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Abstract

Objective: To investigate the knowledge, attitudes and practices (K-A-P) about
food safety and nutrition in Chinese adults who were recruited to the online survey
during the epidemic of corona virus disease 2019 (COVID-19).

Design: Participants were recruited by an online snowball sampling method. An
electronic questionnaire was sent to our colleagues, students, friends, other
professionals and their referrals helped us recruit more participants. The question-
naire included socio-demographic information, the attention paid to COVID-19,
K-A-P about food safety and nutrition. Multiple and logistic regression analyses
were used to explore related factors of K-A-P.

Subjects: Totally, 2272 participants aged 24-09 £ 9-14 years, from twenty-seven
provinces, autonomous districts or municipalities, with 18-3 % male and 83-4 %
with a medical background.

Results: The total possible knowledge score was 8-0, the average score was
5-2 + 1-6 and 4-2 % obtained 8:0. The total possible attitudes score was 8-0, the aver-
age score was 6-5 + 1-4 and 36-1 % obtained 8-0. The total possible food safety prac-
tices score was 5-0, the average score was 3-7 + 1-0 and 20-7 % obtained 5-0. During
this public emergency, 79-4 % participants changed diet habits, including increas-
ing vegetables, fruit and water intake and reducing sugary drinks and snacks.
Gender, age, educational and professional background, disease history, the atten-
tion paid to COVID-19 and related knowledge were associated with K-A-P.
Conclusion: There was room for the improvement of K-A-P in participants during
this public health emergency and further strengthening education about food
safety and nutrition is needed. Findings indicate that education should address
biased or misleading information and promote nutritious food choices and safe
food practices.
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At the beginning of 2020, there was an outbreak of pneu-
monia caused by novel coronavirus infection in China,
which seriously affected the normal work and life of res-
idents and posed a serious threat to people’s health®>?.
Virus virulence, personal susceptibility and immunity
are the key determinants of the disease during the expo-
sure to the novel coronavirus virus®. Good personal
nutrition condition can reduce the risk of infection and
improve the prognosis of the disease™®. The Chinese
Nutrition Society and the Chinese Medical Association
announced a series of dietary nutrition recommendations
and guidelines for the prevention and treatment of the
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corona virus disease 2019 (COVID-19)®~7. Nutrition
experts in China have also carried out timely food safety
and nutrition education on various platforms and media,
hoping to draw attention to food safety, nutrition and a
healthy lifestyle’®®. The purpose of this study is to inves-
tigate the knowledge, attitudes and practices (K-A-P)
about food safety and nutrition in Chinese adults who
were recruited to the online survey during the outbreak
period of COVID-19 and to explore the necessity and
feasible measures to promote the application of
relevant professional knowledge during public health
emergencies.
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Methods

Participants

People at all levels of the society, aged 18 years or above,
who were volunteering to participate in the survey were
eligible in this study. An electronic questionnaire was
designed to obtain information from the participants in
terms of ‘Questionnaire Star’ which is a mobile app for
online questionnaire. On the first page of the questionnaire,
there was an informed consent of this survey. Each partici-
pant could not fill in the online questionnaire until he has
marked ‘agree’ to the informed consent. Subjects who were
invited but not willing to participant the survey, they just
needed to mark ‘disagree’ and then they would leave the
‘Questionnaire Star’. Participants were recruited by an on-
line snowball sampling method. The link of ‘Questionnaire
Star’ was sent to our colleagues, students, friends, other
professionals and their referrals helped us recruit more
participants. This study was approved by the ethics com-
mittee of ‘Shanghai University of Medicine and Health
Sciences’.

