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Background. People with autoimmune or inflammatory conditions taking immunomodulatory/suppressive medications may
have higher risk of novel coronavirus disease 2019 (COVID-19). Chronic disease care has also changed for many patients, with un-
certain downstream consequences.

Methods. We included participants with autoimmune or inflammatory conditions followed by specialists at Johns Hopkins.
Participants completed periodic surveys querying comorbidities, disease-modifying medications, exposures, COVID-19 testing
and outcomes, social behaviors, and disruptions to healthcare. We assessed whether COVID-19 risk is higher among those on
immunomodulating or suppressive agents and characterized pandemic-associated changes to care and mental health.

Results. In total, 265 (5.6%) developed COVID-19 over 9 months of follow-up (April-December 2020). Patient character-
istics (age, race, comorbidity, medications) were associated with differences in social distancing behaviors during the pandemic.
Glucocorticoid exposure was associated with higher odds of COVID-19 in models incorporating behavior and other potential
confounders (odds ratio [OR]: 1.43; 95% confidence interval [CI]: 1.08, 1.89). Other medication classes were not associated with
COVID-19 risk. Diabetes (OR: 1.72; 95% CI: 1.08, 2.73), cardiovascular disease (OR: 1.68; 95% CI: 1.24, 2.28), and kidney disease
(OR: 1.76; 95% CI: 1.04, 2.97) were associated with higher odds of COVID-19. Of the 2156 reporting pre-pandemic utilization of
infusion, mental health or rehabilitative services, 975 (45.2%) reported disruptions therein, which disproportionately affected indi-
viduals experiencing changes to employment or income.

Conclusions.
ditions. Disruption to healthcare and related services was common. Those with pandemic-related reduced income may be most
vulnerable to care disruptions.
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In people with autoimmune or inflammatory conditions, there
is concern that immunomodulatory medications used to treat
these conditions may increase the risk of developing novel co-
ronavirus disease 2019 (COVID-19) based on their mechan-
isms of action and data from earlier studies [1-7]. Most existing
COVID-19 studies failed to account for social distancing be-
haviors. Such behavior differences may confound (or impact in
unexpected ways) estimates of medication-associated risks (eg,
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individuals taking stronger immune-modulating/suppressive
medications may perceive higher COVID-19 risk and thus more
strictly practice social distancing or refrain from in-person so-
cialization). Controlling for behavior is a critical component in
analyses assessing COVID-19 risk associated with exposure to
immunomodulatory/suppressive medications.

Beyond COVID-19 risk concerns, the pandemic has al-
tered care in many chronic conditions. For example, many pa-
tients have discontinued, lowered, or delayed their medication
or refrained from obtaining critical safety laboratory tests [8,
9]. Others experienced disruptions to infusion, rehabilitative,
homecare, or mental health services. Currently, limited research
has assessed 1) which patients are most vulnerable to care dis-
ruption and 2) the downstream effects of these disruptions on
disease outcomes. The impact of such changes may be very
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significant, as they may affect the majority of patients with au-
toimmune or inflammatory conditions, not only those who de-
velop COVID-19.

We sought to assess whether risk for COVID-19 is higher
among those on immunomodulating or suppressive agents
(after accounting for behavior) and to quantify and identify
consequences of pandemic-associated changes to longitudinal
outpatient care and mental health in this population. To do
so, we established COVID-19 Risk with Immune-modulating
Medication Study (COVID-RIMS), a cohort study of nearly
5000 individuals with a variety of autoimmune and inflam-
matory conditions managed as outpatients by specialists at the
Johns Hopkins Medical Institutions.

METHODS

Study Population

We established the COVID-RIMS study in April 2020. Eligible
participants had autoimmune or inflammatory conditions
(included diagnoses listed in Supplementary Table 1) and had
been seen by relevant specialists at Johns Hopkins within the
past 3 years. Participants had at least 2 ICD-10 codes associ-
ated with a particular disorder in the electronic medical re-
cord at 2 separate visits prior to study initiation. Patients were
invited to participate in COVID-RIMS through an individu-
alized e-mail link.

