
RESEARCH ARTICLE

Factors associated with COVID-19 preventive

health behaviors among the general public in

Mexico City and the State of Mexico

Rosalinda Sánchez-Arenas1, Svetlana V. DoubovaID
1*, Marco Antonio González-Pérez2,
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Abstract

Objective

To evaluate factors associated with COVID-19 preventive health behaviors among adults in

Mexico City and the State of Mexico.

Methods and findings

We conducted a cross-sectional survey from June to October 2020 through a structured,

internet-based questionnaire in a non-probabilistic sample of adults >18 years living in

Mexico City and the State of Mexico. The independent variables included sociodemographic

and clinical factors; health literacy; access to COVID-19 information; and perception of

COVID-19 risk and of preventive measures’ effectiveness. The dependent variable was

COVID-19 preventive health behaviors, defined as the number of preventive actions

adopted by participants. The data were analyzed through multivariate negative binomial

regression analysis. The survey was completed by 1,030 participants. Most participants

were women (70.7%), had a high school or above level of education (98.8%), and had ade-

quate health literacy and access to COVID-19 information. Only 18% perceived having a

high susceptibility to COVID-19, though 83.8% recognized the disease’s severity and 87.1%

the effectiveness of preventive measures. The median number of COVID-19 preventive

actions was 13.5 (range 0–19). The factors associated with preventive health behavior were

being female, of older age, a professional worker, a homemaker, or a retiree; engaging in

regular physical exercise; having high health literacy and access to COVID-19 information

sources; and perceiving COVID-19 as severe and preventive measures as effective.

Conclusion

People with high education and internet access in Mexico City and the State of Mexico

reported significant engagement in COVID-19 preventive actions during the first wave of the

COVID-19 pandemic.
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Introduction

Preventive health behaviors by individuals and communities are the primary strategy for

reducing transmission and controlling the spread of any novel aggressive infection that lacks

evidence-based treatment and vaccine prevention [1]. Sociodemographic, psychological, infor-

mation-related, and cultural factors influence individual- and community-level health behav-

iors [2, 3]. Sociodemographic factors, such as being a woman and being older and more

educated increase the probability of preventive health behaviors during a pandemic. Psycho-

logical factors also play a role, including perceiving personal susceptibility to a disease and

infection severity and trusting the effectiveness of prevention recommendations [3]. Access to

health-related information and the ability to understand it, including through risk communi-

cation, is also important [4]. Cultural norms also influence health behaviors; countries with

strict social norms and penalizations for deviance, such as China and Japan, have been more

likely to impose individual and community preventive health behaviors than countries with

more permissive social norms, such as Italy and Brazil [5]. Several studies confirmed most of

these factors during the early stages of the COVID-19 pandemic [6–11].

There is wide variability in perception of risk and adherence to COVID-19 preventive

behaviors within and among countries [10, 11], which, in turn, has influenced the incidence of

COVID-19 cases and deaths. The public’s cooperation with prevention efforts has been critical

in some countries. For example, with 97 million inhabitants, Vietnam had 1,520 cases and 35

deaths as of January 13, 2021 [12]. This success is in part due to a strong risk communication

strategy and the public’s mobilization. Conversely, with 51 million inhabitants, Colombia had

1.8 million cases and 47,124 deaths (adjusted case fatality rate: 2.6) as of January 13, 2021

despite a series of government response measures. Such variability justifies investigating coun-

try-specific factors associated with the adoption of preventive health behaviors.

Since March 2020, the COVID-19 pandemic has been imposing a heavy toll on Mexico’s

health sector, the economy, and its 129 million inhabitants. As of January 13, 2021, there

were 1.5 million cases and 135,680 deaths (adjusted case fatality rate: 10.4); the country also

had the lowest number of COVID-19 tests performed in Latin America. Mexico City and

the State of Mexico (>30 million inhabitants) have experienced the highest number of

COVID-19 cases and deaths. At the onset of the pandemic, the government informed the

public about the risks and promoted preventive health behaviors—such as hand sanitizer

use, physical distancing, and staying at home—but it also sent contradictory messages. For

example, it disregarded the usefulness of face masks. Although some public health actions

were enforced, such as closing schools, shopping centers, and churches, and canceling

sports events, there were no lockdowns or curfews enforced in high incidence areas. This

decision is related to the fact that most Mexicans work in the informal economy and could

not stay at home without any income; as this population did not receive monetary support

from the government in response to the pandemic, contributing to the ongoing conflict

between the need for physical distancing measures and the need to allow people to carry on

with their income-generating activities.

Information on the prevalence and factors associated with COVID-19 preventive health

behaviors in Mexico is scarce. A study evaluating older adults’ decision to stay at home as a

preventive action found that half of the participants perceived a very low or low personal sus-

ceptibility to COVID-19. Additionally, higher income and educational attainment increased

the probability of staying at home [13]. However, these findings might not be pertinent to

other age groups and it is not well established if other factors (e.g., health literacy) are associ-

ated with preventive health behaviors, particularly in COVID-19 high incidence areas, such as

Mexico City and the State of Mexico. Therefore, the objective of this study was to identify
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factors associated with COVID-19 preventive health behaviors among adults living in Mexico

City and the State of Mexico.

Materials and methods

We conducted an internet-based mixed-device cross-sectional open survey from June 2020 to

October 2020, during the first wave of the COVID-19 pandemic in Mexico.

Study population

The study included a non-probabilistic sample of adults>18 years from Mexico City and the

State of Mexico. The invitation to participate in the survey was disseminated by the Directorate

of Economic and Social Benefits of the Mexican Institute of Social Security (IMSS) and by

researchers through Twitter, Facebook, and QuestionPro.

Ethics

Participants received access to the survey after signing an electronic informed consent form.

The consent form described the purpose of the study, the content of the survey questionnaire,

the approximate length of time to complete it (25–35 minutes); the voluntarily and anony-

mously nature of the survey (no personal information was collected); the name and contact

information of the principal researcher, and the IMSS Ethics Committee. The consent form

also specified that the participants could end the survey at any time and that there was no mon-

etary or another type of incentive for participation. The study protocol was approved by the

Research and Ethics Committees of the Mexican Institute of Social Security (Register number:

R-2020-785-069).

Study questionnaire

We designed the structured questionnaire following the recommendations of Cummings et al.

(1980) [2], Bish and Michie (2010) [3], and Weston and Amlôt (2020) [14] who suggest that

the research framework on preventive health behaviors should incorporate a full range of rele-

vant theories and constructs. In keeping with the Protection Motivation Theory, we included

questions to measure cognitive and psychological behavioral constructs [15], such as perceived

severity of COVID-19, perceived probability of contagion, recommended preventive mea-

sures’ effectiveness and self-efficacy. The questionnaire collected participants’ sociodemo-

graphic and clinical characteristics, as well as information about their lifestyle, health literacy,

access to COVID-19 information, and preventive actions; it included the European Health Lit-

eracy Questionnaire and the Short Form Health Survey (SF-12). Three researchers with experi-

ence in health services and behavior research assessed the questionnaire’s face validity and

reviewed the questions and answer choices [16]. We also pre-tested the questionnaire with 15

adults from diverse educational and occupational backgrounds to ensure that the questions

were understandable.