Questionnaire

The questionnaire was designed by ourselves, and the con-
tents, structure and logicality of the questionnaire were dis-
cussed by experts in nutrition and epidemiology. Among
the WeChat contacts of investigation group members, thirty
people were selected for pre-investigation, and a repeated
investigation was made 1 week later, with the reliability
coefficient 7=0-886. The first part of the questionnaire
was general information, including gender, age, education
background, profession/specialty, place of residence and
disease history. The second part was the participants’ atten-
tion paid to information about COVID-19, including the
way (Four choices: the mainstream media; the official
account; various news clients and WeChat/personal micro-
blog), frequency and duration of attention to the epidemic
(Seven choices: basically not involved; 3-5 times/week,
<20 min/time; every day and <20 min/d; every day and
20-40 min/d; every day and 40-60 min/d; every day and
1-2 h/d; every day and more than 2 h/d) and the way to
obtain knowledge about nutrition and immunity. (Three
choices: no attention; passively received form the news
media or others; active obtaining information such as
searching from internet or books.) The participants gave
the answers based on the choices in the online question-
naire. The third part was about K-A-P of food safety and
nutrition during the epidemic, and all the information
was collected by multiple choice questions. In the knowl-
edge part, eight questions were asked to assess the partici-
pants’ nutrition knowledge. Scores were calculated as
1 point for each correct answer and 0 for error choices.
In the attitudes part, eight questions were asked to assess
food safety and nutrition attitudes. There were two choices
for each question, ‘yes’ and ‘no’ representing positive and
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negative attitudes, respectively. Scores were calculated as
1 point for each ‘yes’ and 0 for ‘no’. In the practices part,
there were five questions about food safety practices and
twenty questions about diet habit changes practices during
the outbreak of COVID-19. For food safety practices, the
participants were asked if they always or often cook at
home, eat raw food, extend the meat cooking time, regular
disinfection of kitchen utensils and eat separate dishes
among family members during the outbreak of COVID-
19. The answers to the five questions about food safety
practices were ‘yes’ or ‘no’ and 1 point for ‘yes’ and 0 for
‘no’. For diet habit changes, the participants were asked
to recall their diet changes in twenty common food cat-
egory intakes, compared with the same period of last year
(Chinese Spring Festival). The answers to each question
were ‘increased’, ‘unchanged’ or ‘decreased’, which were
calculated as 1, 0 or —1 point, respectively. The score of diet
habit changes was calculated as the sum of absolute values.
If the participants chose ‘increased’ or ‘decreased’ for one
food category, they will further be asked to select the rea-
son including restricted food materials by the COVID-19
epidemic or active change to prevent COVID-19.

Data collection

From 19:00, 26 February 2020 to 12:00, 29 February 2020,
the online survey was conducted using the network con-
venient snowball sampling method in terms of question-
naire star. The participants filled in the questionnaire
anonymously. The same IP address could only be used
once to respond to the survey request. The questionnaire
could not be submitted until all questions were completed.
At the same time, background monitoring was performed
to ensure the reliability of the data.

Statistical analysis

SPSS 22.0 was used for statistical analysis. The category var-
iables were expressed as frequency (percentage) and
numerical variables as mean*sp. Multiple regression
analysis was used to explore the factors that were associ-
ated with food safety and nutrition K-A-P. Age, gender,
educational background, medical background, medical
history, attention to COVID-19, attention to nutrition
and immunity knowledge, and place of residence during
COVID-19 outbreak were explored as associated factors
of K-A-P and taken into the models as independent varia-
bles. Logistic regression analysis was used to analyse the
associated factors of diet habit changes. Diet habit change
scores (two classification based on the median of the score
5: 1 = diet habit change score < 5, 2 = diet habit change
score > 5) were taken as the dependent variable in the
models and age, gender, education, medical history, place
of residence, whether medical background and other
factors such as attention to the COVID-19 epidemic and
nutrition knowledge were adjusted. A two-sided P < 0-05
was considered statistically significant.
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Table 1 Basic characteristics of the participants (n 2272)

Proportion

Variable n (%)
Age distribution

18- 2184 78-8

25— 518 18.7

50— 70 25
Gender

Male 507 183

Female 2265 81.7
Education background

Elementary, middle, and high school 165 6-0

Associate degree 975 345

Bachelor degree 1416 511

Master degree and above 234 84
With medical background or not

Yes 2313 83-4

No 459 16-6
Disease history

Yes 193 7-0

No 2579 93.
Attention to COVID-19

Basically not involved 70 2:5

3-5 times a week, within 20 min each 893 32.

