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Abstract
Background  The impact of immune-related conditions on the outcomes of coronavirus disease 2019 (COVID-19) is poorly 
understood. Determinants of COVID-19 outcomes among patients with psoriasis are yet to be established.
Objective  Th objective of this study was to characterize a large cohort of patients with psoriasis with COVID-19 and to 
identify predictors of COVID-19-associated hospitalization and mortality.
Methods  A population-based nested case-control study was performed using the computerized database of Clalit Health 
Services, Israel. Multivariable logistic regression was used to estimate odds ratios (ORs) and 95% confidence (CIs) of pre-
dictors for COVID-19-associated hospitalization and mortality.
Results  The study population included 3151 patients with psoriasis who tested positive for COVID-19. Subclinical COVID-
19 infection occurred in 2818 (89.4%) of the patients while 122 (3.9%), 71 (2.3%), 123 (3.9%), and 16 (0.5%) of the patients 
experienced a mild, moderate, severe, and critical disease, respectively. Overall, 332 (10.5%) patients were hospitalized and 
50 (1.6%) patients died because of COVID-19 complications. Intake of methotrexate independently predicted COVID-19-as-
sociated hospitalization (adjusted OR 2.30; 95% CI 1.11–4.78; p = 0.025). Use of biologic agents was not associated with 
COVID-19-associated hospitalization (OR 0.75; 95% CI 0.32–1.73; p = 0.491) or mortality (OR 0.85; 95% CI 0.12–6.21; 
p = 0.870). Older age, the presence of comorbid cardiovascular diseases, metabolic syndrome, chronic obstructive pulmo-
nary disease, and chronic renal failure independently predicted both COVID-19-associated hospitalization and mortality.
Conclusions  The use of oral methotrexate was associated with an increased odds of COVID-associated hospitalization, 
whereas the use of biologic drugs was not associated with worse outcomes of COVID-19 among patients with psoriasis.

Key Points 

In patients with psoriasis, the use of oral methotrexate 
was associated with an increased COVID-associated 
hospitalization.

The administration of biologic drugs during the pan-
demic was not associated with COVID-associated hospi-
talizations or mortality.

Caution may be practiced in the utilization of methotrex-
ate for psoriasis during the pandemic.

Orly Weinstein and Arnon D. Cohen contributed equally to the 
article.
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1  Introduction

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
embodies an unprecedented global health crisis with enor-
mous social, mental, and financial ramifications [1]. Given 
that severe COVID-19 is associated with a hyperinflam-
matory state [2, 3], it is of interest to explore whether the 
presence of preexisting immune-mediated diseases or the 
previous use of immunomodulatory agents influences the 
phenotype of COVID-19. While several studies displayed 
an increased risk and a more aggressive course of SARS-
CoV-2 infection in patients with certain immune-mediated 
and autoimmune diseases [4–6], others refuted these obser-
vations [7–11].

Psoriasis is a chronic, immune-mediated, papulosqua-
mous skin disease that affects 125 million people worldwide 
[12]. The disease is unequally distributed across geographi-
cal regions, and its prevalence rate ranges between 0.14% in 
East Asia and 1.99% in Australia [13]. The typical psoriatic 
lesion is a sharply demarcated, erythematous scaly plaque 
commonly affecting the extensor surfaces, but it can also 
involve the intertriginous areas, palms, soles, and nails. Pre-
sent in 20–30% of patients with psoriasis, psoriatic arthritis 
usually either follows or occurs concurrently with the cuta-
neous manifestation [12, 14].

The medical society struggles with major uncertainty 
regarding the optimal method to manage patients with 
immune-mediated diseases necessitating systemic drugs 
during the COVID-19 pandemic. As immunosuppressive 
therapy can interfere with antiviral immunity [15], patients 
undergoing immunomodulatory treatment, particularly those 
with severe comorbidities, may be hypothetically more sus-
ceptible to worse outcomes of COVID-19. In contrast, it has 
been postulated that over-activation of the immune system 
accounts for the lung injury caused by SARS-CoV-2 and that 
a subgroup of patients might benefit from immunosuppres-
sive drugs [16]. The burden of COVID-19 and predictors of 
its complications among patients with psoriasis are yet to be 
fully delineated [17–19].

