24123634 -0.07 -0.02 -0.11
UDMR 4 chr12 2943902 2944481 NRIP2; ITFG2 4 7.06E-03 cg02852959 -0.15 0.19 0.04
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RP11-1007024.3
UDMR 9 chr19 45206843 45207560 CEACAM16 4 2.78E-02 €g24091949 -0.09 -0.04 -0.13
UDMR 10 chrl9 2250901 2251068 AMH 4 2.83E-02 €g23218559 -0.18 0.38 0.21
UDMR 11 chr18 7567426 7568266 PTPRM 5 3.44E-02 cg05870479 0.09 0.04 0.11
UDMR 12 chrl5 = 85524778 85525674 = PDESA 4 4.02E-02 €g02839273 0.05 0.05 0.13
UDMR 13 chr2 85765644 85766105 = MAT2A 4 4.39E-02 €g06978067 0.08 0.05 0.13
UDMR 14 | chrl9 = 48048129 = 48049234 = ZNF541 4 4.90E-02 €g22341310 -0.12 0.17 0.06
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UDMR 19 chr3 38206610 38207525 ~ OXSR1 4 8.20E-02 cg19728055 0.07 0.05 0.11
UDMR 20 chr10 14372431 14372914 FRMD4A 5 8.45E-02 ¢g05755354 -0.16 -0.02 -0.18
UDMR 21 chr8 145550361 145551157  DGATI1 5 8.72E-02 cgl1127482 0.06 0.04 0.11
UDMR22  chrll = 128693473 = 128694916 = FLII*; KCNJ1* 9 9.44E-02 €g15509024 -0.12 -0.09 -0.18

DMRs limited to regions with a minimum of 4 probes and direction of pairwise comparison was consistent across all probes in the region.

Chr., chromosome.

Start/Stop, DMR start and stop position.

Sidak Adj. Region P, regional p value corrected for multiple testing based on number similarly sized regions possible based on genomic coverage in the DMR analysis

Leading CpG site = most significant DMP within the region

Gene, Gene annotation from the Illumina manifest file, based on UCSC reference genes mapped to CpG sites within DMR and/or genes mapped to CpG sites within known regulatory regions, if
gene was not annotated within the Illumina manifest file, noted with *gene name based on closest transcription start site.

*R, reverters; P, progressors; M, maintainers, Median effect size across the region representing difference in methylation M values between groups.
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Overall COVID-19 No COVID-19 p-Value

N = 3,908,592 n = 1,954,296 n = 1,954,296
Age (years) at index 487 +17.9 487 +17.9 487 +17.9 >0.99
Sex, n (%)

Female 2,253,498 (57.7%) 1,126,749 (57.7%) 1,126,749 (57.7%) >0.99
Male 1,654,160 (42.3%) 827,080 (42.3%) 827,080 (42.3%) >0.99
Unknown 934 (<1%) 467 (<1%) 467 (<1%) >0.99

Race, n (%)
White ( 2,171,935 (55.6%) [ 1,139,355 (58.3%) 1,032,581 (52.8%) <0.001
Black/African American 516,815 (13.2%) 280,842 (14.4%) 235,973 (12.1%) <0.001
Asian 94,208 (2.4%) 42,225 (2.2%) 52,073 (2.7%) <0.001
American Indian, Alaskan Native 13,447 (0.3%) 7,038 (0.4%) 6,409 (0.3%) <0.001
Pacific Islander 4,947 (0.1%) 2,654 (0.1%) 2,293 (0.1%) <0.001
Unknown 1,107,149 (28.3%) 482,182 (24.7%) 624,967 (32%) <0.001

Ethnicity, n (%)

Not Hispanic/Latino 2,133,897 (54.6%) 1,143,516 (58.5%) 990,381 (50.7%) <0.001
Hispanic/Latino 296,358 (7.6%) 171,282 (8.8%) 125,076 (6.4%) <0.001
Unknown 1,478,337 (37.8%) 639,498 (32.7%) 838,839 (42.9%) <0.001

Groups are matched by propensity score. Propensity scoring included age, male sex, and female sex. People with any prevalent autoimmune diseases prior to or within 1 month after the index
date were excluded prior to propensity score matching. Values shown are mean + standard deviation for continuous variables and frequency (column percent) for categorical variables.
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Methylation DMR Information Cis-Gene Expression Information

