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Abstract: Background: Healthy eating and physical activity are effective non-pharmacological ap-
proaches to boost immune function and contain the pandemic. We aimed to explore the associations
and interactions between physical activity and healthy eating behavior with COVID-19-like Symp-
toms (Slike-CV19S). Methods: A cross-sectional study was conducted on 3947 outpatients, from 14
February to 2 March 2020, at nine health facilities in Vietnam. Data collection included sociodemo-
graphic characteristics, healthy eating behavior (using the healthy eating score (HES) questionnaire),
physical activity (using the short form international physical activity questionnaire), and Slike-CV19S.
The associations and interactions were tested using logistic regression models. Results: Frequent
intake of fruits (OR = 0.84; p = 0.016), vegetables (OR = 0.72; p = 0.036), and fish (OR = 0.43; p < 0.001)
were associated with a lower Slike-CV19S likelihood, as compared with infrequent intake. Patients
with higher HES levels (OR = 0.84; p = 0.033 for medium HES; OR = 0.77; p = 0.006 for high HES)
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or being physically active (OR = 0.69; p < 0.001) had a lower Slike-CV19S likelihood, as compared
to those with low HES or physical inactivity, respectively. Patients with medium HES who were
physically active (OR = 0.69; p = 0.005), or with high HES and physically active (OR = 0.58; p < 0.001),
had a lower Slike-CV19S likelihood, as compared to those with low HES and physical inactivity.
Conclusions: Healthy eating behavior and physical activity showed single and combinative impacts
on protecting people from Slike-CV19S. Strategic approaches are encouraged to improve healthy
behaviors, which may further contribute to containing the pandemic.

Keywords: COVID-19-like Symptoms; healthy eating score; fruits; vegetables; fish; physical activity;
non-pharmacological; interaction; immune function; Vietnam

1. Introduction

Deaths due to COVID-19 have exceeded 3 million globally, as reported in June 2021 [1].
Although COVID-19 vaccination rollouts have been implemented worldwide at different
rates [2,3], the emergence of new variants and waning immunity after vaccination or
infection over time have prevented the community from achieving herd immunity [4,5].
Consequently, new waves of the COVID-19 disease have re-emerged [6,7], which have
negatively impacted healthcare systems and socio-economies in many countries [8–10].

COVID-19 is a contagious respiratory illness with symptoms similar to other res-
piratory infections (e.g., influenza) [11]. Suspected COVID-19 symptoms (Slike-CV19S)
adversely affect people’s physical health and increase fear and nervousness, even if people
are not confirmed with COVID-19 infection. In addition, Slike-CV19S have been linked to
an elevated risk of mental illnesses and poorer quality of life [12,13]. Moreover, individuals
with any suspected symptom were advised to stay at home, self-isolate, or keep a safe
distance from others [14]. This leads to feelings of loneliness and isolation, which may
exacerbate people’s psychological ill-health. Moreover, people with Slike-CV19S have to go
to medical facilities for COVID-19 testing, thereby causing financial burden and pressure
on the health system [15,16].

During the pandemic, the general public seeking medical care were at a higher risk of
infection [17]. They have encountered many stressors, including limited access to healthcare
services, delayed treatments, fear of contracting COVID-19, and health concerns [17–19].
In particular, previous research showed that patients with underlying diseases and Slike-
CV19S had a higher likelihood of experiencing mental health problems [20]. Therefore,
investigating protective factors is highly recommended to protect patients from Slike-CV19S.

A diverse and healthy diet could help to mitigate the risk of chronic diseases [21,22]
and improve health outcomes [23]. Frequent consumption of healthy foods (e.g., vegetables,
fruits, fish) helps to provide the body with a sufficient intake of essential nutrients and
antioxidants [24,25], which could reduce inflammation and oxidative stress, enhancing
immunity [26,27]. In addition, physical activity could help to lower the respiratory infection
likelihood, as reported in previous studies [28,29]. Physical exercise can help to strengthen
immune function [30,31]. Therefore, healthy eating and staying physically active could
mitigate the susceptibility to pathogens that helps to decrease the chance of infectious
respiratory diseases, including COVID-19.

In a similar situation to other countries, Vietnam has been facing significant challenges
in containing the coronavirus infection and managing its consequences. Several preventive
measures have been implemented, such as social distancing, quarantine, and lockdown,
which may negatively affect lifestyles (e.g., increase in sedentary behavior, unhealthy
eating) [32,33]. Thus, it is essential to provide timely evidence about the beneficial roles
of physical activity and healthy diets in health, encouraging patients to engage in these
behaviors to stay healthy during the crisis.
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Therefore, the aims of this study were to explore the single and combinative impacts
of healthy eating behavior and physical activity on the likelihood of Slike-CV19S among
outpatients.

2. Materials and Methods
2.1. Study Design

An observational cross-sectional study was conducted on outpatients from 14 February
to 2 March 2020. Patients were recruited during their visit to the outpatient departments
(OPDs) of nine health centers and hospitals in Vietnam.

This study was reviewed and approved by all selected health facilities and the ethical
committee of Hanoi University of Public Health (IRB number: 029/2020/YTCC-HD3).

2.2. Study Population and Data Collection Procedure

The study participants were recruited using the consecutive convenience sampling
technique. Inclusion criteria were people aged 18–85, voluntarily participating in the survey,
and without Vietnamese language barriers. Patients experiencing any medical emergencies
were excluded (e.g., positive with COVID-19, heart attack, severe injuries, appendicitis,
severe bleeding, etc.). Patients unable to communicate normally (e.g., blindness or deafness)
were also excluded.

The process of collecting data was described in a previous publication [12]. In brief,
after receiving training in data collection, investigators (physicians, nurses, medical stu-
dents) contacted and invited outpatients to participate in the survey voluntarily. Patients
signed informed consent forms prior to completing this survey. Investigators and partici-
pants were required to adhere to precaution measures (e.g., handwashing, mask-wearing,
physical distancing) to prevent virus infection during data collection. Each interview took
about 20 min. Participant information was obtained and kept confidential and for scientific
purposes only.

A total of 4029 individuals agreed to participate and complete the survey [12]. Out of
the sample, 82 respondents were excluded (aged <18 or >85, or missing data). Finally, we
analyzed the data of 3947 outpatients.