time

<20 min/d 795 28.7

20—40 min/d 478 172

40-60 min/d 171 6-2

1-2h/d 199 7-2

More than 2 h/d 166 6-0
Attention to nutrition and immunity

knowledge

No attention 736 26-6

Passive attention 1656 59.7

Active attention 380 13-
Place of residence during COVID-19

outbreak

First-tier cities 1171 53.7

Other cities 1071 46-3
Results

Basic characteristics of the subjects
A total of 2772 eligible participants were included in this
survey, including 507 male (18:3%) and 2265 female
(81-7%). The participants came from twenty-seven prov-
inces, autonomous districts or municipalities of China with
an average age of 24-09 + 9-14 years. Basic characteristics
of the participants are shown in Table 1. The proportion
of participants aged 18-25 years was 78:8 %, and there
were 187 % aged 25-50 years. Among the participants,
59-5% had a bachelor’s degree or over, and 83-4 % had a
medical background. During the COVID-19 epidemic
period, 53-7% of the participants lived in first-tier cities
such as Beijing, Shanghai and Guangzhou and 46-3 % in
other areas. There were 7 % participants who had the his-
tory of CVD and cerebrovascular diseases, diabetes, hyper-
tension, cancer or other chronic diseases.

The participants obtained information about the
COVID-19 epidemic situation through diversified channels,
872% from the official microblog/WeChat/official
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account, 74-0 % from the mainstream media through The
Xinhua news Agency/CCTV/People’s Daily and 66-3 %
from the news push through various news clients and
WeChat/personal microblog. The frequency and duration
of attention were mostly 3-5 times per week, within
20 min each time and every day and <20 min/d on average,
accounting for 32:2 % and 28-7 % of the total participants,
respectively. During the COVID-19 epidemic period,
734% participants paid attention to nutrition and
immunity-related knowledge. Among them, 59-7 % pas-
sively received through news media or others, and 13-7 %
actively acquired through their own access to information
by Internet or books.

Awareness rate of nutrition knowledge

and its related factors

The total possible score of this part was 8, and the average
score was 5-21 + 1-57. There were 70-1 % participants who
answered half of the questions or more correctly and 4-2 %
obtained 8. They generally had a relatively good under-
standing of the Chinese balanced diet guidelines and
dietary pagoda, nutrition labels, nutrition characteristics
of food and other basic knowledge (Fig. 1). The awareness
rate of daily salt intake limit and immunity-related nutrients
was relatively low, <50%. Multiple regression analysis
showed that the nutrition knowledge scores were associ-
ated with gender, educational background, occupational
background, degree of attention paid to the COVID-19
epidemic, degree of attention paid to nutrition and
immunity-related knowledge and place of residence
(Table 2). Women’s understanding of nutrition knowledge
was better than that of men. Participants with higher edu-
cation, medical background, living in first-tier cities and
paying more attention to epidemic situation, nutrition and
immunity knowledge were more likely to get higher
scores (P < 0-05).

Food safety and nutrition attitudes of the
participants and its related factors

The total possible score of this part was 8, and the average
score was 6-52 = 1-41, among whom 36-1% obtained 8.
Among the eight questions, there were five closely related
to the COVID-19 epidemic, and 63-3 % participants chose a
positive attitude for all the five questions (Fig. 2). The total
attitudes scores were related to gender, age, educational
background, the degree of attention paid to the epidemic
situation and the degree of attention paid to the knowledge
related to nutrition and immunity (Table 3). With the
increase of age, participants were more likely to have pos-
itive attitudes towards food safety and nutrition, and wom-
en’s attitudes towards food safety and nutrition were
generally more positive than that of men. Participants,
who were highly educated, paid more attention to epi-
demic, nutrition and immunity-related knowledge and
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Fig. 1 Awareness rate of nutrition knowledge among the participants (n 2772)

