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Summary
Background There are a growing number of case reports of various autoimmune diseases occurring after COVID-19,
yet there is no large-scale population-based evidence to support this potential association. This study provides a closer
insight into the association between COVID-19 and autoimmune diseases and reveals discrepancies across sex, age,
and race of participants.

Methods This is a retrospective cohort study based on the TriNetXU.S. Collaborative Network. In the test-negative design,
cases were participants with positive polymerase chain reaction (PCR) test results for SARS-CoV-2, while controls were
participants who tested negative and were not diagnosed with COVID-19 throughout the follow-up period. Patients
with COVID-19 and controls were propensity score-matched (1: 1) for age, sex, race, adverse socioeconomic status,
lifestyle-related variables, and comorbidities. The primary endpoint is the incidence of newly recorded autoimmune
diseases. Adjusted hazard ratios (aHRs) and 95% confident intervals (CIs) of autoimmune diseases were calculated
between propensity score-matched groups with the use of Cox proportional-hazards regression models.

Findings Between January 1st, 2020 and December 31st, 2021, 3,814,479 participants were included in the study
(888,463 cases and 2,926,016 controls). After matching, the COVID-19 cohort exhibited significantly higher risks of
rheumatoid arthritis (aHR:2.98, 95% CI:2.78–3.20), ankylosing spondylitis (aHR:3.21, 95% CI:2.50–4.13), systemic
lupus erythematosus (aHR:2.99, 95% CI:2.68–3.34), dermatopolymyositis (aHR:1.96, 95% CI:1.47–2.61), systemic
sclerosis (aHR:2.58, 95% CI:2.02–3.28), Sjögren’s syndrome (aHR:2.62, 95% CI:2.29–3.00), mixed connective
tissue disease (aHR:3.14, 95% CI:2.26–4.36), Behçet’s disease (aHR:2.32, 95% CI:1.38–3.89), polymyalgia
rheumatica (aHR:2.90, 95% CI:2.36–3.57), vasculitis (aHR:1.96, 95% CI:1.74–2.20), psoriasis (aHR:2.91, 95%
CI:2.67–3.17), inflammatory bowel disease (aHR:1.78, 95%CI:1.72–1.84), celiac disease (aHR:2.68, 95%
CI:2.51–2.85), type 1 diabetes mellitus (aHR:2.68, 95%CI:2.51–2.85) and mortality (aHR:1.20, 95% CI:1.16–1.24).

Interpretation COVID-19 is associated with a different degree of risk for various autoimmune diseases. Given the
large sample size and relatively modest effects these findings should be replicated in an independent dataset. Further
research is needed to better understand the underlying mechanisms.
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Research in context

Evidence before this study
We searched PubMed for publications without language
restriction, published before September 30th, 2022, using
search terms "SARS-CoV-2" or "COVID-19," and "Autoimmune
Diseases," or “Arthritis, Rheumatoid,” ”Spondylitis,
Ankylosing,” “Lupus Erythematosus, Systemic,”
"Dermatomyositis," "Scleroderma, Systemic," "Sjogren’s
Syndrome," "Mixed Connective Tissue Disease," "Behcet
Syndrome," "Polymyalgia Rheumatica," "Vasculitis,"
"Psoriasis," "Inflammatory Bowel Diseases," "Celiac Disease,"
or "Diabetes Mellitus, Type 1," with search terms found in
abstract, title or MESH headings. A number of studies
reported various autoimmune diseases occurring after
coronavirus disease 2019 (COVID-19), yet there is no large-
scale population-based evidence to support this potential
association.

Added value of this study
We conducted this propensity score-matched cohort study to
investigate the epidemiological relationship between COVID-
19 and autoimmune diseases, using the data from the US
Collaborative Network in TriNetX. Our findings showed that

the COVID-19 cohort exhibited significantly higher risks of
rheumatoid arthritis, ankylosing spondylitis, systemic lupus
erythematosus, dermatopolymyositis, systemic sclerosis,
Sjögren’s syndrome, mixed connective tissue disease, Behçet’s
disease, polymyalgia rheumatica, vasculitis, psoriasis,
inflammatory bowel disease, celiac disease, type 1 diabetes,
and mortality, versus those without COVID-19. We further
conducted subgroup analyses to determine the different risks
of autoimmune diseases in COVID-19 patients based on age,
sex, race, and disease severity. Sensitivity analyses were also
performed and presented generally similar results globally.

Implications of all the available evidence
At the 6-month follow-up period, the risk of various
autoimmune diseases is substantially higher in COVID-19
individuals than in non-COVID controls after accounting for
competing risk of death. Given the large sample size and
relative moderate intensity of the effects, this study should be
replicated in other independent dataset from different
countries to objectively examine the role of SARS-CoV-2
infection in triggering or causing autoimmune diseases.
Introduction
Autoimmune diseases, which are the third leading
cause of morbidity in the industrialised world, afflict
tens of millions in the United States. The idea that
viruses can trigger autoimmunity in those with genetic
predisposition through molecular mimicry has been
simmering for a while.1,2 Viruses have been shown to
have the potential to play a role in provoking and
modifying the clinical manifestations of several auto-
immune diseases,3 such as coxsackie virus in type 1
diabetes,4 coronaviruses in rheumatoid arthritis,5 and
Epstein–Barr Virus in systemic autoimmune diseases.6

