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Abstract

Objective: Flares of autoimmune rheumatic diseases (AIRDs) following COVID-19 vaccination are a particular concern in vaccine-hesitant individ-
uals. Therefore, we investigated the incidence, predictors and patterns of flares following vaccination in individuals living with AIRDs, using global
COVID-19 Vaccination in Autoimmune Diseases (COVAD) surveys.

Methods: The COVAD surveys were used to extract data on flare demographics, comorbidities, COVID-19 history, and vaccination details for
patients with AIRDs. Flares following vaccination were identified as patient-reported (a), increased immunosuppression (b), clinical exacerbations
(c) and worsening of PROMIS scores (d). We studied flare characteristics and used regression models to differentiate flares among various
AIRDs.

Results: Of 15165 total responses, the incidence of flares in 3453 patients with AIRDs was 11.3%, 14.8%, 9.5% and 26.7% by definitions a—d,
respectively. There was moderate agreement between patient-reported and immunosuppression-defined flares (K=0.403, P=0.022). Arthritis
(61.6%) and fatigue (68.8%) were the most commonly reported symptoms. Self-reported flares were associated with higher comorbidities
(P=0.013), mental health disorders (MHDs) (P< 0.001) and autoimmune disease multimorbidity (AIDm) (P< 0.001).

In regression analysis, the presence of AIDm [odds ratio (OR)=1.4; 95% CI: 1.1, 1.7, P=0.003), or a MHD (OR=1.7; 95% ClI: 1.1, 2.6;
P=0.007), or being a Moderna vaccine recipient (OR=1.5; 95% CI: 1.09, 2.2; P=0.014) were predictors of flares. Use of MMF (OR =0.5; 95%
Cl: 0.3, 0.8; P=0.009) and glucocorticoids (OR =0.6; 95% CI: 0.5, 0.8; P=0.003) were protective.

A higher frequency of patients with AIRDs reported overall active disease post-vaccination compared with before vaccination (OR=1.3; 95% ClI:
1.1,1.5; P<0.001).

Conclusion: Flares occur in nearly 1 in 10 individuals with AIRDs after COVID vaccination; people with comorbidities (especially AIDm), MHDs
and those receiving the Moderna vaccine are particularly vulnerable. Future avenues include exploring flare profiles and optimizing vaccine strate-
gies for this group.
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developing flares.

* Flares were reported by 1 in 10 individuals with autoimmune rheumatic diseases after COVID-19 vaccination.
* Patients with autoimmune disease multimorbidity or mental health disorders, and Moderna vaccine recipients are vulnerable to

Introduction

Patients with autoimmune rheumatic diseases (AIRDs) may,
in certain circumstances, be predisposed to severe COVID-19
disease due to immune aberrations caused by the disease or
the treatment, which makes vaccination particularly essential
for this group. Despite emerging literature on vaccine safety
in patients with AIRDs [1, 2], hesitancy continues to hinder
vaccination [3, 4]. One of the most significant contributors to
this hesitancy is the perceived risk of flares of the underlying
AIRD [5, 6]. Patients with an AIRD who are on intense im-
munosuppression qualify for additional COVID-19 vaccine
booster doses. There is insufficient data on the impact on
flares from vaccine doses, immunosuppressant use, and ho-
mologous vs heterologous vaccination.

Emergent data on flares in AIRDs are mostly physician-
reported and are often in sharp contrast to the level of con-
cern around vaccine safety. Addressing patient concerns
regarding vaccination is of prime importance to secure maxi-
mum vaccine coverage and care for the wvulnerable.
Understanding the differences between physician and patient
perspectives towards vaccination through analysis of patient-
reported data can be particularly invaluable. Given the posi-
tive reporting bias in publications on vaccine-induced flares
of autoimmune disease, further exploration of this facet of
vaccine safety is paramount |7, 8].

The COVID-19 in Autoimmune Rheumatic Diseases
(COVAD) study seeks to understand concerns around
COVID-19 vaccination in patients with autoimmune diseases
and comprises two global patient-reported datasets. The
current analysis reports the prevalence and profile of self-
reported flares and investigates the disparity between patient-
reported and physician-denoted flares. We further attempt to
identify any deterioration in physical function, using validated
metrics at two end points in a subgroup. Additionally, we ex-
plore the predictors of flare in the post-vaccination period
and potential future avenues in the care of vulnerable individ-
uals with AIRDs.

