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Abstract

Background: COVID-19, a viral respiratory disease first reported in December 2019, quickly became a threat to global public
health. Further understanding of the epidemiology of the SARS-CoV-2 virus and the risk perception of the community may better
inform targeted interventions to reduce the impact and spread of COVID-19.

Objective: In this study, we aimed to examine the association between chronic diseases and serious outcomes following
COVID-19 infection, and to explore its influence on people’s self-perception of risk for worse COVID-19 outcomes.

Methods: This study draws data from two databases: (1) the nationwide database of all confirmed COVID-19 cases in Portugal,
extracted on April 28, 2020 (n=20,293); and (2) the community-based COVID-19 Barometer survey, which contains data on
health status, perceptions, and behaviors during the first wave of COVID-19 (n=171,087). We assessed the association between
relevant chronic diseases (ie, respiratory, cardiovascular, and renal diseases; diabetes; and cancer) and death and intensive care
unit (ICU) admission following COVID-19 infection. We identified determinants of self-perception of risk for severe COVID-19
outcomes using logistic regression models.

Results: Respiratory, cardiovascular, and renal diseases were associated with mortality and ICU admission among patients
hospitalized due to COVID-19 infection (odds ratio [OR] 1.48, 95% CI 1.11-1.98; OR 3.39, 95% CI 1.80-6.40; and OR 2.25,
95% CI 1.66-3.06, respectively). Diabetes and cancer were associated with serious outcomes only when considering the full
sample of COVID-19–infected cases in the country (OR 1.30, 95% CI 1.03-1.64; and OR 1.40, 95% CI 1.03-1.89, respectively).
Older age and male sex were both associated with mortality and ICU admission. The perception of risk for severe COVID-19
disease in the study population was 23.9% (n=40,890). This was markedly higher for older adults (n=5235, 46.4%), those with
at least one chronic disease (n=17,647, 51.6%), or those in both of these categories (n=3212, 67.7%). All included diseases were
associated with self-perceptions of high risk in this population.

Conclusions: Our results demonstrate the association between some prevalent chronic diseases and increased risk of worse
COVID-19 outcomes. It also brings forth a greater understanding of the community’s risk perceptions of serious COVID-19
disease. Hence, this study may aid health authorities to better adapt measures to the real needs of the population and to identify
vulnerable individuals requiring further education and awareness of preventive measures.

(JMIR Public Health Surveill 2021;7(1):e22794) doi: 10.2196/22794
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Introduction

COVID-19, a viral respiratory disease caused by SARS-CoV-2,
has become a global threat to human health [1,2]. By early
December 2020, more than 68 million SARS-CoV-2 infections
and over 1.5 million deaths have been reported worldwide [3].

Several studies have reported that chronic conditions, such as
respiratory and cardiovascular diseases, are associated with
worse outcomes following infection [1,4-8]. Given the rapid
spread and high mortality rate of COVID-19 among those with
a vulnerable health status, it soon became necessary to expand
research to elucidate the epidemiology of the novel virus,
namely the identification of risk factors for severe illness or
death [9].

There is ample evidence that perceived susceptibility to severe
disease outcomes is an important predictor of preventive
behavior [10]. In accordance with theories on health behavior
decisions [11-14], engagement on preventive behaviors are
shaped by the awareness and risk perception, particularly among
those who are more vulnerable to severe outcomes [13,15-17].
Preventive behaviors, such as curfews, social distancing,
handwashing, and mask wearing, are so far the most effective
ways to fight the spread of COVID-19 and related consequences
[18,19]. Therefore, it is imperative to explore that risk
perceptions of the community, given that such information may
inform targeted interventions, including communication and
health education strategies, aimed at minimizing the impact and
spread of COVID-19.

Thus, the objectives of this study were (1) to examine the
association between chronic diseases and worse outcomes
following COVID-19 infection (ie, death and intensive care
unit [ICU] admission), and (2) to understand its role on the
self-perception of risk for worse COVID-19 outcomes.

Methods

Databases
This study draws on two data sources.

COVID-19 Database
The official database of COVID-19 cases in Portugal, which
contains anonymized data from the Directorate-General of
Health (Direção-Geral da Saúde, DGS), including all confirmed
cases of COVID-19 reported to the National Epidemiological
Surveillance System (Sistema Nacional de Vigilância
Epidemiológica, SINAVE). Data were extracted on April 28,
2020 (n=20,293 laboratory-confirmed cases of COVID-19).
SINAVE is an electronic platform through which clinicians are
obligated to notify all suspected and confirmed cases of
COVID-19, and includes information on clinical findings and
pre-existing conditions. Notifications trigger an epidemiological
investigation by the Local Public Health Services, where a
public health physician (health authority in the area of residence
of the infected individual) validates the case. At a later stage,
the Regional Public Health Department and finally the DGS
conduct a final validation of case information. Outcome data
are completed primarily at the local level but can be updated at

the regional and national levels (DGS). We compared the
characteristics of these COVID-19 cases against a nationwide
representative sample from the National Health Survey
(Inquérito Nacional de Saúde, INS) (Multimedia Appendix 1)
[20].

COVID-19 Barometer
We developed a community-based survey called COVID-19
Barometer, which contains data on health (including mental
health), health care utilization, perception of risk, and social
experiences of over 180,000 individuals, aged ≥16 years old,
in Portugal during the first wave of COVID-19. Potential
participants were invited to participate through existing contact
networks and mailing lists (including large databases of students,
teachers, researchers, staff, and other collaborators at the
National School of Public Health [ENSP-NOVA] and other
institutions nationwide), digital social networks, and social
media promotion. The study was also promoted to vulnerable
groups through partnerships with third-sector organizations,
including patient associations, public health doctors, and other
health care professional groups. Data were collected using a
structured, closed-ended questionnaire administered online
through the Microsoft Forms software program (Microsoft
Corp). The questionnaire was developed based on the Portuguese
National Health Survey (INS) items (respondents’
sociodemographic characteristics, health status, and health care
utilization) [20]. Specific questions about COVID-19 were
created by the authors and based on the COVID-19 Rapid
Quantitative Assessment Tool of the World Health Organization,
whenever possible [21]. The questionnaire was pretested to
verify response times, ensure comprehensibility, and solve
operational issues. We used the latest available responses from
each participant, obtained between March 21 and May 23, 2020
(n=171,087).

Measures
In this study, we considered the following main chronic diseases,
which, according to the available evidence, are potential risk
factors for COVID-19: respiratory, cardiovascular, and renal
diseases; diabetes; and cancer.

Regarding the case definition for the main outcome in the DGS
database, we analyzed a composite COVID-19 outcome of death
and ICU admission. At the time of the analysis, there was a
delay in the notification of death, and thus it was considered a
better choice to focus on a broader major outcome.

In the COVID-19 Barometer database, we surveyed the
respondent’s perception of risk for severe disease in case of
COVID-19 infection with the following question: “To what
extent do you consider yourself to be at risk of developing
serious illness or complications, if you become infected with
COVID-19?” We then created a dichotomous variable
designating the high-risk category as 1 and other categories as
0 (ie, moderate risk, low risk, no risk, don’t know).