Survey Assessments

From April through June 2020, COVID-RIMS participants an-
swered weekly online questionnaires, and from July 2020 on-
ward, they completed surveys on an approximately monthly
basis. Surveys queried COVID-19 testing and results, par-
ticipant characteristics (including demographic, medication,
and comorbidity), behaviors, mental health, and pandemic-
associated changes to healthcare; a more detailed description is
provided in the Supplementary methods.

Assessment of COVID-19 Disease

In each survey, participants were asked several COVID-19-
related questions including whether 1) a health provider ever
suspected them of having COVID-19, 2) they had tested pos-
itive for COVID-19, or 3) had received a positive COVID-19
serology assessment. In addition, Johns Hopkins also maintains
a COVID-19 registry in which all tests, results, and COVID-19
outcomes performed within the state of Maryland or District of
Columbia (via the Chesapeake Regional Information System for
our Patients [CRISP], a health information exchange resource
for Maryland/District of Columbia) are automatically uploaded
into a database designed for research; we linked participants in
COVID-RIMS with this registry to allow for maximum case
capture. Participants with self-reported positive COVID-19
tests or serum antibody testing, self-reported healthcare pro-
vider suspected COVID-19 (but were never tested), and those

who had tested positive in CRISP were included as cases. We
performed sensitivity analyses excluding individuals with sus-
pected COVID-19 from the case definition.

Statistical Analysis

Initial analyses compared demographic characteristics of in-
vited participants versus those who agreed to participate.
We evaluated non-medication associated risk factors for
COVID-19 (see Supplementary methods) using logistic re-
gression, as exact timing of infection was not always clear.
Primary analyses assessed the association between exposure to
immunomodulatory agent classes and odds of COVID-19 using
multivariable-adjusted logistic regression models. A full list of
individual medications considered, and their associated class,
are included in the Supplementary methods. We also assessed
COVID-19 risk associated with medication classes stratified by
disorders and individual medication exposures for medication
classes or medications in which at least 10 COVID-19 cases
were recorded. We then evaluated predictors of interruptions to
care using logistic regression models. Finally, we assessed how
depression and anxiety symptoms changed longitudinally and
evaluated predictors of higher overall symptom burden using
mixed effects models. Statistical calculations were performed
with R software, version 3.6.2 [10].

RESULTS

Of the invited 22 516 eligible patients, 4666 (20.9%) agreed to
participate and completed at least one follow-up survey as of
December 2020. Multiple sclerosis (MS), Sjogren’s syndrome,
and rheumatoid arthritis were the most common qualifying
conditions represented, with 878, 741, and 545 individuals, re-
spectively (Supplementary Table 1). COVID-RIMS participants
were more likely to be female (76.7% vs 72.3%), white (83.1%
vs. 63.2%) and have higher socioeconomic status (SES) (mean
ADI [SD] 23.7 [20.4] vs 31.2 [24.4]) relative to nonresponders
(Supplementary Table 2). COVID-RIMS participants com-
pleted weekly (and later monthly) surveys during follow-up for
a total of 10 surveys (baseline + 9 follow-up surveys); a median
of 8 (interquartile range [IQR]: 5-9) follow-up surveys were
completed.

Table 1 summarizes responder characteristics overall and
by COVID-19 status; 2187 (46.7%) report having been tested
at least once for COVID-19, and 265 (5.7%) reported posi-
tive COVID-19 results during follow-up. For all responders,
4161 (89.1%) reported ever being treated with an immune-
modulating/suppressing medication, 167 (3.6%) were smokers,
1344 (28.8%) were obese, and 2736 (58.6%) had at least 1 co-
morbidity potentially associated with more severe COVID-19
disease or COVID-19 related hospitalization (eg, hyperten-
sion, diabetes, cardiovascular disease [CVD], lung diseases,
chronic kidney disease [CKD], stroke, cancer); of the medical
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Table 1. Characteristics of COVID-RIMS Participant by COVID-19 Status

Overall No COVID-19 COVID-19+ P value®
N 4666 4401 265
Age 55.10 (13.77) 55.28 (13.77) 52.19 (13.46) <.001
Male sex 1086 (23.3) 1036 (23.5) 50 (18.9) .094
Smoker 167 (3.6) 159 (3.6) 8(3.0) 737
Race 212

White 3877 (83.1) 3662 (83.2) 215 (81.1)

Asian 125 (2.7) 122 (2.8) 3(1.1)

