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Abstract
During the coronavirus disease-2019 (COVID-19) pandemic there were several barriers to treatment access and medication 
adherence in rheumatoid arthritis (RA) patients. There is no information regarding the RA patient health status in Egypt 
during the COVID-19. Thus,the aim of this work was to study the impact of the pandemic on RA patients through a patient-
reported questionnaire and to determine the influence of gender, geographic regions. This multi-centre study initiated by 
the Egyptian College of Rheumatology (ECR) was conducted on 1037 RA patients attending rheumatology clinics from 10 
governorates. The questionnaire provided covered socio-demographic data, health/disease status, information/knowledge 
about COVID-19 and medical/family history of the infection. Patients mean age was 44.2 ± 12.3 years;855 females and 182 
males; 539(52%) from rural and 497(48%) from urban areas. 41.8% reported a striking difficulty to obtain hydroxychloroquine 
during the pandemic. The majority (70%) considered maintaining a regular visit to the rheumatologist in addition to remote 
contact mainly by phone (44.4%) or via WhatsApp (33.1%), in particular among male and urban patients. Urban patients 
were more likely to be infected by COVID-19 (12.9% vs 6.2%; p < 0.0001) than rural. Northern cities had more patients with 
suspected COVID-19 (13.9% vs 6.1%; p < 0.0001); was significantly associated with more disease flares (30.8% vs 5.8%) 
with subsequent change in the RA treatment (20.9% vs 6.4%; p < 0.0001). Patients with RA faced remarkable difficulty 
to obtain their medications with subsequent change in their disease status. The challenges of the pandemic have hastened 
changes in the way we deliver health care.

Keywords Coronavirus Disease 2019 (COVID-19) · Rheumatoid arthritis · Multi-centre · Patient-reported questionnaire · 
Infection · North-south gradient

Introduction

Rheumatoid arthritis (RA) is the most common inflamma-
tory arthritis [1] that can cause damage to the joints. It can 
also present with extra-articular manifestations, affecting 
other major organs [2]. Infections are the most important 

comorbidities associated with increased morbidity and 
mortality [1]. Despite the tremendous improvement that 
brought to its management, RA patients still confronting 
many challenges. Methotrexate (MTX) and hydroxychloro-
quine (HCQ) are key player medications in the management 
of RA with a high safety profile and a relatively low rate 
of discontinuation [3]. In Egyptian patients, the adherence 
rate was 62.5% and was higher (80%) in those receiving the 
medications within the first 6 months [4].

The rheumatology community in Egypt is now facing 
the most significant global public health care lifetime chal-
lenge, coronavirus disease 2019 (COVID-19) pandemic, 
that rapidly changed personal and professional outlooks 
[5]. Egyptian rheumatologists agreed to their key emerging 
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frontline role in treating COVID-19. In a recent study con-
ducted by the Egyptian College of Rheumatology (ECR), 
potential changes in rheumatology outpatient practice by 
staff members evolved since the COVID-19 pandemic [6]. 
Although HCQ may have favorable anti-viral and anti-
inflammatory properties, it should be carefully used in the 
context of COVID-19 infection [7]. None of the university 
rheumatology physicians have prescribed HCQ to prevent or 
treat COVID-19 in a non-hospitalized patient who was not 
previously on it. COVID-19 pandemic is certainly condition-
ing the treatment strategy of RA, whose infectious risk is 
increased because of an overall impairment of the immune 
system combined with the effect of using steroids and immu-
nosuppressives [8].

The impact of the COVID-19 infection was negative on 
the quality of life of RA patients in an African country and 
stress from being infected or having a flare contributed to 
this deterioration; the economic effect was significantly 
associated with temporary unemployment, decrease in 
monthly income, and drug discontinuation [9].COVID-19 
infection worsens the outcome of RA patients and its sever-
ity is associated with pre-existing diseases, especially car-
diac and renal, which may cause failure or even death [10]. 
A subset of patients, with severe COVID-19, develops pro-
found inflammation and multi-organ dysfunction consistent 
with a “Cytokine Storm Syndrome” (CSS) [11].