Statistical Analysis
The analysis included two main steps. First, logistic regression
models were used to assess the association between the selected
diseases and death or ICU admission, adjusting for age
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(categorized into 6 groups with 0-50 years as the reference group
and 10-year age intervals until >90 years), sex, region, and other
relevant comorbidities available in the database (eg, HIV). Two
models were developed—one with all COVID-19 cases and
another with a subgroup of hospitalized patients with
COVID-19—to better understand the association of morbidity
with worse intrahospital COVID-19 outcomes, thereby limiting
potential biases arising from a higher likelihood of
hospitalization for any given COVID-19 case solely based on
the decider’s (ie, a health care professional at a hospital)
knowledge of the pre-existence of a chronic disease (as
discussed below).

Second, the sample was standardized to reflect the distribution
of the Portuguese population (by sex and age group using the
direct method), and a logistic regression model were used to
assess self-perception levels of severe disease in the population
and potential influencing factors, mainly the chronic diseases
under study. We adjusted the model for age, sex, region,
education (grouped into three major levels according to the
highest qualification completed: basic or no education,
secondary school, and university), other relevant comorbidities,
smoking, self-reported health and mental status (both grouped
into two major levels: very good/good/moderate and poor/very
poor), high-risk professional or living with one (including health
care professionals, security personnel, and customer-facing
positions), living alone, and confidence in the National Health
Survey response. All of these factors were chosen based on the
database data availability and on the plausibility of influencing
study outcomes. The model was built by means of a manual
stepwise technique (backward elimination). In the descriptive
analysis, additional results for those aged ≥65 years were also
provided, given that it is a common cut-off age criteria for
increased COVID-19 risk [22].

All statistical analyses were carried out using Stata, version
13.1 (StataCorp LLC). In the descriptive analysis, the
significance of the study variables was tested using the Student
t test or the chi-square test, where appropriate. The significance
level for all analyses was fixed at 5%, and confidence intervals
were set at 95%.

Ethical Considerations
Data were shared by the DGS with ENSP-NOVA under a
partnership for COVID-19 research. The Ethical Committee of

ENSP-NOVA approved the project (approval:
CE/ENSP/CREE/2/2020). Anonymity of participants and
confidentiality of data in all databases used were guaranteed.
Informed consent was obtained from all participants.

Results

Associations Between Chronic Diseases and COVID-19
Outcomes
The average age of all COVID-19 infection cases was 52.1 (SD
21.3) years (men: 51.7 [SD 21.0] years, and women: 52.4 [SD
21.5] years; P=.03). In total, 14.6% (n=2963) were hospitalized,
1.3% (n=263) were admitted to the ICU, and 2.5% (n=502) died
(3.6% [n=765] for ICU or death). Among those hospitalized,
the average age was 68.9 (SD 18.5) years (men: 67.6 [SD 17.1]
years, and women: 70.3 [SD 19.8] years; P<.001). More women
were infected (n=11,912, 58.7%), both amongst those below
(n=8670, 59.2%) and above 65 years of age (n=3105, 57.4%).
However, male gender was more frequently found in cases
requiring hospitalization (n=1557, 52.4%) and among those
who died or were admitted to the ICU (n=404, 54.9%; P<.001).
Male gender was associated with worse outcomes (Table 1).
There was also an association between death/ICU admission
and chronic diseases (ie, respiratory, cardiovascular, and renal
diseases; diabetes; and cancer). When analyzing specifically
those who were admitted to the hospital, only lung,
cardiovascular, and kidney diseases were associated with this
composite outcome (Table 1).

When comparing the COVID-19 database with a nationwide
representative sample from the Health Interview Survey, it was
noted that, across all the analyzed groups, there was a higher
proportion of older adults (≥65 years) infected with COVID-19
compared to the overall country’s population—respiratory:
60.0% (n=413) vs 48.3% (n=572); cardiovascular: 91.5% (n=43)
vs 69.8% (n=746); renal: 78.8% (n=252) vs 53.2% (n=571);
diabetes: 65.5% (n=671) vs 59.3% (n=1216); and at least one
of these underlying health conditions: 64.7% (n=1230) vs 54.0%
(n=3809), respectively. This asymmetry was particularly evident
for renal and cardiovascular diseases (variation of 48.1% and
31.1%, respectively). A lower proportion of women was found
in the COVID-19 database versus the country’s population
(group with at least one of the underlying health conditions:
48.7% [n=927] vs 57.1% [n=4028], respectively).
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Table 1. Multivariable logistic regression (odds ratios [OR] and 95% CIs) to assess the association between chronic diseases and severe outcomes
(death or admission to intensive care unit) following COVID-19 infection.

Hospitalized (n=2958)All infected (n=20,203)Characteristic

Multivariable, OR (95% CI)Univariable, OR (95% CI)Multivariable, OR (95% CI)Univariable, OR (95% CI)

Age group (years; reference <50 years)

2.52 (1.54-4.13)a2.48 (1.53-4.03)a5.03 (3.20-7.93)a5.14 (3.27-8.08)a50-59

3.21 (2.04-5.02)a3.31 (2.13-5.14)a12.36 (8.15-18.76)a14.81 (9.74-22.40)a60-69

3.58 (2.32-5.53)a3.85 (2.53-5.86)a24.70 (16.48-37.01)a35.65 (23.98-52.99)a70-79

4.90 (3.20-7.50)a5.20 (3.45-7.84)a35.72 (24.04-53.08)a50.58 (34.33-74.52)a80-89

4.78 (2.95-7.75)a5.05 (3.18-8.03)a41.58 (27.22-63.53)a52.47 (34.72-79.30)a>90

0.78 (0.64-0.95)b0.83 (0.69-0.99)a0.56 (0.48-0.66)a0.57 (0.49-0.66)aGender: female

Chronic disease

1.48 (1.11-1.97)b1.65 (1.25-2.17)a2.42 (1.89-3.10)a4.74 (3.76-5.97)aRespiratory disease

3.39 (1.80-6.39)a3.99 (2.16-7.36)a8.66 (4.61-16.27)a24.08 (13.51-42.90)aCardiovascular disease

2.25 (1.66-3.06)a2.68 (2.00-3.60)a4.19 (3.17-5.53)a11.71 (9.06-15.12)aRenal disease

0.95 (0.73-1.25)c1.12 (0.87-1.45)c1.30 (1.03-1.64)b3.33 (2.68-4.14)aDiabetes

0.90 (0.64-1.27)c0.95 (0.68-1.32)c1.40 (1.03-1.89)b3.008 (2.31-4.10)aCancer

1.24 (0.960-1.60)c1.31 (1.03-1.66)b2.32 (1.86-2.89)a4.33 (3.54-5.30)aOther comorbidityd

—f1.86 (1.54-2.24)a—f6.62 (5.69-7.72)aAny major comorbiditye

aP<.001
bP<.05
cNot significant.
dOther comorbidity includes other diseases collected in the official database of COVID-19 cases.
eAny major comorbidity: respiratory, cardiovascular, renal diseases; diabetes; or cancer.
fCofactor not included in the model due to high variance inflation factor (VIF>5) to avoid multicollinearity.

Influence of Chronic Diseases on Risk Perception
We found that 23.9% (n=40,890) of the COVID-19 Barometer
participants (n=171,087) considered themselves to be at high
risk of developing a severe disease course in case of COVID-19
infection. This self-perception of risk was significantly higher
among those aged ≥65 years (n=5235, 46.4%) and those
suffering from any of the diseases under study (n=17,647,

51.6%; Figure 1). For those in both categories (ie, old age and
comorbidities) that proportion rose to 67.7% (n=3212). Across
all subgroups, the oldest people with respiratory diseases
presented the highest self-perceived risk (n=1342, 78.5%),
followed by cardiovascular disease (n=1403, 69.6%) and cancer
(n=700, 69.0%) across the same age group (≥65 years). Younger
individuals (<65 years) without any of the analyzed illnesses
presented the lowest values (n=11,582, 8.9%; Figure 1).
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Figure 1. Age-specific and standardized prevalence of self-perceived risk for developing severe disease outcomes following COVID-19 infection
(n=171,087). "a" indicates a significant difference (P<.001) in terms of risk perception between those aged <65 years and ≥65 years. RESP: respiratory,
CV: cardiovascular.