Methods

Study design

The COVAD 1 and COVAD 2 studies were conducted in
2021 and 2022, respectively. They are multinational, cross-
sectional, patient-self-reported electronic surveys [9, 10].
Informed consent was obtained via a cover letter. Participants
were not offered any incentives for completing the survey.
Ethical approval was obtained from the Institutional Ethics
Committee of the Sanjay Gandhi Postgraduate Institute of
Medical Sciences, Lucknow (226014). The Checklist for
Reporting Results of the Internet E-Surveys (CHERRIES) was

adhered to when reporting the results. The surveys were dis-
seminated throughout 109 countries via 156 collaborators
and captured COVID-19 vaccination-related adverse events
(AEs) in autoimmune diseases and healthy populations. The
first survey captured short-term AEs, whereas the second
survey captured long-term AEs following COVID-19
vaccination.

Data collection

We hosted two comprehensive questionnaires compromising
36 COVID-19 and autoimmune disease-related questions on
the online platform surveymonkey.com after vetting by inter-
national experts, pilot testing and translation into 18 lan-
guages. The international COVAD study group circulated
both surveys. Along with patient demographics and comor-
bidities, disease-specific data, including the type of AIRD,
duration, clinical symptoms, current medications, and
patient-reported outcomes, including PROMIS physical and
mental function and quality of life (QoL) scores, were also
collected. In addition, we collected data on flares and other
AE:s following vaccination. Survey methods and the questions
have been detailed in the previously published COVAD pro-
tocols [9, 10].

Data extraction

Following data collection, the data were extracted on 15
March 2022 and 18 June 2022 from the COVAD 1 and
COVAD 2 databases, respectively. Incomplete responses,
those vaccinated in mid-2020 (likely trial participants), those
with isolated chronic non-rheumatic autoimmune diseases
(like type 1 diabetes and multiple sclerosis), healthy respond-
ents, and unvaccinated respondents were excluded from the
analysis. Patients with idiopathic inflammatory myopathies
(IIMs) were excluded from AIRDs to minimize bias arising
out of a disproportionately large presence compared with dis-
ease prevalence. Data pertaining to IIMs is being analysed
separately (Supplementary Fig. S1, available at Rheumatology
online).

Definitions

We defined flares in four ways based on different questions in
the survey. Further details regarding the definitions are pre-
sented in the Supplementary File available at Rheumatology
online.

a) Flares self-reported (F-SR)—a direct indicator of the
patient’s perception of flare

b) Flares immunosuppression (F-IS) —an indirect indicator
of physician-denoted flare

¢) Flares clinical signs directed (F-CS)—the appearance of
new clinical signs (rash, muscle weakness, joint pain or
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swelling, digital ulcers, shortness of breath, chest pain,
dysphagia, fever, fatigue, active kidney disease)

d) Flares by PROMISPF10A worsening (F-PROMIS)—
minimal clinically important difference (MCID) 7.9-
point worsening of the PROMISPF10a score between
the patients who had taken both surveys [11].

We assessed the F-SR, F-IS and F-CS in the COVAD 2 sur-
vey respondents. Flares by the last definition (F-PROMIS)
were assessed by matching responses from the participants
who had taken both surveys.

Homologous immunization is subsequent vaccination by
the same vaccine type as the first dose, and heterologous im-
munization uses a different vaccine type for subsequent doses.
Autoimmune disease  comorbidities  (listed in  the
Supplementary File available at Rbheumatology online) in-
cluded rheumatic and non-rheumatic autoimmune diseases
(nRAIDs) coexisting with the primary rheumatic disease.

Statistical analysis

Descriptive data are expressed as frequency (percentage) and
median (interquartile range; IQR). Chi-squared (y%) and
Mann-Whitney U tests were used to compare groups for cate-
gorical and continuous variables, respectively. Binary logistic
regression by the enter or backward Wald method, adjusting
for age, gender, ethnicity, country of residence, type of
COVID-19 vaccine received, immunosuppression used before
vaccination, and other factors significant in univariate analy-
sis, was used to assess the predictors of flares among AIRDs.
Cox regression analysis was used to differentiate flare rates
between various AIRDs. Cohen’s Kappa (K) was used to
check the agreement between various definitions of flares.
Statistical analyses were performed using IBM SPSS version
28.

Results

Population demographics

Of the total 15 165 respondents, 9202 provided complete sur-
vey responses. Of these, 3453 responses were from patients
with AIRDs who had received vaccines. This group formed
our study population and was further analysed. The median
age was 48 (37-59) years, 84.8% were females, and 1611
(46.7%) were Caucasians. Of the various AIRDs, 1132
(32.7%) had RA, 723 (20.9%) had SLE), 502 (14.5% had
multiple AIRDs, 337 (9.7%) had SpA, 191 (5.5%) had SSc,
82 (2.3%) had MCTD or UCTD, and 485 (14.0%) had other
AIRDs. Pfizer-BioNTech (43.2%) was the most common vac-
cine received. Approximately 37% of patients (n=1283)
were on glucocorticoids. The COVID-19 antibody status was
known in 218 respondents, of which 165 (75.6%) reported
antibodies against SARS-CoV-2. Of the 352 matched data
points from the two surveys, 191 patients had AIRDs. Active
disease was self-reported by 1315 (60.7%) patients prior to
the first dose of the vaccine.