However, obtaining conclusive evidence of a connec-
tion between viral infection and subsequent autoim-
mune diseases is challenging, not only because it is
frequently impossible to extract the virus from
diseased tissues, but also because the collection of
sufficient amounts of epidemiological evidence is
constrained by lengthy process and geographic dis-
tances. Since the coronavirus disease 2019 (COVID-19)
pandemic began in 2020, millions of people had suf-
fered this acute infection around the same time, which
provided researchers with knowledge to establish a
stronger connection between the specific virus and
autoimmune diseases. Meanwhile, COVID-19 has
been reported to present immunological features that
resemble those of autoimmune diseases, such as over-
activation of mature natural killer cells, CD8+ T cells,7

and dysregulation of B cells and T cells.8 Also, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) may lead to dysregulation of immune response and
increased inflammatory cytokines, such as tumor ne-
crosis factor (TNF)-α, interleukin (IL)-1 and IL-6.9

Cases of autoimmune diseases following SARS-CoV-2
infection have been reported.10 The incidence of
Kawasaki-like disease (now recognized as multisystem
inflammatory syndrome in children, MIS-C) has been
observed to increase during the COVID-19
epidemic.11,12 Some case reports showed the develop-
ment of Guillain-Barré syndrome after a SARS-CoV-2
infection.13,14 Cases of systemic lupus erythematosus
and psoriasis triggered by COVID-19 had also been
reported.15–17 However, no large-scale study had
assessed whether COVID-19 survivors have an
increased risk of new-onset autoimmune diseases
compared with those without COVID-19. The aim of
this study was to investigate the association between
COVID-19 and subsequent autoimmune diseases and
whether differences in sex, age, and race had an effect
on this association.
www.thelancet.com Vol 56 February, 2023
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Methods
Study design and data source
In this retrospective cohort study, we used the US
Collaborative Network from 48 global healthcare orga-
nizations (HCOs) in the TriNetX Research Network.
The TriNetX database, which holds the largest global
COVID-19 dataset, is a living ecosystem of real-world
data and evidence for life sciences and healthcare. It
contains de-identified electronic health records of more
than 250 million participants from more than 120
HCOs. Details of TriNetX are available on the website
(https://trinetx.com/?mc_cid=7e2ecd5bc5&mc_eid=%5B
UNIQID%5D). TriNetX has been a useful database for
epidemiological studies.18–20 The available data included
information of demographics, diagnoses (based on the
International Classification of Diseases, Tenth Revision,
Clinical Modification, ICD-10-CM codes), procedures
(based on the International Classification of Diseases,
Tenth Revision, Procedure Coding System, ICD-10-PCS
or Current Procedural Terminology, CPT), medication
(based on the codes in Veterans Affairs National For-
mulary), laboratory measurements (coded in Logical
Observation Identifiers Names and Codes, LOINC), and
healthcare utilization. We used the U.S. Collaborative
Network, a subset of TriNetX network that includes 48
HCOs, for the primary analysis. Data analysis was done
in June, 2022, and we limited the study period to
January 1st, 2020, through December 31st, 2021.

The TriNetX platform is compliant with the Health
Insurance Portability & Accountability Act and General
Data Protection Regulation. The Western Institutional
Review Board has granted TriNetX a waiver of informed
consent since this platform only aggregated counts and
statistical summaries of de-identified information. The
use of TriNetX for this study was approved under the
authority of the Institutional Review Board of Chung
Shan Medical University Hospital (CSMUH No: CS2-
21176). The reporting is informed by the REporting of
studies Conducted using Observational Routinely-
collected health Data (RECORD) Statement for cohort
studies.
Participants
To reduce detection bias, we only included adult pa-
tients (≥18 years old) who had at least 2 healthcare visits
and had received PCR tests during the study period in
the TriNetX database. The date of the PCR test was set
as the index date. Since the association between COVID-
19 vaccination and subsequent autoimmune phenom-
ena is controversial,21,22 we intentionally did not include
patients who had received COVID-19 vaccination
throughout the study for clarity of interpretation.
Individuals who were diagnosed with autoimmune
diseases or neoplasm before index date, and who diag-
nosed with autoimmune disease or died within 30 days
after index date were excluded. The COVID-19 group
www.thelancet.com Vol 56 February, 2023
was identified based on the positive result of a PCR test
(Supplement material for detailed codes). A flowchart of
the cohort construction is provided in Fig. 1. The control
group consisted of participants without COVID-19, who
we defined as those with negative PCR tests, negative
results for other COVID-19-related tests other than PCR
tests, and those who had never had ICD-10 codes for
COVID-19. Propensity score matching 1:1 for age, sex,
race, adverse socioeconomic status, lifestyle-related
variables and comorbidities, was used.
Procedures
To adjust for the difference in baseline characteristics
between the two cohorts, we incorporated the following
covariate factors. To obtain the information on baseline
characteristics, we traced the records within one year
before the index date until one day before the index date.
Demographic covariates included age at index, sex, race,
and adverse socioeconomic determinants of health
(represented by problem related to housing and eco-
nomic circumstances (ICD-10 code Z59), problems
related to employment and unemployment (ICD-10
code Z56), problems related to education and literacy
(ICD-10 code Z55), or occupational exposure to risk
factors (ICD-10 code Z57)). Lifestyle-related variables
included tobacco use (ICD-10 code Z72.0, as a proxy for
smoking), nicotine dependence (ICD-10 code F17, as a
proxy for smoking) and alcoholic liver disease (ICD-10
code K70, as a proxy for alcohol use). Baseline comor-
bidities included type 2 diabetes (ICD-10 code E11),
vitamin D deficiency (ICD-10 code E55), hyperlipidemia
(ICD-10 code E78.5), asthma (ICD-10 code J45),
depression (ICD-10 code F32), chronic kidney disease
(ICD-10 code N18), sleep disorder (ICD-10 code G47),
and psychoactive substance use (ICD-10 code F10–F19).
Laboratory measurements including creatinine
(≥1.5 mg/dL), hemoglobin (≥12 g/dL), body mass index
(BMI; obesity was defined as BMI ≥ 30 kg/m2), hemo-
globin A1C (≥7%), and C-reactive protein (≥40 mg/dL)
were explored.23 The number of individuals with
missing data was reported in Table 1.
Outcomes
The main outcomes of the study were newly diagnosed
autoimmune diseases identified by the corresponding
ICD-10 codes in the database, including rheumatoid
arthritis (ICD-10 code M05-M06), ankylosing spondylitis
(ICD-10 code M45), systemic lupus erythematosus
(ICD-10 code M32), dermatopolymyositis (ICD-10 code
M33), systemic sclerosis (ICD-10 code M34), Sjögren’s
syndrome (ICD-10 code M35.0), mixed connective tis-
sue disease (ICD-10 code M35.1), Behçet’s disease (ICD-
10 code M35.2), polymyalgia rheumatica (ICD-10 code
M35.3), vasculitis (ICD-10 code M30-31 or L95), psori-
asis (ICD-10 code L40), inflammatory bowel disease
3
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TriNetX US Collaborative Network
Visit ≥ 2