DMR DMR DMR N Gene Gene Gene
Chr. Ensembl ID = Strand Corr* FDR
ID Start Stop Probes Symbol Start End
ADMR 1 20 57426538 57427974 29 GNAS ENSG00000087460 1 57414773 57486247 0.559 0.0667
ADMR1 20 57426538 57427974 29 ATPSE ENSG00000124172 -1 57600522 57607437 | 0557 | 0.0667

DNAm levels for all probes identified in the DMR analysis (Tables 1, 2) were included in a PCA. We then tested the association between the 1st PC and RNA seq data from overlapping visit at the
post-SV visit. Only significant cis (TSS +/- 500KB of midpoint of DMR) expression quantitative trait methylation (cis-eQTM) associations are presented.

*Spearman correlation coefficient.

Chr., chromosome.

DMR Start/End, DMR start and end position.

Gene Start/End, Gene start and end positions (based on annotation file for GEO, GSE50244).

Beta, beta coefficient from linear regression model (adjusted for age and sex) representing association between Ist PC from DNAm probes in each DMR and islet cell pancreas expression.
FDR, Benjamini-Hochberg FDR adjusted p value.
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DMR DMR Standardized FDR Adij.

Chr. Start Stop Metabolite Namet Beta PIale
ADMR 2 chr20 36148604 36149751 TG (49:2) 0.320 0.0992
TG (53:2) 0411 0.0121
Phosphatidylcholine (33:1) 0.361 0.0469
TG (53:3) 0.353 0.0627
PE (38:4) 0.339 0.0826
TG (49:2) 0.330 0.0948
ADMR 5 chril 1296469 1297386
TG (47:0) 0329 0.0952
TG (51:3) 0.327 0.0954
PC (33:1) 0.327 0.0954
Phosphatidylcholines (35:1) 0.325 0.0954
TG (53:1) 0.320 0.0992
Phosphatidylcholine (35:4) 0.438 0.0078
Phosphatidylcholines (33:1) 0.404 0.0121
Phosphatidylcholines (33:0) 0.403 0.0121
Phosphatidylcholines (33:1) 0.402 0.0121
Phosphatidylcholines (35:3) 0.396 0.0138
LPC (15:0) 0.393 0.0139
Phosphatidylcholines (38:5) 0.375 0.0527
Phosphatidylcholines (33:2) 0.366 0.0445
Phosphatidylcholines (35:4) 0.365 0.0445
ADMR.5 chus | 170597377 | 170597899 Phosphatidylcholines (31:0) 0.350 0.0647
Phosphatidylcholines (35:1) 0.347 0.0647
Phosphatidylcholines (36:3) 0.347 0.0647
TG (49:3) 0.332 0.0940
Phosphatidylcholines (33:2) 0.332 0.0940
Phosphatidylcholines (36:3) B 0.325 0.0954
Phosphatidylcholines (37:6) 0.324 0.0954
Phosphatidylcholines (35:1) 0.323 0.0975
ADMR 9 chr6 28945322 28945493 P}ggf’;:i?;jjz;(;:zzi)m 0.345 0.0662

DNAm levels for all probes identified in the DMR analysis (Tables 1, 2) were included in a PCA. We then tested the association between the 1st PC changes in metabolites between the pre- and
post-SV visits.

Chr., chromosome.

DMR Start/End, DMR start and end position.

Gene Start/End, Gene start and end positions (based on annotation file for GEO, GSE50244).

Standardized Beta, beta coefficient from linear regression model testing the association between change in DNAm and change in metabolites pre-SV vs post-SV. The slopes have been
standardized to represent a 1 stdev change in metabolite per 1 standard deviation change in DNAm regional PC levels.

EDR Adj. P value, Benjamini-Hochberg FDR adjusted p value.