2.3. Measurements
2.3.1. COVID-19-like Symptoms

At the time of the survey, patients were screened for suspected COVID-19 symptoms
(Slike-CV19S), including those related to the bronchial system (cough, dyspnea, sputum
production, sore throat, rhinorrhea), gastrointestinal system (diarrhea and vomiting), and
others (fever, myalgia, fatigue, confusion, headache, chest pain, hemoptysis) [34]. Patients
who had any of these symptoms were classified as having Slike-CV19S but did not test
positive for COVID-19.

2.3.2. Healthy Eating Behaviors

We used a Healthy Eating Score questionnaire with five items (HES-5) to assess
the participant’s healthy eating behavior. The HES-5 was validated and used in the
Vietnamese context, with satisfactory validity [35]. The questionnaire investigated patients
regarding the frequency of consumption of five healthy foods over the previous 30 days,
including vegetables, fruits, dairy products, whole grains, and fish. The frequency of
intake of each food was recorded with six possible responses from 0 = “Rarely or never” to
5 = “3 or more times per day”. According to the American Heart Association’s healthy
dietary guidelines [36], we categorized the frequency of each healthy food into two groups
(frequent vs. infrequent) as follows: “<3 times/day” vs. “≥3 times/day” for vegetables,
dairy products, and whole grains; “<2 times/day” vs. “≥2 times/day” for fruits. It is also
recommended that adults should consume 1–3 servings of fish per week depending on the
type of fish [37]. Thus, for ease of analysis, fish consumption was later categorized into
two groups: <1 time/week vs. ≥1 time/week.
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Next, the Healthy Eating Score (HES) was calculated by summing up participants’
responses to five items. The total score ranges from 0 to 25, in which patients with a greater
score had a better healthy eating behavior. Then, we categorized healthy eating scores into
tertiles, a method used previously [38], and defined the first tertile (HES < 10), the second
tertile (10 ≤ HES < 15), and the third tertile (HES ≥ 15) as low, medium, and high HES,
respectively.

2.3.3. Physical Activity

Physical activity (PA) was evaluated using the short form of the International Physical
Activity Questionnaire (IPAQ-SF), which has been utilized for surveys in different coun-
tries [39–41]. The IPAQ-SF was also validated and used for study in Vietnam [12,42], with
acceptable reliability and validity [43,44]. The IPAQ-SF comprises seven items asking partic-
ipants about the amount of time spent on a variety of PA intensities, from sitting to vigorous
activities, during the previous seven days. The PA intensity was expressed as the Metabolic
Equivalent Task in minutes/week scores (MET-min/week). The total MET-min/week
was the sum of minutes spent on walking, moderate, and vigorous activities multiplied
by 3.3, 4.0, and 8.0, respectively. Following IPAQ guidelines [45], MET-min/week was
classified into three levels (low, moderate, and high). We then categorized PA into two
groups: inactive (low) vs. active (moderate/high) [46].

2.3.4. Covariates

Data on participants’ sociodemographic characteristics were obtained, including age,
gender, marital status (single vs. married vs. separated/divorced/widowed), education de-
gree (junior high school and below vs. senior high school vs. college/university/postgraduate
degree), occupational status (no job vs. having a job), the ability to pay for healthcare
(difficult vs. easy), social status (low vs. middle or high). The information regarding partici-
pants’ lifestyle behaviors was collected: smoking (no vs. yes) and alcohol consumption (no
vs. yes). Body Mass Index (BMI, kg/m2) was calculated and classified into three groups
(underweight (BMI < 18.5), normal weight (18.5 ≤ BMI < 25.0), and overweight/obese
(BMI ≥ 25.0)). Underlying diseases were assessed using items of the Charlson Comorbidity
Index [47] and divided into two groups (no vs. yes).

Health literacy was evaluated using the short version of the Health Literacy Ques-
tionnaire (HLS-SF12), which was validated and used in Vietnam [12,48–50] and Asian
countries [51,52]. The HLS-SF12 comprises twelve items evaluating the perception of diffi-
culty when participants conduct each item, with a 4-level response from “very difficult” (1)
to “very easy” (4). The scoring formula is described in previous studies [53]. The total score
ranges from 0 to 50, in which patients with greater scores had higher health literacy levels.

2.4. Statistical Analysis

Studied variables were expressed as mean, standard deviation, frequency, and per-
centage. The proportion of Slike-CV19S in different groups of studied variables was tested
using a chi-square test or one-way ANOVA test, appropriately. Then, the associations
of food intake frequency, healthy eating score, and physical activity with Slike-CV19S
were examined using simple and multiple logistic regression analyses. Age, gender, and
factors associated with Slike-CV19S at p-value < 0.2 in simple logistic regression models
(Table S1 in Supplementary File) were adjusted in multiple logistic regression models. For
the multicollinearity check, Spearman’s correlation was conducted to check correlations of
adjusting factors (Table S2 in Supplementary File). If a moderate correlation (rho ≥ 0.3) was
found between two variables, we chose a representative variable to adjust in the multiple
logistic regression models. Finally, multiplicative interaction models were used to explore
the combinative impact of PA and healthy eating scores on suspected COVID-19 symptoms.
We ran the interaction model with three terms (X1, X2, X1 * X2) and potential confounders,
where X1 is physical activity (treated as the binary variable: inactive vs. active), X2 is the
healthy eating score (treated as the ordinal variable: low, medium, high), X1 * X2 is the
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interaction terms (including physical activity * medium HES or physical activity * high
HES). Odds ratio (OR) with a 95% confidence interval (95% CI) and p-value were presented.
The p-value < 0.05 was defined as a significant level. Data were analyzed using STATA for
Windows, version 15.1 (StataCorp LLC, College Station, TX, USA).

3. Results
3.1. Participant Characteristics Stratified by Suspected COVID-19 Symptoms

A total of 3947 outpatients were analyzed. According to the Vietnam Ministry of
Health report, there was no COVID-19 infection at the studied locations during the survey
period [54]. Therefore, no outpatients with Slike-CV19S were COVID-19 positive. The
mean age of patients was 44.4 years. Of all outpatients, 35.1% (1387/3947) had suspected
COVID-19 symptoms, 28.1% were physically inactive, and 72.6% had medium or high
HES. Furthermore, 55.7% were women, 23.5% were aged 60–85 years, 41.6% had a college
or university degree or higher, 54.9% had a job, and 15.6% had one or more pre-existing
diseases. Regarding food intake frequency, fish (85.3%) was most frequently consumed,
followed by fruits (55.4%), whole grains (15.4%), dairy products (7.2%), and vegetables
(6.3%) (Table 1).