(Jan 1st, 2020 to Dec 31st, 2021)
(n=28,393,335)

Received PCR test; ≥18y
(n=7,036,460)

Exclude: autoimmune diseases or neoplasm
before index date (to identify newly onset 
autoimmune diseases reliably); mortality or 
events before index date or within 30 days 
after index date (to reduce protopathic bias)

COVID-19 cohort
PCR (+)

(n=888,463)

Propensity score matching 
1:1 by age at index, sex, race, 
adverse socioeconomic 
status, lifestyle-related 
variables, and comorbidities

COVID-19 cohort
(n=887,455)

Non-COVID-19 cohort
(n=887,455)

Exclude: COVID-19 vaccination
(to avoid interference from vaccination)

Study population
(n=5,913,210)

Non-vaccinated individuals
(n=5,987,466)

Non-COVID-19 cohort
PCR (-), without related ICD-10 codes 

or other positive COVID-19 tests
(n=2,926,016)

Fig. 1: Flowchart of cohort construction.
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(ICD-10 code K50-52), celiac disease (ICD-10 code
K90.0), and type 1 diabetes mellitus (ICD-10 code E10).
To address competing risks, we also included mortality
as a secondary outcome. We used a 30-day timeframe as
a washout period for the outcome measures to alleviate
protopathic bias (i.e., increased vigilance and earlier
diagnosis of an autoimmune disease after a SARS-CoV-
2 infection).24 Both cohorts were followed after 30 day
after the index till 6 months to estimate the risks of
incident autoimmune disease.
Statistical analysis
We used propensity scores matching to generate groups
with balanced baseline characteristics. We adopted Tri-
NetX built-in function and matched the two groups at a
1:1 ratio by greedy nearest neighbor matching for age at
index, sex, race, adverse socioeconomic status (problem
related to housing and economic circumstances, prob-
lems related to employment and unemployment, prob-
lems related to education and literacy, occupational
exposure to risk factors), lifestyle-related proxy variables
(tobacco use, nicotine dependence, and alcoholic liver
disease), and comorbidities. We evaluated the balance of
baseline characteristics in the propensity score-matched
populations by using standardized mean differences
(SMD). Any variable with a SMD <0.1 was considered
well-matched. We used adjusted hazard ratio (aHRs) to
quantify the relative risks of autoimmune diseases
based on the time-to-event analysis for the COVID-19
and control groups. Cox proportional hazards models
were performed to calculate the HRs and associated
95% confidence intervals (95%CI), together with the test
for proportionality, using R’s Survival package v3.2-3.
The proportional hazard assumption was tested using
the generalized Schoenfeld approach built in the
www.thelancet.com Vol 56 February, 2023
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Before matching After matching

COVID-19 cohort
(n = 888,463)

Non COVID-19 cohort
(n = 2,926,016)

Std diff. p value COVID-19 cohort
(n = 887,455)

Non COVID-19 cohort
(n = 887,455)

Std diff. p value

Age at index

Mean ± SD 45.2 ± 17.6 46.7 ± 18.5 0.083 <0.001 45.2 ± 17.6 45.1 ± 17.6 0.005 0.001