The electronic questionnaire was built using QuestionPro software. The questionnaire

allowed an automatic capturing of responses. Cookies were used to assign a unique user identi-

fier. The survey was available on a mobile device, personal computer, laptop, or tablet and was

displayed as a continuous run of questions. The completeness check of responses was per-

formed by the researchers after each questionnaire has been submitted. In addition, we elimi-

nated duplicated observations from the same IP addresses (~0.9%), keeping the first complete

entry for analysis.
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Variables

The study dependent variable was preventive health behaviors as indicated by the number of

COVID-19 preventive actions adopted by participants. We assessed this variable through the

question, “What preventive actions do you currently use to avoid contagion or spread of

COVID-19?” The question had a list of 17 activities and the response options were “yes” or

“no” for each action and one open-ended question about other preventative activities. The list

of preventive behaviors included: 1) Frequent washing of hands; 2) Using hand sanitizers; 3)

Wearing a face mask when going out; 4) Covering one’s mouth with a sleeve when coughing;

5) Not shaking hands or kissing; 6) Not touching one’s face, eyes, nose, and mouth; 7) Avoid-

ing contact with people with acute respiratory illness; 8) Not meeting with groups of more

than five people; 9) Staying at home as much as possible; 10) Working or studying from home;

11) Not going to public places (e.g., shopping malls, cinemas, restaurants); 12) Not traveling;

13) Not using public transportation; 14) Maintaining a physical distance of at least 1.5 meters

from others in public areas; 15) Changing and washing clothes after returning home; 16) Dis-

infecting surfaces; and 17) Assessing COVID-19 risk using government and health institution

web applications. We used the sum of the responses to construct the dependent variable. The

rational to define the dependent variable as the sum of the preventive measures that partici-

pants reported to perform was based on the World Health Organization (WHO) and the Mex-

ican government’s recommendations on preventive measures that should be implemented by

the public. Before COVID-19 vaccine was developed, both WHO and the Mexican govern-

ment, recommended simultaneous realization of multiple complementary preventive actions.

For instance, the WHO, on its webpage on “Coronavirus disease (COVID-19) advice for the

public”, calls “Do it all!” pointing that to prevent COVID-19, one should adhere to all these

measures (https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-

public). Therefore, considering the complementary nature of the studied preventive behaviors,

the sum of these behaviors could be an important indicator of the adherence of the population

to COVID-19 prevention. This decision is also justifiable in the absence of evidence on the

higher effectiveness of one preventive measure compared to the others, or on the standard for

each preventive measure.

The independent variables were:

1. Sociodemographic characteristics, including sex; age; residence in Mexico City or the State

of Mexico; schooling (secondary school or less, high school with or without technical train-

ing, or university); occupation (student, homemaker, unskilled worker, clerk, service and

sales worker, health professional, other professional worker, or pensioner/retiree); house-

hold composition (living with a life partner, child(ren), or older adult(s)); and regular

healthcare provider (social security, Ministry of Health, or private providers).

2. Clinical characteristics, including underlying medical conditions, history of COVID-19

infection, and health-related quality of life. To identify participants with medical condi-

tions that increased their risk of a severe COVID-19 infection, we asked about the pres-

ence of one or more of the following conditions [17]: obesity, diabetes, hypertension,

cerebrovascular disease, chronic obstructive pulmonary disease, asthma, chronic kidney

disease, and cancer. The Mexican version of the Short Form Health Survey (SF-12) com-

prised of 12 items, measured participants’ quality of life. Physical and mental scores were

calculated using an algorithm to convert each item response into standardized values

according to specific predetermined weights [18]. Summary scores for each component

range from 0–100 and are interpreted as low QoL (close to 0) and high QoL (approaching

100) [19].
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3. General health-related behaviors encompass current smoking habits and regular physical

exercise (at least 30 minutes five times a week).

4. Health literacy and access to COVID-19 related information. We used the Spanish version

of the European Health Literacy Questionnaire (HLS-EU-Q47) to evaluate health literacy

related to disease prevention [20]. Fifteen questions constitute this domain, with each mea-

sured on a five-point Likert scale (very easy; easy; difficult; very difficult; do not know). We

used the formula (mean-1)�50/3 to obtain a health literacy score, with a minimum of 0 (low

health literacy) and a maximum of 50 points (high health literacy). We ascertained access to

COVID-19 related information by asking participants about the sources of information

they used to access or receive information on COVID-19.

5. Psychological factors comprise the perception of COVID-19 risk (susceptibility and sever-

ity), the effectiveness of preventive measures and self-efficacy. Perceived susceptibility to

COVID-19 was measured by asking the participants, “How likely do you think you are to

get infected with COVID-19?” Responses of “very unlikely,” “unlikely,” or “more or less

likely” were defined as low/regular susceptibility, while “very likely” and “extremely likely”

responses were defined as high susceptibility. We measured the perceived severity of

COVID-19 with the question, “How serious do you consider coronavirus infection

(COVID-19) to be?” “nothing serious,” “a little bit serious,” and ““somewhat serious”” were

defined as responses indicating a low/regular perception of severity, whereas “very serious”

and “extremely serious” were considered high severity. The perceived effectiveness of pre-

ventive actions was assessed by the question, “How effective do you think the COVID-19

preventive measures recommended by the government are?” “Not at all,” “a little,” or

“somewhat” were defined as indicating a perception of low/regular effectiveness; “very

much” and “much” were defined as a perception of high effectiveness [1]. The self-efficacy

was measured by the question, “How confident are you that you could decrease your chance

of COVID-19 infection by performing preventive measures?” “Not at all,” “a little bit,” or

“somewhat confident” were defined as indicating a perception of low/regular self-efficacy;

“very” and “extremely confident” were defined as a perception of high self-efficacy [21].

Sample size and statistical analysis

The sample size was based on the practice of ensuring at least ten participants per covariate

included in the multiple regression analysis [22].

We performed descriptive and bivariate analyses. The descriptive analysis showed that

22.9% of participants had missing data on one or more of the study variables. To identify if the

missing data mechanism was at random or not, to define the strategy to handle missing data,

we compared the characteristics of participants with and without missing data using the chi-

square test for categorical variables and Student t-tests for continuous variables. This strategy

also allowed to describe the differences between these two types of participants.

Moreover, we performed the Kruskal Wallis test to compare medians of the number of

COVID-19 preventive activities among different participant subgroups according to their

characteristics (e.g., female vs. male). Spearman’s rank correlation test was used to identify the

correlation between independent numeric variables (health literacy score, number of sources

used to access COVID-19 related information, and physical and mental scores of SF-12) and

the dependent variable (number of COVID-19 preventive measures adopted by participants).

