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Abstract
BACKGROUND
We recently demonstrated that the odds of contracting coronavirus disease 2019 (COVID-19) in patients with celiac disease (CeD) is similar to that of the general population. However, how patients with CeD perceive their COVID-19 risk may differ from their actual risk.

AIM
To investigate risk perceptions of contracting COVID-19 in patients with CeD and determine the factors that may influence their perception.

METHODS
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]We distributed a survey throughout 10 countries between March and June 2020 and collected data on demographics, diet, COVID-19 testing, and risk perceptions of COVID-19 in patients with CeD. Participants were recruited through various celiac associations, clinic visits, and social media. Risk perception was assessed by asking individuals whether they believe patients with CeD are at an increased risk of contracting COVID-19 when compared to the general population. Logistic regression was used to determine the influencing factors associated with COVID-19 risk perception, such as age, sex, adherence to a gluten-free diet (GFD), and comorbidities such as cardiac conditions, respiratory conditions, and diabetes. Data was presented as adjusted odds ratios (aORs)

RESULTS
A total of 10737 participants with CeD completed the survey. From them, 6019 (56.1%) patients with CeD perceived they were at a higher risk or were unsure if they were at a higher risk of contracting COVID-19 compared to the non-CeD population. A greater proportion of patients with CeD perceived an increased risk of contracting COVID-19 when compared to infections in general due to their CeD (56.1% vs 26.7%, P < 0.0001). Consequently, 34.8% reported taking extra COVID-19 precautions as a result of their CeD. Members of celiac associations were less likely to perceive an increased risk of COVID-19 when compared to non-members (49.5% vs 57.4%, P < 0.0001). Older age (aOR: 0.99; 95%CI: 0.99 to 0.99, P < 0.001), male sex (aOR: 0.84; 95%CI: 0.76 to 0.93, P = 0.001), and strict adherence to a GFD (aOR: 0.89; 95%CI: 0.82 to 0.96, P = 0.007) were associated with a lower perception of COVID-19 risk and the presence of comorbidities was associated with a higher perception of COVID-19 risk (aOR: 1.38; 95%CI: 1.22 to 1.54, P < 0.001).

CONCLUSION
Overall, high levels of risk perceptions, such as those found in patients with CeD, may increase an individual’s pandemic-related stress and contribute to negative mental health consequences. Therefore, it is encouraged that public health officials maintain consistent communication with the public and healthcare providers with the celiac community. Future studies specifically evaluating mental health in CeD could help determine the consequences of increased risk perceptions in this population. 
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[bookmark: OLE_LINK167]Core Tip: Risk perceptions describe an individual’s perceived susceptibility to a threat and directly influence their behavior. We conducted an international cross-sectional study to evaluate risk of contracting contracting coronavirus disease 2019 (COVID-19) in celiac disease and evaluated risk perception. Patients with celiac disease perceive they are at an increased risk of contracting COVID-19 due to their condition, which is opposite to current scientific evidence. A higher risk perception may have a negative impact in mental health, and therefore, we encourage healthcare providers, patient care groups, and public health officials to discuss the implications that COVID-19 may have on patients in relation to their specific conditions.