Sex

Female 510,200 (57.4) 1,633,065 (55.8) 0.033 <0.001 509,494 (57.4) 508,254 (57.3) 0.003 0.060

Male 377,971 (42.5) 1,291,191 (44.1) 0.032 <0.001 377,669 (42.6) 378,916 (42.7) 0.003 0.058

Missing 292 (00.0) 1760 (00.1) 0.013 <0.001 292 (00.0) 285 (00.0) <0.001 0.771

Race

White 572,496 (64.4) 1,916,777 (65.5) 0.022 <0.001 571,870 (64.4) 570,595 (64.3) 0.003 0.046

Black or African American 182,253 (20.5) 553,192 (18.9) 0.040 <0.001 181,942 (20.5) 183,503 (20.7) 0.004 0.004

Asian 16,737 (01.9) 62,705 (02.1) 0.018 <0.001 16,763 (01.9) 16,764 (01.9) <0.001 0.877

American Indian 3082 (00.3) 9995 (00.3) 0.001 0.454 3081 (00.3) 3008 (00.3) 0.001 0.349

Native Hawaiian 1553 (00.2) 4339 (00.1) 0.007 <0.001 1549 (00.2) 1579 (00.2) 0.001 0.591

Missing or unknown 112,342 (12.6) 379,008 (13.0) 0.009 <0.001 112,250 (12.7) 112,006 (12.6) 0.001 0.540

Social economic status

Housing/economic circumstances problem 5242 (00.6) 14,409 (00.5) 0.013 <0.001 5187 (00.6) 4168 (00.5) 0.016 <0.001

Employment and unemployment problems 2124 (00.2) 5097 (00.2) 0.014 <0.001 2066 (00.2) 1663 (00.2) 0.010 <0.001

Problems related to education and literacy 307 (00.0) 700 (00.0) 0.006 <0.001 305 (00.0) 211 (00.0) 0.006 <0.001

Occupational exposure to risk factors 382 (00.0) 729 (00.0) 0.010 <0.001 375 (00.0) 268 (00.0) 0.006 <0.001

Lifestyle

Tobacco use (smoking) 18,356 (02.1) 46,984 (01.6) 0.034 <0.001 18,084 (02.0) 16,441 (01.9) 0.013 <0.001

Nicotine dependence (smoking) 48,280 (05.4) 171,048 (05.8) 0.018 <0.001 48,143 (05.4) 46,543 (05.2) 0.008 <0.001

Alcohol liver disease (alcohol drinking) 2662 (00.3) 10,471 (00.4) 0.010 <0.001 2654 (00.3) 2019 (00.2) 0.014 <0.001

Comorbidities (Yes)

Type 2 diabetes mellitus 83,751 (09.4) 188,593 (06.4) 0.110 <0.001 82,856 (09.3) 82,661 (09.3) 0.001 0.615

Vitamin D deficiency 40,384 (04.5) 71,514 (02.4) 0.115 <0.001 39,506 (04.5) 40,363 (04.5) 0.005 0.002

Hyperlipidemia 82,991 (09.3) 200,600 (06.9) 0.091 <0.001 82,179 (09.3) 81,712 (09.2) 0.002 0.226

Asthma 47,052 (05.3) 106,079 (03.6) 0.081 <0.001 46,545 (05.2) 45,822 (05.2) 0.004 0.015

Depression 59,941 (06.7) 140,009 (04.8) 0.084 <0.001 59,261 (06.7) 56,987 (06.4) 0.010 <0.001

Chronic kidney disease 38,775 (04.4) 77,650 (02.7) 0.093 <0.001 38,002 (04.3) 35,837 (04.0) 0.012 <0.001

Sleep disorder 64,454 (07.3) 143,362 (04.9) 0.099 <0.001 63,623 (07.2) 62,816 (07.1) 0.004 0.019

Psychoactive substance use 67,878 (07.6) 248,822 (08.5) 0.032 <0.001 67,694 (07.6) 63,609 (07.2) 0.018 <0.001

Laboratory

BMI

n (%) 241,939 (27.2) 749,036 (25.6) 241,219 (27.2) 245,367 (27.6)

mean ± SD, kg/m2 30.5 ± 7.1 29.5 ± 6.8 0.144 <0.001 30.5 ± 7.1 30.3 ± 7.0 0.028 <0.001

≥30 kg/m2, n (%) 126,078 (14.2) 334,120 (11.4) 0.083 <0.001 125,459 (14.1) 124,525 (14.0) 0.003 0.044

Missing 646,524 (72.8) 2,176,980 (74.4) 646,236 (72.8) 642,088 (72.4)

CRP

n (%) 53,292 (06.0) 79,610 (02.7) 53,031 (06.0) 25,957 (02.9)

mean ± SD, mg/L 36.2 ± 59.7 29.6 ± 58.6 0.111 <0.001 36.2 ± 59.7 28.9 ± 57.8 0.125 <0.001

≥40 mg/L, n (%) 18,699 (02.1) 17,165 (00.6) 0.132 <0.001 18,594 (02.1) 5450 (00.6) 0.128 <0.001

Missing 835,171 (94.0) 2,846,406 (97.3) 834,424 (94.0) 861,498 (97.1)