Black or African American 447 (9.6) 413 (9.4) 34 (12.8)

Other 171 (3.7) 161 (3.7) 10 (3.8)

Unknown 5 (1.0) 42 (1.0) 3(1.1)

Hispanic or Latino 146 (3.1) 136 (3.1) 10 (3.8) 661
In person socializing over follow-up 2737 (58.7) 2559 (58.1) 178 (67.2) .005
In person socializing at baseline 851 (18.2) 798 (18.1) 53 (20.0) 495
Employment status change due to COVID-19 pandemic 548 (11.7) 498 (11.3) 50 (18.9) <.001
Working onsite 1138 (24.4) 1041 (23.7) 97 (36.6) <.001
Change in ability to pay for care associated costs 608 (13.0) 546 (12.4) 62 (23.4) <.001
BMI 29.561 (7.45) 29.47 (7.39) 30.23 (8.33) 116
Comorbidity

Stroke 159 (3.4) 150 (3.4) 9(3.4) 1.000

Asthma 748 (16.0) 696 (15.8) 52 (19.6) 120

Cardiovascular disease (CVD) 877 (18.8) 814 (18.5) 63 (23.8) .040

Hypertension 1437 (30.8) 1362 (30.9) 75 (28.3) 402

Chronic kidney disease (CKD) 1956 (4.2) 178 (4.0) 17 (6.4) .086

Diabetes 283 (6.1) 261 (56.9) 22 (8.3) 150

Cancer 544 (11.7) 515 (11.7) 29 (10.9) .783

Lung 520 (11.1) 485 (11.0) 35(13.2) .318
Number of comorbidities 1.02 (1.14) 1.01 (1.13) 1.14 (1.22) .079
Number of autoimmune conditions 1.33 (0.66) 1.33 (0.65) 1.40 (0.83) .083
Ever treated with immune modulating medication 4161 (89.2) 3915 (89.0) 246 (92.8) .062
Changes to care

Any disruption in care/services 975 (45.2) 903 (44.6) 72 (55.0) .026

Delay in infusion 341 (29.4) 315 (28.7) 26 (41.9) .038

Delay in rehab services 623 (57.6) 575 (57.2) 48 (63.2) .373

Delay in mental health services 211 (28.9) 189 (27.9) 22 (40.7) .065

Delay in home care services 5 (25.6) 58 (24.7) 7 (36.8) 371

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; COVID-RIMS, COVID-19 Risk with Immune-modulating Medication Study.
2P values are derived from univariate generalized linear models using a univariate test for differences between COVID-19 cases versus those with no reported evidence of COVID-19.

comorbidities considered, hypertension (30.8%) and CVD
(18.8%) were most common. Some characteristics (male sex,
Black race, comorbidity burden, exposure to more immune
modulating agents) and behaviors (working onsite, in-person
socialization, changes to employment related to COVID-19 or
capacity to pay for disorder-associated costs) were associated
with an increased odds of ever being tested for COVID-19
(Supplementary Table 3).

Some patient characteristics were associated with social
distancing behavior differences. Younger individuals, men,
non-White individuals, those with lower SES, those with greater
comorbidity burden, and those with exposure to more immune
modulating/suppressing agents were less likely to socialize in
person (Supplementary Table 4). For example, individuals ex-
posed to 3+ immune modulating/suppressing agents in the past
year were 20% less likely to socialize in person relative to those

who did not report using such medications in the past year
(odds ratio [OR]: 0.80; 95% confidence interval [CI]: .65, .97).
In contrast, individuals working on site were over 2-fold more
likely to report socializing in person (OR: 2.28; 95% CI: 1.96,
2.65). Results were consistent when evaluating predictors of not
wearing a mask over follow-up (Supplemental Table 4).