INTRODUCTION
[bookmark: OLE_LINK168]Coronaviruses, such as severe acute respiratory syndrome coronavirus and middle east respiratory syndrome coronavirus which arose in 2003 and 2012, respectively, represent a family of positive-stranded RNA viruses that infect the respiratory system[1]. Later, the Chinese city of Wuhan reported an outbreak of a novel infectious agent causing severe cases of pneumonia and alerted the World Health Organization (WHO) of its presence on December 31, 2019[2]. The disease caused by this infectious agent was later named coronavirus disease 2019 (COVID-19). Since the WHO declared COVID-19 a global pandemic in March 2020, there has been over 105 million confirmed cases of COVID-19 across 216 countries and territories and the disease has killed over 2300000 people worldwide[3]. 
Due to the rapid spread and detrimental health consequences of COVID-19, there is an urgent need to determine which groups of individuals may have an increased susceptibility to infection and understand the perceptions they have regarding their susceptibility. A particular group of interest are patients with celiac disease (CeD), a chronic immune-mediated gastrointestinal disease that is triggered by dietary gluten intake in genetically predisposed individuals. Numerous studies suggest that CeD is associated with an increased risk of respiratory infections, particularly pneumonia, tuberculosis, and influenza[4-6]. However, we have shown that the odds of contracting COVID-19 in patients with CeD is similar to that of the general population[7]. 
As a result of the discrepancies between the risks of contracting different infections in patients with CeD, patient-specific risk perceptions of COVID-19 are of particular interest. Risk perceptions describe an individual’s perceived susceptibility to a threat and directly influence their health behaviors[8-10]. Further, risk perception is a complex, psychological construct that varies markedly between individuals and is influenced by their emotional, social, cultural, geographical, and cognitive state[11]. 
[bookmark: _Hlk66228087]The concept of risk perception is especially important in the context of a pandemic because a group’s perception of their susceptibility to infection influences their willingness to cooperate with and adopt preventative safety measures such as travel restrictions, hand washing, social distancing, and personal protective equipment (PPE) use[11]. Although strict implementation of infection control measures, such as social distancing, can reduce infection rate, they may also increase the risk for mental health conditions[12]. These mental health risks are even more likely to occur in individuals who are or believe they are more vulnerable to COVID-19[13]. Patients with CeD, especially those with a higher risk perception, may be more vulnerable to the negative mental health consequences of COVID-19 due to the high rates of mood disorders commonly associated with CeD[14]. However, studies of risk perception in patients with CeD have been limited to an Italian study of 276 patients which found that 26.1% of their patients either felt neutral or felt they were at an increased risk of COVID-19 because of their CeD[15].
To validate and explore this further, we conducted an international, cross-sectional survey investigating the COVID-19 risk perceptions of patients with a self-reported diagnosis of CeD and examined the factors that may influence their perceptions.

MATERIALS AND METHODS
The study was approved by the Hamilton Integrated Research Ethics Board (Hamilton, Ontario), No. HIREB# 5414. The methods of this study were previously described[8].

Study design
This observational, cross-sectional study included participants of all ages with a self-reported diagnosis of CeD and non-celiac population residing in either Argentina, Australia, Canada, Italy, Mexico, New Zealand, Spain, Uruguay, or the United States. The survey was open to participants from other countries, but extensive distribution of the survey was limited to the above-mentioned countries. 
We designed a web-based survey consisting of 41 items. Participants were offered a different link to the survey depending on whether they reported a diagnosis of CeD or not. The study questionnaire was divided into specific sections to capture information on their demographics, adherence to a gluten-free diet (GFD), symptomatology, comorbidities, medications, COVID-19 testing, and patient knowledge/perception of the relationship between COVID-19 and CeD[16]. Individuals who believed they were at an increased risk or were unsure if they are at an increased risk of contracting COVID-19 due to their CeD were considered to have high COVID-19 risk perceptions. Patient knowledge and perception was only assessed in the CeD population. After piloting and testing by the authors, the English survey was placed into the secure online electronic case report platform, Research Electronic Data capture[17], and later translated into Italian and Spanish by the authors. We further collected information on country-specific COVID-19 control and safety measures implemented during the study period.
Participants were recruited from March 2020 to June 2020. Recruitment of self-reported CeD patients was performed through national celiac associations (via electronic newsletter and social media) and at clinic visits. 

Statistical analysis
Statistical analyses were carried out using IBM-SPSS (IBM-SPSS Inc, Version 25.0, Armonk, NY, United States) and STATA (Stata version 13.0 Corp, College Station, TX, United States). Graphics were created using Microsoft Excel and GraphPad Prism (GraphPad Software, Version 8.4 San Diego, CA, United States). Categorical variables were reported as frequencies and percentages, whereas continuous variables were reported as mean (SD) or median and interquartile range when applicable. Comparisons of categorical variables between groups were performed using χ2 test. Haldane corrections were applied to χ2 tests when necessary. A two-sided test was used and P-values of < 0.05 were considered statistically significant. Logistic regression was used to assess the predictors of high COVID-19 risk perceptions. The model included COVID-19 risk perception as a dependent variable and factors including age, sex, adherence to a GFD, comorbidities, and use of corticosteroids, as independent variables. 