Table 1. Characteristics of participants (N = 3947).

Variables
Total (n = 3947) Without Slike-CV19S

(n = 2560)
With Slike-CV19S

(n = 1387)

n (%) n (%) n (%) p *

Age (years), mean ± SD 44.4 ± 17.0
Age groups <0.001

18–59 3019 (76.5) 2080 (68.9) 939 (31.1)
60–85 928 (23.5) 480 (51.7) 448 (48.3)

Gender 0.762
Female 2197 (55.7) 1430 (65.1) 767 (34.9)
Male 1747 (44.3) 1129 (64.6) 618 (35.4)

Marital status <0.001
Single 865 (22.0) 653 (75.5) 212 (24.5)

Married 2850 (72.4) 1795 (63.0) 1055 (37.0)
Separated/Divorced/Widowed 220 (5.6) 105 (47.7) 115 (52.3)

Education attainment <0.001
Junior high school and below 1216 (30.9) 717 (59.0) 499 (41.0)

Senior high school 1083 (27.5) 754 (69.7) 328 (30.3)
College/university/postgraduate degree 1639 (41.6) 1081 (66.0) 558 (34.0)

Occupational status 0.010
No job 1770 (45.1) 1185 (66.9) 585 (33.1)

Having a job 2155 (54.9) 1358 (63.0) 797 (37.0)
Ability to pay for healthcare <0.001

Very or fairly difficult 1764 (44.7) 964 (54.6) 800 (45.4)
Very or fairly easy 2182 (55.3) 1595 (73.1) 587 (26.9)

Social status <0.001
Low 482 (12.2) 265 (55.0) 217 (45.0)

Middle/High 3464 (87.8) 2294 (66.2) 1170 (33.8)
BMI <0.001

Underweight 386 (9.8) 225 (58.3) 161 (41.7)
Normal weight 3128 (79.4) 2012 (64.3) 1116 (35.7)

Overweight or obese 428 (10.9) 320 (74.8) 108 (25.2)
Underlying diseases 0.936

No 3309(84.4) 2139 (64.6) 1170 (35.4)
Yes 611 (15.6) 396 (64.8) 215 (35.2)

Smoking 0.580
No 3465 (88.0) 2252 (65.0) 1213 (35.0)
Yes 471 (12.0) 300 (63.7) 171 (36.3)
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Table 1. Cont.

Variables
Total (n = 3947) Without Slike-CV19S

(n = 2560)
With Slike-CV19S

(n = 1387)

n (%) n (%) n (%) p *

Drinking alcohol 0.140
No 2653 (67.8) 1702 (64.2) 951 (35.8)
Yes 1262 (32.2) 840 (66.6) 422 (33.4)

Physical activity <0.001
Inactive 1111 (28.1) 628 (56.5) 483 (43.5)
Active 2836 (71.9) 1932 (68.1) 904 (31.9)

Food intake frequency
Vegetables <0.001

<3 times/day 3697 (93.7) 2372 (64.2) 1325 (35.8)
≥3 times/day 249 (6.3) 188 (75.5) 61 (24.5)

Fruits <0.001
<2 times/day 1761 (44.6) 1111 (63.1) 650 (36.9)
≥2 times/day 2185 (55.4) 1449 (66.3) 736 (33.7)
Whole grains 0.098
<3 times/day 3338 (84.6) 2184 (65.4) 1154 (34.6)
≥3 times/day 607 (15.4) 376 (61.9) 231 (38.1)

Dairy 0.906
<3 times/day 3659 (92.8) 2375 (64.9) 1284 (35.1)
≥3 times/day 285 (7.2) 184 (64.6) 101 (35.4)

Fish <0.001
<1 time/week 581 (14.7) 259 (44.6) 322 (55.4)
≥1 time/week 3363 (85.3) 2301 (68.4) 1062 (31.6)

Healthy Eating Score (HES), mean ± SD 12.0 ± 4.2 <0.001
Low (HES < 10) 1082 (27.4) 649 (60.0) 433 (40.0)

Medium (10 ≤ HES < 15) 1806 (45.8) 1201 (66.5) 605 (33.5)
High (HES ≥ 15) 1054 (26.7) 709 (67.3) 345 (32.7)

Health literacy (HL), mean ± SD 29.9 ± 7.7 30.9 ± 7.7 28.0 ± 7.4 <0.001

Abbreviations: Slike-CV19S, COVID-19-like Symptoms. * The p-value of the chi-square or one-way ANOVA test appropriately.

3.2. Associations of Food Frequency, Healthy Eating Score, and Physical Activity with
COVID-19-like Symptoms

After adjusting for potential confounders, Table 2 shows that frequent vegetable
consumption (≥3 times/day) (odds ratio, OR, 0.72; 95% confidence interval, 95% CI, 0.52,
0.98; p = 0.036), frequent fruit consumption (≥2 times/day) (OR, 0.84; 95% CI, 0.73, 0.97);
p = 0.016), and frequent fish consumption (≥1 time/week) (OR, 0.43; 95% CI, 0.36, 0.52);
p < 0.001) were associated with lower odds of experiencing suspected COVID-19 symptoms.
As compared to people with low healthy eating scores (HES), those with medium HES (OR,
0.84; 95% CI, 0.71, 0.98; p = 0.033) or high HES (OR, 0.77; 95% CI, 0.64, 0.93; p = 0.006) had
lower odds of having Slike-CV19S. In comparison to physically inactive people, those with
a high level of physical activity had a lower likelihood of having Slike-CV19S (OR, 0.69;
95% CI, 0.59, 0.80); p < 0.001).

3.3. Interactions between Physical Activity and Healthy Eating Behavior

Table 3 shows the combinative impacts of HES and PA on COVID-19-like Symptoms.
After adjusting for confounders, there are negative multiplicative interactions between
high HES and PA (OR, 0.58; 95% CI, 0.39, 0.86; p = 0.008). In other words, in people with
high HES, physical activity reduces the likelihood of having Slike-CV19S more than in
people with low HES. Regarding the combined effect, Table 3 shows that as compared to
people with low HES and physical inactivity, those with medium HES and a high level of
physical activity had a 31% lower likelihood of having Slike-CV19S (OR, 0.69; 95% CI, 0.54,
0.89; p = 0.005); those with high HES and a high level of physical activity had a 42% lower
likelihood of having Slike-CV19S (OR, 0.58; 95% CI, 0.44, 0.77; p < 0.001) (Table 3).
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Table 2. Associations of food frequency, healthy eating score and physical activity with COVID-19-like Symptoms (n = 3947).