"See Appendix 5 (Data Sheet 5) (Tables D, E) for complete annotation for all metabolites included in Table 5.
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Any Autoimmune Disease
Cutaneous Vasculitis

Polyarteritis Nodosa L * »  1.76 (1.15-2.70)
Hypersensitivity Angiitis - > 1.64 (1.12-2.38)
Diabetes Mellitus Type 1 —eo—i 1.38 (1.31-1.46)
Mixed Connective Tissue Disease i 1.36 (1.22-1.51)
Ulcerative Colitis —e—i 1.25 (1.15-1.35)
Psoriasis —e—i 1.23 (1.17-1.30)
Autoimmune Thyroiditis —e— 1.10 (1.03-1.18)
CNS Arteritis > P 2.00 (0.94-4.27)
Reactive Arthritis * #  1.80 (0.83-3.90)
ANCA-Associated Vasculitis *- d 1.33 (0.99-1.79)

1.10 (0.99-1.23)
1.08 (0.94-1.24)
1.01 (0.90-1.14)
1.01 (0.92-1.11)
0.99 (0.78-1.27)
0.95 (0.90-1.00)
0.94 (0.80-1.10)
0.94 (0.76-1.15)
0.93 (0.75-1.14)
0.82 (0.41-1.67)

Celiac Disease
Polymyalgia Rheumatica
Sarcoidosis

Sjogren's Syndrome
Idiopathic Inflammatory Myopathies
Rheumatoid Arthritis

Axial or Peripheral Spondylitis
Autoimmune Hepatitis
Systemic Sclerosis

Adult Onset Still's Disease

Graves' Disease —e— 0.88 (0.80-0.97)
Systemic Lupus Erythematosus 0.88 (0.80-0.97)
Crohn's Disease 0.84 (0.76-0.92)

0.5 1 15 2

Adjusted Risk Ratio for Autoimmune Disease Within One Year After COVID-19 Diagnosis Vs. No COVID-19 Diagnosis
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Overall COVID-19 No COVID-19 Adjusted risk ratio

N = 3,908,592 n = 1,954,296 n = 1,954,296 (95% Cl)

Any autoimmune disease 31,052 (0.794%) 16,199 (0.829%) 14,853 (0.760%) 1.09 (1.07-1.12)

Autoimmune diseases more likely after COVID-19

Cutaneous vasculitis 674 (0.017%) 435 (0.022%) 239 (0.012%) 1.82 (1.55-2.13)
Polyarteritis nodosa 91 (0.002%) 58 (0.003%) 33 (0.002%) 1.76 (1.15-2.70)
Hypersensitivity angiitis 116 (0.003%) 72 (0.004%) 44 (0.002%) 1.64 (1.12-2.38)

Type 1 diabetes mellitus 5,014 (0.128%) 2,908 (0.149%) 2,106 (0.108%) 1.38 (1.31-1.46)
Mixed connective tissue disease 1,407 (0.036%) 811 (0.041%) 596 (0.030%) 1.36 (1.22-1.51)
Ulcerative colitis 2,447 (0.063%) 1,359 (0.070%) 1,088 (0.056%) 1.25 (1.15-1.35)

Psoriasis 5,690 (0.146%) 3,137 (0.161%) 2,553 (0.131%) 1.23 (1.17-1.30)

Autoimmune thyroiditis 3,625 (0.093%) 1,902 (0.097%) 1,723 (0.088%) 1.10 (1.03-1.18)

Autoimmune diseases less likely after COVID-19

Graves’ disease 1,524 (0.039%) 713 (0.036%) 811 (0.041%) 0.88 (0.80-0.97)

Systemic lupus erythematosus 1,596 (0.041%) 746 (0.038%) 850 (0.043%) 0.8 (0.80-0.97)
Crohn'’s disease 1,737 (0.044%) 792 (0.041%) 945 (0.048%) 0.84 (0.76-0.92)

Autoimmune diseases with no associated increased or decreased risk after COVID-19

CNS arteritis 30 (0.001%) 20 (0.001%) <10 (0.001%) 2.00 (0.94-4.27)

Reactive arthritis 28 (0.001%) 18 (0.001%) <10 (0.001%) 1.80 (0.83-3.90)

ANCA associated vasculitis 177 (0.005%) 101 (0.005%) 76 (0.004%) 1.33 (0.99-1.79)
Celiac disease 1,313 (0.034%) 689 (0.035%) 624 (0.032%) 1.10 (0.99-1.23)

Polymyalgia rheumatica 834 (0.021%) 433 (0.022%) 401 (0.021%) 1.08 (0.94-1.24)
Sarcoidosis 1,129 (0.029%) 568 (0.029%) 561 (0.029%) 1.01 (0.90-1.14)