Factors Associated With Increased Odds of Contracting COVID-19

Younger age, comorbidity burden, working onsite, in-person
socialization, and having a pandemic-associated change in
ability to pay for disorder-associated costs were each associated
with increased odds of COVID-19 in multivariable-adjusted
models (Table 2). Diabetes (OR: 1.72; 95% CI: 1.08, 2.73), CVD
(OR: 1.68; 95% CI: 1.24, 2.28), or CKD (OR: 1.76; 95% CI:
1.04, 2.97) were individually associated with COVID-19 odds
in multivariable-adjusted models (Supplementary Table 5).
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Table 2. Association Between Participant Characteristics and COVID-19 Risk in COVID-RIMS Participants

Univariate Multivariable®
OR (95% ClI) P value OR (95% CI) P value

Age (per 10 years) 0.85 (.78, .93) .0004 0.86 (.77, .95) .004
Male sex 0.76 (.55, 1.04) .08 0.86 (.61, 1.19) .361
Race

White 1.00 [ref] 1.00 [ref]

Asian 0.42 (.13, 1.33) 14 0.42 (.13, 1.33) 139

Black/African American 1.40 (.96, 2.04) .08 1.30 (.88, 1.94) .188

Other 1.06 (.55, 2.03) .87 1.03 (.63, 2.00) .938

Unknown 1.22 (.37 3.96) T4 1.31 (.40, 4.34) .654
Low SES (<25th percentile of ADI) 1.48(1.03, 2.13) .04 1.37 (.93, 2.01) A1
Number of autoimmune/inflammatory conditions 1.16 (.98, 1.37) .09 1.15 (.96, 1.36) 125
Ever exposed to an immune modulating agent 1.61 (1.00, 2.59) .05 1.45 (.82, 2.54) .201
Number of autoimmune immune modulating agents exposed to in past year

0 1.00 [ref] 1.00 [ref]

1 1.08 (.79, 1.47) .65 0.96 (.67 1.37) .827

2 1.32 (.92, 1.90) 13 1.10 (.74, 1.65) .637

3+ 1.54 (1.05, 2.24) .03 1.15 (.76, 1.76) .507
Obesity 0.88 (.67, 1.17) .38 0.81 (.61, 1.09) 161
Number of comorbidities® 1.10 (.99, 1.22) .08 1.17 (1.04, 1.31) .008
Working onsite 1.87 (1.44, 2.42) <.0001 1.65 (1.25, 2.19) <.0001
Current smoker 0.83 (.40, 1.71) .61 0.75 (.36, 1.56) 435
Socializing in person at baseline 1.13 (.83, 1.54) 445 1.44 (1.09, 1.90) 0N
Socializing in person at any point in follow-up 1.47 (1.13, 1.92) .004 0.99 (.71, 1.37) .94
Change in employment status due to COVID-19 1.82 (1.32, 2.51) .0003 1.35 (.96, 1.91) .089
Change in ability to pay for disorder associated costs 2.16 (1.60, 2.91) <.0001 1.80 (1.30, 2.48) <.0001

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; COVID-RIMS, COVID-19 Risk with Immune-modulating Medication Study; OR, odds ratio; SES, socioeconomic

status.

“Mutually adjusts for all variables included in the table.

®Includes diabetes, cardiovascular disease (CVD), lung disease (chronic obstructive pulmonary disease [COPD], interstitial lung disease, pulmonary hypertension), stroke, asthma, chronic

kidney disease (CKD), hypertension, cancer.

Results were similar when stratified by disorder; there was no
significant heterogeneity when pooling results across disorder
for estimated ORs.

When considering immune medications, glucocorticoid
use in the past year was associated with 43% increased odds
of COVID-19 (Figure 1; OR: 1.43; 95% CI: 1.08, 1.89) in
multivariable-adjusted models. With respect to glucocorti-
coid dose (sum of prednisone, methylprednisolone, and dex-
amethasone exposure), individuals reporting daily prednisone
equivalent doses of 0.5 to 10 mg/day or >10 mg/day had re-
spective ORs of COVID-19 of 1.65 (95% CI: 1.14, 2.41) and
1.48 (95% CI: 1.00, 2.19) relative to those without exposure.
(Supplementary Figure 1). Results were relatively consistent
in analyses stratified by disorder (Supplementary Table 6).
Beyond glucocorticoids, other medication classes didn’t ap-
pear to be associated with COVID-19 risk. In sensitivity ana-
lyses, when we reclassified sphingosine-1-phosphate inhibitors
as strong (rather than conventional) immunosuppressive
agents or reclassified mycophenolate mofetil, azathioprine, or
mercaptopurine as conventional (rather than strong) disease-
modifying drugs (DMD), the findings were unaltered. Likewise,
removing natalizumab or vedolizumab from biologic therapies

(since they may not affect peripheral immune responses) also
didn't alter findings. Except for prednisone use in the past year
(OR: 1.67; 95% CI: 1.21, 2.30), we did not find strong evidence
of higher odds of COVID-19 associated with other individual
medications (Supplementary Table 7).