The aim of the current study is to characterize a large 
cohort of patients with psoriasis who tested positive for 
COVID-19. We additionally sought to identify determi-
nants of COVID-19-associated hospitalization and mortality 
among these patients.

2 � Methods

2.1 � Study Design and Dataset

The current study was designed as a nested case-control 
study that followed all patients with psoriasis who tested 
positive for COVID-19. Predictors of COVID-associated 
hospitalization and mortality were systematically evalu-
ated using a case-control design comparing patients with 
psoriasis with hospitalization and mortality relative to 
those lacking these outcomes. The study was approved 
by the institutional review board in accordance with the 
Declaration of Helsinki (approval code: 0212-17-COM).

The study was based on the computerized dataset of Clalit 
Health Services. Clalit Health Services is the largest health 
maintenance organization in Israel, which provides a wide 
array of private and public healthcare services for 4,603,861 
enrollees as of February 2020. Clalit Health Services data-
set enables comprehensive access to a wide range of clini-
cal input as it retrieves data from several sources covering 
general community clinics, both primary care and referral 
centers, and both ambulatory and hospital care facilities. 
The inclusiveness, negligible loss to follow-up, and universal 
access to public healthcare services qualify the dataset to 
yield robust epidemiological studies [20].

2.2 � Study Population and Definition 
of COVID‑19‑Related Variables

The computerized dataset of Clalit Health Services was 
systematically checked for prevalent cases with a diagnosis 
of psoriasis, as documented by a board-certified dermatol-
ogist. The medical records of these patients were checked 
for a diagnosis of COVID-19. The latter was based on con-
firmation of cases by a US Food and Drug Administration-
approved molecular test.

COVID-19-associated hospitalization was defined in 
COVID-19-confirmed patients admitted to intensive care 
units, internal medicine, or pulmonology inpatient wards. 
All hospitalized patients with COVID-19 were assigned 
one of the following severity degrees; mild (mild symptoms 
such as cough, fever, fatigue, and loss of smell); moderate 
(clinical or radiologic diagnosis of COVID-19 pneumonia); 
severe (respiratory rate > 30, oxygen saturation < 93% on 
room air, and PaO2/FiO2 < 300); and critical (severe sys-
temic impairment including septicemia, cardiac, hepatic, or 
renal insufficiency). The severity degree of non-hospitalized 
COVID-19-confirmed patients, who were not managed in 
any healthcare facility, was defined as subclinical.

Participants’ date of death was ascertained by cross-
linking the study cohort with the National Registry of 
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Deaths Database. All study participants were followed up 
from the onset of the pandemic in Israel (defined as the 
date of the first confirmed case on 27 February, 2020), 
until 30 September, 2020 or death.

2.3 � Definition of Psoriasis‑Related and Comorbidity 
Variables

The severity of psoriasis was defined as moderate to severe 
in patients who were managed by oral systemic drugs (meth-
otrexate, cyclosporine, apremilast, and acitretin), biologic 
agents (tumor necrosis factor-α inhibitors, interleukin [IL]-
17 inhibitors, IL-23 inhibitors, and ustekinumab), or photo-
therapeutic modalities (ultraviolet B, psoralen and ultraviolet 
A, and climate therapy in the Dead Sea) at any time point 
throughout the course of the disease. Patients who were not 
managed by any of the aforementioned interventions were 
considered as having mild disease.

Owing to the accumulation of evidence about the vul-
nerability of pharmacologically immunosuppressed patients 
with COVID-19 [15], we checked whether the intake of 
any biologic drug or the intake of oral-systemic drugs with 
immunosuppressive properties (methotrexate and cyclo-
sporine) during or at the onset of the pandemic predicted 
worse COVID-19 outcomes. Exposure to a certain drug was 
defined in those purchasing a drug for at least 2 months dur-
ing the pandemic. The diagnosis of psoriatic arthritis relied 
on its coding by a rheumatologist in a patient with an eligible 
diagnosis of psoriasis.