During COVID-19, there are several barriers to treatment 
access and medication adherence in RA patients. Cultural 
and illness beliefs were noted to play an important role in 
how RA patients in various communities’ approach health 
care and are challenging [12]. The COVID-19 pandemic has 
triggered the unexpected implementation of telemedicine in 
the management of rheumatic diseases (RDs). Now patient-
reported questionnaires may help ensure an optimum disease 
control and address the concerns of RA patients [13]. To 
date, no previous work evaluated the effect of COVID-19 
pandemic on RA patients’ health status from the patient 
perspective. The aim of the present work was to study the 
impact of the COVID-19 pandemic on RA from a multi-cen-
tre patient-reported questionnaire and to determine the influ-
ence of gender and geographic distribution on the infection.

Patients and methods

The study included RA cases aged 18 years and older diag-
nosed according to the 2010 American College of Rheuma-
tology/European League Against Rheumatism classification 
criteria [14] and were followed up by Academic staff mem-
bers at various locations: University teaching hospitals, med-
ical Insurance hospitals and private practice clinics during 
the first wave of the pandemic (June through August 2020) 
as an initiative of the Egyptian College of Rheumatology. 

All participants were provided with detailed information 
about the study. An informed consent from the patients 
was provided. The work conforms to the ethical standards 
of the 1995 Helsinki declaration and was approved by the 
local institutional ethical committees of the corresponding 
universities.

The idea of the questionnaire (Online Appendix I) was 
proposed by the first and last authors. The form was con-
structed by the first author and was then revised, refined 
and adapted by the rest of the authors. It was provided to 
the patients in Arabic language after being translated. To 
validate the survey, a pilot test was run and a revision of the 
accuracy of the translation, survey design, content, terms, 
comprehension and easiness to fill in was performed by 5 
Rheumatology staff members. Areas covered by the ques-
tionnaire include patients’ sociodemographic data, health/
disease status, information and knowledge about COVID-19 
pandemic and medical and family history of the COVID-
19 infection. A “yes or no” response was provided and all 
questions were close-ended (only 2 questions in the ‘History 
of the COVID-19 infection’ section were open-ended) and 
the response was according to the mentioned instructions. 
Patients were contacted (face-to-face) and the questionnaire 
was explained to each patient and trade name examples of 
the generic names of medications were provided. Patients 
of low education were guided to fill in the form. It was 
designed so as to be easily filled in by the patient and takes 
an average of 5 − 10 min. Answers were recorded and trans-
ferred into an excel sheet.

Statistical analysis: Data were analyzed using SPSS ver-
sion 25.0. Continuous data were expressed as mean ± stand-
ard deviation or frequency and percentages. Normality of 
distribution was assessed using the Shapiro–Wilk test. 
Student’s t and Chi square tests were considered for com-
parison of the normal distributed variables of two groups, 
Mann–Whitney test for comparison of the non-normal dis-
tributed variables, and ANOVA for more than two groups. 
Regression analysis was conducted to determine the inde-
pendent risk factors predicting COVID-19 infection and the 
coefficient with 95% confidence interval (CI) was deter-
mined. p < 0.05 was considered significant.

Results

The work initially included 1108 cases, and after exclud-
ing incomplete or invalid patients’ data as well as juvenile 
cases, 1037 adult RA patients remained. The mean age of 
44.2 ± 12.3 years (17–85 years) and 855 was females and 
182 males (F:M 4.7:1). They were from 10 governorates: 
11.9% from Cairo, 5.6% Kalyoubia, 13.7% the Delta region 
(Mansoura and Tanta), 11.5% from Alexandria and 57.4% 
were from Upper Egypt (Fayoum, Beni-Suef, Minia, Assiut 
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and Sohag). The patients were 539 (52%) from rural and 497 
(48%) from urban areas. The health status of the patients 
involving the medications received, availability and their 
contact with the rheumatologist are presented in Table 1. 
The mean disease duration was 8.3 ± 6.9 years. In addition to 
the presented findings, several cases reported associated thy-
roid dysfunction, secondary Sjögren, and fibromyalgia syn-
drome. There are 182 (17.5%) patients who reported receiv-
ing other medications for the associated chronic diseases and 
comorbidities especially hypertension and diabetes.