Table 2 Multiple regression analysis on associated factors of
nutritional knowledge score

p Standard g P

Variable value value value
Age —0-001 —-0-005 0-846
Gender

Male - - -

Female 0-261 0-064 0-001
Education background

High school or below - - -

Associate degree 0-379 0-115 0-006

Bachelor degree 0-440 0-140 0-001

Master degree and above 0-735 0-130 <0-001
With medical background or not

No - - -

Yes 0-445 0-105 <0-001
Medical history

No - - -

Yes —-0-200 -0-032 0-093
Attention to COVID-19

Basically not involved - - -

3-5 times/week, <20 min/time 0-574 0-171 0-002

<20 min/d 0-758 0-218 <0-001

20-40 min/d 0-786 0-189 <0-001

40-60 min/d 0-753 0-115 <0-001

1-2h/d 0-641 0-105 0-002

More than 2 h/d 0-652 0-099 0-002
Attention to nutrition and

immunity knowledge

No attention - - -

Passive attention 0-645 0-202 <0-001

Active attention 0-843 0-185 <0-001
Place of residence during

COVID-19 outbreak
First-tier cities - - -
Other cities -0-416 -0-132 <0-001

were more likely to have positive attitudes towards food
safety and nutrition (P < 0-05).

Food safety and nutrition practices and its related
Sactors

The total possible score of food safety was 5, the average
score was 3-69 £ 0-96 and 20-7 % obtained 5. The propor-
tion of always or often cooking at home, not eating raw
food, extending meat cooking time and regular disinfection

of kitchen utensils was 96:0 %, 88-2 %, 84-2 % and 680 %,
respectively. But the proportion of eating separate dishes
among family members was only 32-5 %. Food safety prac-
tices were related to age, education background, disease
history, degree of attention paid to epidemic situation,
degree of attention paid to nutrition and immunity-related
knowledge and place of residence (Table 4). With the
increase of age, people were more likely to choose safe
dietary practices and having disease history, paying more
attention to epidemic situation, nutrition and immunity-
related knowledge and living in the first-tier cities were asso-
ciated with relatively safe dietary practices (P <0-05).
Participants with a bachelor’s degree or above had lower
food safety practices scores than those with high school
degree or below, although they had higher scores of knowl-
edge and attitudes on food safety and nutrition (P < 0-05).

According to their memory, 79-4 % participants changed
their diet habits during the COVID-19 epidemic period,
when compared with the same period in last year
(Chinese Spring Festival). Among the twenty common food
categories, the top ten food categories with increased or
decreased intakes by the participants during the COVID-
19 epidemic period and the reasons are shown in Figs 3
and 4. Among the food categories with increased intakes
by the participants, vegetables, water, tea and coffee, fruit
and whole grain were most common, with a proportion
over 20% for each category. The main reason for the
increase in vegetables, water, tea and coffee and fruit
intakes was active change of their diet habits to prevent
COVID-19, with the proportions of 68:3%, 81:9% and
78-9 % for each category, respectively. Among the food cat-
egories with decreased intakes by the participants, sea
cucumber, fish shrimp and crab, poultry meat, livestock
meat, sugary drinks and snacks were most common, with
a proportion over 20 % for each category. The proportion
of active decrease in sugary drinks and snacks was over
50 %, while the reason for decrease in other food categories
was both active change and restriction of food materials by
COVID-19.

Multiple logistic regression showed that participants
with elder age, paying more attention to nutrition and
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Think it is necessary for family members to separate meals

Think COVID-19 is related to wild animals

94-2

Willing to change eating habits to prevent COVID-19 874

Think improving nutrition can prevent COVID-19

Think nutrition is related to immunity

Willing to take advice on how to improve your diet

Think there are unreasonable factors in your eating behaviour

The best way to get nutrition is eating a balanced diet

94-3
97-5

96-6
PR T

0 50 100
Positive option rate %

Fig. 2 Food safety and nutrition attitudes v. option rate among the participants (n 2772)

Table 3 Multiple regression analysis of associated factors of food
safety and nutrition attitudes score