The chronic registry of Clalit Health Services was uti-
lized to identify comorbidities of eligible patients prior 
to the development of COVID-19. Cardiovascular disease 
was defined as the presence of at least one of the following 
conditions: ischemic heart disease, a history of myocardial 
infection, congestive heart failure, or arrhythmia. Metabolic 
syndrome was defined as the presence of at least three of 
the following conditions: type 2 diabetes mellitus, dyslipi-
demia, hypertension, or obesity [21–23]. Study outcomes 
were additionally adjusted for chronic obstructive pulmo-
nary disease (COPD), chronic renal failure (CRF), asthma, 
smoking, cirrhosis, malignancy, depression, and a history 
of tuberculosis.

2.4 � Statistical Analysis

Baseline characteristics were described by means and 
standard deviations (SDs) for continuous variables, whilst 
categorical values were indicated by percentages. The 
comparison between patients with and without COVID-
19-associated hospitalization and mortality was performed 

utilizing the chi-square test and t-test for categorical and 
continuous variables, respectively.

Only comorbidities and medications preceding the 
onset of COVID-19 were included in the analyses based 
on the temporal relationship between exposure and out-
come in case-control studies. The independent associa-
tions between demographic, disease-specific, and comor-
bidity variables with the odds of COVID-19-associated 
hospitalization and mortality were evaluated using multi-
variable-adjusted logistic regression and reported as odds 
ratios (ORs) and 95% confidence intervals (CIs). Enter 
and removal limits were set at p < 0.050 in the univariate 
analysis. The covariates included in the regression model 
encompassed, among others, age group and duration of 
psoriasis. The latter continuous variables were treated as 
dichotomous variables and split by their median value 
(44.0 and 7.6 years, respectively). Because of the signifi-
cant co-linearity between them, the two following pairs of 
variables were collapsed as single variables in the regres-
sion model: (i) age at the onset of pandemic and the dura-
tion of psoriasis and (ii) disease severity and intake of 
oral systemic agents. Categories with cell sizes < 10 by 
hospitalization and death status were collapsed to ensure 
sufficient power in the adjusted model. SPSS software, 
Version 25 (SPSS; IBM Corp; Armonk, NY, USA) was 
utilized to conduct all statistical analyses.

3 � Results

3.1 � Characteristics of the Study Population

The study population included 3151 patients with psoriasis 
who tested positive for COVID-19. The mean age (SD) 
of patients at the diagnosis of COVID-19 was 46.0 (19.3) 
years, 1656 (52.6%) were male, 1935 (61.4%) were of Jew-
ish ethnicity, and 1416 (44.9%) had low socioeconomic 
status (Table 1).

The mean (SD) age of patients at the onset of psoriasis 
was 38.2 (18.9) years, with an average (SD) latency of 7.8 
years separating the onset of psoriasis and the develop-
ment of COVID-19. In all, 2712 (86.1%) patients had mild 
psoriasis, whereas 439 (13.9%) manifested with moderate-
to-severe disease. Psoriatic arthritis was present in 708 
(22.5%) patients and flexural psoriasis in 804 (25.5%) 
patients. While biologics were administered for 74 (2.3%) 
patients at the onset of the pandemic, 86 (2.7%) were tak-
ing oral systemic anti-psoriatic medications. Table 1 fur-
ther elaborates on different therapeutic modalities utilized 
during the course of psoriasis and Table 1 of the Electronic 
Supplementary Material (ESM) on the main comorbid 
conditions of the study population.
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3.2 � Characteristics of COVID‑19 Among Patients 
with Psoriasis

While the vast majority of patients (n = 2819; 89.4%) pre-
sented with subclinical COVID-19 infection, 122 (3.9%), 71 
(2.3%), 123 (3.9%), and 16 (0.5%) patients experienced a mild, 
moderate, severe, and critical disease, respectively (Fig. 1). 
Overall, 332 (10.5%) patients were hospitalized because of 
COVID-19 complications, and 33 (1.1%) patients underwent 

mechanical ventilation. The mean (SD) length of hospitaliza-
tion was estimated at 8.3 (10.6) days. Fifty-one (1.6%) patients 
died following COVID-19 infection, all of whom were hospi-
talized prior to their death.