Flares of rheumatic disease in AIRD patients
following vaccination

Flares were reported by 393/3453 (11.3%), 512/3453
(14.8%), 329/3453 (9.5%) and 51/191 (26.7%) patients by
definitions ‘F-SR’, ‘F-IS’, ‘F-CS’, ‘F-PROMIS’, respectively,
with the median time to flare being 57.5 (10.7-188.0) days.

3841

The most common symptoms of flare were arthritis (61.6%)
and fatigue (58.8%) (Table 1). Notably, ‘F-SR’ and ‘F-CS’
were very well aligned (K=0.898, P=0.012), suggesting
patients can identify clinical signs of flare appropriately; ‘F-IS’
and ‘F-SR’> showed moderate agreement (K=0.403,
P=0.022), whereas F-CS’ poorly agreed with ‘F-IS’
(K=0.380 P =0.023), suggesting discrepancies between clini-
cal signs and intensity of immunosuppression denoted disease
activity awaiting physician action.

Predictors of flare in AIRD patients

AIRD patients with self-reported flare (F-SR) had higher
comorbidities (51.9% wvs 45.3%, P=0.013), mental health
disorders (39.9% vs 26.6%, P < 0.001), and autoimmune dis-
ease multimorbidity (AIDm) (36.4% wvs 26.9%, P <0.001)
than those without flare. They also reported lower PROMIS
global mental health scores (worse mental health) and higher
VAS scores for pain and fatigue (more pain and fatigue) when
compared with those without flare (all P <0.001) (Table 2).
Subsequent doses of vaccines resulted in reduced flare rates.
The flare rates after the second, third and fourth doses were
F-SR (16.9%, 10.6% and 7.7%), F-IS (20.6%, 12.6% and
14.9%) and F-CS (14.6%, 8.6% and 6.7%). There was no
difference in outcomes between the use of homologous and
heterologous vaccines (F-SR: 11.6% vs 11.2%, P =0.676).

In the regression analysis, the presence of AIDm (OR =1.4;
95% CIL: 1.1, 1.7; P=0.003) or mental health disorders
(OR=1.7;95% CI: 1.1, 2.6; P=0.007) and being a recipient
of the Moderna vaccine (OR=1.5; 95% CI: 1.09, 2.2;
P=0.014) were associated with patient-reported flare.
Multivariate regression identified MMF use (OR =0.5; 95%
CL: 0.3, 0.8; P=0.009) and glucocorticoid use (OR =0.6;
95% CI: 0.5, 0.8; P=0.003) had a protective effect against
flares (Table 3).

A higher frequency of AIRD patients reported active and
worsening disease (OR=2.1, 95% CIL: 1.6, 2.6; P <0.001)
and overall active disease (OR=1.3, 95% CI: 1.1, 1.5;
P <0.001) post-vaccination compared with before the first
vaccine dose (Table 4). The matrix table (Supplementary
Table S1, available at Rheumatology online) depicts the dis-
ease activity status before and after vaccination in patients
with AIRDs.

Flare rates and time to flare were comparable among differ-
ent types of AIRDs, as indicated by a log-rank P-value of
0.418 (Fig. 1). However, patients with MCTD/UCTDs had a
higher incidence of F-SR (at 19.5%) compared with patients
with other AIRDs. Additionally, recipients of the Moderna
vaccine exhibited a higher prevalence of SLE flares [at 8.1
(1.1-58.8)]. Interestingly, individuals of Asian, Caucasian,
and Hispanic ethnicities with multiple AIRDs were less likely
to experience flares following vaccination, as demonstrated
by Supplementary Table S2, available at Rheumatology on-
line. This table also presents the disease-specific clinical char-
acteristics of flares of the different AIRDs.

Discussion

In the present study, the incidence of patient-reported flares
was 11.3%, with arthritis and fatigue being the most common
symptoms. The risk factors for the development of flares were
the presence of multiple comorbidities, AIDm and underlying
mental health disorders. Moderna recipients flared more often
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Table 1. Characteristics of AIRD patients with flare (by four definitions)

Kshitij Jagtap et al.