Sjégren’s syndrome 1,811 (0.046%) 910 (0.047%) 901 (0.046%) 1.01 (0.92-1.11)
Idiopathic inflammatory myopathies 261 (0.007%) 130 (0.007%) 131 (0.007%) 0.99 (0.78-1.27)
Rheumatoid arthritis 5,618 (0.144%) 2,740 (0.140%) 2,878 (0.147%) 0.95 (0.90-1.00)

Axial or peripheral spondylitis 616 (0.016%) 298 (0.015%) 318 (0.016%) 0.94 (0.80-1.10)
Autoimmune hepatitis 370 (0.009%) 179 (0.009%) 191 (0.010%) 0.94 (0.76-1.15)
Systemic sclerosis 358 (0.009%) 172 (0.009%) 186 (0.010%) 0.93 (0.75-1.14)

Adult-onset Still's disease 31 (0.001%) 14 (0.001%) 17 (0.001%) 0.82 (0.41-1.67)

Groups are matched by propensity score. Propensity scoring included age, male sex, and female sex. People with any prevalent autoimmune diseases prior to or within 1 month after the index
date were excluded from this analysis prior to propensity score matching.
CNS, central nervous system; ANCA, anti-neutrophil cytoplasmic antibodies.
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Pre-Islet Autoimmunity Visit

Maintainer n=60

Median
| Freq

IGR | %

Progressor n=42

Median
| Freq

[el:]

Reverter n=41

Median
| Freq

IGR | %

Age at Visit, median (IQR) 57 1497 22 0853 60 1384 0.0079
CDST, median (IQR) 13.3% 9.4-16.6% 14.6% 118-15.9% 122% 9.7-16.1% 0.3864
CDAT, median (IQR) 220% 156-26.1% 23.4% 17.3-31.8% 193% 16.1-25.5% 0.1959
NK, median (IQR) 14% 0.0-4.7% 0.0% 0.0-1.5% 13% 0.0-3.1% 0.0653
Beell, median (IQR) 15.3% 106-18.5% 17.9% 13.4-22.6% 14.9% 102-19.7% 0.1599
Mono, median (IQR) 83% 6.9-103% 7.5% 52-94% 7.6% 62-9.5% 0.3390
Gran, median (IQR) 38.5% 30.6-50.9% 35.5% 24.7-44.6% 128% 32.0-52.0% 0.2205
Post-Islet Autoimmunity Visit
Age at Visit, median (IQR) 80 52113 49 2494 7.1 3.1-100 0.0087
CDST, median (IQR) 11.8% 9.5-15.6% 14.6% 113-167% 123% 8.9-164% 0.1183
CDAT, median (IQR) 17.6% 13.1-22.1% 21.7% 17.3-26.9% 17.6% 13.0-21.7% 0.0061
NK, median (IQR) 27% 00-6.0% 0.0% 0.0-35% 13% 00-4.1% 0.0018
Beell, median (IQR) 11.2% 8.6-150% 165% 12.7-19.7% 13.1% 8.3-167% 0.0011
Mono, median (IQR) 9.1% 7.8-10.8% 7.8% 48-93% 8.5% 7.0-10.1% 0.0293
Gran, median (IQR) 146.0% 39.6-52.7% 37.9% 28.6-44.4% 47.8% 38.4-53.6% 0.0025
?::'g:;‘"“ic White Fthnicity, 23 717% 38 90.5% 29 707% 0.0458
Female Sex, freq (%) 3 56.7% 19 452% 21 51.2% 0.5224
::(I:)M High Risk Genotype, 16 26.7% 19 45.2% 10 244% 0.0711
First Degree Relativeiwithi Ty 38 63.3% 25 59.5% 19 16.3% 0.2242

freq (%)

IQR, interquartile range; CDST, cytotoxic T cells; CDAT, T helper cells; NK, natural killer T cells; Mono, monocytes; Gran, granulocytes.
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Positive =~ Negative or Adjusted