In the multivariable logistic regression, we observed a strong
association between chronic diseases and self-perceived risk
(Table 2), particularly for cancer (odds ratio [OR] 8.57, 95%
CI 5.73-12.81), respiratory disease (OR 8.25, 95% CI 7.21-9.44),
and diabetes (OR 6.17, 95% CI 4.58-8.31). Increasing age was
also associated with self-perceived high risk, but it became

nonsignificant for the oldest age categories in the multivariable
model, likely due to the small sample size of those age groups
(Multimedia Appendix 2). Females, lower education, smoking,
and worse health status were also associated with self-perceived
risk of severe COVID-19 disease (Table 2).

JMIR Public Health Surveill 2021 | vol. 7 | iss. 1 | e22794 | p. 5http://publichealth.jmir.org/2021/1/e22794/
(page number not for citation purposes)

Laires et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Logistic regression (odds ratios [OR] and 95% CIs) to assess the association of chronic diseases with self-perceived risk to develop severe
disease following COVID-19 infection (n=11,247).

Multivariable, OR (95% CI)Univariable, OR (95% CI)Characteristic

Age group (years; reference <50 years)

1.74 (1.46-2.07)a1.84 (1.78 -1.90)a50-59

2.64 (2.14-3.26)a3.82 (3.68-3.96)a60-69

3.85 (2.81-5.37)a6.98 (6.57-7.41)a70-79

1.35 (0.45-3.66)b8.25 (6.68-10.17)a80-89

3.72 (0.34-47.06)b9.19 (3.50-24.14)a>90

1.17 (1.02-1.33)c0.88 (0.86-0.90)aGender: female

Education (reference: basic/no education)

0.88 (0.73-1.06)b0.68 (0.65-0.72)aSecondary school

0.77 (0.64-0.93)c0.53 (0.51-0.56)aUniversity

Chronic disease

8.25 (7.21-9.44)a7.20 (6.98-7.43)aRespiratory disease

4.92 (3.69-6.55)a5.67 (5.43-5.94)aCardiovascular disease

3.99 (2.67-5.98)a5.83 (4.62-7.37)aRenal disease

6.17 (4.58-8.31)a6.93 (6.56-7.33)aDiabetes

8.57 (5.73-12.81)a6.79 (6.37-7.22)aCancer

—e9.70 (9.43 -9.97)aAny major comorbidityd

3.29 (2.81-3.86)a1.96 (1.89-2.04)aOther comorbidityf

1.28 (1.12-1.45)a1.17 (1.05-1.31)cSmoking

2.85 (2.09-3.90)a8.24 (7.49-9.05)aSelf-reported health status (worse)

—g1.44 (1.25-1.65)aSelf-reported mental status (worse)

—g0.99 (0.96-1.02)bHigh-risk professional or living with one

—g1.26 (1.21-1.30)aLiving alone

—g1.62 (1.56-1.69)aNo social support

—g1.13 (1.10-1.16)aLower confidence in the National Health Survey

aP<.001.
bNot significant.
cP<.05.
dAny major comorbidity: respiratory, cardiovascular, renal diseases; diabetes; or cancer.
eCofactor not included in the model due to high VIF (>5) to avoid multicollinearity.
fOther comorbidity includes other diseases collected in the community-based COVID-19 Barometer survey.
gCofactor excluded in the stepwise method (backward elimination with P>.05)

Discussion

Principal Findings
We found a significant association between chronic diseases
(ie, respiratory, cardiovascular, and renal diseases; diabetes;
and cancer) and COVID-19–related mortality and ICU
admission. This was stronger for respiratory, cardiovascular,
and renal diseases when analyzing only those COVID-19 cases

requiring hospitalization. The overall self-reported prevalence
of these illnesses among the country’s population is 19.6%.
However, these illnesses affects almost half of those aged ≥65
years (44.6%), a population vulnerable to COVID-19, namely
because of age-related frailty and immune system decline
(Multimedia Appendix 1) [23]. We also found that among this
high-risk group, approximately two-thirds (67.7%) are
self-aware of risks; this drops to about half for individuals above
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65 years without any relevant chronic condition (46.4%). In
fact, morbidity seems to be the strongest determinant of risk
perception given the results of the multivariable regression.
Furthermore, the inclusion of self-reported health status in the
model did not affect these results, which suggests that this
perception of risk is not so much altered by how the patient
actually feels, but rather by the knowledge of having a chronic
disease. This is corroborated with a low (and in some cases even
absent) association of morbidity with self-perceived risk of
infection (data not shown). The plausible risk of severe
COVID-19 disease, and not so much the risk of infection posed
by several chronic diseases, particularly among the elderly, was
abundantly communicated by the media, medical societies,
public health institutes, health authorities, and patient
organizations. Therefore, it is not surprising that older patients
with one of the analyzed illnesses were particularly concerned
about the risk of developing severe outcomes following
COVID-19, despite how active or controlled the disease is, or
how well one feels.

Our study also found that other factors may contribute to
self-perception of higher risk. Old age seems to be associated
with an increased perception of risk, which is in line with other
studies. For instance, a survey in the United States has shown
that older adults perceive larger risks of dying if infected with
COVID-19 [24]. Female gender also seems to be associated
with a higher self-perception of risk. This finding aligns with
other evidence showing that women tend to be more aware of
their health status and seek health care more proactively than
men [25-27]. Interestingly, the COVID-19 database analysis
demonstrated that women were less likely to die or require the
ICU in case of infection than men (despite more cases of
infection among women, which is likely due to the prevalence
of older women in the Portuguese population [28]). This is in
line with findings reported elsewhere [29,30], and may be
explained by other risk factors unequally distributed across the
genders that have not been taken into consideration in this
analysis. This finding is consistent with results from past
surveys, which found an association between female gender
and adoption of preventive behaviors during a pandemic
respiratory disease [31-35]. Recently, two surveys performed
in the United States showed that women are more
knowledgeable about COVID-19 and engage in COVID-19
preventive behaviors more than men [17,36].

Higher education was associated with greater concern regarding
the risk of severe COVID-19 disease. This supports other
surveys and available data, which consistently show that
education is linked with health literacy, awareness, and
preventive behaviors [37,38]. On the other hand, the literature
shows that lower education is associated with a greater risk of
morbidity [39,40]. We thus foresee opportunities for patient
education on COVID-19 targeting disadvantaged communities
with a lower level of education, aggravated by lower income
and reduced access to care, thereby mitigating the health
inequities that are reportedly emphasized by COVID-19 [41].

It is worth noting that smokers were more likely to self-perceive
high risk as well. Smokers are more susceptible to coronavirus
complications, and this was thoroughly communicated in the

media, thereby prompting a higher degree of concern in this
group [42].