Variables *
COVID-19-like Symptoms

Unadjusted Model Adjusted Model **

OR (95% CI) p OR (95% CI) p

Food intake frequency
Vegetables

<3 times/day 1.00 1.00
≥3 times/day 0.58 (0.43, 0.78) <0.001 0.72 (0.52, 0.98) 0.036

Fruits
<2 times/day 1.00 1.00
≥2 times/day 0.87 (0.76, 0.99) 0.035 0.84 (0.73, 0.97) 0.016
Whole grains
<3 times/day 1.00 1.00
≥3 times/day 1.16 (0.97, 1.39) 0.098 0.97 (0.81, 1.18) 0.793

Dairy
<3 times/day 1.00 1.00
≥3 times/day 1.01 (0.79, 1.30) 0.906 1.03 (0.79, 1.34) 0.819

Fish
<1 time/week 1.00 1.00
≥1 time/week 0.37 (0.31, 0.44) <0.001 0.43 (0.36, 0.52) <0.001

Healthy Eating Score (HES)
Low (HES < 10) 1.00 1.00

Medium (10 ≤ HES < 15) 0.75 (0.64, 0.88) <0.001 0.84 (0.71, 0.98) 0.033
High (HES ≥ 15) 0.73 (0.61, 0.87) <0.001 0.77 (0.64, 0.93) 0.006

Physical activity
Inactive 1.00 1.00
Active 0.61 (0.52, 0.70) <0.001 0.69 (0.59, 0.80) <0.001

* All variables were tested separately in different models. ** Adjusted for age, gender, occupational status, education attainment, medication
payment ability, social status, BMI.

Table 3. Interaction between physical activity and healthy eating score on COVID-19-like Symptoms (n = 3947).

Healthy Eating Score (HES)

Physical Activity Multiplicative Interaction
Inactive Active

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Low (HES < 10) 1.00 * 0.88 (0.67, 1.16) 0.380
Medium (10 ≤ HES < 15) 0.99 (0.74, 1.33) 0.979 0.69 (0.54, 0.89) 0.005 0.79 (0.55, 1.12) 0.182 **

High (HES ≥ 15) 1.13 (0.81, 1.58) 0.458 0.58 (0.44, 0.77) <0.001 0.58 (0.39, 0.86) 0.008 ***

Abbreviations: HES, healthy eating score. ORs are adjusted for age, gender, occupational status, education attainment, medication payment
ability, social status, BMI. * The single reference group is “physical inactivity and low HES”. ** The p-value of the interaction term: medium
HES * physical activity. *** The p-value of the interaction term: high HES * physical activity.

4. Discussion

In this study, no participants with Slike-CV19S were COVID-19 positive, as no new
COVID-19 case was reported at the studied sites during the survey period [54]. How-
ever, finding factors associated with the likelihood of COVID-19-like Symptoms may
provide timely evidence for effective interventions that help to raise people’s awareness
and promote health throughout the pandemic.

Our findings show that people who frequently consumed vegetables or fruits were
less likely to have COVID-19-like Symptoms than those who did not. Like other respiratory
infections (e.g., influenza), the symptoms of COVID-19 are manifestations of airway and
systemic inflammation [55]. Vegetables and fruits contain a wide range of essential vitamins,
antioxidants (e.g., vitamin A, C, E), and bioactive substances (e.g., flavonoids) [56], which
can mitigate inflammation, thereby supporting the immune system to fight against viral and
bacterial infections, including COVID-19 [27,57–60]. In addition, adequate vegetable and
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fruit intake was associated with a lower likelihood of wheezing and chronic inflammatory
illnesses (e.g., asthma) [25]. Previous studies indicated that regularly consuming fruits and
vegetables could help to lower the likelihood of non-communicable diseases (e.g., COPD,
diabetes, cardiovascular diseases) [24,61,62], which may in turn decrease susceptibility to
opportunistic infections [63]. We also found that people who regularly ate fish were less
like to have suspected symptoms of COVID-19. Fish intake provides the body with omega
3, vitamin D, and selenium [57]. These nutrients have anti-inflammatory effects that may
help to mitigate the risk of non-communicable diseases and combat infections [27,64,65].
Particularly, omega-3 fatty acids were found to be linked to better lung function [66], and
reduced likelihoods of chronic cough and wheeze [67,68] in previous studies. Therefore,
the frequent consumption of fruits, vegetables, and fish has potential health benefits in
improving immune responses, which in turn decrease the development of respiratory
infection symptoms, including COVID-19.

In the current study, patients with a medium or high healthy eating score (HES) had
lower odds of having Slike-CV19S than those with a low HES. The consumption of healthy
and diverse foods helps the body achieve optimal nutrient intake, enhancing the immune
response that prevents it from becoming infected with pathogens such as influenza or
coronavirus [27,57]. Other healthy diets (e.g., Mediterranean or Dietary Approach to
Stop Hypertension diets) were identified by the high intake of vegetables, fruits, whole
grains, and fish, which are anti-inflammatory foods [69,70]. In addition, healthy diets
were linked to a decreased risk of respiratory illnesses (e.g., COPD, asthma, wheezing
symptoms) [71–75]. Adherence to a well-balanced diet was also found to be linked to a
decreased likelihood of obesity [76] and chronic health conditions [77,78], which helps
decrease the vulnerability to viral infections. Therefore, healthy eating habits have potential
health-promoting impacts that help to reduce inflammation, and improve the immune
function to protect the body against respiratory infection symptoms.

Our results indicate that active PA was associated with lower odds of having Slike-
CV19S. Prior studies showed that medium and high PA levels were negatively correlated
to the likelihood of contracting upper respiratory tract infections [28,29,79,80]. Physical
activity has been shown to have anti-inflammatory effects and to lower inflammation,
thereby enhancing immune function, which could protect the body against pathogens
and reduce the symptoms of respiratory infections [30,31,81–83]. In addition, staying
physically active was found to be associated with the reduced likelihood of obesity and
chronic diseases in previous studies [77,84,85]. These illnesses have been linked to a
constant status of low-grade inflammation and immunological dysfunction, which provide
greater susceptibility to infectious diseases, including COVID-19 [30]. Therefore, regular
engagement in physical activity has potential preventive impacts on the likelihood and
symptoms of respiratory infections, and should be encouraged in the time of the pandemic.