B Standard g P

Variable value value value
Age 0-012 0-080 0-005
Gender

Male - - -

Female 0-205 0-056 0-004
Education background

High school or below - - -

Associate degree 0-302 0-102 0-018

Bachelor degree 0-289 0-103 0-017

Master degree and above 0-472 0-093 0-001
With medical background or not

No - - -

Yes —-0-126 —0-033 0-164
Medical history

No - - -

Yes 0-072 0-013 0-518
Attention to COVID-19

Basically not involved - - -

3-5 times/week, <20 min/time 0-509 0-169 0-003

<20 min/d 0-589 0-189 0-001

20-40 min/d 0-645 0-173 <0-001

40-60 min/d 0-871 0-148 <0-001

1-2h/d 0-791 0-145 <0-001

More than 2 h/d 0-551 0-093 0-006
Attention to nutrition and

immunity knowledge

No attention - - -

Passive attention 0-255 0-089 <0-001

Active attention 0-244 0-060 0-006
Place of residence during

COVID-19 outbreak
First-tier cities - - -
Other cities 0-089 0-031 0-100

immunity-related knowledge and living in cities other than
the first-tier cities were more likely to change dietary habits
(Table 5). Food safety practices score was significantly asso-
ciated with food change practices, OR=1-204 (95% CI:
1-105, 1-312), adjusted for age, gender, education, medical
history, place of residence, whether medical background
and other factors such as attention paid to the COVID-19 epi-
demic and nutrition knowledge. People with higher scores
on food safety practices tended to change or adjust their diet
habits during the COVID-19 epidemic period.

Table 4 Multiple regression analysis of associated factors of food
safety practices score

B Standard s P

Variable value value value
Age —0-008 —0-080 0-003
Gender

Male - - -

Female -0-015 —0-006 0-749
Education background

High school or below - - -

Associate degree -0-132 —0-066 0-110

Bachelor degree -0-239 -0-125 0-002

Master degree and above —-0-505 -0-147 <0-001
With medical background or not

No - - -

Yes 0-110 0-043 0-060
Medical history

No - - -

Yes -0-236 —0-063 0-001
Attention to COVID-19

Basically not involved - - -

3-5 times/week, <20 min/time 0-259 0-126 0-022

<20 min/d 0-308 0-146 0-006

20-40 min/d 0-385 0-152 0-001

40-60 min/d 0-308 0-077 0-017

1-2h/d 0-454 0-123 <0-001

More than 2 h/d 0-422 0-105 0-001
Attention to nutrition and

immunity knowledge

No attention - - -

Passive attention 0-554 0-284 <0-001

Active attention 0-549 0-198 <0-001
Place of residence during

COVID-19 outbreak

First-tier cities - - -

Other cities —-0-124 —0-065 <0-001
Discussion

This study investigated the food safety and nutrition K-A-P
of Chinese residents and associated factors during the
COVID-19 epidemic. The participants generally paid atten-
tion to the epidemic situation and related information. They
had a relatively good K-A-P about food safety and nutrition,
but there was still room for the improvement of K-A-P.
Gender, age, educational background, occupational
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Fig. 3 The top ten food categories with increased intakes by the participants and reasons provided. Left. I, The top ten food
categories with decreased intakes by participants. Right. =, restricted food materials by COVID-19; active change to prevent

COVID-19
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Fig. 4 The top ten food categories with decreased intakes by the participants and reasons provided. Left: I, The top ten food
categories with increased intakes by participants. Right. [, restricted food materials by COVID-19; active change to prevent

COVID-19

background, disease history, degree of attention paid to the
epidemic, degree of attention paid to nutrition and immun-
ity knowledge and place of residence during the epidemic
were the main factors affecting food safety and nutrition K-
A-P. In addition, the COVID-19 epidemic has also restricted
the food access and choice of some residents.