Clinical features during (a) Patient-reported

(b) Flare by increased need

(c) Clinical flare (d) Flare by PROMIS

a flare flare (n=393), N (%) for immunosuppression (n=329), N (%) PF-10a 7.9-point
dose (n=512), N (%) worsening (7= 751), N (%)
Flare incidence (%) 11 3 14.8 9.5 26.7
Rashes 65 (16.5) 41 (8.0) 58(17.6) 2(3.9)
Muscle weakness 151 (38.4) 82 (16.0) 129 (39.2) 3(5.9)
Muscle pain 206 (52.4) 109 (21.3) 177 (53.8) 4(7.8)
Arthritis in hands 242 (61.6) 137 (26.8) 229 (69.6) 6 (11.8)
Pain in shoulders and hips 179 (45.5) 99 (19.3) 157 (47.7) 4(7.8)
Arthritis in other joints 211 (53.7) 119 (23.2) 194 (59.0) 4(7.8)
Raynaud’s phenomenon 49 (12.5) 27 (5.3) 1(12.5) -
Skin tightening on hands 25 (6.4) 15(2.9) 25 (7.6) -
Skin tightening in new areas 14 (3.6) 10 (2.0) 14 (4.3) -
Finger-tip ulcers 16 (4.1) 9(1.8) 16 (4.9) -
Shortness of breath 73 (18.6) 42 (8.2) 66 (20.1) 2(3.9)
Chest pain 70 (17.8) 37(7.2) 61 (18.5) 1(2.0)
Difficulty in swallowing 23 (5.9) 15 (2.9) 19 (5.8) 3(5.9)
Fever 59 (15.0) 37(7.2) 56 (17.0) 1(2.0)
Fatigue 231 (58.8) 128 (25.0) 199 (60.5) 5(9.8)
Dry eyes 114 (29.0) 55 (10.7) 99 (30.1) 2(3.9)
Dry mouth 80 (20.4) 45 (8.8) 75 (22.8) 2(3.9)
Oral/nasal ulcers 43(10.9) 23 (4.5) 39 (11.9) 1(2.0)
Severe hair loss 55 (14.0) 37(7.2) 51(15.5) -
Headache 93 (23.7) 55 (10.7) 79 (24.0) 1(2.0)
Active kidney disease 28 (7.1) 25(4.9) 28 (8.5) -
Elevated muscle enzymes 14 (3.6) 11 (2.1) 11 (3.3) 1(2.0)
Elevated inflammatory 115 (29.3) 83 (16.2) 104 (31.6) 2(3.9)

markers

than other vaccine recipients. The use of MMF and glucocor-
ticoids had a protective effect against flares.

Although the overall incidence of flares was low, it was
higher than that found in most other studies. An online survey
of 5619 adults with systemic rheumatic diseases reported
4.9% flares requiring treatment modification [12]. A study
from the EULAR-COVAX registry had 4.4% physician-
reported flares in 5121 patients with rheumatic disorders
[13]. A comparison of studies on flares following vaccination,
outlined in Table 5 [12, 14-21], depicts varied flare rates
across different studies. The preponderance of comorbidities
(46%) in the study population combined with a long time-
frame for capturing flares is likely responsible for the compar-
atively higher incidence of flares following vaccination. These
observations outline the challenges in identifying the preva-
lence of flares in AIRDs in the absence of a formal definition
of the same, earmarking this as an important agenda for fu-
ture consensus.

We have reported flares using multiple definitions.
Although all the flares were patient-reported, ‘F-SR’ is a
unique patient perspective of disease worsening (11.3%) fol-
lowing vaccination. ‘F-IS’ refers to flares requiring a change
of immunosuppression (14.8%), which indirectly indicates
the physician’s perspective. Although the incidence of flare
did not differ statistically significantly between the flares for
the two definitions, there was only moderate Cohen’s kappa
agreement (K=0.403, P=0.022) between assessments
according to the two definitions. This discrepancy is not unex-
pected, given physicians’ assessment and patients’ judgement
of disease are often disparate. Conversely, ‘F-CS’ uses the
worsening of clinical symptoms to indicate flares and was
aligned strongly with F-SR (K=0.898, P=0.012). This sug-
gests that the patient-reported data can prove valuable

alongside clinically evaluated reports. The ability of patients
to identify disease status and clinical signs may be utilized in
future studies and virtual clinical trials to supplement purely
clinical ~evaluation—based studies. Immunosuppression-
denoted flares appeared less accurate, potentially as this defi-
nition was dependent on physician action that may be delayed
due to long waiting times for appointments in the post-
pandemic health-care systems. Finally, ‘F-PROMIS’ utilized a
relative comparison of disease activity among patients who
had completed both COVAD surveys to indicate flare and
was high when compared with the other three definitions of
flare. Out of the matched 191 patients with AIRDs, 51
(26.7%) reported worsening PROMIS physical function
scores, following the second dose of the COVID-19 vaccines.
However, the utility of F-PROMIS as an indicator of flare is
unclear because of unavailability of a global cut-off or an an-
chor MCID. Further studies that assess the validity and reli-
ability of PROMIS scores in flare detection among various
AIRDs are required. It also emphasizes the need for MCID es-
timation using various patient-reported indicators to be an
agenda for future studies.