Table 1   Characteristics of study population

The onset of the pandemic was defined as the date of the first confirmed case of COVID-19 in Israel 27 February, 2020
COVID-19 coronavirus disease 2019, SD standard deviation
a Tumor necrosis factor-α inhibitors, interleukin-17 inhibitors, interleukin-23 inhibitors, and ustekinumab
b Methotrexate, cyclosporine, apremilast, and acitretin
c Ultraviolet B, psoralen and ultraviolet A, and climate therapy in the Dead Sea

Characteristic Patients with psoriasis 
and COVID-19 (N = 
3151)

Demographic variables
 Age at the diagnosis of COVID-19, years
  Mean (SD) 46.0 (19.3)
  Median (range) 44.0 (2.3–97.8)

 Sex, n (%)
  Male 1459 (47.4)
  Female 1656 (52.6)

 Ethnicity, n (%)
  Jews 1935 (61.4)
  Arabs 870 (27.6)
  Ultra-orthodox Jews 346 (11.0)

 Socioeconomic status, n (%)
  Low 1416 (44.9)
  Intermediate 1216 (38.6)
  High 509 (16.2)

Characteristics and treatment of psoriasis
 Age at the onset of psoriasis, years
  Mean (SD) 38.2 (18.9)
  Median (range) 36.4 (0.3–90.2)

 Duration of psoriasis at the diagnosis of COVID-19, years
  Mean (SD) 7.8 (4.7)
  Median (range) 7.6 (0.2–18.1)

 Severity of psoriasis, n (%)
  Mild 2712 (86.1)
  Moderate to severe 439 (13.9)

 Psoriatic arthritis, n (%) 708 (22.5)
 Flexural psoriasis, n (%) 804 (25.5)
 Biologics at the onset of pandemic, n (%)a 74 (2.3)
 Oral systemic agents at the onset of pandemic, n (%)b 86 (2.7)
 Biologics anytime during the course of psoriasis, n (%)a 89 (2.8)
 Oral systemic agents anytime during the course of psoriasis, n (%)b 322 (10.2)
 Phototherapy anytime during the course of psoriasis, n (%)c 210 (6.7)
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3.3 � Predictors of COVID‑19‑Associated 
Hospitalization Among Patients with Psoriasis

Table 2 demonstrates the findings of the univariate analysis, 
including all the variables that were found to be significantly 
associated with COVID-19-associated hospitalization. In a 
multivariable analysis, the following variables were found 
to independently predict COVID-19-associated hospitaliza-
tion: older age (≥ 44.0 years; adjusted OR 3.73; 95% CI 
2.62–5.31; p < 0.001), intake of methotrexate at the onset 
of the pandemic (adjusted OR 2.30; 95% CI 1.11–4.78; p = 
0.025), cardiovascular diseases (adjusted OR 1.55; 95% CI 
1.12–2.16; p = 0.009), metabolic syndrome (adjusted OR 
1.76; 95% CI 1.31–2.36; p < 0.001), COPD (adjusted OR 
2.39; 95% CI 1.52–3.77; p < 0.001), and CRF (adjusted OR 
2.93; 95% CI 1.89–4.52; p < 0.001; Table 2).

3.4 � Predictors of COVID‑19‑Associated Mortality 
Among Patients with Psoriasis

Factors associated with COVID-19-associated mortality in 
univariate analysis are presented in Table 3. After adjusting 
for putative confounders, COVID-19-associated mortality 
was independently predicted by older age (≥ 44.0 years; 

adjusted OR 11.23; 95% CI 1.43–88.7339; p = 0.022), car-
diovascular diseases (adjusted OR 3.64; 95% CI 1.77–7.50; 
p < 0.001), metabolic syndrome (adjusted OR 2.90; 95% CI 
1.36–6.18; p = 0.006), COPD (adjusted OR 2.24; 95% CI 
1.02–4.90; p = 0.029), and CRF (adjusted OR 3.47; 95% CI 
1.74–6.93; p < 0.001; Table 3).