As recommended by Van der Weele [23], we performed a multivariate regression analysis

with simultaneous inclusion of all conceptually and clinically relevant variables to determine

the association between independent variables and the dependent variable. We built a
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multivariate negative binomial regression model to consider the count nature and skewed dis-

tribution of the dependent variable. The coefficients in the multivariate negative binomial

regression represent adjusted prevalence ratios (aPR); their interpretation is the same as risk

ratios.

We corrected the analysis by stabilized inverse probability weights (IP-weights) to avoid

selection bias because of missing data, as we found differences between participants with and

without missing data. The IP-weights method is based on assigning a specific weight to each

subject with complete information; the subject in the analysis accounts for himself or herself

and participants with the same value of covariates who have missing data. This method allows

for achieving conditional exchangeability (within the level of measured covariates) of those

selected and those who were not selected [24]. Additionally, stabilized weights typically result

in narrower 95% confidence intervals (CI) than non-stabilized weights. The denominator for

stabilized inverse probability weights was the probability of “having missing data” given the

available covariates without missing data. The covariates were the participants’ sex, age, educa-

tion level, type of regular healthcare provider, household composition, and residence. The

numerator was the probability of “having missing data” regardless of the covariates.

We tested but did not find the following interactions: (1) level of education##health literacy;

(2) health literacy##access to COVID-19 related information; (3) perceived susceptibility##-

perceived severity; (4) perceived susceptibility##perceived effectiveness; (5) history of getting

COVID-19##perceived susceptibility; (6) history of getting COVID-19##perceived severity.

We used Stata 14.0 (Stata Corp, College Station, Texas, United States) for the statistical

analysis; p<0.05 was considered statistically significant.

Results

The study’s electronic consent form was accessed by 1,732 persons; of these, 1,262 (72.9%)

signed the form and answered the questionnaire. However, 232 persons that answered the

questionnaire did not meet the inclusion criteria because they lived outside Mexico City or the

State of Mexico. Hence, 1,030 participants met the inclusion criteria; of these, 794 (77.1%)

completed the questionnaire, while 236 (22.9%) had missing data on one or more of the study

variables.

Table 1 presents the characteristics of study participants and compares those with and with-

out missing data. The average age was 37.6 years. Most were women (70.7%), lived in Mexico

City (74.9%), and/or had completed a university degree (63.7%) or high school (34.1%). Most

respondents were either health professionals (11.9%) or other professionals (29.1%). The sam-

ple also included students (29.8%) and clerks (13.2%). Less than half of respondents lived with

their life partner (35.7%), older adult(s) (28.9%), or children (42.7%); 14.7% of participants

were active smokers, while only 34.2% practiced regular physical exercise during the COVID-

19 pandemic. Most (83.4%) were covered by social security. Nearly a third of respondents

(29.8%) had underlying medical conditions that increased the risk of COVID-19 severity and

5.2% had contracted and recovered from COVID-19. On a 100-point scale, participants’ aver-

age quality of life score was 53.4 in the physical component and 43.4 in the mental component.

On a 50-point scale, the average health literacy score related to prevention was 37.6, consid-

ered as sufficient health literacy. Most respondents had access to multiple sources of COVID-

19 information, predominantly from the internet (96.6%), social media (92.9%), Ministry of

Health daily reports (87.4%), television (86.7%), and the press (77.1%). Regarding the per-

ceived risk of COVID-19, only 18% recognized high personal susceptibility to COVID-19,

83.8% acknowledged the severity of COVID-19, 87.1% the effectiveness of preventive measures

and 68.1% reported high perceived self-efficacy to decrease chance of COVID-19 infection.
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Table 1. Characteristics of participants with and without missing data.

Variable Total

n = 1030%

Without missing data

n = 794%

With missing data

n = 236%

P value

Socio-demographic characteristics

Age, in years; mean (SDa) 37.6 (14.8) 36.7 (14.6) 40.8 (15.2) 0.0001

Sex, Female 70.7 69.9 73.3 0.313

Residence

Mexico City 74.9 73.7 78.8 0.110

State of Mexico 25.1 26.3 21.2

Education

Secondary school or less 2.2 1.6 4.2 0.053

High school with or without technical training 34.1 33.9 34.8

University 63.7 64.5 61.0

Occupation n = 1025 n = 231

Student 29.8 32.6 20.3 0.0001

Professional worker 29.1 29.6 27.3

Health professional 11.9 11.8 12.1

Clerk 13.2 13.1 13.4

Homemaker 6.6 4.9 12.5

Service and sales worker 3.5 3.2 4.8

Unskilled worker 2.0 1.3 4.3

Pensioner or retiree 3.9 3.5 5.2

Household composition

Living with:

Life partner 35.7 33.9 41.9 0.023

Child(ren) 42.7 40.9 48.5 0.039

Older adult(s) 28.9 28.1 31.8 0.272

Regular healthcare provider

Social Security 83.4 83.6 82.6 0.935

Ministry of Health 6.0 5.9 6.4

Private 10.6 10.5 11.0

Medical history and quality of life

Presence of underlying medical conditions that increase risk of severe illness

from COVID-19

Yes 29.8 30.2 28.4 0.588

History of COVID-19 n = 978 n = 184

Yes 5.2 5.7 3.3 0.186

Health related quality of life n = 840 n = 46

Physical component, mean (SDa) 53.4 (6.9) 53.4 (7.0) 53.6 (6.2) 0.8579

Mental component, mean (SDa) 43.4 (12.5) 43.5 (12.6) 42.5 (12.2) 0.6062

General health-related behaviors

Smoking n = 1022 n = 228

Yes 14.7 14.9 14.0 0.756

Regular physical exercise during COVID-19 n = 1030 n = 236

Yes 34.2 39.0 17.8 0.0001

Health literacy and access to COVID19 related information n = 799 n = 5

Health literacy related to prevention, mean (SDa) 37.6 (9.4) 37.6 (9.4) 33.3 (13.2) 0.3084

Access to COVID19 related information n = 903 n = 109

Internet sites 96.6 97.0 93.6 0.068

Social media (Facebook, Twitter, WhatsApp, Instagram, etc) 92.9 92.9 92.7 0.913

(Continued)
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Participants with missing data were older than those without missing information and were

more often homemakers, sales workers, unskilled workers, or pensioners. In addition, com-

pared to those without missing data, participants with missing information were more likely

to live with life partners and children, not practice regular physical exercise, have access to

fewer sources of COVID-19 information, and perceive a low effectiveness of preventive actions

and self-efficacy.