Assessment of risk factors for COVID-19 were consistent
when excluding individuals suspected of having, but not tested
for, COVID-19 (50 individuals, leaving 215 COVID-19+ cases
eligible for analyses). Results were also similar when stratifying
by number of surveys completed (<median, >median) to ac-
count for potential differences in risk factor distribution be-
tween those with more or less complete data.

Interruptions to Care or Services

Of the 2156 individuals who reported receiving infusions, re-
habilitative or mental health services prior to the pandemic,
942 (45.2%) experienced an interruption to any services during
the pandemic; 341 of 1158 (29.4%) delayed infusions, 623 of
1081 (57.6%) had an interruption in rehabilitative service, and
211 of 731 (28.8%) had interrupted mental healthcare (Table 3
and Supplementary Table 8). Those who experienced a change
in their ability to pay for disorder-associated costs were nearly
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DMD Odds Ratio [95% ClI]

Any therapy in the past year 187 3064 1.08 [0.79, 1.46]
Any biologic in the past year 68 1138 —— 0.98[0.73, 1.32]
Any non-biologic DMD in the past year 93 1507 — 1.08 [0.83, 1.41]
Individual classes

TNFi bDMD 30 435 ——— 1.15[0.77,1.72]
Bcell depleting bDMD 21 457 —_— 0.73 [0.46, 1.16]
Other biologic therapy 25 368 —— 1.15[0.74,1.77]
Strong immunosuppressive agents 44 682 —— 1.10 [0.78, 1.55]
IVIG, plasmapheresis 15 261 —_—— 1.00 [0.58, 1.73]
HCQ 65 1072 —— 0.91[0.68, 1.23]
Other csDMD 57 924 —— 1.08 [0.79, 1.47]
Glucocorticoids 85 1120 D —a— 1.43 [1.08, 1.89]

| 1 |
0.3 1 1.5 25
Odds Ratio

Figure 1. Association between immune-modulating or suppressive medications™ and risk of COVID-19. Odds ratios are adjusted for age, sex, race, SES, working on site,
in person socialization habits (at baseline and during follow-up), smoking status, number of comorbidities, number of autoimmune or inflammatory condition diagnoses, and
current smoking status. Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; DMD, disease modifying drug; SES, socioeconomic status; TNF, tumor
necrosis factor.

*For individuals medications included in each medication class, please refer to Supplementary Table 7.

2-fold more likely to have an interruption in services. Similarly,  interruption (OR: 1.34; 95% CI: 1.02, 1.76). Those with mod-

COVID-19-related changes to employment (eg, furlough or  erate to severe anxiety (as defined as >1 SD above the mean

termination) were also associated with increased risk of service T-scores from PROMIS measures) were 53% more likely to

Table 3. Association Between Patient Characteristics and Disruption to Routine Healthcare or Related Services

Any Disruption in Services® (975 of 2156)

Univariate Multivariable®
OR (95% ClI) P value OR (95% ClI) P value

Age, per 10 years 1.01 (.95, 1.08) .659 1.03 (.96, 1.11) .355
Male sex 0.73 (.69, .89) .003 0.79 (.64, .99) .039
Low SES 0.99 (.74, 1.33) .970 0.94 (.69, 1.29) 718
Race

White 1.00 [ref] 1.00 [ref]