Protective measures taken for COVID-19, source of infor-
mation, influence of the pandemic and history of infection 
are presented in Table 2. The job was affected in 470 (45.3%) 
patients. Only 11 travelled abroad during the preceding 
60 days and 181 were in contact with individuals just arriv-
ing from out of the country. Most patients reported more fre-
quent hand washing when possible. Sporadic cases reported 
receiving HCQ tablets as further protective measure while 
others considered frequent hot drinks. The complementary 
therapeutic agents and natural herbs were received by some 
patients and involved mainly vitamin C, nutritional supple-
ments. Among 70 (6.8%) patients who required hospitaliza-
tion, 30 (42.9%) were mainly due to disease activity and 
26 (37.1%) due to COVID-19 infection. Preventive meas-
ures followed by the patients when they had a relative with 
COVID-19 infection included considering the governmental 
lockdown measures, staying at home, self-isolation, social 
distancing, wearing the mask, using disinfectants, regular 
hand wash.

Patients who had suspected COVID-19 considered meas-
ures mostly in harmony with the protocols updated by the 
Egyptian ministry of health (MOH) whether at hospital or 
at home and would include paracetamol, azithromycin anti-
biotic, HCQ, vitamin C and zinc supplements as well as 
oseltamivir by few. Corticosteroids were considered in the 
management plan of one case. Sporadic cases were also pro-
vided acetyl cysteine and rivaroxaban.

Figure  1 shows the differences between males and 
females in response to the questionnaire. While, males 
would use phone and messenger for remote contact with the 
rheumatologist (64.1% vs 51.8%; p = 0.006 and 13.4% vs 
5.5%; p = 0.032), wearing a mask (92% vs 86%; p = 0.016), 
consider HCQ as a preventive measure (21.7% vs 11.6%; 
p = 0.003), females would feel more satisfied with the infor-
mation known (51.1% vs 40.9%; p = 0.028).

Regarding the disparities between patients from rural 
and urban areas, it was found that rural patients were of 
older age (45.8 ± 12.6 vs 42.4 ± 11.8 years; p < 0.0001) 
and of lower education and economic status (p < 0.0001). 
More urban patients had their work affected (p < 0.0001) 
and came in contact with individuals recently arrived from 
abroad (25.9% vs 14.4%, p < 0.0001). Detailed descriptions 

Table 1  Sociodemographic and health status of the patients involving 
the medications received, availability and their contact with the rheu-
matologist

Parameters RA patients (n = 1037)
N (%)

Sociodemographic parameters
Age (mean ± SD) 44.2 ± 12.3
Sex (Female) 855 (82.4)
Education level
Low 278 (26.8)
Moderate 466 (44.9)
High 293 (28.3)
Special habits
Tea/Coffee 771 (74.3)
Smoking 81 (7.8)
Alcohol 0 (0)
Addiction 13 (1.25)
Health Status during COVID-19 pandemic parameters
Medications used
NSAIDs 880 (84.9)
Steroids 466 (44.9)
Methotrexate 664 (64)
CQ/HCQ 661 (63.7)
Sulfasalazine 180 (17.4)
Azathioprine 11 (1.1)
Leflunomide 382 (36.8)
Biologics 156 (15)
Mode to obtain medications
Self-payment 457 (44.1)
Medical Insurance 298 (28.7)
Governmental supply 331 (31.9)
Regularity of intake 798 (76.9)
Difficulty to obtain the drug 608 (58.6)
Methotrexate 64 (6.2)
CQ/HCQ 433 (41.8)
Leflunomide 11 (1.1)
Biologics 22 (2.1)
All medications 75 (7.2)
Disease affected by drug shortage 422 (40.7)
Regular contact with the rheumatologist 726 (70)
Modes of Remote Contact
Phone 460 (44.4)
WhatsApp 343 (33.1)
Messenger 42 (4.1)
Telegram 18 (1.7)
Physician’s website/page 36 (3)
Tele-video meeting 18 (1.7)
Associated Diseases/Comorbidities
Diabetes mellitus 105 (10.1)
Hypertension 185 (17.8)
Cardiovascular 27 (2.5)
Chest problems 33 (3.2)
Renal problems 12 (1.2)
Hepatic problems 27 (2.6)
Allergy problems 51 (4.9)
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of differences in the response to the questionnaire between 
rural and urban are presented in Fig. 2.