RESULTS
Participant characteristics
Overall, out of the 18022 participants who completed the survey, 10737 participants self-reported a diagnosis of CeD. The demographics for the included population can be found in Table 1. Missing data constituted less than 3% for each variable and thus were not replaced.
The median age of the participants was 41 years, of which 1575 (14.8%) were male. The highest proportions of respondents were from Argentina and Canada followed by Australia, New Zealand, and the United States. The detailed geographical distribution of participants by country, states, provinces and departments can be found in Supplementary Table 1.
[bookmark: OLE_LINK299][bookmark: OLE_LINK300]The majority of self-reported patients with CeD had been diagnosed via CeD-specific serology [anti-tissue transglutaminase immunoglobulin (Ig) A and/or anti-deaminated gliadin peptide IgG] and confirmed via duodenal biopsy (n = 7506; 69.9%). The median time since diagnosis was 7 years. Out of all the participants with CeD, 25.8% were affiliated with a regional/national celiac association. 
The majority of patients with CeD reported following a strict GFD (65.7%) with 33.4% adopting a GFD with some transgressions and 0.9% following a diet without gluten restriction. Of the patients following a GFD, the median time of gluten restriction was 7 years. Further, 24.1% of patients with CeD reported having household members who were also following a GFD. The majority of participants with CeD reported having their symptoms well-controlled (68.3%), while 31.7% had persistent symptoms.

Risk perceptions for contracting COVID-19 in patients with CeD
Patients with CeD obtained information about the relationship between COVID-19 and CeD through the internet (n = 2942; 27.4%) or through celiac association websites (n = 2465; 23%) (Table 1). Only a small proportion of patients reported learning through their physicians or other healthcare team members (n = 604; 5.6%). When asked to comment on their understanding regarding the relationship between COVID-19 and CeD, the majority of participants with CeD (n = 8815; 63.6%) reported that they did not have a very good understanding of their risk of contracting COVID-19 in relation to their condition. Consequently, 63.6% of patients requested more information on how COVID-19 may affect them. Further, while only 26.7% of participants with CeD believed they either were or were unsure whether they were more susceptible to infections because of their CeD, this proportion increased significantly when asked about their susceptibility to contracting COVID-19 in particular (26.7% vs 56.1%, P < 0.0001) (Figure 1). Participants who were members of their local celiac associations had lower rates of perceiving an increased risk of contracting COVID-19 compared to non-members (49.5% vs 57.4%, P < 0.0001) (Table 2). There was a stepwise decline in the proportion of patients with high-risk perceptions of contracting COVID-19 as the pandemic progressed (Figure 2).
Country-specific COVID-19 risk perceptions were highest in the United States (73.1%), Australia (67.3%), New Zealand (65.0%), and Argentina (62.9%) and lowest in Spain (19.1%) and Uruguay (23.3%) (Table 3).
There were 3745 participants (34.8%) who reported that they were taking extra precautions for COVID-19 as a result of being diagnosed with CeD. The most common precautions included at least one of the following: Extensive isolation/social distancing (68.6%), extended PPE use (gloves, face masks) before widespread recommendations (32.7%), and consistent hand washing/sanitization (23.4%). Further infection control measures included paying extra attention to maintaining a GFD (6.1%), getting grocery/food delivery (2.9%), strict adherence to public health recommendations (2.4%), implementing vitamins, supplements, and healthy foods into their diet (2.0%), showering/washing clothes after returning home (1.4%), getting the influenza vaccine (0.8%), and one participant noted that they stopped their immunosuppressant medication use. Information on the country-specific infection control/safety measures implemented in the general population during the study period is shown in the Supplementary Material (Supplementary Table 2).

Factors influencing the risk perception for contracting COVID-19 in patients with CeD
Older age [odds ratios (aORs): 0.99; 95%CI: 0.99 to 0.99, P < 0.001], male sex (aOR: 0.84; 95%CI: 0.76 to 0.93, P = 0.001), and adherence to a strict GFD (aOR: 0.89; 95%CI 0.82 to 0.96, P = 0.007) were associated with a lower perception of COVID-19 risk. However, the presence of comorbidities such as chronic lung conditions, chronic heart conditions (including hypertension), and diabetes, was associated with an increased perception of COVID-19 risk (aOR: 1.38; 95%CI: 1.22 to 1.54, P < 0.001). The use of corticosteroids or immunosuppressants did not change risk perception levels for contracting COVID-19 (aOR: 0.86; 95%CI: 0.68 to 1.08, P = 0.19) (Table 4).