The presence of underlying AIDm, both rheumatic and
non-rheumatic, was associated with a greater frequency of
flares. Although the pathophysiology of various AIRDs is
well studied, the exact pathodynamics of flare and remission
states remain unknown. The state of remission is no longer
considered a restoration to normalcy but rather an active state
of balanced homeostasis between pro-inflammatory and anti-
inflammatory processes [22]. Therefore, an external trigger
like COVID-19 vaccination might disturb the homeostasis in
patients with underlying autoimmune disease, resulting in
flares. Patients with AIDm may be more susceptible to this
phenomenon.
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Table 2. Characteristics of AIRD patients with and without flare (patient-reported)

Flare patient-reported Total AIRDs AIRD patients with flare AIRD patients without flare P
(n=3453) following vaccination following vaccination
(n=393) N (%) (n=3060) N (%)
Age (mean, SD) 48.3 (14.5) 46.9 (14.1) 48.5 (14.5) 0.055
Age (median, IQR) years 48.0 (37.0-59.0) 48.0 (37.0-57.5) 48.0 (37.0-60.0) 0.055
Gender
Male 525(15.2) 57 (14.5) 468 (15.3)
Female 2928 (84.8) 336 (85.5) 2592 (84.7) 0.681
Ethnicity 0.128
Caucasian 1611 (46.7) 197 (50.1) 1414 (46.2)
Asian 838 (24.3) 74 (18.8) 764 (25.0)
Native American 31(0.9) 3(0.8) 28 (0.9)
African American or African origin 175 (5.1) 28 (7.1) 147 (4.8)
Hispanic 421 (12.2) 46 (11.7) 375 (12.3)
Mixed 146 (4.2) 16 (4.1) 130 (4.2)
Others 122 (3.5) 17 (4.3) 105 (3.4)
I do not want to disclose 109 (3.2) 12 (3.1) 7(3.2)
Type of vaccine taken (first and 0.014
second dose)
Phizer 1493 (43.2) 174 (44.3) 1319 (43.1)
Moderna 248 (7.2) 42(10.7) 206 (6.7)
Oxford 967 (28.0) 97 (24.7) 870 (28.4)
Sinopharm 174 (5.0) 25 (6.4) 149 (4.9)
Covishield 175 (5.1) 6 (1.5) 169 (5.5)
Covaxin 25(0.7) 3(0.8) 22(0.7)
Sputnik 49 (1.4) 7(1.8) 42 (1.4)
Johnson & Johnson 29(0.8) 3(0.8) 26 (0.8)
Immunosuppression received prior
to vaccination
MTX 1022 (29.6) 107 (27.2) 915 (29.9) 0.274
MMF 322(9.3) 301 (9.8) 21(5.3) 0.004
AZA 268 (7.8) 31(7.9) 237 (7.7) 0.921
HCQ 1144 (33.1) 113 (28.8) 1031 (33.7) 0.050
SSZ 263 (7.6) 31(7.9) 232 (7.6) 0.829
LEF 192 (5.6) 23(5.9) 169 (5.5) 0.788
Oral tacrolimus 27 (0.8) 4 (1.0) 23 (0.8) 0.573
CSA 49 (1.4) 8 (2.0) 41(1.3) 0.272
IVIGs 20 (0.6) 5(1.3) 15 (0.5) 0.054
CYC 45 (1.3) 2(0.5) 43 (1.4) 0.140
Rituximab 152 (4.4) 140 (4.6) 12 (3.1) 0.166
Anti TNF agents 313 (9.1) 33 (8.4) 280(9.2) 0.624
JAK inhibitors 77 (2.2) 9(2.3) 68 (2.2) 0.932
Glucocorticoids - - - 0.010
None 2170 (62.8) 276 (70.2) 1894 (61.9) -
<10mg a day 971 (28.1) 84 (21.4) 887 (29.0) -
10-20 mg a day 237 (6.9) 213 (7.0) 24 (6.1) -
>20mg a day 75 (2.2) 9(2.3) 66 (2.2) -
Comorbidities
Any comorbidity 1590 (46.0) 204 (51.9) 1386 (45.3) 0.013
Asthma 359 (10.4) 57 (14.5) 302 (9.9) 0.005
CKD 182 (5.3) 13 (3.3) 169 (5.5) 0.064
CLD 2(1.2) 9(2.3) 33(1.1) 0.039
COPD 7(2.5) 11 (2.8) 76 (2.5) 0.707
ILD 127 (3.7) 11 (2.8) 116 (3.8) 0.325
CAD 1(2.3) 19 (4.8) 62 (2.0) 0.001
DM 183 (5.3) 23(5.9) 160 (5.2) 0.603
Epilepsy 4(1.3) 5(1.3) 39 (1.3) 0.997
Dyslipidaemia 435 (12.6) 54 (13.7) 381 (12.5) 0.468
HIV-AIDS 4(0.1) 1(0.3) 3(0.1) 0.391
Hypertension 669 (19.4) 80 (20.4) 589 (19.2) 0.601
Stroke 1(0.9) 5(1.3) 26 (0.8) 0.403
Tuberculosis 6 (1.0) 4(1.0) 32 (1.0) 0.959
Organ transplant 16 (0.5) 3(0.8) 13 (0.4) 0.352
Mental health disorders 972 (28.1) 157 (39.9) 815 (26.6) <0.001
Anxiety 614 (17.8) 99 (25.2) 515 (16.8) <0.001
Bipolar disorder 20 (0.6) 5(1.3) 15(0.5) 0.054
Depression 524 (15.2) 84 (21.4) 440 (14.4) <0.001
Eating disorder 65 (1.9) 13 (3.3) 52 (1.7) 0.027