Creatinine

n (%) 379,705 (42.7) 1,126,839 (38.5) 378,775 (42.7) 355,248 (40.0)

mean ± SD, mg/dl 1.1 ± 1.9 1.0 ± 1.9 0.014 <0.001 1.1 ± 1.9 1.1 ± 1.9 0.002 0.351

≥1.5 mg/dL, n (%) 47,258 (05.3) 112,483 (03.8) 0.071 <0.001 46,775 (05.3) 38,611 (04.4) 0.043 <0.001

Missing 508,758 (57.3) 1,799,177 (61.5) 508,680 (57.3) 532,207 (60.0)

(Table 1 continues on next page)
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Before matching After matching

COVID-19 cohort
(n = 888,463)

Non COVID-19 cohort
(n = 2,926,016)

Std diff. p value COVID-19 cohort
(n = 887,455)

Non COVID-19 cohort
(n = 887,455)

Std diff. p value

(Continued from previous page)

Hemoglobin

n (%) 364,755 (41.1) 1,127,923 (38.5) 363,828 (41.0) 355,105 (40.0)

mean ± SD, g/dL 13.0 ± 2.1 13.0 ± 2.2 0.008 <0.001 13.0 ± 2.1 13.0 ± 2.2 0.009 <0.001

≥12 g/dL, n (%) 308,009 (34.7) 927,016 (31.7) 0.063 <0.001 307,303 (34.6) 290,399 (32.7) 0.040 <0.001

Missing 523,708 (58.9) 1,798,093 (61.5) 523,627 (59.0) 532,350 (60.0)

Std diff: standardized difference; bold font represents a standardized difference > 0.1; If the patient is less or equal to 10, results show the count as 10. BMI: Body mass index; CRP: C reactive protein;
Propensity score matching was performed on age at index, gender, race, problems related to housing and economic circumstances (proxy to social economic status), problems related to employment and
unemployment, problems related to education and literacy, occupational exposure to risk factors, type 2 diabetes mellitus, vitamin D deficiency, hyperlipidemia, asthma, alcoholic liver disease, nicotine
dependence, tobacco use (proxy to smoking), mental and behavioral disorders due to psychoactive substance use, depressive episode, chronic kidney disease (CKD), sleep disorders, and BMI characteristic(s).

Table 1: Baseline characteristics of study subjects (before and after PSM matching).
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TriNetX network. The Kaplan–Meier method was used
for the survival probability. Statistical significance was
defined as two-sided p-value < 0.05.