On considering the patients from Upper Egypt vs Lower 
Egypt (from Cairo across the Delta region till Alexan-
dria), the age and gender were comparable (p = 0.82 and 
p = 0.79, respectively). Upper Egypt patients were signifi-
cantly of lower education and had a shorter disease dura-
tion (7.5 ± 5.5 years vs 9.4 ± 8.2 years) (p < 0.0001). Patients 
from Upper Egypt were more in regular contact with their 
rheumatologist (77.8% vs 66.3%; p < 0.0001). The propor-
tion of questionnaire results by geographic regions (Upper 
vs. Lower Egypt) is presented in Fig. 3. Northern cities had 
more patients were infected by COVID-19 (13.9% vs 6.1%; 
p < 0.0001). The COVID-19 pandemic was significantly 
associated with more disease flares (30.8% vs 5.8%) with 
subsequent change in the RA treatment regimen (20.9% vs 
6.4%; p < 0.0001). The distribution of suspected COVID-19 
patients according to the North–South gradient is presented 
in Fig. 4.

To further analyze the independent factors that may influ-
ence or predict suspected COVID-19 infection in Egyptian 
RA patients, a regression analysis was performed consider-
ing the following independent factors: demographic features, 
disease duration, medications received, mode of payment, 
adherence and regularity of visits to the rheumatologist, in 
contact with persons arriving from abroad, recently trav-
elled, presence of co-morbidities and applying protective 
measures. Significant risk factors included age (95%CI: 0 
to 0.004; p = 0.03), being from upper Egypt (95%CI: 0.029 
to 0.128; p = 0.002), urban residency (95%CI: -0.085to 
-0.002; p = 0.042), intake of leflunomide (95%: 0.004 to 
0.088; p = 0.031), receiving biologics (95% CI 0.008 to 
0.153; p = 0.02), irregular intake of medications (95% CI 
− 0.096 to − 0.001; p = 0.045), presence of renal (95% CI 
0.065 to 0.675; p = 0.017) and chest (95% CI 0.001 to 0.263; 
p = 0.037) co-morbidities and travelling over the last 60 days 
(95% CI 0.225 to 0.61; p < 0.0001).

Discussion

Rheumatoid arthritis is one of the leading causes of chronic 
morbidity in developing nations [15]. Developing countries 
have fewer resources for managing the medical, surgical 
and social consequences of RA, more often seen in patients 
presenting with established disease. To address the current 
critical public health issue, we assessed the impact of the 
COVID-19 pandemic on patients with RA from a multi-
centre patient-reported questionnaire. To the best of our 
knowledge, no equivalent questionnaire has been conducted 
in other Middle East countries and till present, there are no 
other questionnaires incorporating the patient’s perspective 
in the assessment of the impact of COVID-19 on the health 
status.

Table 1  (continued)
NSAIDs non-steroidal anti-inflammatory drugs, CQ chloroquine, 
HCQ hydroxychloroquine, RA rheumatoid arthritis

Table 2  Protective measures taken for COVID-19, source of informa-
tion and influence of the pandemic

NSAIDs: non-steroidal anti-inflammatory drugs, HCQ: hydroxychlo-
roquine, RA: rheumatoid arthritis, and MOH: Ministry of health. 
*Others: include respiratory distress and exacerbated asthma in 3, 
diabetic coma in 2, renal colic/stone in 2, hematologic dyscrasias in 
2, uncontrolled hypertension, myocardial infarction, very low potas-
sium, meniscal tear and abortion in one patient each

During COVID-19 pandemic
parameters

RA patients 
(n = 1037)
n (%)

Work affected 470 (45.3)
Mild 207 (20)
Moderate 88 (8.5)
Severe 129 (12.4)
Lost 46 (4.4)
Protective measures taken
Staying at home 612 (59)
Wearing a mask 812 (79.3)
Keeping social distancing 597 (57.6)
Using disinfectants/alcohol 492 (47.4)
Source of information on COVID-19
Physicians 428 (41.3)
Friends 424 (40.9)
Media 775 (74.7)
Social media 370 (35.7)
Websites 153 (14.8)
Others (relatives/MOH/at work) 21 (2)
Consider their knowledge sufficient 408 (39.3)
Stopped or reduced taking NSAIDs 171 (16.5)
Considered complementary therapy 228 (22)
Received HCQ for prevention 127 (12.2)
Needed hospitalization 70 (6.8)
Activity 30 (42.9)
COVID-19 26 (37.1)
Others* 14 (20)
Found Difficulty in Hospitalization 48 (4.6)
History of COVID-19 Infection
Close relatives affected 320 (30.9)
Protective measures considered 310 (29.9)
Patient with suspected COVID-19 97 (9.4)
Free after treatment 38 (39.2)
Carrier 29 (29.9)
Still infected 30 (30.9)
The disease was affected (flare) 123 (11.9)
Change in the RA medications 85 (8.2)
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This work included 1037 adult RA patients from 10 gov-
ernorates that were alike from rural and urban areas and 
the majority was of moderate education level and economic 
class. 7.8% were smoker and 1.3% declared consuming 
alcoholics or addictive drugs. Smoking was not increased 
as most of the patients were females, however, passive smok-
ing, is a main risk factor for the development, activity and 
severity of RA [16]; yet, details on the habits were lacking.