Importantly, we found that the combinative impact of PA and a healthy diet was better
at reducing the likelihood of suspected symptoms of COVID-19. Our findings suggested
that patients with active PA and a more healthy diet could reduce the odds of COVID-19-
like Symptoms by up to 42% compared to those with inactive PA and low healthy eating.
People have faced significant changes in their lives throughout the pandemic, including
fear, sleep disorders, and lifestyle changes (e.g., unhealthy eating and inactive PA) [32].
These factors may adversely affect physical and mental health, leading to the functional
impairment of immunity [86,87], increasing sensitivity to opportunistic infections, includ-
ing COVID-19. Therefore, among COVID-19 prevention strategies, the combination of
healthy eating and PA should be promoted to reinforce immunological health, reducing
the likelihood of suspected symptoms of COVID-19.

The study has the limitations of a cross-sectional design and reporting bias. Healthy
eating was assessed using the HES-5 questionnaire, which includes only five food items
and does not query portion sizes. This questionnaire is not suitable for assessing overall
dietary intake and may lead to subjective dietary assessments. However, the HES-5 is brief,
simple, and well correlated with the 2015 Healthy Eating Index [88]. Therefore, it is a useful
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tool for quickly assessing diet quality during the sensitive time of the pandemic. This
study did not investigate the consumption of unhealthy foods and culture-related aspects,
which may potentially affect our findings. In addition, we have not investigated whether
patients received nutritional guidance, which may potentially influence patients’ behaviors
and affect the analysis. Future research should take these considerations into account in
assessments. Moreover, we investigated specific symptoms instead of diseases that caused
those symptoms. However, COVID-19-like Symptoms (in populations who were negative
for COVID-19) play important roles in reflecting immune response. The roles of nutrition
and physical activity can be potentially assessed. Furthermore, patients with underlying
illnesses may change their diet and exercise regimen according to the suggestions of
healthcare professionals. This may also potentially confound the associations. However,
we have checked the associations of underlying diseases with healthy eating behavior
and PA and found no significant association in this study. The findings are presented in
Table S3 in the Supplementary File. Finally, The IPAQ-SF is prone to overestimating PA
levels compared to other objective measures (e.g., accelerometer), but it is a valid and
commonly used tool to assess PA [40]. However, the strength of the study is its relatively
large sample size. Thus, our findings could provide timely and valuable evidence for
public health interventions to lower the likelihood of suspected symptoms of COVID-19.

5. Conclusions

The single and combinative impacts of physical activity and healthy eating behavior
were found to protect patients from having suspected COVID-19 symptoms. Therefore,
these healthy behaviors should be promoted to improve patients’ health and well-being.
This further contributes to control of the pandemic.
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33. Górnicka, M.; Drywień, M.E.; Zielinska, M.A.; Hamułka, J. Dietary and lifestyle changes during COVID-19 and the subsequent
lockdowns among Polish adults: A Cross-sectional online survey PLifeCOVID-19 study. Nutrients 2020, 12, 2324. [CrossRef]
[PubMed]

34. BMJ Editorial Team. Overview of Novel Coronavirus (2019-nCoV). Available online: https://bestpractice.bmj.com/topics/en-
gb/3000165 (accessed on 10 March 2020).

35. Pham, K.M.; Pham, L.V.; Phan, D.T.; Tran, T.V.; Nguyen, H.C.; Nguyen, M.H.; Nguyen, H.C.; Ha, T.H.; Dao, H.K.; Nguyen,
P.B.; et al. Healthy Dietary Intake Behavior Potentially Modifies the Negative Effect of COVID-19 Lockdown on Depression:
A Hospital and Health Center Survey. Front. Nutr. 2020, 7, 581043. [CrossRef]

36. American Heart Association Editorial Team. Suggested Servings from Each Food Group. Available online: https://www.heart.
org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/suggested-servings-from-each-food-group (accessed on 19
February 2020).

37. The Food and Drug Administration (FDA). Advice about Eating Fish. Available online: https://www.fda.gov/food/consumers/
advice-about-eating-fish (accessed on 15 June 2021).

38. DeCoster, J.; Gallucci, M.; Iselin, A.-M.R. Best practices for using median splits, artificial categorization, and their continuous
alternatives. J. Exp. Psychopathol. 2011, 2, 197–209. [CrossRef]

39. Ekelund, U.; Sepp, H.; Brage, S.; Becker, W.; Jakes, R.; Hennings, M.; Wareham, N.J. Criterion-related validity of the last 7-day,
short form of the International Physical Activity Questionnaire in Swedish adults. Public Health Nutr. 2006, 9, 258–265. [CrossRef]
[PubMed]

40. Lee, P.H.; Macfarlane, D.J.; Lam, T.H.; Stewart, S.M. Validity of the International Physical Activity Questionnaire Short Form
(IPAQ-SF): A systematic review. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 115. [CrossRef]

41. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.; Sallis, J.F.;
et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35, 1381–1395.
[CrossRef]

42. Pham, T.; Bui, L.; Nguyen, A.; Nguyen, B.; Tran, P.; Vu, P.; Dang, L. The prevalence of depression and associated risk factors
among medical students: An untold story in Vietnam. PLoS ONE 2019, 14, e0221432. [CrossRef]

43. Tran, D.V.; Lee, A.H.; Au, T.B.; Nguyen, C.T.; Hoang, D.V. Reliability and validity of the International Physical Activity
Questionnaire-Short Form for older adults in Vietnam. Health Promot. J. Aust. 2013, 24, 126–131. [CrossRef]

44. Tran, V.D.; Do, V.V.; Pham, N.M.; Nguyen, C.T.; Xuong, N.T.; Jancey, J.; Lee, A.H. Validity of the International Physical Activity
Questionnaire-Short Form for Application in Asian Countries: A Study in Vietnam. Eval. Health Prof. 2020, 43, 105–109. [CrossRef]
[PubMed]

45. IPAQ Group. Guidelines for Data Processing and Analysis of the International Physical Activity Questionnaire (IPAQ)-Short and
Long Forms. Available online: www.ipaq.ki.se (accessed on 15 May 2021).