Several reports in the literature have documented the increased
risks associated with comorbidities in patients infected with
SARS-CoV-2–related viruses, such as the avian influenza
[43-45], SARS-CoV (severe acute respiratory syndrome
coronavirus) [46,47], and MERS-CoV (Middle East respiratory
syndrome coronavirus) [48,49]. The most common health
conditions with poorer prognosis included respiratory diseases
[15,16], cardiac diseases [15,16], renal diseases [16], diabetes
[18], hypertension [16], and cancer [15]. Initial reports from
China suggested that these comorbidities could also play a
negative role in the prognosis of COVID-19 infection [6,48,50],
prompting health authorities and public health institutes, such
as the Centers for Disease Control and Prevention, to act and
declare these comorbidities as relevant risk factors [22].
However, some contradictory data were released that discussed
alternative methodological approaches, including adjustments
for potential confounders like age and gender. For instance,
Wang and colleagues [51] conducted a meta-analysis, which
highlighted hypertension, diabetes, chronic obstructive
pulmonary disease (COPD), cardiovascular disease, and
cerebrovascular disease as major risk factors for COVID-19,
while ruling out cancer and renal disease. Other authors have
claimed that cancer and renal disease are risk factors as well
[52-54]. This inconsistency in the literature necessitates
additional research on the relationship between morbidity and
COVID-19 outcomes, as recently highlighted in a call for
COVID-19 research [9].

Our data clearly show an independent association between
respiratory, cardiovascular, and renal diseases and worse
COVID-19 outcomes. Chronic diseases share several standard
features with infectious disorders, such as the proinflammatory
state, and the attenuation of the innate immune response, which
may make individuals more susceptible to disease complications
[55]. This is particularly true for cardiovascular diseases and
an extensive discussion of this relationship with COVID-19 has
been described elsewhere [56]. On the other hand, renal disease
dysfunction causes reduced lymphocyte numbers and function,
creating immunodeficiency and predisposing the individual to
severe infections [57]. When it comes to underlying respiratory
diseases, such as COPD, the patient’s lung function is damaged
and thus less resistant to viral infection and more disposed to
develop serious disease [58]. This link has been presented
elsewhere [27,48,59-61].

Our findings are very strong concerning diabetes and cancer
since the multivariable model, which specifically focused on
those hospitalized (less influenced by Berkson’s bias, as
discussed below), provided nonsignificant results for these
pathologies. This is supported by some previous results [20],
but not by others [24]. We cannot rule out that a lack of
statistical power may have undermined our results.

Limitations and Strengths
There are some limitations to this study. First, the analysis is
based on self-reported data, which might be subject to recall
and misclassification biases (eg, chronic diseases were not
clinically confirmed in the Barometer survey; differences in the
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case definitions across the databases used). Furthermore, it is
possible that underreporting might have taken place among
those who consult less and/or are less aware of their own chronic
condition (eg, groups with limited education who lack health
literacy and awareness). Secondly, the COVID-19 database is
prone to Berkson’s bias [62], given that any patient infected
with COVID-19 and diagnosed with a chronic disease is more
likely to be hospitalized than an infected case without a chronic
disease, which might lead to spurious associations between the
risk factors under study and serious COVID-19 outcomes.
Furthermore, guidelines were issued recommending
hospitalization of COVID-19 cases when some comorbidities
were present, thereby worsening Berkson’s bias [63]. This
highlights the importance of analyzing the subgroup of
hospitalizations that was done in this study. Thirdly, disease
severity and staging were not taken into consideration, given
that there was no such information in the data sets. Lastly, the
Barometer survey was subjected to the volunteer bias (eg, more
engaged and informed citizens completed the survey), thereby
compromising the external validity of the analysis, and to social
desirability bias. Although this sort of bias has been found to
be lower in anonymous online surveys than in telephone or
in-person surveys [64], we cannot rule out the possibility that
some respondents reported more risk awareness than others due,
in part, to social desirability [65]. We applied direct age and
sex standardization to improve the external validity of these
results.

This study has several strengths as well. It uses individual
observations from two nationwide databases, including the
official database with all COVID-19 cases in Portugal and a
nationwide population-based survey that reached over 170,000
people, which, to our knowledge, makes it the world’s largest

community-based survey performed in the context of COVID-19
so far.

Policy Implications
Our results encourage authorities to protect those citizens at the
highest risk to develop severe COVID-19 disease, as well as to
promote knowledge and health literacy among those who,
despite their increased risk, are not fully aware of it. In
particular, older and uneducated men, a group with insufficient
awareness, should be targeted by health policies to fight the
pandemic threat effectively. Such policies should customize
communication and foster preventive behaviors. Risk perception
of pandemics can predict compliance with preventive measures
and tendency to seek treatment or vaccination [66]. So far, social
distancing and responsible behaviors have proven successful
in preventing the spread of the disease, as well as its serious
consequences [67]. Knowing how risk is perceived is essential
for preparing an effective plan for risk communication, and may
be predictive of the public’s response [66,68]. As already
mentioned, available literature shows that people with increased
perception of risk are more likely to engage in protective
behaviors [13,15-17].

Conclusions
Our study results demonstrate the association between some
prevalent chronic diseases and increased risk of worse
COVID-19 outcomes. It also provides further understanding on
people’s risk perceptions of serious COVID-19 disease. Hence,
this study may aid health authorities to better adapt measures
to the needs of the population and to identify those who are
more vulnerable and require further education and information
on preventive measures.

Acknowledgments
This study was cofunded by the Foundation for Science and Technology, under the financing program Research 4 Covid-19 (Ref
FCT 608).

Conflicts of Interest
None declared.

Multimedia Appendix 1
Prevalence of chronic diseases in the country’s population.
[DOCX File , 30 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Patient characteristics.
[DOCX File , 16 KB-Multimedia Appendix 2]

References

1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China. The Lancet 2020 Feb;395(10223):497-506. [doi: 10.1016/s0140-6736(20)30183-5]

2. Hui DS, I Azhar E, Madani TA, Ntoumi F, Kock R, Dar O, et al. The continuing 2019-nCoV epidemic threat of novel
coronaviruses to global health - The latest 2019 novel coronavirus outbreak in Wuhan, China. Int J Infect Dis 2020
Feb;91:264-266 [FREE Full text] [doi: 10.1016/j.ijid.2020.01.009] [Medline: 31953166]

3. World Health Organization. COVID-19 Dashboard. 2020. URL: https://covid19.who.int/ [accessed 2020-12-10]

JMIR Public Health Surveill 2021 | vol. 7 | iss. 1 | e22794 | p. 8http://publichealth.jmir.org/2021/1/e22794/
(page number not for citation purposes)

Laires et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v7i1e22794_app1.docx&filename=b38b953754a09fb8ddd2a55f04ea8316.docx
https://jmir.org/api/download?alt_name=publichealth_v7i1e22794_app1.docx&filename=b38b953754a09fb8ddd2a55f04ea8316.docx
https://jmir.org/api/download?alt_name=publichealth_v7i1e22794_app2.docx&filename=061f6ccb21336608e65016f57c823d53.docx
https://jmir.org/api/download?alt_name=publichealth_v7i1e22794_app2.docx&filename=061f6ccb21336608e65016f57c823d53.docx
http://dx.doi.org/10.1016/s0140-6736(20)30183-5
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30011-4
http://dx.doi.org/10.1016/j.ijid.2020.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31953166&dopt=Abstract
https://covid19.who.int/
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Guan W, Ni Z, Hu Y, Liang WH, Ou CQ, He JX, China Medical Treatment Expert Group for Covid-19. Clinical
Characteristics of Coronavirus Disease 2019 in China. N Engl J Med 2020 Apr 30;382(18):1708-1720 [FREE Full text]
[doi: 10.1056/NEJMoa2002032] [Medline: 32109013]

5. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive study. The Lancet 2020 Feb;395(10223):507-513. [doi:
10.1016/s0140-6736(20)30211-7]

6. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel
Coronavirus–Infected Pneumonia in Wuhan, China. JAMA 2020 Mar 17;323(11):1061. [doi: 10.1001/jama.2020.1585]

7. Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, et al. Radiological findings from 81 patients with COVID-19 pneumonia
in Wuhan, China: a descriptive study. The Lancet Infectious Diseases 2020 Apr;20(4):425-434. [doi:
10.1016/s1473-3099(20)30086-4]

8. Xu X, Wu X, Jiang X. Clinical findings in a group of patients infected with the 2019 novel coronavirus (SARS-Cov-2)
outside of Wuhan, China: retrospective case series. BMJ 2020 Feb 27;368:m792 [FREE Full text] [doi: 10.1136/bmj.m792]
[Medline: 32107200]

9. Lipsitch M, Swerdlow DL, Finelli L. Defining the Epidemiology of Covid-19 — Studies Needed. N Engl J Med 2020 Mar
26;382(13):1194-1196. [doi: 10.1056/nejmp2002125]

10. Bish A, Michie S. Demographic and attitudinal determinants of protective behaviours during a pandemic: a review. Br J
Health Psychol 2010 Nov;15(Pt 4):797-824 [FREE Full text] [doi: 10.1348/135910710X485826] [Medline: 20109274]

11. Fischhoff B. Risk perception and communication. In: Risk Analysis and Human Behavior. London, UK: Routledge;
2012:3-32.

12. Rosenstock IM. The Health Belief Model and Preventive Health Behavior. Health Education Monographs 1974 Dec
01;2(4):354-386. [doi: 10.1177/109019817400200405]

13. Rogers RW. A Protection Motivation Theory of Fear Appeals and Attitude Change1. J Psychol 1975 Sep 02;91(1):93-114.
[doi: 10.1080/00223980.1975.9915803] [Medline: 28136248]

14. Bruine de Bruin W, Bennett D. Relationships Between Initial COVID-19 Risk Perceptions and Protective Health Behaviors:
A National Survey. Am J Prev Med 2020 Aug;59(2):157-167 [FREE Full text] [doi: 10.1016/j.amepre.2020.05.001]
[Medline: 32576418]

15. Wise T, Zbozinek T, Michelini G, Hagan C, Mobbs D. Changes in risk perception and protective behavior during the first
week of the COVID-19 pandemic in the United States. PsyArXiv. Preprint posted online March 19, 2020. [doi:
10.31234/osf.io/dz428]

16. Zhong B, Luo W, Li H, Zhang Q, Liu X, Li W, et al. Knowledge, attitudes, and practices towards COVID-19 among Chinese
residents during the rapid rise period of the COVID-19 outbreak: a quick online cross-sectional survey. Int J Biol Sci
2020;16(10):1745-1752 [FREE Full text] [doi: 10.7150/ijbs.45221] [Medline: 32226294]

17. Li S, Feng B, Liao W, Pan W. Internet Use, Risk Awareness, and Demographic Characteristics Associated With Engagement
in Preventive Behaviors and Testing: Cross-Sectional Survey on COVID-19 in the United States. J Med Internet Res 2020
Jun 16;22(6):e19782 [FREE Full text] [doi: 10.2196/19782] [Medline: 32501801]

18. Centers for Disease Control and Prevention. 2020. URL: https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/
prevention.html [accessed 2020-12-10]

19. Wong CKH, Wong JYH, Tang EHM, Au CH, Lau KTK, Wai AKC. Impact of National Containment Measures on
Decelerating the Increase in Daily New Cases of COVID-19 in 54 Countries and 4 Epicenters of the Pandemic: Comparative
Observational Study. J Med Internet Res 2020 Jul 22;22(7):e19904 [FREE Full text] [doi: 10.2196/19904] [Medline:
32658858]

20. Inquérito Nacional de Saúde 2014 (National Health Survey - 2014). Instituto Nacional de Estatística. 2016. URL: https:/
/www.ine.pt/xurl/pub/263714091> [accessed 2021-01-08]

21. Risk Communication and Community Engagement (RCCE) Action Plan Guidance COVID-19 Preparedness and Response.
World Health Organization. 2020 Mar 16. URL: https://www.who.int/publications-detail/risk-communication-
and-community-engagement-(rcce)-action-plan-guidance [accessed 2020-12-10]

22. People at Increased Risk: People at Increased Risk for Severe Illness. Centers for Disease Control and Prevention. 2020
Nov 30. URL: https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-at-higher-risk.html [accessed
2020-12-10]

23. Yao X, Li H, Leng SX. Inflammation and immune system alterations in frailty. Clin Geriatr Med 2011 Feb;27(1):79-87
[FREE Full text] [doi: 10.1016/j.cger.2010.08.002] [Medline: 21093724]

24. Bruine de Bruin W. Age differences in COVID-19 risk perceptions and mental healthvidence from a national US survey
conducted in March 2020. The Journals of Gerontology: Series B 2020 May:1-5 [FREE Full text] [doi:
10.1093/geronb/gbaa074]

25. Verbrugge LM. Sex differentials in health. Public Health Rep 1982;97(5):417-437 [FREE Full text] [Medline: 6750677]
26. Cleary PD, Mechanic D, Greenley JR. Sex Differences in Medical Care Utilization: An Empirical Investigation. Journal

of Health and Social Behavior 1982 Jun;23(2):106. [doi: 10.2307/2136508]

JMIR Public Health Surveill 2021 | vol. 7 | iss. 1 | e22794 | p. 9http://publichealth.jmir.org/2021/1/e22794/
(page number not for citation purposes)