A substantial number of patients (41.8%) reported a 
striking difficulty to obtain HCQ during the pandemic, 
and consequently, about 40.7% of patients reported uncon-
trolled/flare of their disease status. HCQ was ineffective 
for COVID-19 prophylaxis in RA [17] and in response to 
the growing shortage amid the pandemic, there has been an 
incessant search for alternatives in treatment of RA [18]. 
Moreover, the doubts raised about the likely side effects 
lead to the urgent situation arising from patients’ fear of 

taking antimalarials during these COVID-19 times [19]. 
Recurrence of COVID-19 was reported with long-term use 
of HCQ, leflunomide, and steroids and was paradoxically 
aggravated after use of tocilizumab [20]. Data for other 
drugs are conflicting or incomplete and the rationale for their 
use is based on the immune system runaway and the secre-
tion of pro-inflammatory cytokines in severe forms of the 
disease [21]. Even though several national authorities have 
defined patients under immunosuppressive therapy as at 
risk for severe COVID-19, it is currently unknown whether 
immunosuppressive and/or immunomodulating agents, such 
as biologics, affect the rate and the outcome of COVID-
19 infections in RDs patients [22]. Thus, a call for careful 
consideration and close monitoring in the administration of 
biologics in RDs patients with COVID-19 is warranted [20].

The existing COVID-19 pandemic has heightened the 
need to care for patients with RA in an increasingly virtual 

Fig. 1  The frequency of the 
response to questionnaire in 
Egyptian rheumatoid arthritis 
patients by gender
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environment. Many rheumatology clinics were closed or had 
only limited face-to-face appointments due to social distanc-
ing restrictions and health system surge capacity planning 
[23]. During the pandemic, 70% of the patients considered 
maintaining a regular visit to the rheumatologist in addition 
to remote contact mainly by phone or via the WhatsApp. 
Using tele-video meetings was limited to 1.7%. The risk of 
patients with rheumatic diseases of having a more severe 
clinical course if they become infected with the COVID-19 
infection is very high and mandates the establishment of 
telemedicine programs [24]. The workflow of rheumatology 
outpatient clinics worldwide has changed. The complexity of 
the care of RA patients implies challenges in the evaluation 
of new patients and follow-up [25]. How the rheumatology 
patients were managed during this period was similar to 
outlines considered in many areas of the world, as patients’ 
visits were spaced and were instructed to follow up remotely 
[26]. The ACR recently recommended that RA disease activ-
ity and functional status measures can be adapted for use 
in telehealth settings to support high-quality clinical care 
[23]. Social media platforms are becoming major players in 
the era of COVID-19 [27].

The present questionnaire revealed that 9.4% contracted 
suspected COVID-19 infection. 11.9% of the patients 
reported a flare due to the pandemic and 8.2% had a change 
in their RA medication regimen. Features of COVID-19 
pneumonia could be challenging to differentiate from idi-
opathic or RA-related interstitial lung disease (ILD) [28]. 
The documented COVID-19 case in Egypt on August 31, 
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2020 is around 1 per 1000 of the population [29] and that 
is due to shortage in the screening the numbers could have 
been higher. In this work, estimation of likely or suspicious 
COVID-19 among RA patients could explain the possibly 
low officially announced numbers and at the same time con-
firms the extra fear these vulnerable patients are in or the true 
higher risk to infection that they face. As there is conflicting 
evidence of a higher incidence of COVID in patients with 
autoimmune rheumatic diseases, maintaining the ongoing 
treatment regimens was supported. However, once infected, 
there is a small but significant increased risk of mortality. 
Older age, urban residency, irregular intake of medications, 
renal and chest co-morbidities were significant risk factors 
for COVID-19 infection in RA patients. Moreover, intake of 
leflunomide and biologics increased the hazard.