4 � Discussion

The current population-based study revealed that the vast 
majority of patients with psoriasis who were COVID-
19-positive present with subclinical infection, whereas 
10.5% and 1.6% of patients experience COVID-19-asso-
ciated hospitalization and mortality, respectively. Older 
age, oral immunosuppressive agents, and comorbid cardio-
vascular diseases, metabolic syndrome, COPD, and CRF 
were found to independently predict COVID-19-associated 
hospitalization. COVID-19-associated mortality was inde-
pendently predicted by older age and the aforementioned 
comorbidities.

Compelling evidence had accumulated to suggest that 
patients with psoriasis are at an increased risk of develop-
ing severe infections. Following 69,315 patients with pso-
riasis, Yiu et al. [24] found a 36% increased risk of being 
hospitalized and a 33% increased risk of death because of 
serious infections among patients with psoriasis relative to 
matched controls. An earlier controlled retrospective cohort 
study tracked 25,742 patients with psoriasis and correspond-
ingly found an increased risk of developing severe infec-
tions (adjusted hazard ratio 2.08; 95% CI 1.96–2.22) [25]. 
Congruently, serious infections were found to develop more 
frequently in a cohort of 199,700 patients with psoriasis 
(adjusted hazard ratio 1.21; 95% CI 1.18–2.23) [26]. The 
pathomechanism underlying increased infection rates is yet 
to be determined. However, it is established that the dam-
age made by an infectious agent is determined both by the 
agent’s ability to interfere with the homeostatic mechanisms 
of the host and by the host’s response to the infectious agent 
[27]. The skew towards an excessive inflammatory cytokine 
milieu in psoriasis, particularly tumor necrosis factor-α and 
IL-17, may be implicated in the profound inflammation and 
tissue damage seen in bacterial and viral infections [28, 29]. 
Excessive levels of proinflammatory cytokines were found to 
result in dysregulation of the immune response and induce 
pathological inflammatory changes associated with septic 
shock [30].

The current study signifies that older age is associated 
with an increased risk of both hospitalization and mortality 
resulting from COVID-19 in patients with psoriasis. The 
latter finding aligns with a large body of data from patients 
with COVID-19, regardless of their inflammatory comor-
bidities [31]. While male individuals were predisposed to 

Fig. 1   Distribution of COVID-19 severity (a) and hospitalization sta-
tus (b) among patients with psoriasis
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Table 2   Factors associated with COVID-19-associated hospitalization among patients with COVID-19-positive psoriasis

Bold indicates significant values
COPD chronic obstructive pulmonary disease, COVID-19 coronavirus disease 2019, OR odds ratio, SES socioeconomic status
Only variables demonstrating p < 0.050 in the univariate analysis were subject to inclusion in the multivariate logistic regression model
The onset of the pandemic was defined as the date of the first confirmed case of COVID-19 in Israel 27 February, 2020
a Dichotomy of this continuous variable was based on its median value
b Disease severity and intake of oral systemic agents at the onset of the pandemic were collapsed as a single variable in the regression model 
because of significant collinearity between the two variables
c Variables with cell sizes < 10 by hospitalization and death status were collapsed to ensure sufficient power in the adjusted model

Prevalence in 
patients with 
COVID-19-asso-
ciated hospitaliza-
tion, n (%); (N = 
332)

Prevalence in 
patients without 
COVID-19-asso-
ciated hospitaliza-
tion, n (%); (N = 
2819)

Univariate OR 95% 
confidence 
interval

p-value Multivariate OR 95% 
confidence 
interval

p-value

Age at the onset of 
pandemic ≥ 44.0 
yearsa

284 (85.5) 1292 (45.8) 6.99 5.11–9.58 < 0.001 3.73 2.62–5.31 < 0.001

Male sex 181 (54.5) 1314 (46.6) 1.37 1.09–1.73 0.006 1.11 0.86–1.46 0.431
Jewish ethnicity (vs 