Asian 1.12 (.60, 2.10) 725 1.14 (.59, 2.20) .706

Black/African American 1.12 (.83, 1.62) 449 1.03 (.75, 1.43) .843

Other 1.33 (.85, 2.10) 209 1.23(.77,1.97) .388

Unknown 0.82 (.34, 2.03) .675 0.82 (32, 2.10) 677
Number of comorbidities® 1.10 (1.03, 1.19) .008 1.07 (.99, 1.16) .097
Obesity 0.87 (0.72, 1.04) 13 0.89 (.73, 1.08) 229
Moderate to severe anxiety 1.64 (1.32, 2.03) <.0001 1.63 (1.20, 1.94) .0004
History of depression 1.06 (.88, 1.27) .556 0.92 (.75, 1.13) 443
Number of autoimmune diagnoses 1.12 (.99, 1.27) .073 1.06 (.93, 1.21) 374
Ever treated with an immune-modulating medication 1.03 (.77, 1.37) .853 0.99 (.73, 1.35) .95
Working onsite 0.71 (.57, .87) .001 0.71 (.57, 0.90) .004
In person socializing over follow-up 0.88 (.70, 1.10) .263 0.95 (.75, 1.20) .667
In person socializing at baseline 0.80 (.68, .96) .014 0.86 (.71, 1.04) 114
COVID-19 infection 1.52 (1.06, 2.16) .022 1.35 (0.93, 1.96) 115
Change in ability to pay for disorder associated costs 2.26 (1.80, 2.84) <.0001 1.96 (1.54, 2.50) <.0001
Change in employment status due to COVID-19 1.48 (1.15, 1.90) .002 1.34 (1.02, 1.76) .034

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio.

“Includes any disruption to infusions, mental health, or rehabilitative services.

®Mutually adjusts for all variables included in the table.

°Includes diabetes, cardiovascular disease (CVD), lung disease (chronic obstructive pulmonary disease [COPD], interstitial lung disease, pulmonary hypertension), stroke, asthma, chronic

kidney disease (CKD), hypertension, cancer.
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report an interruption in services (OR: 1.53; 95% CI: 1.20, 1.94).
Men were less likely to experience an interruption in services
(OR: 0.79; 95% CI: .64, .99). Findings were generally similar
when considering specific reasons for disruption to services (eg,
infusions, rehabilitative services, or mental health).

Overall Burden of Anxiety and Depression
Over follow-up, participants reported average anxiety and de-
pressive symptom T-scores of 51.8 [9.5] and 49.9 [8.5], respec-
tively. Younger participants, men, and Black/African Americans
tended to report a lower burden of anxiety and depression over
time (eg, lower T-scores), whereas previous self-reported pre-
vious physician-diagnosed depression was associated with
substantially higher anxiety and depression symptom burden
(Table 4). Several pandemic-associated factors were also asso-
ciated with higher symptom levels. For example, pandemic-
associated changes in ability to pay for disorder-associated costs
were associated with 2.17 (1.33, 3.01) points higher anxiety and
2.45 (1.70, 3.20) points higher depressive symptom T-scores.
COVID-19 related changes to employment were also associ-
ated with small increases in anxiety and depressive symptoms,
though these changes may not be clinically meaningful (for
anxiety: 0.73 points higher; 95% CI: .10, 1.35; for depression:
0.80; 95% CI: .25, 1.34).

Over the course of follow-up, the burden of depression and
anxiety symptoms changed non-linearly. Peak anxiety levels
occurred in November (Figure 2; 2.00 points higher; 95% CI:

1.60, 2.39). Depressive symptoms peaked slightly in August
(0.97 points higher; 95% CI: .66, 1.28), although this difference
may not be clinically meaningful. Longitudinal changes in anx-
iety and depression were similar across different conditions and
across different medication classes.

DISCUSSION

Herein we assessed risk factors for COVID-19 in a large co-
hort of patients with known autoimmune or inflammatory
conditions in a well-phenotyped prospective registry at Johns
Hopkins. Adherence to in person socialization recommenda-
tions was non-uniformly distributed. Consistent with existing
evidence, individuals working onsite or socializing in-person
had higher odds of contracting SARS-CoV-2 and developing
COVID-19 disease. In addition, diabetes, CKD, and CVD
were associated with higher COVID-19 odds. With respect to
immunomodulatory/suppressive medications, any glucocorti-
coid use in the past year was associated with increased odds of
COVID-19, but other medications classes or individual medica-
tions themselves didn’t appear to be associated with COVID-19
risk. Our results were consistent in sensitivity analyses, where we
varied both definitions for medication exposure and COVID-
19 case definitions. Beyond COVID-19 disease, general inter-
ruptions to healthcare were common; individuals with changes
in their ability to pay for disorder-associated costs as well as
those who experienced a COVID-19-related change to employ-
ment were most vulnerable to care disruptions. Overall, these

Table 4. Patient Characteristics Associated With Overall Anxiety and Depressive Symptom Burden