(continued)
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Table 2. (continued)

Kshitij Jagtap et al.

Flare patient-reported Total AIRDs AIRD patients with flare AIRD patients without flare P
(n=3453) following vaccination following vaccination
(n=393) N (%) (n=3060) N (%)
Insomnia 253 (7.3) 42 (10.7) 211 (6.9) 0.007
Schizophrenia 8(0.2) 2(0.5) 6(0.2) 0.225
Substance use disorders 9(0.3) 2(0.5) 7(0.2) 0.305
AID comorbidities
Yes 966 (28.0) 143 (36.4) 823 (26.9) <0.001
COVID-19 antibody status
Antibodies present 165/218 (75.6) 27134 (79.1) 138/184 (75.0) 0.678
PROMIS PF Global 10a
(median, IQR)
Global physical health score 13.0 (12.0-15.0) 13.0 (12.0-15.0) 13.0 (12.0-15.0) 0.148
Global mental health score 13.0 (10.0-15.0) 11.0 (9.0-13.5) 13.0 (10.0-15.0) <0.001
Fatigue VAS 3.0 (3.0-4.0) 3.0 (2.0-4.0) 3.0 (3.0-4.0) <0.001
Pain VAS 3.0 (1.0-6.0) 5.0 (3.0-7.0) 3.0 (1.0-5.0) <0.001

Note, significant figures are presented in bold font. CKD: chronic kidney disease; CLD: chronic liver disease; COPD: chronic obstructive pulmonary disease;

ILD: interstitial lung disease; CAD: coronary artery disease; DM: diabetes mellitus; IQR: interquartile range.

Table 3. Factors predicting flares (patient reported) following vaccination among AIRD patients

Univariate Multivariable regression
OR (95% CI) P Beta OR (95% CI)* P
Age - 0.055 -0.017 0.98 (0.97,0.99) <0.001
Female gender 1.0 (0.7, 1.4) 0.681 0.036 1.0 (0.7, 1.4) 0.821
Asian ethnicity 0.6 (0.5,0.9) 0.007 -0.206 0.8 (0.6, 1.0) 0.154
Moderna 2.3 (1.6,3.3) <0.001 0.453 1.5 (1.09,2.2) 0.014
MMF 0.5 (0.3, 0.8) 0.004 -0.628 0.5 (0.3, 0.8) 0.009
HCQ 0.7 (0.6, 1.0) 0.050 -0.176 0.8 (0.6, 1.0) 0.159
Glucocorticoids 0.6 (0.5, 0.8) 0.001 -0.365 0.6 (0.5, 0.8) 0.003
Any comorbidity 1.2 (1.05, 1.5) 0.013 0.238 1.2 (0.9, 1.6) 0.058
Asthma 1.5 (1.1,2.1) 0.005 0.155 1.1 (0.8, 1.6) 0.371
Mental health disorder 1.6 (1.4,2.0) <0.001 0.562 1.7 (1.1, 2.6) 0.007
Anxiety 1.6 (1.3,3.1) <0.001 -0.077 0.9 (0.6,1.3) 0.678
Depression 1.6 (1.2,2.1) <0.001 -0.075 0.9 (0.6, 1.3) 0.676
Insomnia 1.6 (1.1,2.2) 0.007 0.018 1.0 (0.6, 1.5) 0.928
AID comorbidity 1.5 (1.2,1.9) <0.001 0.348 1.4 (1.1,1.7) 0.003
Note, significant figures are presented in bold font. * Binary logistic regression was adjusted for age, gender, ethnicity, vaccine type and other factors
significant (P < 0.05) or nearing significance (P < 0.07) in univariate analysis were used as covariates using enter method.
Table 4. Disease activity status before and after COVID-19 vaccination among AIRD patients (patient self-reported)
Disease activity Before first dose of vaccine After second dose of OR (95% CI)* P
n (%) vaccine 7 (%)
Overall active disease 1315 (60.7) 1407 (65.0) 1.3 (1.1,1.5) <0.001
Disease was inactive/remission 670 (30.9) 546 (25.2) 0.7 (0.6, 0.8) <0.001
Disease was active and worsening 129 (5.9) 256 (11.8) 2.1(1.6,2.6) <0.001
Disease was active but stable 1064 (49.1) 1011 (46.7) 0.9 (0.8, 1.0) 0.106
Disease was active and improving 122 (5.6) 140 (6.4) 1.1 (0.9, 1.4) 0.256
I am not sure 178 (8.2) 210 (9.7) 1.1(0.9,1.4) 0.089