ANA no ANA risk ratio
n =991 n =991 (95% CI)
Any 119 <10 (1.009%) 11.90
autoimmune disease (12.000%) (6.28-22.55)
Systemic 28 (2.825%) 0 (0%) -
lupus erythematosus
Rheumatoid arthritis 32 (3.229%) <10 (1.009%) 3.20 (1.58-6.47)
Mixed connective 19 (1.917%) 0 (0%) -

tissue disease

Sjogren’s syndrome 17 (1.715%) 0 (0%) -

Cutaneous vasculitis <10 0 (0%) -
(1.009%)

Hypersensitivity <10 0 (0%) -

angiitis (1.009%)

Autoimmune <10 0 (0%) -
thyroiditis (1.009%)

Graves’ disease <10 0 (0%) -
(1.009%)
Crohn’s disease <10 0 (0%) -
(1.009%)
Celiac disease <10 0 (0%) - ‘
(1.009%)
Polymyalgia <10 0 (0%) -

rheumatica (1.009%)

Idiopathic <10 0 (0%) -
inflammatory (1.009%)
myopathies
Autoimmune hepatitis <10 0 (0%) -
(1.009%)
Systemic sclerosis <10 0 (0%) -
(1.009%)
Type 1 <10 <10 (1.009%) 1 (0.42-2.39)
diabetes mellitus (1.009%)
Ulcerative colitis <10 <10 (1.009%) 1 (0.42-2.39)
(1.009%)
Psoriasis <10 <10 (1.009%) 1 (0.42-2.39)
(1.009%)
Sarcoidosis <10 <10 (1.009%) 1 (0.42-2.39)
(1.009%)
Axial or <10 <10 (1.009%) 1 (0.42-2.39)

peripheral spondylitis (1.009%)

Polyarteritis nodosa 0 (0%) 0 (0%) -
CNS arteritis 0 (0%) 0 (0%) -
Reactive arthritis 0 (0%) 0 (0%) -
ANCA 0 (0%) ‘ 0 (0%) -

associated vasculitis

Adult-onset 0 (0%) 0 (0%) -
Still’s disease

Groups are matched by propensity score. Propensity scoring included age, male sex, and
female sex. People with any prevalent autoimmune diseases or positive ANA test prior to or
within 1 month after the index date were excluded from this analysis prior to propensity
score matching.

ANA, antinuclear antibody; CNS, central nervous system; ANCA, anti-neutrophil
cytoplasmic antibodies.
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Sidak Adj. Leading Slope  Slope  Slope Median Median Median

Citr Region P CpGSite ~ %R* | %P*  %Mr  SlopeRi  SlopePt  Slope Mt

GNAS; GNASAS;

ADMR1 | chi20 | 57426538 57427974 oo 2 833E-05 26196204 69% 100% 100% 001 003 -005
ADMR2 | chi20 | 36148604 36149751 = BLCAP; NNAT 30 1L37E-04 g24675557 100% 80% 80% 005 002 002
ADMR3 | chrl | 75198582 75199118 :‘;‘:‘:Jlf;‘;i s 340E-03 g00121533 100% 88% 100% 0.06 004 008
ADMR4 | chri4 | 101291068 101293727 MEG3 2 674E-03 cg14034270 96% 85% 100% 002 002 -002
ADMRS | chril | 1296469 1297386 TOLLIP 7 LSIE-02 <g11095027 86% 57% 100% 003 003 -007
ADMRG | chrls | 91473059 91473570 UNCi5A 8 200802 g03291024 75% 100% 100% 001 009 009
ADMR7 | chrs | 1245669 126292 SLC6AIS 1 33802 cg09075844 100% 100% 100% 003 003 -006
ADMRS | chr6 | 170597377 170597899 DLLI 4 3.66E-02 g05228964 50% 100% 100% <001 010 004
ADMR9 | chr6 | 28945322 28945493 RNSLA7IP} 4 609E-02 <g10919664 100% 100% 100% 0.07 006 016
ADMR10 | chr6 = 27647713 27648355 RPL-ISD7.15 1 7.1E-02 g25106913 75% 75% 100% <001 006 005
ADMR1L | chr5 | 1867978 1868694 IRX4# 6 871E-02 gl4773178 83% 100% 100% 0.04 008 008

DMRs limited to regions with a minimum of 4 probes and 100% of within group slopes in the same direction for one or more groups.
Chr., chromosome.