Subgroup analyses investigated whether the risks of
autoimmune diseases among COVID-19 survivors
differed by sex, age, and race. Furthermore, as studies
have shown that the presence of auto-antibodies is
associated with the severity of COVID-19,25 we per-
formed analysis stratified by inpatient/outpatient (as a
proxy for COVID-19 severity) to clarify whether differ-
ences in the severity of COVID-19 could lead to different
outcomes. In addition, as there may be geographical
differences between countries regarding the prevalence
of COVID-19, the structure of healthcare services, and
accessibility of healthcare resources, sensitivity analysis
was also performed with the Global Network and the
EMEA (Europe, Middle East and Africa) Network to
examine the consistency of results. Furthermore,
competing risks will occur when patients experience one
or more severe outcomes which might compete with the
outcome of interest. To address competing risks, we
included mortality as a competing event for each
outcome in our study, based on the method proposed by
Manja et al.26 The reporting is informed by the
REporting of studies Conducted using Observational
Routinely-collected health Data (RECORD) Statement
for cohort studies.27
Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
Results
Baseline characteristics of the study individuals
After propensity score matching, patients diagnosed
with COVID-19 (N = 887,455) and a control group of
test-negative participants (N = 887,455) were identified
in the study. The selection process is demonstrated in
Fig. 1. The demographic characteristics, comorbidities,
and laboratory measurements of the COVID-19 and
control groups before and after propensity score
matching are presented in Table 1. The mean age of
the participants in the COVID-19 cohort was approx-
imately 45.2 years (standard deviation: 17.6 years) at
index after matching. Approximately 57.4% of the
COVID-19 individuals were women, and the major
race was White (64.4%). The two groups were well-
matched regarding the distribution of demographics,
comorbidities and laboratory measurements
(SMD<0.1).
Incidence of autoimmune diseases in the COVID-19
and control groups
We estimated the risks of autoimmune diseases in the
COVID-19 and control groups upon 6-month follow-up
(Fig. 2 and Supplementary Table S1). The COVID-19
cases were found to have significant higher risks of
rheumatoid arthritis (aHR:2.98, 95% CI:2.78–3.20),
ankylosing spondylitis (aHR:3.21, 95% CI:2.50–4.13),
systemic lupus erythematosus (aHR:2.99, 95%
CI:2.68–3.34), dermatopolymyositis (aHR:1.96, 95%
CI:1.47–2.61), systemic sclerosis (aHR:2.58, 95%
CI:2.02–3.28), Sjögren’s syndrome (aHR:2.62, 95%
CI:2.29–3.00), mixed connective tissue disease
(aHR:3.14, 95% CI:2.26–4.36), Behçet’s disease
(aHR:2.32, 95% CI:1.38–3.89), polymyalgia rheumatica
(aHR:2.90, 95% CI:2.36–3.57), vasculitis (aHR:1.96,
95% CI:1.74–2.20), psoriasis (aHR:2.91, 95%
CI:2.67–3.17), inflammatory bowel disease (aHR:1.78,
95%CI:1.72–1.84), celiac disease (aHR:2.68, 95%
CI:2.51–2.85), type 1 diabetes (aHR:2.68, 95%
CI:2.51–2.85) and mortality (aHR:1.20, 95%
CI:1.16–1.24). The Kaplan–Meier curves of all the
autoimmune disease outcomes also indicated difference
of probability between the two cohorts (Log–Rank test,
p < 0.001, Fig. 3).
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Fig. 2: Forest plot of outcomes.
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Subgroup analyses
We further examined the risk of incident autoimmune
diseases in subgroups based on sex, age, and race.
The risks of most autoimmune diseases were similar
between male and female COVID-19 patients (Fig. 4
and Supplementary Table S2). However, the risks of
dermatomyositis, systemic sclerosis, mixed connective
tissue disease, and Behçet’s disease were only signif-
icant in female COVID-19 patients. The risks of
autoimmune diseases among COVID-19 patients were
generally similar across age subgroups (Fig. 5 and
Supplementary Table S3). However, the risks of der-
matomyositis, polymyalgia rheumatica, and mortality
were not significant in the group aged 18–40 years,
while the risk of Behçet’s disease was not significant
in the group aged ≥65 years. The risks of autoim-
mune diseases among COVID-19 patients were
heterogenous across racial subgroups (Fig. 6 and
Supplementary Table S4). Compared to control group,
the COVID-19 cohort had a significantly higher risk of
all autoimmune diseases and mortality (aHR:1.15,
95%CI:1.10–1.20) in Whites, a higher risk of psoriasis
(aHR:3.36, 95%CI:2.37–4.76) and ankylosing spondy-
litis in Blacks (aHR:3.18, 95%CI:1.49–6.79), and a
higher risk of systemic lupus erythematosus in Asians
(aHR:3.56, 95%CI:1.53–8.29).
www.thelancet.com Vol 56 February, 2023
Sensitivity analyses
In our analysis stratified by inpatient (patients who were
hospitalized within four weeks after the PCR tests) and
outpatient care, some discrepancy in risks of incident
autoimmune diseases were found between inpatient
and outpatient COVID-19 patients (Fig. 7 and
Supplementary Table S5). COVID-19 was associated
with increased risks of all autoimmune diseases and
also mortality among outpatients. COVID-19 inpatients
were found with increased risks of psoriasis (aHR:1.60,
95%CI:1.07–2.40) and mortality (aHR:1.37, 95%
CI:1.27–1.48), but significantly lower risks of systemic
sclerosis (aHR:0.21, 95%CI:0.05–0.97) and inflamma-
tory bowel disease (aHR:0.76, 95%CI:0.65–0.87). The
results of our additional study using the Global Network
were generally consistent with our main findings from
the analysis using the U.S. Collaborative Research
Network (Supplementary Table S6). However, we found
different results while using the EMEA (Europe, Middle
East and Africa) Network. After accounting for
competing risks, COVID-19 was still significantly asso-
ciated with increased risks of all autoimmune diseases
(Supplementary Table S7, Supplementary Fig. S1).
However, the adjusted hazard ratios were lower when
compared to the original model without accounting for
competing risks.
7
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Fig. 3: Kaplan–Meier curves of all the autoimmune disease outcomes.
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Discussion
The current large propensity scores-matched study of a
multi-institutional U.S. Collaborative Research Network
showed that patients with a positive PCR test result for
COVID-19 had significantly higher risks of autoim-
mune diseases including rheumatoid arthritis, anky-
losing spondylitis, systemic lupus erythematosus,
dermatomyositis, systemic sclerosis, Sjögren’s
Fig. 4: Forest plot of outco
syndrome, mixed connective tissue disease, Behçet’s
disease, polymyalgia rheumatica, vasculitis, psoriasis,
inflammatory bowel disease, celiac disease, type 1 dia-
betes, and also mortality, when compared to “PCR test-
negative” non-COVID-19 controls. The results were
cross validated in another dataset from TriNetX. The
results of subgroup analysis by sex and age were
generally consistent. The results of subgroup analysis by
mes stratified by sex.
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Fig. 5: Forest plot of outcomes stratified by age.
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race indicated some racial disparity. When compared to
their non-COVID-19 counterparts, COVID-19 patients
were associated with a significant higher risk of all
autoimmune diseases and mortality in Whites, a higher
risk of psoriasis and ankylosing spondylitis in Blacks,
and a higher risk of systemic lupus erythematosus in
Asians. Also, some discrepancy in risks of autoimmune
diseases was found between inpatient and outpatient
COVID-19 patients. COVID-19 was associated with
increased risks of all autoimmune diseases and also
mortality among outpatients, while COVID-19 in-
patients were found with increased risks of psoriasis
and mortality, but significantly lower risks of systemic
sclerosis and inflammatory bowel disease.