Those who responded by multiple responses were excluded from the analysis in this table (7 =551 before first vaccine dose, and 7 =913 after second vaccine
dose). * OR of disease activity status after second dose of vaccine compared with before first dose of vaccine. AIRD: autoimmune rheumatic disease; OR: odds

ratio.

Mental health disorders, prevalent during the pandemic,
may also increase the risk of perceived pain and reported au-
toimmune disease flares. A study by Lu et al. suggested a
strong bidirectional association between RA and depression,
also suggesting the possibility that depression can trigger au-
toimmune flares due to collateral factors that may not be
identified [23]. Indeed, a meta-analysis of 56 studies on RA

reported an increase in self-perceived and clinical ratings of
disease activity following mental stressors [24]. Patients with
mental health disorders may also be more likely to skip medi-
cations resulting in disease flares [25].

Notably, the use of immunosuppressants, especially CSs
and MMF, was found to be associated with lower post-
vaccination flare. Immunosuppression reduces seroconversion
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Figure 1. Survival by Cox regression among subtypes of AIRDs. AIRDs: autoimmune rheumatic diseases

rates, rendering the vaccine less immunogenic [7]. There is
strong evidence that MMEF is responsible for significantly
impairing the immune response to multiple vaccines, includ-
ing Moderna and Pfizer-BioNTech [2, 7, 26]. Glucocorticoids
are also speculated to have a dose-dependent reduction in an-
tibody titres [7, 10]. This issue can be addressed by giving a
booster dose to achieve adequate antibody titres [27]. Only a
small proportion of patients reported their SARS-CoV-2 anti-
body status in the present study, and this was not found to be
predictive for the development of flares.

Heterologous vaccination did not pose any added risk of
flares when compared with homologous vaccination in the F-
SR group (11.6% vs 11.2%, P=0.676). However, subse-
quent vaccine doses showed reduced flare rates for F-SR, F-IS
and F-CS. This could either be due to lower vaccination rates
with subsequent doses by those who flared after the first dose,
or alternatively due to lower risk of COVID infection—associ-
ated flares in those who were better vaccinated. We have iden-
tified a high risk of flares in nearly one-third of patients with
AIRDs after COVID-19 infection (unpublished data from the
COVAD study). Therefore, gauging the risk of flares with suc-
cessive vaccine doses alongside the minimum number of doses
required for adequate seroconversion should be a priority
agenda for future studies.

Our study is an invaluable addition to the evidence on flare
demographics during the COVID-19 pandemic analysed over
a prolonged time-frame. The use of a two-phase survey in our
study makes it one of the first online surveys using dual time-
frames for collecting data on flares among patients with
AIRDs during the COVID pandemic. COVAD-1 and
COVAD-2 collect data from distinct time points, making it
possible to study short-term and long-term outcomes of
COVID-19 vaccination in patients with AIRDs. We studied
flares in AIRDs in a large and ethnically diverse population,
including a broad range of AIRDs. With a reasonable survey

completion rate, the patient-reported structure of this survey
studies an unbiased opinion of a largely underrepresented
population suffering from AIRDs.

Patient-reported data, being free from external con-
straints, should be considered complemental to physician-
reported data and hence crucial. However, the same patient-
reported nature of our study is also responsible for certain
limitations, including recall and reporting bias. The data is
collected online via patient support groups and social media
platforms and could not include patients with severe
disabilities and those without access to the internet [20]. It
was also beyond the scope of the study to confirm such a
large database with the help of medical records like prescrip-
tions and laboratory reports during flares. This shall remain
a priority for future prospective studies addressing this
research question.