Laires et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://europepmc.org/abstract/MED/32109013
http://dx.doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32109013&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(20)30211-7
http://dx.doi.org/10.1001/jama.2020.1585
http://dx.doi.org/10.1016/s1473-3099(20)30086-4
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=32107200
http://dx.doi.org/10.1136/bmj.m792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32107200&dopt=Abstract
http://dx.doi.org/10.1056/nejmp2002125
http://europepmc.org/abstract/MED/20109274
http://dx.doi.org/10.1348/135910710X485826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20109274&dopt=Abstract
http://dx.doi.org/10.1177/109019817400200405
http://dx.doi.org/10.1080/00223980.1975.9915803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28136248&dopt=Abstract
http://europepmc.org/abstract/MED/32576418
http://dx.doi.org/10.1016/j.amepre.2020.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32576418&dopt=Abstract
http://dx.doi.org/10.31234/osf.io/dz428
https://www.ijbs.com/v16p1745.htm
http://dx.doi.org/10.7150/ijbs.45221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32226294&dopt=Abstract
https://www.jmir.org/2020/6/e19782/
http://dx.doi.org/10.2196/19782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501801&dopt=Abstract
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.jmir.org/2020/7/e19904/
http://dx.doi.org/10.2196/19904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32658858&dopt=Abstract
https://www.ine.pt/xurl/pub/263714091>
https://www.ine.pt/xurl/pub/263714091>
https://www.who.int/publications-detail/risk-communication-and-community-engagement-(rcce)-action-plan-guidance
https://www.who.int/publications-detail/risk-communication-and-community-engagement-(rcce)-action-plan-guidance
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-at-higher-risk.html
http://europepmc.org/abstract/MED/21093724
http://dx.doi.org/10.1016/j.cger.2010.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21093724&dopt=Abstract
https://watermark.silverchair.com/gbaa074.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtgwggLUBgkqhkiG9w0BBwagggLFMIICwQIBADCCAroGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMNhAc1OzC67YkvVfvAgEQgIICi9_zkXEgUK4AagiDjT2lHUFKKDBliAsHHw_aq59Q0UFbTuYJ7A9hkIt9E-EEF1q4uscc9V3VxkiGM2FdgNgXByt9qW-O33t3XnIoPLa1-QUzzT78P6yGKNN5oAeooVKv_sCMitDOLM4ZOnfQUCA7x9--HCgbTztI6yuMRCURijk_PZ0BJ4TKdlX5Rfpv3gKTRiVXOKFaSwfN6i5s8uqQGP33_PwpBnZBLKCWo34l03sRkBlGRB1PhYpDFljGpuahJsdAVxNGGj4VwyFza4SWtHYBqzNfl5hD7UIfv5sLWd25dTmWztasat9tzTzP265z1-rhOp8ZsjiLQDEkhrad6UEj7C0N0V88T3k6fDlvwaViB9MyaFF9LuuqVqyR64X2vm7PGy08tBNlPQajpx2zsRqCJBOvNk35e-jMaxYOtmTGAWltX4p-sZluV8ezeak1Z2L5-ekN0JqiBqB_eKQ6USXsCHFkPzqBacObnj-8TAlxGlFPSQmXNOYgHKOM7rbXOWI6nIFPVZRM9anTT1ovJeIVoXX_zUdqCD-Ihqp-Ch1jWmOzfp2Y0gxuyuMSSej3a73qgBTOAASesBWHjdEIleiLg9Y6HRLVqIjlqu4tYdB_IgSZ1Kze-BLJQIqOK2Yp5c800X9KNDkh-RpjTmyj-JYs2BBtLvFd-bwZjd8hPIFrQKf2S_64ReEwxkteZAlcMMx6a5N0BkUacVebYQXAgKDPfGkcyjsoJd-VEKEBTOohe-UkvBFMpJTMwq24fGAVYxfo3V9v7dAfxRjWX9WPVbVjD6ljuPzqv3T4TrbsZv11Kli9FUieSEPxqE5WR-M5IijYblQ7JdzHPc6OS8jqr-v4m46s0fGmjioX0g
http://dx.doi.org/10.1093/geronb/gbaa074
http://europepmc.org/abstract/MED/6750677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6750677&dopt=Abstract
http://dx.doi.org/10.2307/2136508
http://www.w3.org/Style/XSL
http://www.renderx.com/


27. Bertakis KD, Azari R, Helms LJ, Callahan EJ, Robbins JA. Gender differences in the utilization of health care services. J
Fam Pract 2000 Feb;49(2):147-152. [Medline: 10718692]

28. COVID-19 - Boletim DGS. Directorate-General of Health. 2020 Nov 3. URL: https://covid19.min-saude.pt/
relatorio-de-situacao/ [accessed 2020-12-11]

29. Yi Y, Lagniton PN, Ye S, Li E, Xu R. COVID-19: what has been learned and to be learned about the novel coronavirus
disease. Int J Biol Sci 2020;16(10):1753-1766 [FREE Full text] [doi: 10.7150/ijbs.45134] [Medline: 32226295]

30. Zhang J, Yu M, Tong S, Liu L, Tang L. Predictive factors for disease progression in hospitalized patients with coronavirus
disease 2019 in Wuhan, China. J Clin Virol 2020 Jun;127:104392 [FREE Full text] [doi: 10.1016/j.jcv.2020.104392]
[Medline: 32361327]

31. Lau JTF, Yang X, Tsui H, Kim JH. Monitoring community responses to the SARS epidemic in Hong Kong: from day 10
to day 62. J Epidemiol Community Health 2003 Nov 01;57(11):864-870 [FREE Full text] [doi: 10.1136/jech.57.11.864]
[Medline: 14600111]

32. Leung G, Ho L, Chan S, Ho S, Bacon-Shone J, Choy R, et al. Longitudinal assessment of community psychobehavioral
responses during and after the 2003 outbreak of severe acute respiratory syndrome in Hong Kong. Clin Infect Dis 2005
Jun 15;40(12):1713-1720. [doi: 10.1086/429923]

33. Quah SR, Hin-Peng L. Crisis prevention and management during SARS outbreak, Singapore. Emerg Infect Dis 2004
Feb;10(2):364-368 [FREE Full text] [doi: 10.3201/eid1002.030418] [Medline: 15030714]

34. Tang CS, Wong C. Factors influencing the wearing of facemasks to prevent the severe acute respiratory syndrome among
adult Chinese in Hong Kong. Prev Med 2004 Dec;39(6):1187-1193 [FREE Full text] [doi: 10.1016/j.ypmed.2004.04.032]
[Medline: 15539054]

35. Chan EYY, Huang Z, Lo ESK, Hung KKC, Wong ELY, Wong SYS. Sociodemographic Predictors of Health Risk Perception,
Attitude and Behavior Practices Associated with Health-Emergency Disaster Risk Management for Biological Hazards:
The Case of COVID-19 Pandemic in Hong Kong, SAR China. Int J Environ Res Public Health 2020 May 29;17(11):3869
[FREE Full text] [doi: 10.3390/ijerph17113869] [Medline: 32485979]

36. Clements JM. Knowledge and Behaviors Toward COVID-19 Among US Residents During the Early Days of the Pandemic:
Cross-Sectional Online Questionnaire. JMIR Public Health Surveill 2020 May 8;6(2):e19161. [doi: 10.2196/19161]

37. Feinstein L, Sabates R, Anderson TM, Sorhaindo A, Hammond C. What Are the Effects of Education on Health? Measuring
the Effects of Education on Health and Civic Engagement. Proceedings of the Copenhagen Symposium / OECD 2006:117-354
[FREE Full text]

38. Abdelhafiz AS, Mohammed Z, Ibrahim ME, Ziady HH, Alorabi M, Ayyad M, et al. Knowledge, Perceptions, and Attitude
of Egyptians Towards the Novel Coronavirus Disease (COVID-19). J Community Health 2020 Oct 21;45(5):881-890
[FREE Full text] [doi: 10.1007/s10900-020-00827-7] [Medline: 32318986]

39. Nagel G, Peter R, Braig S, Hermann S, Rohrmann S, Linseisen J. The impact of education on risk factors and the occurrence
of multimorbidity in the EPIC-Heidelberg cohort. BMC Public Health 2008 Nov 11;8(1):384 [FREE Full text] [doi:
10.1186/1471-2458-8-384] [Medline: 19014444]

40. Laires PA, Perelman J. The current and projected burden of multimorbidity: a cross-sectional study in a Southern Europe
population. Eur J Ageing 2019 Jun 1;16(2):181-192 [FREE Full text] [doi: 10.1007/s10433-018-0485-0] [Medline: 31139032]

41. Dorn AV, Cooney RE, Sabin ML. COVID-19 exacerbating inequalities in the US. The Lancet 2020
Apr;395(10232):1243-1244. [doi: 10.1016/s0140-6736(20)30893-x]

42. Emami A, Javanmardi F, Pirbonyeh N, Akbari A. Prevalence of Underlying Diseases in Hospitalized Patients with COVID-19:
a Systematic Review and Meta-Analysis. Arch Acad Emerg Med 2020;8(1):e35 [FREE Full text] [Medline: 32232218]