Start/Stop, DMR start and stop position.

Gene, Gene annotation from the Illumina manifest file,based on UCSC reference genes mapped to CpG sites within DMR and/or genes mapped to CpG sites within known regulatory regions,if gene was not annotated within the Illumina manifest file, noted with *, gene
name based on closest transcription start site.

Leading CpG site, most significant DMP within the region.

Sidak Adj. Region P, regional p value corrected for multiple testing based on mumber similarly sized regions possible based on genomic coverage in the DMR analysis.

“R reverters; P, progressors; M, maintainers, Percent of within group slopes (Pre-SV vs Post-SV) in the same direction (hypo (=) or hyper (+) methylation) across all the probes included in the DMR.

*Median slope (Pre-SV vs Post-SV) across all probes included in the DMR for cach group, (+) values indicate increasing DNAm (-), indicate decreasing DNAm.
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All (controls n= 71,884, JIA Boys (controls n= Girls (controls n 00, JIA
cases n= 217) JIA cases n= 78) cases n= 139)

Unadjusted OR aOR? Unadjusted OR Unadjusted OR aOR?®
(95% Cl) (95% ClI) (95% Cl) (95% Cl) (95% Cl) (95% Cl)

High total fish intake

<90™ percentile Ref Ref Ref Ref Ref Ref
290" percentile (2423.5 102 102 178 180 0.63 0.63
grams/week) (0.65-1.58) (0.65-1.59) (098-3.23) (098-331) (0.32-124) (032-124)

High lean/semioily fish intake

<90™ percentile Ref Ref Ref Ref Ref Ref
290™ percentile (2249.5 1.50 1.51 213 2.07 118 121
grams/week) (1.03-2.20) (1.02-2.22) (1.21-3.75) (1.17-3.66) (0.70-1.99) (0.72-2.06)

High oily fish intake

<90™ percentile Ref Ref Ref Ref Ref Ref
>90™ percentile (2156 0.81 0.80 145 1.36 0.49 0.49
grams/week) (0.50-1.32) (0.49-131) (0.76-2.74) (0.71-2.62) (0.23-1.04) (0.23-1.06)

High shellfish intake

<90™ percentile Ref Ref Ref Ref Ref Ref
>90" percentile (265 112 114 1.83 1.86 0.76 0.78
grams/week) (0.73-1.71) (0.74-1.74) (1.01-3.33) (1.02-3.38) (0.41-1.41) (0.42-1.44)

High seafood intake

<90™ percentile Ref Ref Ref Ref Ref Ref
>90" percentile (2492 091 0.92 1.62 1.64 0.56 0.55
grams/week) (0.58-1.49) (0.57-1.46) (0.87-3.00) (0.88-3.07) (0.27-1.13) (0.27-1.14)

“Adjusted for maternal age, education, pre-pregnancy BMI, parity, daily caloric intake, history of inflammatory rheumatic disease in mother, parental smoking status during pregnancy and
supplement use during pregnancy. When lean/semioily fish is the main exposure, it is also adjusted for oily fish intake, and vice-versa. Bold text indicates statistically significant results.
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Exposure PRS group? aORP (95% Cl)

High total fish Low 2.26 (1.08-4.71)
High 0.75 (0.38-1.49)
High lean/semioily fish Low 2.23 (1.06-4.66)
High 1.14 (0.63-2.05)
High oily fish Low ‘ 0.65 (0.20-2.11)
High 0.84 (0.43-1.61)
High shellfish Low 1.65 (0.74-3.71)
High 1.38 (0.81-2.36)
High seafood Low 1.67 (0.74-3.77)
High 0.82 (0.43-1.58)

“The standardized PRS was converted into a binary variable with cut-off at 0, of which the PRS
<0 was regarded as “low”, whereas the PRS >0 was regarded as “high”.

®Adjusted for: maternal age, education, pre-pregnancy BMI, parity, daily caloric intake,
parental smoking status during pregnancy, supplement use during pregnancy, high PRS and
PCs 1-10. When lean/semioily fish is the main exposure, it is also adjusted for oily fish intake,
and vice-versa. (controls n= 51,642, JIA cases n= 162).