Table 2 shows COVID-19 preventive behaviors adopted by participants. In descending

order, 85.9% reported increasing hand washing, 85.4% wearing a face mask when going out,

80.8% covering their mouth with a sleeve when coughing, 80.5% using hand sanitizers, 77.4%

avoiding handshakes and kisses, 77.1% avoiding meetings meeting with groups of more than

five people, 73.7% avoiding contact with people with acute respiratory illness, 72.7% keeping

at least 1.5 meters distance from others in public areas, 71.1% avoiding public places, 68.5%

avoiding face touching, 68.2% avoiding travel, 64.7% not using public transportation, 62.1%

staying home, 61% working or studying from home, 56.1% disinfecting surfaces, 42.7% chang-

ing and washing clothes after being out of the house, 26.7% performing COVID-19 risk assess-

ment through government and health institution applications, and 22.6% other behaviors

(e.g., using a face shield or asking younger relatives/friends to do their grocery shopping). The

median number of COVID-19 preventive actions undertaken by participants was 13.5, ranging

from 0 to 19. Participants with missing information engaged in fewer preventive behaviors

than those with complete data.

Table 3 describes the number of COVID-19 preventive actions adopted by participants

according to their characteristics. Compared with their counterparts, female participants, pen-

sioners; and homemakers, and those who lived with older adults, exercised regularly, had high

health literacy, accessed more sources of COVID-19 information, and perceived high COVID-

Table 1. (Continued)

Variable Total

n = 1030%

Without missing data

n = 794%

With missing data

n = 236%

P value

Ministry of Health daily television reports on COVID-19 87.4 87.0 89.9 0.396

Television 86.7 86.8 86.2 0.877

Press (newspaper/magazine print or electronic) 77.1 78.2 68.8 0.029

Ministry of Health website 75.6 75.7 75.2 0.916

Radio 67.9 69.0 59.6 0.049

IMSS website 65.4 66.1 60.5 0.251

Family members 49.5 60.6 12.3 0.0001

E-mails 43.2 43.8 38.9 0.331

Smartphone-messages 34.4 33.9 38.5 0.338

Number of sources used to access COVID-19 related information, mean (SDa) 0.0096

Median (minimum-maximum) 7.8 (2.2) 7.9 (2.2) 7.3 (2.3)

8 (0–11) 8 (0–11) 8 (0–11)

Perceived risk n = 963 n = 169

High susceptibility to COVID-19 18.0 17.5 20.1 0.422

High severity of COVID-19 83.8 84.3 81.6 0.387

Perceived benefit and self-efficacy

High effectiveness of preventive measures 87.1 89.6 75.7 0.0001

High self-efficacy to decrease chance of COVID-19 infection 61.8 63.3 54.4 0.030

aSD: Standard deviation.

https://doi.org/10.1371/journal.pone.0254435.t001
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19 severity and effectiveness of preventive measures reported undertaking more preventive

actions.

Table 4 depicts the univariate and multivariate negative binomial regression results for fac-

tors associated with a higher number of adopted COVID-19 preventive actions. Both analyses

showed similar results. The results indicate that being female, older, a health or other profes-

sional, a homemaker, and/or a pensioner or retiree; exercising regularly; having a high level of

health literacy and access to COVID-19 information sources; and/or perceiving COVID-19 as

a high severity infection and preventive measures as highly effective were associated with an

increased probability of engaging in a higher number of COVID-19 preventive actions. At the

same time, living with a life partner and perceiving a high personal susceptibility to COVID-

19 were associated with the adoption of fewer preventive actions.

Discussion

This study found a high number of self-reported COVID-19 preventive health behaviors

among a study population with a high educational level in Mexico City and the State of

Mexico. It also identified that multiple sociodemographic factors, together with health literacy,

access to COVID-19 information, perception of the disease’s severity, and prevention benefits

increased the likelihood of engaging in more COVID-19 preventive actions.

At the beginning of the COVID-19 pandemic, worldwide reporting indicated a significant

uptake of preventive health behaviors, though prevalence of their adoption varied widely. In

our study, the most frequently reported behavior was handwashing (85.9%) and the least

reported behaviors were changing and washing clothes after returning home (42.7%) and

using government and health institution applications for COVID-19 risk assessments (26.7%).

In contrast, the most commonly reported preventive measure in Hong Kong, China [1], and

Table 2. COVID-19 preventive actions.

Variable Total

n = 1030%

Without missing data

n = 794%

With missing data

n = 236%

P value

Frequent washing of hands 85.9 98.2 44.5 0.0001

Wearing a face mask when going out 85.4 98.0 43.2 0.0001

Covering one’s mouth with a sleeve when coughing 80.8 92.4 41.5 0.0001

Using hand sanitizers 80.5 92.1 41.5 0.0001

Not shaking hands or kissing 77.4 88.2 41.1 0.0001

Not meeting with groups of more than five people 77.1 87.7 41.5 0.0001

Avoiding contact with people with acute respiratory illness 73.7 84.0 39.0 0.0001

Maintaining a physical distance of at least 1.5 meters from others in public areas 72.7 83.0 38.1 0.0001

Not going to public places (e.g., shopping malls, cinemas, restaurants) 71.1 81.5 36.0 0.0001

Not traveling 68.2 78.2 34.3 0.0001

Not touching one’s face, eyes, nose, and mouth 68.5 77.8 36.9 0.0001

Not using public transportation 64.7 73.3 35.6 0.0001

Staying at home as much as possible 62.1 70.9 32.6 0.0001

Working or studying from home 61.0 69.9 30.9 0.0001

Disinfecting surfaces 56.1 64.1 29.2 0.0001

Changing and washing clothes after returning home 42.7 49.1 21.2 0.0001

Assessing COVID-19 risk using government and health institution web applications 26.7 30.0 15.7 0.0001

Others (e.g., using face shield, asking younger relatives/friends to do grocery

shopping to avoid going out, etc.)

22.6 24.8 15.2 0.002

Number of COVID-19 preventive measures used by participant, mean (standard

deviation) median (minimum-maximum)

11.8 (5.3)

13.5 (0–19)

13.5 (3.0)

14 (1–19)

6.2 (7.1)

(0–19)

0.0001

https://doi.org/10.1371/journal.pone.0254435.t002
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Table 3. Number of COVID-19 preventive actions used by participants according to their characteristics (n = 794).