With the progress of society and the improvement of liv-
ing standards, people pay more and more attention to food
safety and nutrition. The outline of the ‘Healthy China 2030’
plan also takes promoting and improving food safety and
nutrition status of Chinese residents as an important con-
tent and goal'?’. Researches have shown that food safety
and nutrition knowledge interventions can effectively
improve people’s understanding of relevant knowledge,
thereby promoting positive changes in attitudes and
practices™1?_ In addition, the education of relevant
knowledge is an effective way to improve the awareness
rate of relevant knowledge and promote the residents to
adopt a healthy lifestyle!?. There is limited research on
whether a major public health emergency, such as the epi-
demic of COVID-19 infection, will affect people’s

knowledge, attitudes and practices in relation to food safety
and nutrition. Our survey found that during the epidemic
period, residents had a high awareness rate of most
nutrition knowledge, and a high proportion of residents
changed their food safety and nutrition-related practices,
including active increase in the intakes of vegetables, fruits
and water and decrease in the intakes of sugary drinks and
snacks. We think public education on various media and
platforms contributed to these changes, as the attention
paid to nutrition and immunity knowledge was significantly
associated with food change score in the present study. At
the same time, it is also suggested that during major public
health emergencies, it is of great significance to address
biased or misleading information, correctly and actively
guide public opinions and it can bring a broader impact.
We should take this opportunity to further strengthen the
education on the safe and healthy lifestyles to the residents
at a time when people are paying more attention and
concern.

With the development of modern communications and
information technology, the residents have more access to
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Table 5 Logistic regression analysis of associated factors of food
change score

Variable OR 95 % ClI P value
Gender

Male - -

Female 1123 0.912,1.384 0-275
Age 1.020 1-007,1-033  0-003
Education background

High school or below - -

Associate degree 1.028 0-707,1-494 0-110

Bachelor degree 0-970 0-679, 1.387  0-869

Master degree and above 1.187 0-769, 1.831  0-439
With medical background or not

No - -

Yes 0-896 0-688,1-168 0-418
Medical history

No - -

Yes 1110 0.799,1-541  0-534
Attention to COVID-19

Basically not involved - -

3-5 times/week, <20 min/time 1.071 0-645,1.777  0-792

<20 min/d 1.312 0.789,2:182  0-296

20—40 min/d 1.359 0-806,2-293  0-250

40-60 min/d 1.091 0.612,1.944 0-767

1-2h/d 1.734 0-975,3-081  0-061

More than 2 h/d 1.600 0-888,2-883 0-118
Attention to nutrition and immunity

knowledge

No attention - -

Passive attention 1.321 1.096, 1.592  0-003

Active attention 1.204 1-105,1-312  0-002

Place of residence during
COVID-19 outbreak
First-tier cities

Other cities 1.496 1.280, 1-749 <0-001

information nowadays. In our study, the channels they
chose most were official Weibo/WeChat/Public Account,
followed by the mainstream media (e.g. Xinhua News
Agency/CCTV/People’s Daily), then various news client
news feeds and WeChat/personal microblog/Dou Yin. In
addition, residents’ knowledge, attitudes and practices
were also associated with gender, age, educational back-
ground, professional background, health status and living
area. Therefore, food safety and nutrition education must
also comprehensively consider the above-mentioned
related factors. We should adopt more diversified methods
and approaches for different populations. For example, the
Chinese nutrition society has conducted popular science
lectures on WeChat, Douyin, CCtalk and other platforms,
in addition to the mainstream media channels®?.

There are some limitations in our study. First, since in
such a special period, all participants were isolated at
home, we could only get information through online ques-
tionnaire using a snowball sampling method which led to
selection bias. Most of our participants were young women
with a medical background. They probably paid more
attention to epidemic situation and had good knowledge
and attitudes towards food safety and nutrition because
of professional backgrounds. This suggested that the food
safety and nutrition K-A-P of participants in our study were
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probably better than the actual average level of the whole
population. Second, participants with a bachelor’s degree
or above had lower scores of food safety practices than
those with high school degree or below, although they
had higher scores of knowledge and attitudes. We could
not analyse the reason of this phenomenon based on our
data. We speculated that it was probably because that par-
ticipants with higher education were more objective and
rational about the COVID-19 epidemic situation and were
not easy to change their practices deliberately.

In conclusion, during the epidemic of COVID-19, the
overall situation of participants’ food safety and nutrition
K-A-P is good in the present study, but there is still room
for improvement. The public education of food safety
and nutrition should be promoted as a regular work and
more widely implemented in various units and depart-
ments at the grass-roots level. Through a variety of flexible
methods and channels, healthy living information could be
more accessible to the general public in more fields.
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