Viruses play a significant role in the environmental
factors that affect human immune system. Cytomega-
lovirus28 and Epstein–Barr virus6 are examples of viruses
that have been linked to numerous autoimmune dis-
eases, and now SARS-CoV-2 has the potential to be
added to the list. The definite mechanisms underlying
such phenomena are unknown. According to recent
Fig. 6: Forest plot of outco

www.thelancet.com Vol 56 February, 2023
research, viruses can trigger autoimmunity through a
number of different mechanisms, including molecular
mimicry,29 epitope spreading,30 and bystander activa-
tion.31,32 We hypothesized that the prolonged inflam-
mation in COVID-19 might trigger the immune system
to create antibodies against virus antigens that share
structural similarities with self-antigens and further lead
to a cross-reactive response against both self-antigens
and non-self-antigens. Also, the hyper-stimulation and
dysregulation of inflammation and immune response
following SARS-CoV-2 infection may contribute to other
environmental disturbances that lead to the observed
disease in susceptible individuals. Cañas proposed the
theory that COVID-19 triggers autoimmune conditions
by two factors: temporary impairment of innate and
acquired immunity resulting in a loss of self-tolerance to
self-antigens, and an inappropriate immune reconsti-
tution in people with predisposing conditions of auto-
immunity.33 Besides, the above-mentioned autoimmune
phenomenon may also contribute to the development of
post-COVID-19 syndrome (PCS).34 Given the current
mes stratified by race.

9
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Fig. 7: Forest plot of outcomes stratified by severity of disease.
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evidence on latent autoimmunity in PCS, we could
further anticipate a higher incidence of autoimmune
diseases in COVID-19 cases with enough follow-up
time.35 In addition, there are other potential mecha-
nisms that could contribute to the association between
COVID-19 and autoimmunity diseases. For example,
previous studies have reported excessive neutrophil
extracellular traps being involved in rheumatoid arthritis
and myositis36 and neutrophil extracellular traps has also
been associated with COVID-19 pathogenesis.37

Contrarily, there is also mounting evidence that vi-
ruses could play a protective role against autoimmunity,
whereby viral infections trigger regulatory immune re-
sponses, which in turn prevent the onset of autoim-
mune reactions.38 It is reasonable that the dual impact of
viral infections on autoimmunity is coordinated by
different host, viral and environmental factors.39

Furthermore, angiotensin-converting enzyme 2
(ACE-2), a crucial viral fusion protein of SARS-CoV-2 is
widely expressed by vascular endothelial cells, and
therefore, it has been proposed that SARS-CoV-2 in-
vades the vascular endothelium, causing vasculitis.
SARS-CoV-2 binds to the ACE-2 receptors and leads to
immune activation and redistribution of immune cells.
ACE-2 receptors are known to be abundantly present in
the epithelia of the lung and small intestine.40 Interest-
ingly, our study found that the COVID-19 cohort was
associated with lower risks of inflammatory bowel dis-
ease and systemic sclerosis in inpatients. Although it is
still uncertain whether infections can cause inflamma-
tory bowel disease, current knowledge of the patho-
physiology of the disease does suggest a connection
between infection and the development of inflammatory
bowel disease.41 However, the results of our study
showed that inpatient COVID-19 patients had a lower
risk of inflammatory bowel disease,42 which is in line
with earlier research. According to Hadi et al., COVID-
19 likely creates a barrier to procedures like colonoscopy
and flexible sigmoidoscopy, and consequently results in
a short-term underdiagnosis of inflammatory bowel
disease.43

Systemic sclerosis is an uncommon autoimmune
disease that primarily affects individuals aged 40–50
years. It is characterized by fibrosis of the skin and in-
ternal organs, along with vascular damage and immune
system dysregulation.44 It is well recognized that viral
infections and interferons play an important role in the
pathogenesis of systemic sclerosis in genetically pre-
disposed patients.39,45,46 Fineschi presented a case of
COVID-19 infection with cutaneous and gastrointestinal
manifestation, autoantibody production, and radiolog-
ical findings consistent with the diagnosis of systemic
sclerosis.47 It was suspected that COVID-19 had brought
on systemic sclerosis in that patient due to a potential
genetic susceptibility. However, we found a lower risk of
systemic sclerosis in the inpatient COVID-19 patients in
our study. We speculated that the under-diagnosis of
systemic sclerosis may be a possible explanation, due to
a lack of accurate follow-up to confirm the systemic
sclerosis diagnosis. On the other hand, this may point to
different pathogenetic pathways by which SARS-CoV-2
downregulates ACE-2 in targeted cells, causing an
excess of angiotensin II to be produced, which in turn
promotes inflammation, vasoconstriction, cell
www.thelancet.com Vol 56 February, 2023
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proliferation, and, ultimately, pulmonary fibrosis.48 It
could be hypothesized that the discrepancy we found in
our study could have been caused by systemic sclerosis
having a distinct genetic predisposition than other sys-
temic autoimmune diseases.