Variable Number of COVID-19 preventive measures P value

Mean (SDa) Median (min-max)

Socio-demographic characteristics

Sex

Female 13.8 (2.8) 14 (1–19) 0.0001

Male 12.8 (3.4) 13 (1–19)

Residence 0.1915

Mexico City 13.5 (3.1) 14 (1–19)

State of Mexico 13.3 (2.8) 14 (1–19)

Education 0.4707

Secondary school or less 12.5 (3.8) 13 (5–18)

High school with or without technical training 13.4 (2.8) 14 (4–18)

University 13.5 (3.1) 14 (1–19)

Occupation

Student 13.1 (2.9) 14 (4–18) 0.0022

Professional worker 13.7 (3.1) 14 (1–18)

Health professional 13.8 (2.7) 14 (7–19)

Clerk 13.4 (3.3) 14 (3–18)

Homemaker 14.6 (2.5) 15 (9–18)

Service and sales worker 12.2 (3.6) 14 (6–17)

Unskilled worker 11.3 (3.6) 11.5 (5–17)

Pensioner or retiree 14.6 (2.4) 15 (8–18)

Household composition Living with:

Life partner 13.5 (3.1) 14 (1–19) 0.9385

Without life partner 13.5 (3.0) 14 (2–18)

Older adult 13.8 (3.1) 14 (3–19) 0.0172

Without older adult 13.3 (3.0) 14 (1–19)

Child(ren) 13.2 (3.3) 14 (1–19) 0.1644

Without Child(ren) 13.6 (2.8) 14 (2–18)

Regular healthcare provider 0.7426

Social Security 13.5 (3.0) 14 (1–19)

Ministry of Health 13.2 (3.2) 14 (2–18)

Private 13.4 (2.8) 14 (6–18)

Medical history and quality of life

Presence of underlying medical conditions that increase risk of severe illness from COVID-19 0.0608

Yes 13.8 (2.9) 14 (1–18)

No 13.3 (3.0) 14 (1–19)

History of COVID-19 0.2260

Yes 14.1 (2.7) 14 (8–19)

No 13.4 (3.0) 14 (1–19)

Health related quality of life Spearman’s rho

Physical component -0.027 0.4419

Mental component 0.0358 0.3140

General health-related behaviors Mean (SDa) Median (min-max)

Smoking 0.8947

Yes 13.5 (3.2) 14 (1–19)

No 13.5 (3.0) 14 (2–18)

Regular physical exercise during COVID-19 pandemic 0.0001

(Continued)
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South Korea [6] was wearing face masks (over 98%); in Italy, avoiding crowded places (99%)

[11]; in Germany, canceling social events (97%) [11]; in the Netherlands, handwashing fre-

quently [11]; and in Iran [7], avoiding handshakes and kisses. A less-frequently reported

COVID-19 preventive measure in the Netherlands and Germany was carrying hand gel saniti-

zer (28.3% and 47%, respectively) [11]; in South Korea, avoiding crowded places (41.5%) [6];

in Italy, keeping children home before any mandates were put in place (60.6%) [11]; and in

Iran [7], avoiding face-touching (33.5%). Moreover, the average number of preventive health

behaviors reported by the participants in our study was higher than those reported in other

countries, such as France (11.8 vs. 6.6 preventive actions, respectively) [9].

Compared to the above-mentioned studies performed primarily in the early stages of the

COVID-19 pandemic (January–April 2020), our study was conducted from June to October

2020 when the Mexican government reopened public places and reactivated non-essential ser-

vices. At the beginning of the study, on June 1, 2020, Mexico had 93,435 confirmed COVID-

19 cases and 10,167 confirmed deaths. Information on the pandemic’s origin and magnitude

was widely reported both by the Mexican government and internationally. However, in con-

trast with international recommendations, information on individual COVID-19 preventive

actions was limited or controversial. For instance, at the beginning of the pandemic, Mexican

health authorities disregarded the effectiveness of face masks for COVID-19 prevention,

requiring its use only in supermarkets or other stores; they instead primarily promoted hand-

washing, hand sanitizer use, physical distancing, and remaining at home.

Health literacy and access to multiple sources of COVID-19 prevention information

increased the likelihood that the public would engage in more COVID-19 preventive

actions. Health literacy embodies cognitive and social skills and “entails the motivation,

knowledge, and competencies to access, understand, appraise and apply health information

Table 3. (Continued)

Variable Number of COVID-19 preventive measures P value

Yes 14.0 (3.0) 14 (5–19)

No 13.1 (3.0) 14 (1–18)

Health literacy and access to COVID-19 related information Spearman’s rho

Health literacy related to prevention 0.153 0.00001

Number of sources used to access COVID-19 related information 0.165 0.00001

Perceived risk Mean (SDa) Median (min-max)

Susceptibility to COVID-19 0.0821

Low/regular 13.6 (3.0) 14 (1–19)

High 13.1 (3.2) 14 (1–19)

Severity of COVID-19 0.0004

Low/regular 12.4 (3.5) 13 (1–18)

High 13.7 (2.9) 14 (1–19)

Perceived benefit and self-efficacy

Effectiveness of preventive measures 0.0067

Low/regular 12.3 (3.8) 13 (2–18)

High 13.6 (2.9) 14 (1–19)

Self-efficacy to decrease chance of COVID-19 infection 0.0729

Low/regular 12.2 (4.8) 13 (0–18)

High 12.9 (4.1) 14 (0–19)

aSD: Standard deviation

https://doi.org/10.1371/journal.pone.0254435.t003
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Table 4. Factors associated with the use of COVID-19 preventive actions.

Variable Crude Prevalence Ratio [95%

Conf. Interval], p-value.

Corrected by IP-weights

Adjusted Prevalence Ratio [95%

Conf. Interval], p-value. Corrected

by IP-weights

Observations n = 794 n = 794

Socio-demographic characteristics

Sex

Female 1.08 [1.04, 1.13], 0.0001 1.07 [1.04, 1.11], 0.0001

Male Ref. Ref.

Age in years 1.002 [1.0008, 1.003], 0.0001 1.002 [1.0002, 1.003], 0.029

Residence

Mexico City 1.01 [0.98, 1.05], 0.416 1.008 [0.98, 1.04], 0.613

State of Mexico Ref.

Education

Secondary school or less Ref. Ref.

High school with or without technical

training

1.07 [0.92, 1.24], 0.353 1.04 [0.91, 1.20], 0.520

University 1.08 [0.93, 1.25], 0.316 0.99 [0.87, 1.14], 0.910

Occupation

Student Ref. Ref.

Professional worker 1.04 [1.003, 1.08], 0.033 1.09 [1.02, 1.15], 0.006

Health professional 1.05 [1.005, 1.11], 0.030 1.08 [1.01, 1.15], 0.017

Clerk 1.02 [0.97, 1.08], 0.400 1.05 [0.99, 1.12], 0.112

Homemaker 1.11 [1.04, 1.17], 0.001 1.10 [1.03, 1.19], 0.008

Service and sales worker 0.93 [0.82, 1.05], 0.219 1.01 [0.90, 1.12], 0.925

Unskilled worker 0.85 [0.70, 1.03], 0.092 0.86 [0.71, 1.04], 0.124

Pensioner or retiree 1.12 [1.05, 1.19], 0.001 1.10 [1.01, 1.20], 0.026

Household composition Living with:

Life partner 0.99 [0.96, 1.03], 0.902 0.96 [0.93, 0.99], 0.048

Without life partner Ref Ref

Older adult 1.04 [1.0008, 1.07], 0.045 1.02 [0.99, 1.05], 0.227

No Ref. Ref.

Child(ren) 0.97 [0.94, 1.001], 0.058 0.98 [0.95, 1.01], 0.229

No Ref. Ref.

Regular healthcare provider

Social Security 1.02 [0.95, 1.10], 0.564 1.03 [0.96, 1.10], 0.381

Ministry of Health Ref. Ref.