43. Placzek HE, Madoff LC. Association of Age and Comorbidity on 2009 Influenza A Pandemic H1N1-Related Intensive
Care Unit Stay in Massachusetts. Am J Public Health 2014 Nov;104(11):e118-e125. [doi: 10.2105/ajph.2014.302197]

44. Mauskopf J, Klesse M, Lee S, Herrera-Taracena G. The burden of influenza complications in different high-risk groups:
a targeted literature review. J Med Econ 2013;16(2):264-277. [doi: 10.3111/13696998.2012.752376] [Medline: 23173567]

45. Martínez A, Soldevila N, Romero-Tamarit A, Torner N, Godoy P, Rius C, Surveillance of Hospitalized Cases of Severe
Influenza in Catalonia Working Group. Risk factors associated with severe outcomes in adult hospitalized patients according
to influenza type and subtype. PLoS One 2019 Jan 11;14(1):e0210353 [FREE Full text] [doi: 10.1371/journal.pone.0210353]
[Medline: 30633778]

46. Booth CM. Clinical Features and Short-term Outcomes of 144 Patients With SARS in the Greater Toronto Area. JAMA
2003 Jun 04;289(21):2801. [doi: 10.1001/jama.289.21.joc30885]

47. Matsuyama R, Nishiura H, Kutsuna S, Hayakawa K, Ohmagari N. Clinical determinants of the severity of Middle East
respiratory syndrome (MERS): a systematic review and meta-analysis. BMC Public Health 2016 Nov 29;16(1):1203 [FREE
Full text] [doi: 10.1186/s12889-016-3881-4] [Medline: 27899100]

48. Guan W, Liang W, Zhao Y, Liang H, Chen Z, Li Y, China Medical Treatment Expert Group for COVID-19. Comorbidity
and its impact on 1590 patients with COVID-19 in China: a nationwide analysis. Eur Respir J 2020 May 26;55(5):2000547
[FREE Full text] [doi: 10.1183/13993003.00547-2020] [Medline: 32217650]

49. Garbati MA, Fagbo SF, Fang VJ, Skakni L, Joseph M, Wani TA, et al. A Comparative Study of Clinical Presentation and
Risk Factors for Adverse Outcome in Patients Hospitalised with Acute Respiratory Disease Due to MERS Coronavirus or

JMIR Public Health Surveill 2021 | vol. 7 | iss. 1 | e22794 | p. 10http://publichealth.jmir.org/2021/1/e22794/
(page number not for citation purposes)

Laires et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10718692&dopt=Abstract
https://covid19.min-saude.pt/relatorio-de-situacao/
https://covid19.min-saude.pt/relatorio-de-situacao/
https://www.ijbs.com/v16p1753.htm
http://dx.doi.org/10.7150/ijbs.45134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32226295&dopt=Abstract
http://europepmc.org/abstract/MED/32361327
http://dx.doi.org/10.1016/j.jcv.2020.104392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32361327&dopt=Abstract
https://jech.bmj.com/lookup/pmidlookup?view=long&pmid=14600111
http://dx.doi.org/10.1136/jech.57.11.864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14600111&dopt=Abstract
http://dx.doi.org/10.1086/429923
http://europepmc.org/abstract/MED/15030714
http://dx.doi.org/10.3201/eid1002.030418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15030714&dopt=Abstract
http://europepmc.org/abstract/MED/15539054
http://dx.doi.org/10.1016/j.ypmed.2004.04.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15539054&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17113869
http://dx.doi.org/10.3390/ijerph17113869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32485979&dopt=Abstract
http://dx.doi.org/10.2196/19161
http://www.oecd.org/education/innovation-education/37437718.pdf
http://europepmc.org/abstract/MED/32318986
http://dx.doi.org/10.1007/s10900-020-00827-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32318986&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-8-384
http://dx.doi.org/10.1186/1471-2458-8-384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19014444&dopt=Abstract
http://europepmc.org/abstract/MED/31139032
http://dx.doi.org/10.1007/s10433-018-0485-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31139032&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(20)30893-x
http://europepmc.org/abstract/MED/32232218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32232218&dopt=Abstract
http://dx.doi.org/10.2105/ajph.2014.302197
http://dx.doi.org/10.3111/13696998.2012.752376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23173567&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0210353
http://dx.doi.org/10.1371/journal.pone.0210353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30633778&dopt=Abstract
http://dx.doi.org/10.1001/jama.289.21.joc30885
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3881-4
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3881-4
http://dx.doi.org/10.1186/s12889-016-3881-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27899100&dopt=Abstract
http://erj.ersjournals.com:4040/lookup/pmidlookup?view=long&pmid=32217650
http://dx.doi.org/10.1183/13993003.00547-2020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217650&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Other Causes. PLoS One 2016 Nov 3;11(11):e0165978 [FREE Full text] [doi: 10.1371/journal.pone.0165978] [Medline:
27812197]

50. Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L, et al. Prevalence and impact of cardiovascular metabolic diseases on COVID-19
in China. Clin Res Cardiol 2020 May;109(5):531-538 [FREE Full text] [doi: 10.1007/s00392-020-01626-9] [Medline:
32161990]

51. Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase the risk of patients with COVID-19: evidence from meta-analysis.
Aging (Albany NY) 2020 Apr 08;12(7):6049-6057 [FREE Full text] [doi: 10.18632/aging.103000] [Medline: 32267833]

52. Tian J, Yuan X, Xiao J, Zhong Q, Yang C, Liu B, et al. Clinical characteristics and risk factors associated with COVID-19
disease severity in patients with cancer in Wuhan, China: a multicentre, retrospective, cohort study. The Lancet Oncology
2020 Jul;21(7):893-903. [doi: 10.1016/s1470-2045(20)30309-0]

53. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, ISARIC4C investigators. Features of 20 133
UK patients in hospital with covid-19 using the ISARIC WHO Clinical Characterisation Protocol: prospective observational
cohort study. BMJ 2020 May 22;369:m1985 [FREE Full text] [doi: 10.1136/bmj.m1985] [Medline: 32444460]

54. Gupta S, Hayek SS, Wang W, Chan L, Mathews KS, Melamed ML, STOP-COVID Investigators. Factors Associated With
Death in Critically Ill Patients With Coronavirus Disease 2019 in the US. JAMA Intern Med 2020 Jul 15. [doi:
10.1001/jamainternmed.2020.3596] [Medline: 32667668]

55. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence of comorbidities and its effects in patients infected with
SARS-CoV-2: a systematic review and meta-analysis. Int J Infect Dis 2020 May;94:91-95 [FREE Full text] [doi:
10.1016/j.ijid.2020.03.017] [Medline: 32173574]

56. Driggin E, Madhavan M, Bikdeli B, Chuich T, Laracy J, Biondi-Zoccai G, et al. Cardiovascular Considerations for Patients,
Health Care Workers, and Health Systems During the COVID-19 Pandemic. J Am Coll Cardiol 2020 May
12;75(18):2352-2371 [FREE Full text] [doi: 10.1016/j.jacc.2020.03.031] [Medline: 32201335]

57. Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, et al. Aspects of Immune Dysfunction in End-stage
Renal Disease. CJASN 2008 Aug 13;3(5):1526-1533. [doi: 10.2215/cjn.00950208]

58. Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical and mortal COVID-19 cases: A systematic
literature review and meta-analysis. J Infect 2020 Aug;81(2):e16-e25 [FREE Full text] [doi: 10.1016/j.jinf.2020.04.021]
[Medline: 32335169]

59. Jordan RE, Adab P, Cheng KK. Covid-19: risk factors for severe disease and death. BMJ 2020 Mar 26;368:m1198. [doi:
10.1136/bmj.m1198] [Medline: 32217618]

60. Liu W, Tao Z, Wang L, Yuan M, Liu K, Zhou L, et al. Analysis of factors associated with disease outcomes in hospitalized
patients with 2019 novel coronavirus disease. Chinese Medical Journal 2020;133(9):1032-1038. [doi:
10.1097/cm9.0000000000000775]

61. Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al. Kidney disease is associated with in-hospital death of patients
with COVID-19. Kidney Int 2020 May;97(5):829-838 [FREE Full text] [doi: 10.1016/j.kint.2020.03.005] [Medline:
32247631]

62. Berkson J. Limitations of the Application of Fourfold Table Analysis to Hospital Data. Biometrics Bulletin 1946 Jun;2(3):47.
[doi: 10.2307/3002000]

63. Norma no 004/2020 de 23/03/2020 atualizada a 25/04/2020. Direção-Geral da Saúde. 2020. URL: https://covid19.
min-saude.pt/wp-content/uploads/2020/12/Norma-004_2020.pdf [accessed 2021-01-08]

64. Keeter S. From Telephone to the Web: The Challenge of Mode of Interview Effects in Public Opinion Polls. Pew Research
Center. 2015 May 13. URL: https://www.pewresearch.org/methods/2015/05/13/from-telephone-to-the-web-the-
challenge-of-mode-of-interview-effects-in-public-opinion-polls/ [accessed 2021-01-08]

65. Phillips DL, Clancy KJ. Some Effects of "Social Desirability" in Survey Studies. American Journal of Sociology 1972
Mar;77(5):921-940. [doi: 10.1086/225231]

66. Leung GM, Lam TH, Ho LM, Ho SY, Chan BHY, Wong IOL, et al. The impact of community psychological responses
on outbreak control for severe acute respiratory syndrome in Hong Kong. J Epidemiol Community Health 2003 Nov
01;57(11):857-863 [FREE Full text] [doi: 10.1136/jech.57.11.857] [Medline: 14600110]

67. Davies N, Kucharski A, Eggo R, Gimma A, Edmunds W, Jombart T, et al. Effects of non-pharmaceutical interventions on
COVID-19 cases, deaths, and demand for hospital services in the UK: a modelling study. The Lancet Public Health 2020
Jul 02;5(7):e375-e385. [doi: 10.1016/S2468-2667(20)30133-X]

68. Karasneh R, Al-Azzam S, Muflih S, Soudah O, Hawamdeh S, Khader Y. Media's effect on shaping knowledge, awareness
risk perceptions and communication practices of pandemic COVID-19 among pharmacists. Res Social Adm Pharm 2021
Jan;17(1):1897-1902 [FREE Full text] [doi: 10.1016/j.sapharm.2020.04.027] [Medline: 32340892]

Abbreviations
COPD: chronic obstructive pulmonary disease
DGS: Direção-Geral da Saúde
ENSP-NOVA: National School of Public Health

JMIR Public Health Surveill 2021 | vol. 7 | iss. 1 | e22794 | p. 11http://publichealth.jmir.org/2021/1/e22794/
(page number not for citation purposes)

Laires et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://dx.plos.org/10.1371/journal.pone.0165978
http://dx.doi.org/10.1371/journal.pone.0165978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27812197&dopt=Abstract
http://europepmc.org/abstract/MED/32161990
http://dx.doi.org/10.1007/s00392-020-01626-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32161990&dopt=Abstract
https://www.impactaging.com/full/12/6049
http://dx.doi.org/10.18632/aging.103000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32267833&dopt=Abstract
http://dx.doi.org/10.1016/s1470-2045(20)30309-0
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=32444460
http://dx.doi.org/10.1136/bmj.m1985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32444460&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2020.3596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32667668&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30136-3
http://dx.doi.org/10.1016/j.ijid.2020.03.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32173574&dopt=Abstract
http://europepmc.org/abstract/MED/32201335
http://dx.doi.org/10.1016/j.jacc.2020.03.031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32201335&dopt=Abstract
http://dx.doi.org/10.2215/cjn.00950208
http://europepmc.org/abstract/MED/32335169
http://dx.doi.org/10.1016/j.jinf.2020.04.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32335169&dopt=Abstract
http://dx.doi.org/10.1136/bmj.m1198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217618&dopt=Abstract
http://dx.doi.org/10.1097/cm9.0000000000000775
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(20)30255-6
http://dx.doi.org/10.1016/j.kint.2020.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32247631&dopt=Abstract
http://dx.doi.org/10.2307/3002000
https://covid19.min-saude.pt/wp-content/uploads/2020/12/Norma-004_2020.pdf
https://covid19.min-saude.pt/wp-content/uploads/2020/12/Norma-004_2020.pdf
https://www.pewresearch.org/methods/2015/05/13/from-telephone-to-the-web-the-challenge-of-mode-of-interview-effects-in-public-opinion-polls/
https://www.pewresearch.org/methods/2015/05/13/from-telephone-to-the-web-the-challenge-of-mode-of-interview-effects-in-public-opinion-polls/
http://dx.doi.org/10.1086/225231
https://jech.bmj.com/lookup/pmidlookup?view=long&pmid=14600110
http://dx.doi.org/10.1136/jech.57.11.857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14600110&dopt=Abstract
http://dx.doi.org/10.1016/S2468-2667(20)30133-X
http://europepmc.org/abstract/MED/32340892
http://dx.doi.org/10.1016/j.sapharm.2020.04.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32340892&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


ICU: intensive care unit
INS: Inquérito Nacional de Saúde
MERS-CoV: Middle East respiratory syndrome coronavirus
OR: odds ratio
SARS-CoV: severe acute respiratory syndrome coronavirus
SINAVE: Sistema Nacional de Vigilância Epidemiológica

Edited by G Eysenbach; submitted 28.07.20; peer-reviewed by W Zhang, P Banik; comments to author 21.11.20; revised version
received 13.12.20; accepted 14.12.20; published 12.01.21

Please cite as:
Laires PA, Dias S, Gama A, Moniz M, Pedro AR, Soares P, Aguiar P, Nunes C
The Association Between Chronic Disease and Serious COVID-19 Outcomes and Its Influence on Risk Perception: Survey Study and
Database Analysis
JMIR Public Health Surveill 2021;7(1):e22794
URL: http://publichealth.jmir.org/2021/1/e22794/
doi: 10.2196/22794
PMID: 33433397

©Pedro Almeida Laires, Sónia Dias, Ana Gama, Marta Moniz, Ana R Pedro, Patricia Soares, Pedro Aguiar, Carla Nunes. Originally
published in JMIR Public Health and Surveillance (http://publichealth.jmir.org), 12.01.2021. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Public
Health and Surveillance, is properly cited. The complete bibliographic information, a link to the original publication on
http://publichealth.jmir.org, as well as this copyright and license information must be included.

JMIR Public Health Surveill 2021 | vol. 7 | iss. 1 | e22794 | p. 12http://publichealth.jmir.org/2021/1/e22794/
(page number not for citation purposes)

Laires et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://publichealth.jmir.org/2021/1/e22794/
http://dx.doi.org/10.2196/22794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33433397&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