DISCUSSION
[bookmark: OLE_LINK169]This study included over 10500 CeD patients and to our knowledge, is the first large-scale, international study to examine COVID-19 risk perceptions in patients with CeD. Despite demonstrating that the odds of contracting COVID-19 in patients with CeD is similar to that of the non-CeD population in our previous study[7], the majority of patients with CeD either believed they were at an increased risk or were uncertain of whether they were at an increased risk of contracting COVID-19 when compared to the general population.
A significant number of patients (44.0%) reported that their knowledge of the relationship between COVID-19 and CeD is poor or very poor with the majority of patients requesting more information. Further, while many patients learn about COVID-19 and CeD through the internet, very few learn about the relationship from their healthcare team. This is consistent with previous studies on CeD suggesting that patients are dissatisfied with the information offered by their physicians and feel like their general knowledge about CeD is inadequate[18]. Accordingly, previous reports suggest that many physicians have inadequate knowledge/awareness of the features associated with CeD which consequently has a direct impact on their patients’ education regarding their condition[19,20]. As a result, while studies have demonstrated that CeD is associated with an increased risk of general infections, we found that only 26.7% of patients with CeD in our study believed they were at an increased risk. This supports the view that patients are generally uninformed about the potential consequences of CeD. This also represents a potential area for improvement as physicians and healthcare providers should be encouraged to thoroughly discuss the implications of COVID-19 in relation to their patients’ conditions based on the emerging evidence.
Patient perceptions are particularly relevant during the COVID-19 pandemic as high rates of depression and mood disorders have been associated with patients with higher risk perceptions of COVID-19[21]. Notably, in contrast to the generally low risk-perception that patients with CeD had regarding infections overall, more than half of our participants with CeD perceived they were at an increased risk or were unsure whether they were at a higher risk of contracting COVID-19 compared to the general population. As there are major uncertainties related to the novel coronavirus, this drastically affects the ability to properly and accurately inform patients of its potential implications. A recent study identified the lack of information regarding the virus as one of the major elements that contribute to fear and its associated high risk perception related to COVID-19[22]. Conversely, the study conducted by Siniscalchi et al[15] in March 2020, found that the majority of their patients with CeD (56.6%) did not feel more vulnerable to COVID-19 due to their condition[15]. One potential consideration contributing to the discrepancy between our results could be related to differences in study populations, as their study was limited to an Italian population. However, our results show the same trend when the analysis is sub-grouped by country and demonstrated similar results within our Italian participants (Table 3). These results suggest that risk perceptions vary markedly depending on the geographical area of the participants, as suggested by others[11]. In particular, country-specific differences in risk perception may be attributed to a variety of factors such as differences in culture, political climate, government communication, phase/timing of the pandemic, country-specific impacts of COVID-19, rates of infection, testing amounts and indications, and infection control measures (Supplementary Table 2). Notably, patients with CeD from Spain and Uruguay were found to have generally low risk perceptions for COVID-19. This aligns with previous studies that have found that the impact of COVID-19 has been relatively small in Uruguay as a result of swift lockdowns[23] and that individuals from Spain have been noted to have low personal concern about COVID-19[24]. Additionally, as the time of data collection was early in the pandemic for the study conducted by Siniscalchi et al[15], it is possible that patient perceptions may have changed as the pandemic progressed. Our analysis of risk perceptions by month found a stepwise decline in the proportion of participants with high COVID-19 risk perceptions as the pandemic progressed. This may be a result of timing because later in the study period, many countries have already passed the first wave of the pandemic and it may be due to the release of information regarding the link between COVID-19 and CeD from national celiac associations later on in the pandemic. It is also possible that this could be a result from ‘COVID-19 fatigue’ as people become less concerned and more inclined to return to normal life as they recognize that the pandemic will persist for long periods of time.
We further investigated the different factors that we anticipated may modify the odds of having high risk perceptions for contracting COVID-19 in patients with CeD. Our results demonstrate a small, although significant, association between both younger age and female sex with higher risk perceptions of contracting COVID-19. These results align with a study conducted by Rimal and Juon[25] which noted that younger, more educated individuals, have a higher risk perception of breast cancer. Further, our sex-specific findings are consistent with studies investigating both COVID-19 risk perceptions in the general population[11,26] and in patients with CeD[15].