46. Rahman, M.E.; Islam, M.S.; Bishwas, M.S.; Moonajilin, M.S.; Gozal, D. Physical inactivity and sedentary behaviors in the
Bangladeshi population during the COVID-19 pandemic: An online cross-sectional survey. Heliyon 2020, 6, e05392. [CrossRef]
[PubMed]

47. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal
studies: Development and validation. J. Chronic Dis. 1987, 40, 373–383. [CrossRef]

48. Duong, T.V.; Nguyen, T.T.P.; Pham, K.M.; Nguyen, K.T.; Giap, M.H.; Tran, T.D.X.; Nguyen, C.X.; Yang, S.H.; Su, C.T. Validation of
the Short-Form Health Literacy Questionnaire (HLS-SF12) and Its Determinants among People Living in Rural Areas in Vietnam.
Int. J. Environ. Res. Public Health 2019, 16, 3346. [CrossRef] [PubMed]

49. Nguyen, H.T.; Do, B.N.; Pham, K.M.; Kim, G.B.; Dam, H.T.B.; Nguyen, T.T.; Nguyen, T.T.P.; Nguyen, Y.H.; Sorensen, K.; Pleasant,
A.; et al. Fear of COVID-19 Scale-Associations of Its Scores with Health Literacy and Health-Related Behaviors among Medical
Students. Int. J. Environ. Res. Public Health 2020, 17, 4164. [CrossRef] [PubMed]

http://doi.org/10.3390/nu12061562
http://doi.org/10.3390/nu12041181
http://doi.org/10.1097/00005768-200208000-00003
http://www.ncbi.nlm.nih.gov/pubmed/12165677
http://doi.org/10.1249/MSS.0b013e3181edf108
http://www.ncbi.nlm.nih.gov/pubmed/20581713
http://doi.org/10.1016/j.pcad.2020.04.006
http://doi.org/10.1177/1559827614557773
http://doi.org/10.3390/nu12061583
http://doi.org/10.3390/nu12082324
http://www.ncbi.nlm.nih.gov/pubmed/32756458
https://bestpractice.bmj.com/topics/en-gb/3000165
https://bestpractice.bmj.com/topics/en-gb/3000165
http://doi.org/10.3389/fnut.2020.581043
https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/suggested-servings-from-each-food-group
https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/suggested-servings-from-each-food-group
https://www.fda.gov/food/consumers/advice-about-eating-fish
https://www.fda.gov/food/consumers/advice-about-eating-fish
http://doi.org/10.5127/jep.008310
http://doi.org/10.1079/PHN2005840
http://www.ncbi.nlm.nih.gov/pubmed/16571181
http://doi.org/10.1186/1479-5868-8-115
http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://doi.org/10.1371/journal.pone.0221432
http://doi.org/10.1071/HE13012
http://doi.org/10.1177/0163278718819708
http://www.ncbi.nlm.nih.gov/pubmed/32383410
www.ipaq.ki.se
http://doi.org/10.1016/j.heliyon.2020.e05392
http://www.ncbi.nlm.nih.gov/pubmed/33163666
http://doi.org/10.1016/0021-9681(87)90171-8
http://doi.org/10.3390/ijerph16183346
http://www.ncbi.nlm.nih.gov/pubmed/31514271
http://doi.org/10.3390/ijerph17114164
http://www.ncbi.nlm.nih.gov/pubmed/32545240


Nutrients 2021, 13, 3258 12 of 13

50. Van Hoa, H.; Giang, H.T.; Vu, P.T.; Van Tuyen, D.; Khue, P.M. Factors Associated with Health Literacy among the Elderly People
in Vietnam. BioMed Res. Int. 2020, 2020, 3490635. [CrossRef] [PubMed]

51. Duong, T.V.; Aringazina, A.; Kayupova, G.; Nurjanah; Pham, T.V.; Pham, K.M.; Truong, T.Q.; Nguyen, K.T.; Oo, W.M.; Su, T.T.;
et al. Development and Validation of a New Short-Form Health Literacy Instrument (HLS-SF12) for the General Public in Six
Asian Countries. Health Lit. Res. Pract. 2019, 3, e91–e102. [CrossRef]

52. Van Duong, T.; Chiu, C.H.; Lin, C.Y.; Chen, Y.C.; Wong, T.C.; Chang, P.W.S.; Yang, S.H. E-healthy diet literacy scale and its
relationship with behaviors and health outcomes in Taiwan. Health Promot. Int. 2021, 36, 20–33. [CrossRef] [PubMed]

53. Nguyen, T.T.; Le, N.T.; Nguyen, M.H.; Pham, L.V.; Do, B.N.; Nguyen, H.C.; Nguyen, H.C.; Ha, T.H.; Dao, H.K.; Nguyen, P.B.;
et al. Health Literacy and Preventive Behaviors Modify the Association between Pre-Existing Health Conditions and Suspected
COVID-19 Symptoms: A Multi-Institutional Survey. Int. J. Environ. Res. Public Health 2020, 17, 8598. [CrossRef]

54. Vietnam Ministry of Health. Coronavirus Disease (COVID-19) Outbreak in Vietnam. Available online: https://ncov.moh.gov.vn/
(accessed on 7 June 2020).

55. Harrison, A.G.; Lin, T.; Wang, P. Mechanisms of SARS-CoV-2 Transmission and Pathogenesis. Trends Immunol. 2020, 41, 1100–1115.
[CrossRef]

56. Slavin, J.L.; Lloyd, B. Health benefits of fruits and vegetables. Adv. Nutr. 2012, 3, 506–516. [CrossRef]
57. Morais, A.H.A.; Aquino, J.S.; da Silva-Maia, J.K.; Vale, S.H.L.; Maciel, B.L.L.; Passos, T.S. Nutritional status, diet and viral

respiratory infections: Perspectives for severe acute respiratory syndrome coronavirus 2. Br. J. Nutr. 2021, 125, 851–862.
[CrossRef] [PubMed]

58. Huang, J.; Weinstein, S.J.; Yu, K.; Männistö, S.; Albanes, D. Relationship Between Serum Alpha-Tocopherol and Overall and
Cause-Specific Mortality. Circ. Res. 2019, 125, 29–40. [CrossRef] [PubMed]

59. Messina, G.; Polito, R.; Monda, V.; Cipolloni, L.; Di Nunno, N.; Di Mizio, G.; Murabito, P.; Carotenuto, M.; Messina, A.; Pisanelli,
D.; et al. Functional Role of Dietary Intervention to Improve the Outcome of COVID-19: A Hypothesis of Work. Int. J. Mol. Sci.
2020, 21, 3104. [CrossRef]