Arab ethnicity)
245 (73.8) 2036 (72.2) 1.08 0.84–1.40 0.545

Low SES (vs high 
and intermediate)

142 (42.8) 1274 (45.2) 0.91 0.72–1.14 0.401

Duration of psoria-
sis at the onset of 
pandemic ≥ 7.6 
yearsa

188 (56.6) 1381 (49.0) 1.36 1.08–1.71 0.008

Moderate-to-severe 
psoriasis (vs mild 
psoriasis)b

65 (19.6) 374 (13.3) 1.59 1.19–2.13 0.002

Psoriatic arthritis 139 (20.2) 569 (20.2) 2.85 2.25–3.61 < 0.001 1.28 0.97–1.68 0.073
Flexural psoriasis 89 (26.8) 715 (25.4) 1.08 0.83–1.39 0.568
Biologics at the 

onset of pan-
demic

6 (1.8) 68 (2.4) 0.75 0.32–1.73 0.491

Cyclosporine at 
the onset of 
pandemicb

0 (0.0) 4 (0.1) 0.99 0.98–1.00 0.492

Methotrexate at 
the onset of 
pandemicb

12 (3.6) 32 (1.1) 3.27 1.67–6.41 < 0.001 2.30 1.11–4.78 0.025

Cardiovascular 
diseases

113 (34.0) 247 (8.8) 5.37 4.14–6.98 < 0.001 1.55 1.12–2.16 0.010

Metabolic syn-
drome

154 (46.4) 409 (14.5) 5.10 4.01–6.48 < 0.001 1.76 1.31–2.36 < 0.001

COPD 44 (13.3) 65 (2.3) 6.47 4.33–9.67 < 0.001 2.37 1.52–3.79 < 0.001
Asthma 37 (11.1) 251 (8.9) 1.28 0.89–1.85 0.180
Smoking 143 (43.1) 812 (28.8) 1.87 1.48–2.36 < 0.001 0.95 0.72–1.27 0.718
Cirrhosisc 3 (0.9) 5 (0.2) 5.13 1.22–21.57 0.013
Chronic renal 

failure
54 (16.3) 62 (2.2) 8.64 5.88–12.70 < 0.001 2.98 1.92–4.61 < 0.001

Malignancy 54 (16.3) 174 (6.2) 2.95 2.12–4.11 < 0.001 1.31 0.90–1.87 0.148
Depression 39 (11.7) 184 (6.5) 1.91 1.32–2.75 < 0.001 0.92 0.62–1.38 0.700
A history of 

tuberculosisc
3 (0.9) 6 (0.2) 4.28 1.06–17.14 0.026
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Table 3   Factors associated with COVID-19-associated mortality among patients with COVID-19-positive psoriasis

Bold indicates significant values
COPD chronic obstructive pulmonary disease, COVID-19 coronavirus disease 2019, OR odds ratio, SES socioeconomic status
Only variables demonstrating p < 0.050 in the univariate analysis were subject to inclusion in the multivariate logistic regression model
The onset of the pandemic was defined as the date of the first confirmed case of COVID-19 in Israel 27 February 2020
a Dichotomy of this continuous variable was based on its median value. Age at the onset of pandemic and the duration of psoriasis were collapsed 
as a single variable in the regression model because of significant collinearity between the two variables
b Categories with cell sizes < 10 by hospitalization and death status were collapsed to ensure sufficient power in the adjusted model

Prevalence in 
patients with 
COVID-19-as-
sociated death, n 
(%); (N = 51)

Prevalence in 
patients without 
COVID-19-as-
sociated death, n 
(%); (N = 3101)