Importantly, CeD has been associated with a large number of concomitant conditions such as cardiovascular conditions including hypertension, coronary artery disease, and arrhythmias, respiratory conditions such as asthma[27], and type 1 diabetes mellitus[28]. Further, it has been noted that the above-mentioned comorbidities may also predispose individuals to contracting COVID-19 and may contribute to a more severe disease course and mortality[29]. Accordingly, in our regression analysis, we noted that the presence of comorbidities such as chronic lung conditions, chronic heart conditions, and diabetes, increased the odds of patients believing they are at a higher risk of contracting COVID-19. 
Notably, we found the use of corticosteroids or immunosuppressive therapies did not influence the odds of having high risk perceptions of COVID-19. This may potentially be attributed to nearly universal guidelines suggesting the continuation of immunosuppressive treatment during the pandemic and studies suggesting that the morbidity and mortality rates of patients who are immunosuppressed or have an autoimmune condition may be similar to that of the general population[30]. However, it is also possible that there was a selection bias if patients who perceived themselves to be at higher risk of contracting COVID-19 decided to stop the use of immunosuppressive therapies; as expressed in a comment by one participant. It also is possible that this action was taken by other participants; however, this was not systematically investigated in our study. Further, while it has been hypothesized that patients with active CeD (unmanaged or incompletely managed) may be at an increased risk of infection, our results demonstrate that individuals who follow a strict GFD have lower odds of perceiving themselves to be at an increased risk of contracting COVID-19. 
Overestimation of risk can lead to being overly anxious, overly cautious, negative mental and physical health consequences[8], and not visiting a healthcare provider even when they believe they should[15,31]. Studies investigating healthcare use during the COVID-19 pandemic found significant reductions in emergency department visits, hospital admissions, and non-urgent healthcare visits[32,33]. Researchers have suggested that this decrease may be due to a perceived fear of contracting COVID-19 in high-risk areas such as hospitals. As a result, virtual patient care has been rapidly adopted to minimize this risk. However, patients in low-resource areas, such as those without technology or internet, are unable to access these alternate forms of healthcare and may be unequally affected by the pandemic[34]. Therefore, the role of governmental and non-governmental organizations in promoting awareness and knowledge in underserved/underdeveloped communities is especially important during the current health crisis. 
In our participants with CeD, we found that 34.8% were taking extra COVID-19 precautions as a result of their condition. Importantly, we found that patients who were members of national celiac associations had overall lower risk perceptions for contracting COVID-19. Nearly a quarter of our patients reported learning about the relationship between COVID-19 and CeD through celiac association websites, which are often responsible for distributing patient-centred educational resources[35]. Previous studies have suggested that membership in a patient association has been correlated to increased physical/psychological well-being and social adjustment[36]. As over 60% of our participants reported that they would like more information on how COVID-19 may affect patients with CeD patient associations, such as national celiac associations, represent a promising avenue to help effectively disseminate health information, educate patients, and encourage healthy social relationships. 
We acknowledge the presence of limitations associated with our study. First, this study did not assess risk perceptions in the general population and in the CeD group, there may have been potential selection/referral bias towards patients belonging to celiac associations as these associations acted as our primary mode of recruitment. Further, the cross-sectional nature of this study design only allowed us to evaluate COVID-19 risk perceptions during our study period which may change over time. Therefore, future prospective longitudinal studies may help assess changes over different time periods of the pandemic. In addition, although we investigated several dimensions of risk perception, some potential factors were not assessed. For example, we did not assess risk perceptions related to mortality or concerns of infecting family and friends. We also did not assess the mental health outcomes related to high levels of risk perception. As a result, future studies investigating additional factors and potential mediators of COVID-19 risk perception in patients with CeD will inform physicians and celiac associations on how to best design and communicate risk mitigation strategies to support a potentially vulnerable patient population.