Private 1.01 [0.93, 1.10], 0.820 1.04 [0.96, 1.12], 0.317

General health-related behaviors

Smoking

Yes 0.99 [0.95, 1.04], 0.882 1.004 [0.96,1.05], 0.835

No Ref. Ref.

Regular physical exercise during

COVID-19

Yes 1.07 [1.03, 1.10], 0.0001 1.06 [1.03, 1.09], 0.0001

No Ref. Ref.

Medical history and quality of life

Presence of underlying medical

conditions that increase risk of severe

illness from COVID-19

Yes 1.03 [0.99, 1.07], 0.057 1.01 [0.98, 1.04], 0.447

(Continued)

PLOS ONE COVID-19 preventive health behaviors among the general public in Mexico

PLOS ONE | https://doi.org/10.1371/journal.pone.0254435 July 23, 2021 12 / 18

https://doi.org/10.1371/journal.pone.0254435


to make judgments and decisions in everyday life regarding disease prevention and self-

care” [20]. Low health literacy skills are associated with higher healthcare expenditures [25];

however, the effect of health literacy on infection prevention, and particularly on COVID-

19 preventive health behaviors, is understudied [4]. A recent study from Australia found

that people with low health literacy were more likely to hold misinformed beliefs about

COVID-19 and vaccinations (in general) than those with adequate health literacy [26]. In

addition, a study from China found that health and e-health literacy are significant predic-

tors of preventive health behaviors [27, 28]. In our study, the average health literacy score

reflected sufficient health literacy in participants and access to a median of eight sources of

information on COVID-19. Moreover, higher health literacy and access to information

were associated with engaging in more COVID-19 preventive health actions. Therefore, to

improve public adoption of COVID-19 preventive measures, health literacy focused on pre-

vention and access to relevant information sources should be promoted by health profes-

sionals and the media.

Similar to other studies [7, 8, 29], perceived severity of COVID-19 was frequent in our pop-

ulation (above 80%). Yet, contrary to studies from Hong Kong [8], where 89% said that they

Table 4. (Continued)

Variable Crude Prevalence Ratio [95%

Conf. Interval], p-value.

Corrected by IP-weights

Adjusted Prevalence Ratio [95%

Conf. Interval], p-value. Corrected

by IP-weights

No Ref. Ref.

History of COVID-19

Yes 1.05 [0.99, 1.11], 0.100 1.06 [0.99, 1.12], 0.063

No Ref. Ref.

Health related quality of life

Physical component 0.99 [0.99, 1.001], 0.259 0.99 [0.99, 1.002], 0.849

Mental component 1.0002 [0.99, 1.001], 0.780 0.99 [0.99, 1.0003], 0.144

Health literacy and access to COVID-

19 related information

Health literacy related to prevention 1.003 [1.001, 1.004], 0.001 1.002 [1.0005, 1.004], 0.012

Number of sources used to access

COVID-19 related information

1.02 [1.01, 1.03], 0.0001 1.02 [1.01, 1.03], 0.0001

Perceived risk

Susceptibility to COVID-19

Low/regular Ref. Ref.

High 0.97 [0.92, 1.01], 0.158 0.95 [0.91, 0.99], 0.026

Severity of COVID-19

Low/regular Ref. Ref.

High 1.10 [1.04, 1.16], 0.0001 1.07 [1.02, 1.12], 0.005

Perceived benefit and self-efficacy

Effectiveness of preventive measures

Low/regular Ref. Ref.

High 1.10 [1.03, 1.18], 0.005 1.08 [1.01, 1.15], 0.021

Self-efficacy to decrease chance of

COVID-19 infection

Low/regular Ref. Ref.

High 1.02 [0.99, 1.06], 0.147 1.006 [0.97, 1.04], 0.712

The bold values highlight the statistically significant Prevalence Ratios.

https://doi.org/10.1371/journal.pone.0254435.t004
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were at risk for COVID-19, or Iran [7], where 70.3% considered themselves susceptible to

coronavirus, only 18% of our population perceived high personal susceptibility to COVID-19.

The low perception of risk posed by the COVID-19 pandemic was also reported in the US gen-

eral population [30, 31], where “health messaging about COVID-19 has been extremely con-

fusing, rapidly changing, and politically charged” [32]—a situation that was similar to Mexico.

Therefore, it is important that communication by health authorities on COVID-19 prevention

is evidence-based and unambiguous.

As found in studies from China, South Korea [2, 6, 8, 33], and the US [31], perceived sever-

ity of COVID-19 and effectiveness of preventive actions were associated with higher adoption

of COVID-19 preventive activities. Surprisingly, in our study, perception of high susceptibility

to COVID-19 was associated with fewer preventive activities. This finding may be explained

by the fatalism previously described in Latino populations—a cultural belief that little can be

done to change one’s fate, negatively affecting adoption of preventive health behaviors [34,

35]. Exploring and targeting fatalistic beliefs related to COVID-19 through educational mass

media interventions can be pertinent to prevention efforts in Mexico.

Several sociodemographic factors were associated with uptake of preventive measures. Sim-

ilar to other studies, COVID-19 preventive health actions were more frequent in women [6, 7,

36] and increased with age [6, 37]. Professional workers, homemakers, and retirees were asso-

ciated with higher adoption of preventive actions. This finding highlights the need for active

promotion of COVID-19 preventive health behaviors among men, young adults, and those

without professional training, as the risk of others (e.g., older adults and children) is dependent

on joint preventive efforts and an unwillingness to contribute to the collective good is unfair to

other members of society [38].

Finally, physical activity was associated with an increased probability of COVID-19 preven-

tive behaviors. Physical activity is a known protective factor against chronic diseases; recently,

several studies identified its association with higher resilience, positive attitude, and decreased

depressive symptoms during the COVID-19 pandemic [39, 40]. Our study adds an additional

benefit of physical activity given its association with a higher number of COVID-19 preventive

actions. This evidence highlights the importance of promoting and facilitating physical activity

during the pandemic.