Univariate OR 95% confidence 
interval

p-value Multivariate OR 95% 
confidence 
interval

p-value

Age at the onset 
of pandemic 
≥ 44.0 yearsa

49 (98.0) 1527 (49.2) 50.51 6.97–366.23 < 0.001 11.23 1.43–88.33 0.022

Male sex 30 (60.0) 1465 (47.2) 1.68 0.95–2.96 0.073
Jewish ethnic-

ity (vs Arab 
ethnicity)

41 (82.0) 2240 (72.2) 1.75 0.85–3.62 0.125

Low SES (vs 
high and inter-
mediate)

25 (50.0) 1274 (45.2) 0.91 0.72–1.14 0.401

Duration of 
psoriasis at the 
onset of the 
pandemic ≥ 7.6 
yearsa

39 (78.0) 1530 (49.3) 3.64 1.86–7.13 < 0.001

Moderate-to-
severe psoriasis 
(vs mild pso-
riasis)

13 (26.0) 426 (13.7) 2.21 1.16–4.19 0.013 1.51 0.75–3.03 0.245

Psoriatic arthritis 28 (56.0%) 680 (21.9%) 4.53 2.57–7.97 < 0.001 1.35 0.73–2.49 0.345
Flexural psoriasis 15 (30.0) 789 (25.4) 1.08 0.83–1.39 0.463
Biologics at 

the onset of 
pandemic

1 (2.0) 73 (2.4) 0.85 0.12–6.21 0.870

Cyclosporine at 
the onset of 
pandemic

0 (0.0) 4 (0.1) 0.99 0.98–1.00 0.797

Methotrexate at 
the onset of 
pandemic

1 (2.0) 43 (1.4) 1.42 0.19–10.53 0.729

Cardiovascular 
diseases

34 (68.0) 328 (10.5) 18.09 9.88–33.13 < 0.001 3.64 1.77–7.50 < 0.001

Metabolic syn-
drome

38 (76.0) 525 (16.9) 15.54 8.07–29.94 < 0.001 2.90 1.36–6.18 0.006

COPD 12 (24.0) 97 (3.1) 9.78 4.96–19.30 < 0.001 2.24 1.02–4.90 0.029
Asthma 6 (12.0) 282 (9.1) 1.36 0.58–3.23 0.497
Smoking 26 (52.0) 929 (30.0) 2.53 1.45–4.44 0.001 0.77 0.40–1.48 0.433
Cirrhosisb 0 (0.0) 8 (0.3) 0.98 0.97–0.99 0.719
Chronic renal 

failure
18 (36.0) 98 (3.2) 17.24 9.35–31.77 < 0.001 3.47 1.74–6.93 < 0.001

Malignancy 9 (18.0) 219 (7.1) 2.89 1.39–6.02 0.003 0.85 0.39–1.87 0.685
Depression 9 (18.0) 214 (6.9) 2.96 1.42–6.17 0.002 1.26 0.57–2.75 0.571
A history of 

tuberculosisb
1 (2.0) 8 (0.3) 7.89 0.97–64.30 0.022



716	 K. Kridin et al.

a more severe SARS-CoV-2 infection and worse COVID-
19 outcomes [31–33], we found that male sex predicted 
COVID-19-associated hospitalization in a univariate analy-
sis but lost its statistical significance after adjusting for other 
covariates. In congruence with previous studies, comorbid 
cardiovascular and metabolic diseases, CRF, and COPD 
projected an increased risk of COVID-19-associated hos-
pitalization and mortality [34–38]. Mortality rate among 
COVID-19-positive patients in the general Israeli popula-
tion was estimated at 0.7% (6220/833,707; as of 3 April, 
2021). Mortality rate among patients with psoriasis tested 
positive for COVID-19 in the current study was 1.6%. Taken 
together, mortality rate among patients with psoriasis in this 
study is higher than that among the general Israeli popula-
tion (p < 0.001). Further controlled observational studies are 
warranted to establish this finding.