CONCLUSION
[bookmark: OLE_LINK170]In conclusion, this international survey of patients with self-reported CeD demonstrates that a large proportion of patients with CeD perceive themselves to be at a high or unknown risk of contracting COVID-19. This association is more evident in females, those with comorbidities, and those who are not following a strict GFD. As a result of the uncertainty surrounding COVID-19, particularly at the start of the pandemic, and lack of information regarding the link between COVID-19 and CeD, patients typically have high levels of COVID-19 risk perceptions. Therefore, efforts should be made towards improving communication with patients with CeD and educating them based on emerging scientific evidence.

ARTICLE HIGHLIGHTS
Research background
We recently demonstrated that the odds of contracting coronavirus disease 2019 (COVID-19) in patients with celiac disease (CeD) is similar to that of the general population. However, how patients with CeD perceive their COVID-19 risk may differ from their actual risk. 

Research motivation
Risk perceptions are important in the context of a pandemic because a group’s perception of their susceptibility to infection influences their willingness to cooperate with preventative safety measures such as travel restrictions, hand washing, social distancing, and personal protective equipment use. However, overestimation of risk can contribute to negative mental and physical health consequences

Research objectives
[bookmark: OLE_LINK171]The aim of this study was to investigate risk perceptions of contracting COVID-19 in patients with CeD and determine the factors that may influence their perception.

Research methods
We distributed an international survey throughout 10 countries and collected data on demographics, diet, COVID-19 testing, and risk perceptions of COVID-19 in patients with CeD. Risk perception was assessed by asking individuals whether they believe patients with CeD are at an increased risk of contracting COVID-19 when compared to the general population. Logistic regression was used to determine the influencing factors associated with COVID-19 risk perception.

Research results
A total of 10737 participants with CeD completed the survey. The majority of patients with CeD perceived they were at a higher risk or were unsure if they were at a higher risk of contracting COVID-19 compared to the non-CeD population. A greater proportion of patients with CeD perceived an increased risk of contracting COVID-19 when compared to infections in general due to their CeD. Consequently, 34.8% reported taking extra COVID-19 precautions as a result of their CeD. Members of celiac associations were less likely to perceive an increased risk of COVID-19 when compared to non-members. Older age, male sex, and strict adherence to a GFD were associated with a lower perception of COVID-19 risk and the presence of comorbidities was associated with a higher perception of COVID-19 risk.

Research conclusions
[bookmark: OLE_LINK172]Overall, high levels of risk perceptions, such as those found in patients with CeD, may increase an individual’s pandemic-related stress and contribute to negative mental health consequences. Therefore, it is encouraged that public health officials maintain consistent communication with the public and healthcare providers with the celiac community. 

Research perspectives
Future studies specifically evaluating mental health in CeD could help determine the consequences of increased risk perceptions in this population.
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Figure Legends
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Figure 1 The risk perception of infections, contracting coronavirus disease 2019, need of taking extra precautions and obtaining information related to coronavirus disease 2019 in patients with celiac disease during the coronavirus disease 2019 pandemic. CeD: Celiac disease; COVID-19: Coronavirus disease 2019.
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[bookmark: OLE_LINK178]Figure 2 The risk perception of contracting coronavirus disease 2019 in patients with celiac disease decreased as the pandemic progressed. COVID-19: Coronavirus disease 2019.

Table 1 Demographic characteristics of study population
	Demographic
	CeD, n = 10737

	Age (years), median (IQR)
	41 (28-57)

	Gender, n (%)
	10646 (99.2)

	Male
	1575 (14.8)

	Female
	9017 (84.7)

	CeD diagnosis, n (%)
	10570 (98.4)

	Bloodwork1
	1304 (12.1)

	Biopsy
	1334 (12.4)

	Bloodwork + biopsy
	7506 (69.9)

	Unsure
	426 (4.0)

	Years since diagnosis, median (IQR)
	7 (3-13)

	Member of celiac association, n (%)
	2766 (25.8)

	Diet, n (%)
	

	Unrestricted 
	61 (0.6)

	Other restrictions-non gluten
	29 (0.3)

	GFD-sometimes
	118 (1.1)

	GFD-most of the time
	283 (2.6)

	GFD-rare intentional gluten 
	418 (3.9)

	GFD-rare accidental gluten
	1566 (14.6)

	GFD-possible cross-contamination
	1136 (10.6)

	Strict GFD
	7052 (65.7)

	Years diet restriction, Median (IQR)
	7 (3-12)

	Any household member following GFD, n (%)
	2688 (25.0)

	Some members
	1949 (18.2)

	All members
	409 (3.8)

	Other
	221 (2.1)

	Management of CeD symptoms, n (%)
	

	Well controlled
	7336 (68.3)