Despite these limitations, our study provides a unique pa-
tient perspective of flares following COVID-19 vaccination. A
formal definition of flare in AIRDs, particularly using digital
tools and patient-reported outcome measures (PROM:s) such
as PROMIS SF, would be useful for optimizing analysis and
interpretation in future studies, including an invaluable addi-
tion to virtual clinical trials in the future. Ascertaining the op-
timum number of vaccine doses based on individualized
infection and flare risk in patients with AIRDs remains an im-
portant avenue for further exploration.

Supplementary material

Supplementary material is available at Rheumatology online.

Data availability

The data underlying this article will be shared on reasonable
request to the corresponding author.
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Table 5. Comparison of flares in AIRDs following COVID-19 vaccination with other studies

Manuscripts Author AIRDs How was flare defined? Flare incidence Study population Data collection

Our Study: Flares in autoimmune rheu- Jagtap et al. RA, SLE, SpA, F-SR (a) 11.3% (a) 3453 patients with Online survey
matic diseases in the post-COVID-19 MCTD, SSc, F-IS (b) 14.8% (b) AIRDs (9202
vaccination period—a cross-sequential multiple AIRDs F-CS (c) 9.5% (c) complete
study based on COVAD surveys F-PROMIS (d) 26.7% (d) responses)

Baseline factors associated with self- Rider et al. SLE, PsA, PMR, Flare requiring 4.9% 5619 adults with Online survey
reported disease flares following Idiopathic in- immunomodulation systemic rheu-

COVID-19 vaccination among adults flammatory my- matic disorders
with systemic rheumatic disease: results opathies (IIMs)

from the COVID-19 global rheumatol-

ogy alliance vaccine survey [12]

Covid-19 vaccination in autoimmune Mohanasundaram RA, SLE, PsA, Patient reported 2.47% (n=32) 2092 Interview-based survey
rheumatic diseases: a multicentre survey etal. MCTD, SS, SSc, across tertiary health-
from southern India [14] gout care centres in South

India

COVID-19 vaccine does not increase the Pinte et al. RA, SLE, SS, PsA Flare requiring immuno- 6% (25/416) 623 Online survey
risk of disease flare-ups among patients modulation or hospi-
with autoimmune and immune-medi- talization or worsened
ated diseases [15] by clinical features

COVID-19 vaccine hesitancy in patients Gaur et al. RA, SpA, SLE Flare requiring Negligible (1/280) 382 Interview-based survey
with systemic autoimmune rheumatic immunomodulation
disease: an interview-based survey [16]

Two-dose COVID-19 vaccination and Xue Li et al. RA Flares requiring immu- BNT162b2 5493 patients with Population-based elec-
possible arthritis flare among patients nomodulation/ recipients: 35/ RA tronic medical record
with rheumatoid arthritis in Hong hospitalization 653 (5%) (EMR)

Kong [17] CoronaVac
recipients: 41/
671 (6%)

Early experience of COVID-19 vaccina- Sattui et al. RA, IIM, SS, SLE, Patient reported (a) 13.4% (a) 2860 with rheu- Online survey
tion in adults with systemic rheumatic SpA Flare requiring immu- 4.6% (b) matic disorders
diseases: results from the COVID-19 nomodulation (b)

Global Rheumatology Alliance Vaccine
Survey [18]

Safety of vaccination against SARS-CoV-2 Machado et al. RA, PsA, SpA, Patient reported (a) 4.4% (a) 5121 with rheu- Physician-reported

in people with rheumatic and musculo- SLE, SSc, vascu- Patients requiring 1.5% (b) matic disorders registry

skeletal diseases: results from the
EULAR Coronavirus Vaccine
(COVAX) physician-reported registry
[19]

Side effects and flares risk after SARS-
CoV-2 vaccination in patients with sys-
temic lupus erythematosus [20]

Disease flare and reactogenicity in patients
with rheumatic and musculoskeletal dis-
eases following two-dose SARS-CoV-2
messenger RNA vaccination [21]

Zavala-Flores
etal.

Connolly et al.

litis, non-inflam-
matory rheu-
matic disorders

SLE

Inflammatory ar-
thritis, SLE,
overlap CTDs

immunomodulation

(b)

Flares following first
dose (a)
Flares following sec-
ond dose (b)
Flares requiring
immunomodulation

9% (9/100) (a)
20% (18/90) (b)

11%

100

1377 patients with
rheumatic
disorders

Hospital visits

Online survey

COVAD: COVID-19 Vaccination in Autoimmune Diseases; F-SR: self-reported flares; F-IS: flares defined by immunosuppression; F-CS: flares defined by clinical signs; F-PROMIS: flares defined by PROMISPF10A

worsening.
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