Bold text indicates statistically significant results.
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All (controls n= 71,884, JIA Boys (controls n= 36,784 and = Girls (controls n= 35,100, JIA

cases n= 217) JIA cases n= 78) cases n= 139)
Unadjusted OR  aOR® Unadjusted OR  aOR® Unadjusted OR  aOR®
(95% CI) (95% Cl) (CLy74el)] (95% ClI) (95% ClI) (95% ClI)
Mercury
<90™ percentile Ref Ref Ref Ref Ref Ref
>90" percentile (20.3 ug/kg 091 0.92 117 122 0.77 0.76
bw/week) (0.58-1.45) (0.57-1.46) (0.58-2.35) (0.60-2.48) (0.42-1.44) (0.41-1.42)
Cadmium
<90™ percentile Ref Ref Ref Ref Ref Ref
>90™ percentile (>2.1 ug/kg 1.39 142 147 1.51 135 1.36
bw/week) (0.94-2.06) (0.94-2.14) (0.78-2.79) (0.77-2.99) (0.82-2.21) (0.80-2.29)

Dioxins and dioxin-like (dl) compounds

<90™ percentile Ref Ref Ref Ref Ref Ref
>90™ percentile (27.5 pg 0.86 0.83 146 145 0.56 0.52
TEQ/kg bw/week) (0.54-1.38) (0.51-1.34) (0.77-2.77) (0.74-2.82) (0.27-1.14) (0.25-1.08)

Non-dioxin-like PCBs (PCB-153)

<90™ percentile Ref Ref Ref Ref Ref Ref
290™ percentile (213.2 pg/kg 0.91 0.90 1.03 1.02 085 0.83
bw/week) (0.58-1.45) (0.56-1.43) (0.49-2.14) (0.48-2.14) (0.47-1.54) (0.46-151)

“Contaminants were estimated by combining consumption data from the FFQ with concentrations of contaminants in Norwegian food.
PAdjusted for maternal age, education, pre-pregnancy BMI, parity, daily caloric intake, history of inflammatory rheumatic disease in mother, parental smoking status during pregnancy,
supplement use during pregnancy and the child’s birth year.
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- FFQ missing or not
available (n=25,255)°
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<4.5MJ (n=1,370)

- Missing values from
covariates (n=14,366)

- Uncertain JIA cases® (n =
386)
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ICD-10 code of JIA (22
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(n=217)

Controls with genotype
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JIA cases with genotype
data (n=162)
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Alcohol RA « HR0.78 (95%CI: 0.61-1.00) for alcohol use of 5.0-9.9 gm/day (51)

SLE « HR0.65 [95%CI: 0.45-0.96] among women who drank 2 or more servings of wine had significantly
decreased SLE risk compared to women who did not drink wine (13)

Diet RA « HR0.67 (95%CI: 0.51-0.88) among women aged <55 years, better quality diet was associated with
lower RA risk, particularly seropositive RA (52)

Exercise SLE + Regular exercise (performing at least 19 metabolic equivalent hours of exercise per week) assessed with
other healthy behaviors (never or past smoker, healthy diet, moderate alcohol consumption, healthy body
weight) was associated with a 19% reduction in SLE risk per additional healthy behavior, such that
women with four or more healthy lifestyle factors had the lowest risk (HR 0.42 [95%ClI: 0.25-0.70]) (53).

RA « Similar to the SLE study above, a lower risk of RA was also observed with a healthier lifestyle
including regular exercise, i.e., women with five healthy lifestyle factors had the lowest risk (HR 0.42 [95%
CI: 0.22-0.80]) (54).

Reproductive/ RA « RR 0.8 (95%C: 0.6-1.0) for breastfeeding for 2-23 total months (55)
Hormonal Factors

Vitamin D SARD! « Vitamin D 20001U daily supplementation was associated with a 22% reduction in the development of
autoimmune disease (HR 0.78 [95% CI: 0.61, 0.99], P=0.05) (56).

CI, confidence interval; HR, hazard ratio; RA, rheumatoid arthritis; RR, relative risk; SARD, systemic autoimmune theumatic diseases; SLE, systemic lupus erythematosus; 1. This included RA,
polymyalgia rheumatic, autoimmune thyroid disease, psoriasis, inflammatory bowel disease, and many others (e.g., SLE, systemic sclerosis).