	Symptoms < 2 mo
	2362 (22.0)

	Symptoms > 2 mo
	938 (8.7)

	Travel outside of the country2, n (%)
	202 (1.9)

	Contact with COVID-19 positive, n (%)
	175 (1.6)

	Tested for COVID-19, n (%)
	478 (4.5)

	Fever2, n (%)
	252 (2.3)

	Respiratory symptoms2, n (%)
	1124 (10.5)

	Hospitalizations for respiratory infection2, n (%)
	21 (0.2)

	Comorbidities, n (%)
	

	Chronic lung condition
	708 (6.6)

	Chronic heart condition
	376 (3.5)

	Diabetes
	413 (3.8)

	Receiving steroids
	322 (3.0)

	Receiving immune suppressive medications
	393 (3.7)

	Pregnancy, n (%)
	96 (0.9)

	Information about COVID-19 in celiac disease
	

	Internet
	2942 (27.4)

	My doctor
	291 (2.7)

	Other healthcare providers
	313 (2.9)

	Celiac association website
	2465 (23.0)

	Other
	731 (6.8)


1Bloodwork includes celiac disease-specific serology anti-tissue transglutaminase immunoglobulin (Ig) A, and/or anti-deaminated gliadin IgA/IgG, and/or anti-endomysial antibodies IgA. 2In the last month. CeD: Celiac disease; IQR: Interquartile range; GFD: Gluten-free diet; COVID-19: Coronavirus disease 2019.

Table 2 Relationship between celiac association membership and coronavirus disease 2019 risk perceptions in patients with celiac disease
	Member of a celiac association
	CeD respondents, n = 7296
	Respondents with high COVID-19 risk perceptions
	P value

	Yes
	2766
	1368 (49.5)
	< 0.0001

	No
	4530
	2600 (57.4)
	


CeD: Celiac disease; COVID-19: Coronavirus disease 2019.

Table 3 Country-specific risk perceptions of contracting coronavirus disease 2019 in patients with celiac disease
	Country
	Infection rate1
	ORs for contracting COVID-19 (CeD vs controls)
	95%CI
	CeD patients believing they are more susceptible to COVID-19, n (%)

	Argentina
	0.14
	1.41
	0.48-4.12
	2637 (62.9)

	Canada
	0.04
	0.80
	0.31-2.01
	1962 (52.1)

	Australia
	0
	1.92
	0.03-99.21
	449 (67.3)

	New Zealand
	0
	0.88
	0.01-43.32
	295 (65.0)

	Spain
	0.21
	0.73
	0.21-2.57
	85 (19.1)

	United States
	0.16
	3.28
	0.61-17.44
	304 (73.1)

	Uruguay
	0
	0.24
	0.01-6.68
	78 (23.3)

	Italy
	0
	0.27
	0.01-6.37
	85 (41.5)

	Mexico
	0.6
	1.50
	0.15-14.42
	62 (42.8)

	Other2
	0.17
	0.70
	0.08-6.22
	62 (68.1)


1Infection rate: Positive coronavirus disease 2019 test over total tested.
2Full list of other countries can be found in Supplementary Table 1 in the Supplementary material. ORs: Odds ratios; CeD: Celiac disease; COVID-19: Coronavirus disease 2019.

Table 4 Logistic regression analysis of coronavirus disease 2019 risk perception in patients with celiac disease
	
	Risk perception

	
	Crude [OR (95%CI)]
	P value
	Adjusted1 [OR (95%CI)]
	P value

	Older age
	0.99 (0.99-0.99)
	0.012
	0.99 (0.99-0.99)
	< 0.001

	Sex (M)
	0.84 (0.76-0.93)
	0.001
	0.84 (0.75-0.93)
	0.001

	Strict GFD
	0.88 (0.81-0.95)
	0.002
	0.89 (0.82-0.96)
	0.007

	Comorbidities2
	1.29 (1.17-1.43)
	< 0.001
	1.37 (1.22-1.54)
	< 0.001

	Use of corticosteroids or immunosuppressants
	1.11 (0.91-1.37)
	0.28
	0.86 (0.68-1.08)
	0.19


1By all variables listed. 
2Comorbidities includes chronic lung conditions, chronic heart conditions, and diabetes. GFD: Gluten-free diet; OR: Odds ratio.
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