The impact of COVID-19 on the development of
autoimmune diseases may be different across racial
subgroups; however, the relevant existing literature is
sparse. Overall, Black patients appeared to be a more
susceptible population for ankylosing spondylitis and
psoriasis, while Asian patients are more susceptible to
systemic lupus erythematosus when getting COVID-
19. Factors that may account for an increased risk
of autoimmune diseases include genetic features,
lifestyle characteristics, and environmental exposures
to bacteria, viruses, and toxic doses of drugs and
metals. In addition, it is possible that genetic predis-
position and environmental factors will interact.47 Ac-
cording to the study by Jamalyaria et al., Black
patients have more severe disease than White patients
with ankylosing spondylitis, as well as a lower fre-
quency of HLA-B27.49 Black patients may have more
severe disease due to genetic differences, and as a
result, these more severely affected Black patients are
more likely to be diagnosed with ankylosing spondy-
litis. Bonometti et al. presented a case of systemic
lupus erythematosus with vasculitis triggered by
SARS-CoV-2 infection in Italy.15 The development and
activity of the disease depends on a combination of
genetic predisposition, environmental stimuli, and
hormonal environment.50 Furthermore, Zhang et al.
found both genetic similarities and differences across
ethnical groups, adding to the growing body of evi-
dence supporting a genetic basis of the high incidence
of SLE in people of Asian ancestry.51

Our study has several unique merits. As study design
and case ascertainment are two of the most important
elements for reaching solid conclusions in longitudinal
study, we used “test-negative design” for validity of expo-
sure and control groups.52 The potential confounding bias
has been accounted for through propensity score match-
ing. In addition, we did multiple sensitivity analyses to
corroborate the findings as well as subgroup analyses to
characterize subpopulations at high risk for future auto-
immune disease surveillance. The risks of incident auto-
immune disease outcomes were evident worldwide as we
found generally consistent results using the Global
Network. However, different results were found using the
EMEA (Europe, Middle East and Africa) Network, which
could be ascribed to regional differences in COVID-19
prevalence, the structure of healthcare services, and
healthcare accessibility. Further research is encouraged to
corroborate these findings in an independent dataset.

We recognized several limitations in this study. First,
the database we used has weaknesses inherent to an
electronic health records study. The definition of auto-
immune disease diagnoses relied on ICD-10-CM codes
www.thelancet.com Vol 56 February, 2023
reported by physicians, which may be less accurate than
those made on a clinical basis, although we used vali-
dated definitions to avoid bias. As socioeconomic status
and lifestyles habits are not available in the database, we
used proxy variables, and thus the validity of adjusting
for these confounders may be biased. Also, the database
restricted the source population to the adult patients
who had medical insurance and had healthcare visits
during the study period. We further excluded in-
dividuals who were diagnosed with autoimmune dis-
eases or neoplasm before index date, who were
diagnosed with autoimmune diseases or died within 30
days after index date, and those who were vaccinated
with a COVID-19 vaccine. The generalizability of our
conclusions is therefore limited. TriNetX did not pro-
vide the identities of participating HCOs and informa-
tion about their contributions to the dataset, and
therefore we were not able to account for heterogeneity
at the hospital level. Participants with loss to follow-up
and missing values of laboratory measurements could
also bias our findings. We included only participants
with at least 2 visits to mitigate the effect of loss to
follow-up. Second, for patients with newly diagnosed
autoimmune diseases, levels and types of autoantibodies
produced during COVID-19 were not available. The
particular variant form of SARS-CoV-2, the associated
subsequent autoimmune diseases, and the nature of the
COVID-19-related molecular pattern involved in the
process also required further survey. Third, this study is
unable to differentiate between COVID-19 as a specific
or non-specific trigger for subsequent autoimmune
diseases. That is, those with autoimmune diseases
diagnosed after COVID-19 inevitably develop the dis-
ease in response to other environmental triggers even if
they are not infected with SARS-CoV-2. Fourth, many
people avoid the health care system during the
pandemic, and therefore the misclassification bias and
surveillance bias were concerns for this study. However,
we used a test-negative design to ensure that the con-
trols did undergo PCR tests and were free of COVID-19
throughout the study period. We believe that misclas-
sification bias and surveillance bias were minimal in
this study. In addition, we performed goodness-of-fit
test between our case group and the official COVID-19
laboratory-confirmed cases (from Centers for Disease
Control and Prevention, CDC, COVID-19 data tracker;
https://covid.cdc.gov/covid-data-tracker/#cases-deaths-tr
ends-by-demographic). The results indicated that the
COVID-19 cases in the present study may not be
significantly different from the CDC laboratory-
confirmed COVID-19 cases (effect sizes of Pearson’s
r = 0.0735, 0.081, and 0.0289 for gender, age, and
ethnicity, respectively; Supplementary Table S8). Last
but not least, reverse causality is possible in this study
since patients with early or undiagnosed autoimmune
diseases may be more likely to be infected by SARS-
CoV-2. To avoid reverse causality, we initiated the
11

https://covid.cdc.gov/covid-data-tracker/#cases-deaths-trends-by-demographic
https://covid.cdc.gov/covid-data-tracker/#cases-deaths-trends-by-demographic
https://covid.cdc.gov/covid-data-tracker/#cases-deaths-trends-by-demographic
www.thelancet.com/digital-health


Articles

12
follow-up 30 days after the test, and continued until 6
months.

In conclusion, our preliminary data suggest that
COVID-19 is associated with a significantly different
risk of various autoimmune diseases. It is crucial for
physicians to have relevant notions and to recognize
these autoimmune manifestations in order to respond
appropriately in the ongoing pandemic and long-term
post-pandemic phase. The impact of vaccination on
the development of autoimmune diseases should also
be studied in the future.
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