In this work, only 6.8% of RA patients reported the need 
for hospitalization mainly due to a flare of the disease or 
COVID-19 infection and most of those cases found diffi-
culty to be admitted. RA patients with severe COVID-19 
and who warranted hospitalization were significantly more 
likely to be older and have comorbid hypertension, chronic 
obstructive pulmonary disease, diabetes, renal failure and 
end-stage renal disease [30, 31]. Data from the COVID-19 
Global Rheumatology Alliance physician-reported registry 
including 600 rheumatic diseases cases from 40 countries 
revealed that 9% died and that 46% were hospitalized. Hos-
pitalization was associated with daily intake of steroids, was 
reduced in those receiving anti-TNF and did not differ in 
those exposed to DMARDs or NSAIDs[32]. Current global 
proposals advocate that patients with rheumatic diseases on 
immunosuppressives should not stop glucocorticoids dur-
ing COVID-19 infection, although minimum potential doses 
may be used. Disease-modifying drugs should be continued 
[33].

Data from previous outbreaks showed the importance 
of incorporating a gender analysis into response efforts to 
improve the effectiveness of health interventions and pro-
mote gender and health equity goals. There were overall gen-
der differences in response to many of the patient-reported 
questions. Males significantly would use phone and mes-
senger for remote contact with the rheumatologist, wearing 
a mask, would gain information through the physician, and 
consider complementary therapy and HCQ as a preventive 
measure. Females were more likely to be satisfied with the 
information known about the pandemic. RA women desire 
more information than men and placed higher importance 
on most topics [34]. Given their front-line interaction with 
communities, the WHO Executive Board recognizing the 
need to include women in decision-making for outbreak pre-
paredness and response.

Rural patients were of lower education and fewer were 
receiving biologics with lower adherence to medications 
and faced more difficulty to get them; however, the disease 

was less affected by the shortage of the treatments. Unsur-
prisingly, urban patients were using more remote contact 
options. More urban cases were suspected to be infected 
by COVID-19 with consequent affection of the disease and 
change in their medications. In line with the present study, 
the frequency of adherent patients was comparable and rural 
residence was among the most important factors associated 
with non-adherence to medications in Egyptian RA cases 
[4]. Similarly, in Romania, urban RA patients had a signifi-
cantly higher frequency of biologic access than those from 
rural areas [35]. Rural clinic location was associated with 
lower use of biologics suggesting a possible prescription 
bias or patient preferences due to convenience [36].

Patients from Upper Egypt were more from rural areas, 
and more in regular contact with their rheumatologist. Fur-
thermore, fewer patients were suspected to be infected by 
COVID-19. It seems that there are unrevealed factors that 
could be considered accountable for the decreased frequency 
of COVID-19 infection in those from upper Egypt compared 
to those from the capital and northern cities, such as the 
hot weather, less vibrant lifestyle and moderate challenging 
circumstances. RA patients are more prone to have anxiety, 
depression and cognitive impairment [2].

This study represents the largest sample to date of 
national RA patient-reported disease outcomes during 
COVID-19 pandemic from rheumatology practices across 
Egypt. Despite the strengths of the current study, its lim-
itations should be addressed. The small number of cases 
reported by various governorates which affected the accu-
racy of reported infected cases. The main limitation is that 
the self-assessment process often differs from the accredita-
tion process. The duration of conducting the survey should 
have been more limited to avoid the dramatic changes in the 
characteristics of the COVID-19 pandemic and surround-
ing circumstances. On the other hand, being filled in by 
the patients, it was not possible to include essential vari-
ables, such as the disease activity. In addition, self-reported 
answers may be subjected to various biases may affect the 
results like, embarrassment.

In summary, using data from multi-centre patient-
reported outcomes questionnaire, we reported the largest 
sample to date. We found a substantial number of patients 
faced a striking difficulty to obtain their medications with 
subsequent change in their disease status. The challenges of 
the pandemic have hastened changes in the way we deliver 
care and raised the need to introduce the tele-medicine in the 
health care service. It is important to consider social deter-
minants variables, such as education, economic, environ-
ment and access to care, that influence patients’ differential 
response to infection.
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