60. Zhu, F.; Du, B.; Xu, B. Anti-inflammatory effects of phytochemicals from fruits, vegetables, and food legumes: A review. Crit. Rev.
Food Sci. Nutr. 2018, 58, 1260–1270. [CrossRef] [PubMed]

61. Kaluza, J.; Harris, H.R.; Linden, A.; Wolk, A. Long-term consumption of fruits and vegetables and risk of chronic obstructive
pulmonary disease: A prospective cohort study of women. Int. J. Epidemiol. 2018, 47, 1897–1909. [CrossRef]

62. Kaluza, J.; Larsson, S.C.; Orsini, N.; Linden, A.; Wolk, A. Fruit and vegetable consumption and risk of COPD: A prospective
cohort study of men. Thorax 2017, 72, 500–509. [CrossRef]

63. Butler, M.J.; Barrientos, R.M. The impact of nutrition on COVID-19 susceptibility and long-term consequences. Brain Behav.
Immun. 2020, 87, 53–54. [CrossRef]

64. Torpy, J.M.; Lynm, C.; Glass, R.M. JAMA patient page. Eating fish: Health benefits and risks. JAMA 2006, 296, 1926. [CrossRef]
[PubMed]

65. Sidhu, K.S. Health benefits and potential risks related to consumption of fish or fish oil. Regul. Toxicol. Pharmacol. 2003, 38,
336–344. [CrossRef]

66. De Luis, D.A.; Armentia, A.; Aller, R.; Asensio, A.; Sedano, E.; Izaola, O.; Cuellar, L. Dietary intake in patients with asthma:
A case control study. Nutrition 2005, 21, 320–324. [CrossRef] [PubMed]

67. Tabak, C.; Wijga, A.H.; de Meer, G.; Janssen, N.A.; Brunekreef, B.; Smit, H.A. Diet and asthma in Dutch school children (ISAAC-2).
Thorax 2006, 61, 1048–1053. [CrossRef] [PubMed]

68. Lemoine, S.C.; Brigham, E.P.; Woo, H.; Hanson, C.K.; McCormack, M.C.; Koch, A.; Putcha, N.; Hansel, N.N. Omega-3 fatty acid
intake and prevalent respiratory symptoms among U.S. adults with COPD. BMC Pulm. Med. 2019, 19, 97. [CrossRef]

69. Schwingshackl, L.; Hoffmann, G. Mediterranean dietary pattern, inflammation and endothelial function: A systematic review
and meta-analysis of intervention trials. Nutr. Metab. Cardiovasc. Dis. 2014, 24, 929–939. [CrossRef]

70. Steck, S.; Shivappa, N.; Tabung, F.; Harmon, B.; Wirth, M.; Hurley, T.; Hebert, J. The dietary inflammatory index: A new tool for
assessing diet quality based on inflammatory potential. Digest 2014, 49, 1–10.

71. Arvaniti, F.; Priftis, K.N.; Papadimitriou, A.; Papadopoulos, M.; Roma, E.; Kapsokefalou, M.; Anthracopoulos, M.B.; Panagiotakos,
D.B. Adherence to the Mediterranean type of diet is associated with lower prevalence of asthma symptoms, among 10–12 years
old children: The PANACEA study. Pediatr. Allergy Immunol. 2011, 22, 283–289. [CrossRef]

72. Ardestani, M.E.; Onvani, S.; Esmailzadeh, A.; Feizi, A.; Azadbakht, L. Adherence to Dietary Approaches to Stop Hypertension
(DASH) Dietary Pattern in Relation to Chronic Obstructive Pulmonary Disease (COPD): A Case-Control Study. J. Am. Coll. Nutr.
2017, 36, 549–555. [CrossRef]

73. Scoditti, E.; Massaro, M.; Garbarino, S.; Toraldo, D.M. Role of Diet in Chronic Obstructive Pulmonary Disease Prevention and
Treatment. Nutrients 2019, 11, 1357. [CrossRef]

74. Tabak, C.; Feskens, E.J.; Heederik, D.; Kromhout, D.; Menotti, A.; Blackburn, H.W. Fruit and fish consumption: A possible
explanation for population differences in COPD mortality (The Seven Countries Study). Eur. J. Clin. Nutr. 1998, 52, 819–825.
[CrossRef]

75. Walda, I.C.; Tabak, C.; Smit, H.A.; Räsänen, L.; Fidanza, F.; Menotti, A.; Nissinen, A.; Feskens, E.J.; Kromhout, D. Diet and 20-year
chronic obstructive pulmonary disease mortality in middle-aged men from three European countries. Eur. J. Clin. Nutr. 2002, 56,
638–643. [CrossRef]

http://doi.org/10.1155/2020/3490635
http://www.ncbi.nlm.nih.gov/pubmed/32309429
http://doi.org/10.3928/24748307-20190225-01
http://doi.org/10.1093/heapro/daaa033
http://www.ncbi.nlm.nih.gov/pubmed/32267935
http://doi.org/10.3390/ijerph17228598
https://ncov.moh.gov.vn/
http://doi.org/10.1016/j.it.2020.10.004
http://doi.org/10.3945/an.112.002154
http://doi.org/10.1017/S0007114520003311
http://www.ncbi.nlm.nih.gov/pubmed/32843118
http://doi.org/10.1161/CIRCRESAHA.119.314944
http://www.ncbi.nlm.nih.gov/pubmed/31219752
http://doi.org/10.3390/ijms21093104
http://doi.org/10.1080/10408398.2016.1251390
http://www.ncbi.nlm.nih.gov/pubmed/28605204
http://doi.org/10.1093/ije/dyy178
http://doi.org/10.1136/thoraxjnl-2015-207851
http://doi.org/10.1016/j.bbi.2020.04.040
http://doi.org/10.1001/jama.296.15.1926
http://www.ncbi.nlm.nih.gov/pubmed/17047221
http://doi.org/10.1016/j.yrtph.2003.07.002
http://doi.org/10.1016/j.nut.2004.06.027
http://www.ncbi.nlm.nih.gov/pubmed/15797673
http://doi.org/10.1136/thx.2005.043034
http://www.ncbi.nlm.nih.gov/pubmed/16244092
http://doi.org/10.1186/s12890-019-0852-4
http://doi.org/10.1016/j.numecd.2014.03.003
http://doi.org/10.1111/j.1399-3038.2010.01113.x
http://doi.org/10.1080/07315724.2017.1326858
http://doi.org/10.3390/nu11061357
http://doi.org/10.1038/sj.ejcn.1600653
http://doi.org/10.1038/sj.ejcn.1601370