Characteristic

Anxiety

Depression

Mean Difference in Symptoms® (95% Cl) Pvalue  Mean Difference in Symptoms® (95% CI) P value

Age, per 10 years -1.37 (-1.64, -1.10) <.0001 -0.68 (-.92, -.43) <.0001
Male sex -3.44 (-4.19, -2.68) <.0001 -1.06 (-1.75, -.38) .002
Race

white

Asian -1.54 (-3.34, .26) .093 -0.52 (-2.15, 1.12) .536

Black/African American -1.84 (-2.94, -.73) .001 =111 (=2.11, =.11) .03

Other 0.17 (-1.49, 1.82) .844 0.06 (-1.45, 1.57) 1936

Unknown 2.30 (-1.03, 5.62) 176 1.45 (-1.57 4.48) 346
Low SES 0.81 (-.31, 1.94) .156 0.83 (-.20, 1.85) 14
Number of comorbidities® 0.29 (-.04, .63) .089 0.26 (-.04, .57) .094
History of depression 4.89 (4.09, 5.70) <.0001 5.97 (5.24, 6.70) <.0001
Obesity 0.14 (-.55, .84) .686 -0.07 (-.70, .56) .83
Change in immune-modulating therapy 0.09 (-.44, .62) 735 —-0.02 (-.49, .45) .942
In person socialization -0.42 (-.75, -.09) .014 -0.42 (-.71, -.13) .004
Working onsite -0.20 (-.68, .28) 413 -0.28 (-.71, .14) 187
Change in ability to pay for disorderassociated costs 2.17 (1.33, 3.01) <.0001 2.45 (1.70, 3.20) <.0001
Change in employment status due to COVID-19 0.73 (.10, 1.35) .023 0.80 (.25, 1.34) .004
COVID-19 infection -0.38 (-1.68, .91) .562 -0.84 (-2.02, .34) 164

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio.

“Mean difference in T-scores for anxiety and depression are estimated from a mixed effect model allowing for multiple assessments per person and also adjusting for follow-up time (cate-
gorically as month of follow-up). All estimates are adjusted simultaneously for all other variables included in the table.

PIncludes diabetes, cardiovascular disease (CVD), lung disease (chronic obstructive pulmonary disease [COPD], interstitial lung disease, pulmonary hypertension), stroke, asthma, chronic

kidney disease (CKD), hypertension, cancer.
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Figure 2. Change in anxiety (/eft) and depression (right) occurring over the course of study follow-up. Mean differences are adjusted for age, sex, race, SES, working on site,
in person socialization, number of comorbidities, number of autoimmune or inflammatory condition diagnoses, COVID-19 infection, change in employment due to COVID-19,
and changes in ability to pay for disorder-associated costs. Abbreviations: COVID-19, coronavirus disease 2019; SES, socioeconomic status.

findings suggest that as the COVID-19 pandemic continues to
cause considerable morbidity and mortality, people with auto-
immune or inflammatory disorders may be particularly vulner-
able to impacts it has on maintaining healthcare access.
Exposure to glucocorticoids may increase odds of COVID-
19, with a potential non-linear association between total glu-
cocorticoid dose and COVID-19 risk. Glucocorticoids were
among the most common medications used in this popu-
lation, and many previous studies suggest a link between
chronic glucocorticoid exposure and infection risk in people
with autoimmune or inflammatory disorders as well worse
COVID-19 outcomes in rheumatology patients [11-15].
Although it’s likely our sample size and number of COVID-
19 cases precluded us from identifying the precise COVID-19
risk associated with all DMDs considered, strong risk signals
were not noted for more broad classifications of many of the
common DMDs herein. In the MS population, some prior
studies had indicated an association between anti-CD20 ther-
apies and risk of COVID-19; these studies did not account
for social distancing behaviors, which we observed were
non-uniformly distributed across patients [1, 2, 7, 16]. At
the same time, the populations studied (in Europe) may have
other characteristics that underlie the different outcomes.
Most publications evaluating risk in other autoimmune di-
sease evaluated risk of more severe disease rather than illness
as a whole [8, 17, 18]. With the success of recent COVID-19
vaccine trials, a critical next step will be to determine if and
how common immunomodulating/suppressive medications
or specific medication classes (eg, B-cell depleting therapies)

affect vaccination response, as has been shown for other vac-
cines [19, 20].