This study has several limitations. First, the information was collected through an online

survey disseminated via Twitter and Facebook; thus, it lacked a random selection of study

participants since people who do not use these social media platforms or do not have access

to the internet were underrepresented. Second, there were few people with low education;

only 1.6% of the survey participants had completed secondary school or lower. Although this

limits the generalizability of the study results, the 2019 report of the National Institute for the

Evaluation of Education (Instituto Nacional para la Evaluación de la Educación, INEE)

showed that 53% of the population of Mexico City and 63.4% of the State of Mexico has com-

pleted high school [41]. Third, due to the self-reported nature of health behaviors, the results

may be prone to social desirability bias. However, responses to online and self-administered

questionnaires may be less biased than face-to-face or telephone interviews [42]. Fourth,

22.9% had missing information, which can cause selection bias. To avoid such bias, we cor-

rected the study analysis by stabilized IP-weights. Fifth, we used the Protection Motivation

Theory as the study theoretical framework, yet to avoid excessive lengthening of the ques-

tionnaire we only measured the main concepts of this theory without measuring such con-

cepts as rewards and response cost. Sixth, this was a cross-sectional study, which does not

allow for making causal inferences or identifying the direction of the association between the

study variables.
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Conclusion

The general population with a high educational level and access to the internet, Twitter, and/

or Facebook in Mexico City and the State of Mexico reported high engagement in COVID-19

preventive actions during the first wave of the COVID-19 pandemic. Greater health literacy,

access to information, perception of the disease’s severity and benefits of prevention, as well as

sociodemographic factors were associated with a higher number of COVID-19 preventive

actions by the studied population. To increase the adoption of COVID-19 preventive behav-

iors, health communication on this topic should target groups with lower engagement in pre-

ventive measures, such as men, younger adults, unskilled workers, and those with low health

literacy and a perception of low personal susceptibility to COVID-19 and low severity of the

disease.
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PLOS ONE COVID-19 preventive health behaviors among the general public in Mexico

PLOS ONE | https://doi.org/10.1371/journal.pone.0254435 July 23, 2021 15 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254435.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254435.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254435.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254435.s004
https://doi.org/10.1371/journal.pone.0254435


References
1. Cowling BJ, Ali ST, Ng TWY, Tsang TK, Li JCM, Fong MW, et al. Impact assessment of non-pharma-

ceutical interventions against coronavirus disease 2019 and inluenza in Hong Kong: an observational

study. Lancet Public Health. 2020; 5:e279–e288. https://doi.org/10.1016/S2468-2667(20)30090-6

PMID: 32311320

2. Cummings KM, Becker MH, Maile MC. Bringing the models together: An empirical approach to combin-

ing variables used to explain health actions. J Behav Med. 1980; 3:123–145. https://doi.org/10.1007/

BF00844986 PMID: 7420418

3. Bish A, Michie S. Demographic and attitudinal determinants of protective behaviours during a pan-

demic: a review. Br J Health Psychol. 2010; 15:797–824. https://doi.org/10.1348/135910710X485826

PMID: 20109274

4. Castro-Sánchez E, Chang PWS, Vila-Candel R, Escobedo AA, Holmes AH. Health literacy and infec-

tious diseases: why does it matter? Int J Infect Dis. 2016; 43:103–110. https://doi.org/10.1016/j.ijid.

2015.12.019 PMID: 26751238

5. Bavel JJV, Baicker K, Boggio PS, Capraro V, Cichocka A, Cikara M, et al. Using social and behavioural

science to support COVID-19 pandemic response. Nat Hum Behav. 2020; 4:460–471. https://doi.org/

10.1038/s41562-020-0884-z PMID: 32355299

6. Kim S, Kim S. Analysis of the Impact of Health Beliefs and Resource Factors on Preventive Behaviors

against the COVID-19 Pandemic. Int J Environ Res Public Health. 2020; 17:8666. https://doi.org/10.

3390/ijerph17228666 PMID: 33266386

7. Shahnazi H, Ahmadi-Livani M, Pahlavanzadeh B, Rajabi A, Hamrah MS, Charkazi A. Assessing pre-

ventive health behaviors from COVID-19: a cross sectional study with health belief model in Golestan

Province, Northern of Iran. Infect Dis Poverty. 2020; 9:157. https://doi.org/10.1186/s40249-020-00776-

2 PMID: 33203453

8. Kwok KO, Li KK, Chan HHH, Yi YY, Tang A, Wei WI, et al. Community Responses during Early Phase

of COVID-19 Epidemic, Hong Kong. Emerg Infect Dis. 2020; 26:1575–1579. https://doi.org/10.3201/

eid2607.200500 PMID: 32298227

9. Raude J, Lecrique JM, Lasbeur L, Leon C, Guignard R, du Roscoät E, et al. Determinants of Preventive

Behaviors in Response to the COVID-19 Pandemic in France: Comparing the Sociocultural, Psychoso-

cial, and Social Cognitive Explanations. Front Psychol. 2020; 11:584500. https://doi.org/10.3389/fpsyg.

2020.584500 PMID: 33329241

10. Clark C, Davila A, Regis M, Kraus S. Predictors of COVID-19 voluntary compliance behaviors: An interna-

tional investigation. Glob Transit. 2020; 2:76–82. https://doi.org/10.1016/j.glt.2020.06.003 PMID: 32835202

11. Meier K, Glatz T, Guijt MC, Piccininni M, van der Meulen M, Atmar K, et al; COVID-19 Survey Study

group. Public perspectives on protective measures during the COVID-19 pandemic in the Netherlands,

Germany and Italy: A survey study. PLoS One. 2020; 15:e0236917. https://doi.org/10.1371/journal.

pone.0236917 PMID: 32756573

12. World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. https://covid19.who.

int/?gclid=Cj0KCQiAjKqABhDLARIsABbJrGnPZ_dVjjolkVReJfZPHCD3M6gsBGGg3IR1tewtRKrE-

eBoiuzRwtYaAgSFEALw_wcB

13. Irigoyen-Camacho ME, Velazquez-Alva MC, Zepeda-Zepeda MA, Cabrer-Rosales MF, Lazarevich I,

Castaño-Seiquer A. Effect of Income Level and Perception of Susceptibility and Severity of COVID-19

on Stay-at-Home Preventive Behavior in a Group of Older Adults in Mexico City. Int J Environ Res Pub-

lic Health. 2020; 17:7418. https://doi.org/10.3390/ijerph17207418 PMID: 33053788

14. Weston D, Ip A, Amlôt R. Examining the application of behaviour change theories in the context of infec-

tious disease outbreaks and emergency response: a review of reviews. BMC Public Health. 2020;

20:1483. https://doi.org/10.1186/s12889-020-09519-2 PMID: 33004011

15. Rogers RW. A protection motivation theory of fear appeals and attitude change. J Psychol. 1975; 91:

93–114. https://doi.org/10.1080/00223980.1975.9915803 PMID: 28136248

16. Taherdoost H. Validity and Reliability of the Research Instrument; How to Test the Validation of a Ques-

tionnaire/Survey in a Research. Int J Acad Res Manag. 2016; 5:28–36.

17. Center for Disease Control and prevention. Evidence used to update the list of underlying medical con-

ditions that increase a person’s risk of severe illness from COVID-19. https://www.cdc.gov/coronavirus/

2019-ncov/need-extra-precautions/evidence-table.html

18. Ware JE, Kosinski M, Keller SD. SF12: How to score SF12 Physical and Mental Health summary

Scales. 2nd ed. Boston, MA: The Health Institute. New England Medical Center; 1995.

19. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. Cross-validation of item

selection and scoring for the SF-12 Health Survey in nine countries: results from the IQOLA Project.