Nutrients 2021, 13, 3258 13 of 13

76. Schröder, H.; Marrugat, J.; Vila, J.; Covas, M.I.; Elosua, R. Adherence to the traditional mediterranean diet is inversely associated
with body mass index and obesity in a spanish population. J. Nutr. 2004, 134, 3355–3361. [CrossRef] [PubMed]

77. Caprara, G. Mediterranean-Type Dietary Pattern and Physical Activity: The Winning Combination to Counteract the Rising
Burden of Non-Communicable Diseases (NCDs). Nutrients 2021, 13, 429. [CrossRef]

78. Rosato, V.; Temple, N.J.; La Vecchia, C.; Castellan, G.; Tavani, A.; Guercio, V. Mediterranean diet and cardiovascular disease:
A systematic review and meta-analysis of observational studies. Eur. J. Nutr. 2019, 58, 173–191. [CrossRef] [PubMed]

79. Zhou, G.; Liu, H.; He, M.; Yue, M.; Gong, P.; Wu, F.; Li, X.; Pang, Y.; Yang, X.; Ma, J.; et al. Smoking, leisure-time exercise and
frequency of self-reported common cold among the general population in northeastern China: A cross-sectional study. BMC
Public Health 2018, 18, 294. [CrossRef]

80. Kostka, T.; Berthouze, S.E.; Lacour, J.; Bonnefoy, M. The symptomatology of upper respiratory tract infections and exercise in
elderly people. Med. Sci. Sports Exerc. 2000, 32, 46–51. [CrossRef] [PubMed]

81. Nieman, D.C.; Wentz, L.M. The compelling link between physical activity and the body’s defense system. J. Sport Health Sci. 2019,
8, 201–217. [CrossRef] [PubMed]

82. Fletcher, G.F.; Landolfo, C.; Niebauer, J.; Ozemek, C.; Arena, R.; Lavie, C.J. Promoting Physical Activity and Exercise: JACC
Health Promotion Series. J. Am. Coll. Cardiol. 2018, 72, 1622–1639. [CrossRef]

83. Pape, K.; Ryttergaard, L.; Rotevatn, T.A.; Nielsen, B.J.; Torp-Pedersen, C.; Overgaard, C.; Bøggild, H. Leisure-Time Physical
Activity and the Risk of Suspected Bacterial Infections. Med. Sci. Sports Exerc. 2016, 48, 1737–1744. [CrossRef]

84. Nasi, M.; Patrizi, G.; Pizzi, C.; Landolfo, M.; Boriani, G.; Dei Cas, A.; Cicero, A.F.G.; Fogacci, F.; Rapezzi, C.; Sisca, G.; et al. The role
of physical activity in individuals with cardiovascular risk factors: An opinion paper from Italian Society of Cardiology-Emilia
Romagna-Marche and SIC-Sport. J. Cardiovasc. Med. (Hagerstown) 2019, 20, 631–639. [CrossRef] [PubMed]

85. Mattioli, A.V.; Sciomer, S.; Moscucci, F.; Maiello, M.; Cugusi, L.; Gallina, S.; Dei Cas, A.; Lombardi, C.; Pengo, M.; Parati, G.;
et al. Cardiovascular prevention in women: A narrative review from the Italian Society of Cardiology working groups on
‘Cardiovascular Prevention, Hypertension and peripheral circulation’ and on ‘Women Disease’. J. Cardiovasc. Med. (Hagerstown)
2019, 20, 575–583. [CrossRef] [PubMed]

86. Vieira, S.M.; Pagovich, O.E.; Kriegel, M.A. Diet, microbiota and autoimmune diseases. Lupus 2014, 23, 518–526. [CrossRef]
87. Haspel, J.A.; Anafi, R.; Brown, M.K.; Cermakian, N.; Depner, C.; Desplats, P.; Gelman, A.E.; Haack, M.; Jelic, S.; Kim, B.S.; et al.

Perfect timing: Circadian rhythms, sleep, and immunity—An NIH workshop summary. JCI Insight 2020, 5. [CrossRef]
88. Shams-White, M.M.; Chui, K.; Deuster, P.A.; McKeown, N.M.; Must, A. Investigating Items to Improve the Validity of the

Five-Item Healthy Eating Score Compared with the 2015 Healthy Eating Index in a Military Population. Nutrients 2019, 11, 251.
[CrossRef] [PubMed]

http://doi.org/10.1093/jn/134.12.3355
http://www.ncbi.nlm.nih.gov/pubmed/15570037
http://doi.org/10.3390/nu13020429
http://doi.org/10.1007/s00394-017-1582-0
http://www.ncbi.nlm.nih.gov/pubmed/29177567
http://doi.org/10.1186/s12889-018-5203-5
http://doi.org/10.1097/00005768-200001000-00008
http://www.ncbi.nlm.nih.gov/pubmed/10647528
http://doi.org/10.1016/j.jshs.2018.09.009
http://www.ncbi.nlm.nih.gov/pubmed/31193280
http://doi.org/10.1016/j.jacc.2018.08.2141
http://doi.org/10.1249/MSS.0000000000000953
http://doi.org/10.2459/JCM.0000000000000855
http://www.ncbi.nlm.nih.gov/pubmed/31436678
http://doi.org/10.2459/JCM.0000000000000831
http://www.ncbi.nlm.nih.gov/pubmed/31246698
http://doi.org/10.1177/0961203313501401
http://doi.org/10.1172/jci.insight.131487
http://doi.org/10.3390/nu11020251
http://www.ncbi.nlm.nih.gov/pubmed/30678099

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population and Data Collection Procedure 
	Measurements 
	COVID-19-like Symptoms 
	Healthy Eating Behaviors 
	Physical Activity 
	Covariates 

	Statistical Analysis 

	Results 
	Participant Characteristics Stratified by Suspected COVID-19 Symptoms 
	Associations of Food Frequency, Healthy Eating Score, and Physical Activity with COVID-19-like Symptoms 
	Interactions between Physical Activity and Healthy Eating Behavior 

	Discussion 
	Conclusions 
	References