Notably, nearly half of participants who reported receiving
infusion, rehabilitative, or mental health services reported a
pandemic-related disruption to care. These results set the stage
for future studies in this cohort assessing the downstream con-
sequences of these changes to disease-specific outcomes, espe-
cially as certain subgroups of patients (eg, those with changes
to household income) may be particularly vulnerable to these
potential effects.

Finally, we also note nonlinear changes in the burden of
depression and anxiety. The sharp decrease in the trend of
symptom burden between November and December could be
related to announcements of the success of large COVID-19 vac-
cine effectiveness trials, which occurred in this period. It is also
worth noting that the burden of mental health comorbidities
is generally higher in many autoimmune and inflammatory di-
sease populations relative to the general population [21-25]; ex-
tended periods of social isolation may exaggerate symptoms of
depression and anxiety in an already vulnerable population, an
important observation for providers to remember when caring
for such individuals.

Our study has a number of important strengths. Our
study is relatively distinct from prior studies of individuals
taking immune medications, which have largely focused
on risk factors for poor COVID-19 outcomes. We included
a large population of nearly 5000 individuals with autoim-
mune or inflammatory conditions who are already followed
by specialists at a large health system and thus may limit
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some biases related to right censoring inherent to studies in-
cluding only hospitalized patients. Our study was also lon-
gitudinal and included information from patients collected
at 10 different time points over the course of follow-up.
We also included assessments of social distancing beha-
vior in analyses to ensure that any observed differences in
medication-associated risks were not driven by differences
in behavior. Finally, surveys included information related to
disruptions to care that affected a substantial proportion of
participating patients. To date, most reports have focused
on recommendations from providers, whereas we collected
such information on the observed burden in patients, which
we found to be non-uniform.

Important limitations of our study are worth noting. First, we
lacked detailed information on exact timing of COVID-19 in-
fection, so we could not incorporate this information into ana-
lyses or assess potential time-varying variables. Future studies
using this cohort will restrict to the subset of cases for which
timing of infection is well delineated. We also could miss po-
tential COVID-19 cases if participants were lost to follow-up
or were not tested for COVID-19 in Maryland/District of
Columbia, although follow-up was relatively complete (median
8 of 9 follow-up surveys). Furthermore, we used self-reported
medications, comorbidities, COVID-19 testing, and result
status. We also note that certain participant characteristics and
behaviors were associated with being tested for COVID-19,
which could have confounded our ability to detect certain risk
factors for COVID-19.

We also didn’t collect detailed information on glucocor-
ticoid exposure duration or medication dosages (beyond
glucocorticoids), which could possibly lead to misclassifi-
cation. We have no measure of activity of autoimmune or
inflammatory conditions prior to the pandemic, which has
been shown to affect COVID-19 outcomes, and it’s possible
glucocorticoid use is an indicator for disease activity rather
than a causally associated with COVID-19 [15]. Lower SES
individuals may have more limited access to biologic medi-
cations or infusions services, and glucocorticoid use could
serve as a surrogate for low SES. Therefore, although we
adjusted for SES using the ADI (a neighborhood-level indi-
cator), it’s also possible that participant-level contributors to
SES were not accounted for and could have confounded the
observed association. We also identified eligible participants
using diagnostic codes, which may inaccurately identify
patients. Nonetheless, we required >2 codes for a specific
disease/condition from providers in specific specialty de-
partments to reduce potential misclassification. Results are
also derived from individuals with email addresses who
receive care at Johns Hopkins and responded to our initial
survey invitation and may not apply to the larger group of
patients or more broadly to people with autoimmune disease.

Responders were more likely to be White and have higher
SES, so it’s possible our results have underestimated the im-
pact of the pandemic in vulnerable groups.

CONCLUSION

Our findings are in line with existing research studies sug-
gesting that exposure risks are strong risk-factors for
contracting COVID-19. Other risk factors include a high co-
morbidity burden or a previous exposure to glucocorticoids.
Disruption to healthcare and important related services were
common, and non-universally distributed across patients.
Those with pandemic-related changes to income (largely
those with lower SES) may be a particular vulnerable sub-
group, but providers should be mindful of potential delays of
infusion therapies and disruption to care in general caused
by COVID-19.
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