International Quality of Life Assessment. J Clin Epidemiol. 1998; 51(11):1171–8. PMID: 9817135

PLOS ONE COVID-19 preventive health behaviors among the general public in Mexico

PLOS ONE | https://doi.org/10.1371/journal.pone.0254435 July 23, 2021 16 / 18

https://doi.org/10.1016/S2468-2667%2820%2930090-6
http://www.ncbi.nlm.nih.gov/pubmed/32311320
https://doi.org/10.1007/BF00844986
https://doi.org/10.1007/BF00844986
http://www.ncbi.nlm.nih.gov/pubmed/7420418
https://doi.org/10.1348/135910710X485826
http://www.ncbi.nlm.nih.gov/pubmed/20109274
https://doi.org/10.1016/j.ijid.2015.12.019
https://doi.org/10.1016/j.ijid.2015.12.019
http://www.ncbi.nlm.nih.gov/pubmed/26751238
https://doi.org/10.1038/s41562-020-0884-z
https://doi.org/10.1038/s41562-020-0884-z
http://www.ncbi.nlm.nih.gov/pubmed/32355299
https://doi.org/10.3390/ijerph17228666
https://doi.org/10.3390/ijerph17228666
http://www.ncbi.nlm.nih.gov/pubmed/33266386
https://doi.org/10.1186/s40249-020-00776-2
https://doi.org/10.1186/s40249-020-00776-2
http://www.ncbi.nlm.nih.gov/pubmed/33203453
https://doi.org/10.3201/eid2607.200500
https://doi.org/10.3201/eid2607.200500
http://www.ncbi.nlm.nih.gov/pubmed/32298227
https://doi.org/10.3389/fpsyg.2020.584500
https://doi.org/10.3389/fpsyg.2020.584500
http://www.ncbi.nlm.nih.gov/pubmed/33329241
https://doi.org/10.1016/j.glt.2020.06.003
http://www.ncbi.nlm.nih.gov/pubmed/32835202
https://doi.org/10.1371/journal.pone.0236917
https://doi.org/10.1371/journal.pone.0236917
http://www.ncbi.nlm.nih.gov/pubmed/32756573
https://covid19.who.int/?gclid=Cj0KCQiAjKqABhDLARIsABbJrGnPZ_dVjjolkVReJfZPHCD3M6gsBGGg3IR1tewtRKrE-eBoiuzRwtYaAgSFEALw_wcB
https://covid19.who.int/?gclid=Cj0KCQiAjKqABhDLARIsABbJrGnPZ_dVjjolkVReJfZPHCD3M6gsBGGg3IR1tewtRKrE-eBoiuzRwtYaAgSFEALw_wcB
https://covid19.who.int/?gclid=Cj0KCQiAjKqABhDLARIsABbJrGnPZ_dVjjolkVReJfZPHCD3M6gsBGGg3IR1tewtRKrE-eBoiuzRwtYaAgSFEALw_wcB
https://doi.org/10.3390/ijerph17207418
http://www.ncbi.nlm.nih.gov/pubmed/33053788
https://doi.org/10.1186/s12889-020-09519-2
http://www.ncbi.nlm.nih.gov/pubmed/33004011
https://doi.org/10.1080/00223980.1975.9915803
http://www.ncbi.nlm.nih.gov/pubmed/28136248
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/evidence-table.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/evidence-table.html
http://www.ncbi.nlm.nih.gov/pubmed/9817135
https://doi.org/10.1371/journal.pone.0254435


20. Sørensen K, Van den Broucke S, Fullam J, Doyle G, Pelikan J, Slonska Z et al. Health literacy and pub-

lic health: a systematic review and integration of definitions and models. BMC Public Health. 2012;

12:80. https://doi.org/10.1186/1471-2458-12-80 PMID: 22276600

21. Maibach E, Murphy Da. Self-efficacy in health promotion research and practice: conceptualization and

measurement. Health Educ Res. 1995; 10:37–50. https://doi.org/10.1093/her/10.1.37

22. Wilson-VanVoorhis CR, Morgan BL. Understanding Power and Rules of Thumb for Determining Sam-

ple Sizes. Tutor Quant Method Psychol. 2007; 3:43–50.

23. VanderWeele TJ, Shpitser I. A new criterion for confounder selection. Biometrics. 2011; 67:1406–1413.

https://doi.org/10.1111/j.1541-0420.2011.01619.x PMID: 21627630

24. Hernán MA, Robins JM. Causal Inference. Boca Raton: Chapman & Hall/CRC;2015.

25. Palumbo R. Examining the impacts of health literacy on healthcare costs. An evidence synthesis.

Health Serv Manage Res. 2017; 30:197–212. https://doi.org/10.1177/0951484817733366 PMID:

29034727

26. McCaffery KJ, Dodd RH, Cvejic E, Ayrek J, Batcup C, Isautier JM, et al. Health literacy and disparities in

COVID-19-related knowledge, attitudes, beliefs and behaviours in Australia. Public Health Res Pract.

2020; 30:30342012. https://doi.org/10.17061/phrp30342012 PMID: 33294907

27. Li X, Liu Q. Social Media Use, eHealth Literacy, Disease Knowledge, and Preventive Behaviors in the

COVID-19 Pandemic: Cross-Sectional Study on Chinese Netizens. J Med Internet Res. 2020; 22:

e19684. https://doi.org/10.2196/19684 PMID: 33006940

28. Wong JYH, Wai AKC, Zhao S, Yip F, Lee JJ, Wong CKH, et al. Association of Individual Health Literacy

with Preventive Behaviours and Family Well-Being during COVID-19 Pandemic: Mediating Role of

Family Information Sharing. Int J Environ Res Public Health. 2020; 17:8838. https://doi.org/10.3390/

ijerph17238838 PMID: 33261157

29. Lee M, You M. Psychological and Behavioral Responses in South Korea During the Early Stages of

Coronavirus Disease 2019 (COVID-19). Int J Environ Res Public Health. 2020; 17:2977. https://doi.org/

10.3390/ijerph17092977 PMID: 32344809

30. McFadden SM, Malik AA, Aguolu OG, Willebrand KS, Omer SB. Perceptions of the adult US population

regarding the novel coronavirus outbreak. PLoS One. 2020; 15:e0231808 https://doi.org/10.1371/

journal.pone.0231808 PMID: 32302370

31. 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; 59(2):157–167. https://doi.org/10.1016/j.

amepre.2020.05.001 PMID: 32576418

32. Weiss BD, Paasche-Orlow MK. Disparities in Adherence to COVID-19 Public Health Recommenda-

tions. Health Lit Res Pract. 2020; 4:e171–e173. https://doi.org/10.3928/24748307-20200723-01 PMID:

32926173

33. Duan T, Jiang H, Deng X, Zhang Q, Wang F. Government intervention, risk perception, and the adop-

tion of protective action recommendations: Evidence from the COVID-19 prevention and control experi-

ence of china. Int J Environ Res Public Health. 2020; 17:3387. https://doi.org/10.3390/ijerph17103387

PMID: 32414013
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