The role exerted by immunosuppressive and immu-
nomodulatory drugs in COVID-19-infected patients is a 
focus of extensive debate [15]. Our findings denote that the 
intake of biologic agents did not predict COVID-19-associ-
ated hospitalization or mortality. Previous studies revealed 
favorable outcomes for patients with COVID-19 with under-
lying immune-related diseases managed by biologic agents. 
Tumor necrosis factor-α antagonists, in contrast to systemic 
corticosteroids, were found to decrease the risk of severe 
COVID-19-associated hospitalization and mortality among 
patients with inflammatory bowel diseases (OR, 0.60; 95% 
CI 0.38–0.96) [11, 39]. Similarly, in a global registry of 
patients with rheumatic diseases and COVID-19, biologic 
agents were associated with a decreased risk of hospitaliza-
tion (OR 0.46; 95% CI 0.22–0.93) [5].

We found that patients taking oral methotrexate at the 
onset of COVID-19 were more frequently hospitalized and 
demonstrated worse clinical outcomes. The influence of 
methotrexate on the clinical outcomes of COVID-19 is less 
established. In a registry-based study, COVID-19-positive 
patients with rheumatic diseases did not demonstrate an 
increased risk of hospitalization under conventional syn-
thetic disease-modifying antirheumatic drugs, including, 
among others, methotrexate [5]. Some experts even advo-
cated utilizing the anti-inflammatory properties of metho-
trexate and cyclosporine to manage the cytokine storm in 
severe advanced SARS-CoV-2 infection [40, 41]. While cau-
tion should be practiced against causal inference about the 
effect of these drugs in COVID-19, a biological plausibil-
ity exists for our findings. Immunosuppressive drugs can be 
detrimental in the initial phase of the disease when the host 
immune response is essential to inhibit viral replication [15]. 
Methotrexate is typified by a broad and unspecific immuno-
suppressive effect that may render patients with psoriasis 
susceptible to infections [42].

The study throws light on a hot and unanswered ques-
tion regarding predictors of COVID-19 complications in 

psoriasis. The strengths of the current study stem from the 
recruitment of a large-scale cohort of patients with psoria-
sis with inclusive access to their medical files. This ena-
bles a thorough identification of COVID-19 determinants 
in psoriasis. The diagnoses of psoriasis and COVID-19 
are highly reliable as they relied on board-certified der-
matologists and Food and Drug Administration-approved 
molecular tests, respectively. The inclusion of a wide array 
of comorbid diseases, medications, and disease-specific 
characteristics substantiates our model and facilitates a 
better overview of COVID-19 in psoriasis. The utiliza-
tion of a comprehensive healthcare dataset encompass-
ing patients belonging to all levels of healthcare facilities 
argues against the existence of selection bias. The current 
study has several limitations to acknowledge. Owing to the 
small number of hospitalized/dead patients with COVID-
19 with certain variables, we merged some variables (such 
as metabolic syndrome, cardiovascular diseases, biologic, 
and oral systemic drugs) to obtain meaningful findings. 
The probability of misclassification of disease severity 
and potential unmeasured confounding factors could not 
be thoroughly refuted. More specifically, the definition of 
moderate-to-severe disease based upon treatments may 
overlook patients in whom these drugs are contraindicated. 
While the large sample size and sufficient follow-up time 
render the current study generalizable, further studies 
assessing patients originating from different countries and 
ethnicities are warranted. The low number of patients with 
psoriasis under systemic and biologic drugs interferes with 
drawing firm conclusions and warrants the performance of 
studies with even larger sample sizes.

5 � Conclusions

The current population-based study shows that COVID-19 
necessitates hospitalizations in 10.5% and leads to death in 
1.6% of COVID-19-positive patients with psoriasis. The 
intake of oral systemic immunosuppressive agents, but 
not biologics, at the onset of the pandemic predisposes 
patients with psoriasis to COVID-19-associated hospi-
talization. Older age, comorbid cardiovascular diseases, 
metabolic syndrome, COPD, and CRF independently pre-
dict COVID-19-associated hospitalization and mortality. 
The administration of immunosuppressive agents should 
be weighed with caution during the pandemic. Patients 
with psoriasis with comorbid cardiovascular diseases, 
metabolic syndrome, COPD, and CRF should be moni-
tored closely.
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