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Preface to ”Effects and Implications of COVID-19 for

the Human Senses, Consumer Preferences, Appetite

and Eating Behaviour”

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) evolved into a global

pandemic in 2020. The assessment of coronavirus disease 19 (COVID-19) patients presented health

conditions including, in many cases, a mild to severe loss of smell and tasting abilities among patients.

Initial work has shown short- and likely longer-term negative effects on the human senses, with some

indications for effects on consumer preferences; however, as of yet, very little is known about the

impacts on eating behaviours and consequent longer-term effects on appetite.

Food enjoyment for example is a key aspect of people’s appetite, and any loss in expected

pleasure greatly affects our motivation to eat, potentially leading to persons affected by COVID-19

experiencing core changes in relation to their food intake practices, which may potentially have

long-term implications for health and recovery.

The aim of this Special Issue anthology was, for the first time, to bring together researchers with

key insights on how COVID-19 has impacted appetite and eating behaviours, from the fundamental

to the applicable, as assessed by human sensory perception and behaviour.

Overall, the research included in this collection is diverse and covers a wide range of

investigations in relation to the effects and implications of COVID-19 for the human senses, consumer

preferences, appetite and eating behaviour. Studies are included that explore issues from the

fundamentals of appetite and the senses to real world applicability regarding food choice, safety

perception and purchasing behavioural change as a result of the COVID-19 pandemic and its various

waves and lockdowns across the world.

The broad nature of the studies included emphasizes the importance and critical nature of the

inclusion of the human senses and consumer preference and behaviour in relation to addressing the

after effects of the COVID-19 pandemic and its implications.

An overall conclusion with respect to this collection would be that human senses, consumer

acceptance, and preferences are core to future food design, with respect to understanding COVID-19’s

effects on human perception effects on a global scale.

Derek V. Byrne

Editor
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Editorial

Effects and Implications of COVID-19 for the Human Senses,
Consumer Preferences, Appetite and Eating Behaviour: Volume I

Derek Victor Byrne 1,2

1 Food Quality Perception and Society Science Team, iSense Lab, Department of Food Science,
Faculty of Technical Sciences, Aarhus University, DK-8200 Aarhus, Denmark; derekv.byrne@food.au.dk

2 Food & Health Research, Sino-Danish Center (SDC), Niels Jensens Vej 2, DK-8000 Aarhus C, Denmark

1. Introduction

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) evolved into a
global pandemic in 2020 [1]. The assessment of coronavirus disease 19 (COVID-19) patients
has presented a health condition including, in many cases, a mild to severe loss of smell
and tasting abilities among patients, see, e.g., [2,3].

Initial work has shown short- and likely longer-term negative effects on the human
senses, with some indications for effects on consumer preferences; however, as of yet, very
little is known about the impacts on eating behaviours and consequent longer-term effects
on appetite (see [4]).

Food enjoyment is a key aspect of people’s appetite, and any loss in expected pleasure
greatly affects our motivation to eat, potentially leading to persons affected by COVID-19
to experience core changes in relation to their food intake practices, which may potentially
have long-term implications for health and recovery [5].

The aim of this Special Issue was, for the first time, to bring together researchers with
key insights on how COVID-19 has impacted appetite and eating behaviours, from the fun-
damental to the applicable, as assessed by human sensory perception and behaviour [6–17].

Through this call for publications, we wished to document and bring together ongoing
key research in order to ensure that this research has a lasting impact regarding our future
understanding of the measures developed to help and treat people affected during the
ongoing pandemic.

Moreover, we requested the inclusion of a range of research from fundamental effects
on the senses, to changes in consumer preferences all the way to how and why COVID-19
has changed consumer behaviours in relation to food and eating in the longer term [6–17].

The articles included have been categorized based on their core aims and findings, and
they cover research in relation to COVID-19 and the senses in four key areas, with respect
to appetite and eating behaviour [6–8], food choice and preference [9–11], the perception of
food risk and safety, [12–14] and finally to the effects on purchasing behaviour during and
after the initial waves of the COVID-19 pandemic [15–17]. This collection of articles is, in
essence, a time capsule of the wide focus and importance of sensory and consumer science
in the COVID-19 space thus far, and its highlighting of effects on societies senses, eating
practices and behaviours.

Ultimately, the goal was to publish the Special Issue collection as an open-source book
to act as a tool for understanding the long-term effects of COVID-19 on human health
related to food and eating issues. This endeavour is now complete with this group of
publications, now designated as Volume I on the ‘Effects and Implications of COVID-19
for the Human Senses, Consumer Preferences, Appetite and Eating Behaviour’. Due
to a continuously growing body of work on COVID-19 being submitted to the Sensory
and Consumer area of Foods, and to ensure we place a focus on the important work on
COVID-19 in the sensory sphere, we have determined that a Volume II of this book will be
curated and published in due course.

Foods 2022, 11, 1738. https://doi.org/10.3390/foods11121738 https://www.mdpi.com/journal/foods1
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2. A Synopsis of Special Issues Research

2.1. Appetite and Eating Behaviour Change

Thus, in relation to appetite and eating behaviour change, authors Høier et al. (2021) in-
vestigated subjective strategies for maintaining appetite in recovering COVID-19 patients [15].
The study involved in-depth interviews, focusing on patients suffering from the long-term
effects of COVID-19. The results were analysed using a thematic analysis for qualitative
data. The results on strategies for maintaining appetite included a focus on well-functioning
senses, a focus on familiar foods, a focus on the eating environment, and finally a focus on
post-ingestive well-being. Høier et al. (2021) found that factors prior to, during and after
food intake, as well as the context, could influence both the desire to eat and the pleasure
related to food intake [15]. Moreover, the authors indicated that, as ageusia and anosmia
make the characterization of food difficult, being able to recognize and memorize its flavour
was important to engage in consumption; under normal circumstances, the hedonic value
of food relies predominantly on the flavour of the food. When suffering from chemosensory
dysfunction, shifting focus towards the texture of food, including trigeminal stimulation
during consumption, was beneficial for maintaining appetite and food-related pleasure.
Furthermore, a focus on the holistic satisfying feelings of choosing healthy food, as well as a
focus on other people’s enjoyment during meals, were reported to boost well-being around
food intake. Høier et al. (2021) concluded that research elaborated our understanding of
the complex consequences of COVID-19 and can be applied in health-promoting initiatives
targeting patients recovering from COVID-19 [15].

Furthermore, regarding changes in eating behaviour, Chaaban et al. (2021) investigated
the acute and long-term effects of COVID-19 disease on the desire for food, hunger, and
satiety sensations; smell, taste, and flavour perception; meals and intake of food types;
and the frequency of commonly applied strategies to tackle potential changes in appetite
and sensory perception [14]. In this study, an online survey was conducted among Danish
adults who had experienced changes in appetite, sensory perception, and/or food-related
pleasure due to COVID-19 [14]. The overall results indicated appetite-altering effects at
all times during the day when suffering from COVID-19 and were often associated with
impaired sensory function. The authors also showed severe sensory perception alterations,
namely, for the perception of taste and for the perception of smell. Eating behavioural
changes included alteration in quantitative and qualitative aspects of intake. The effects
were, in general, more pronounced during the acute phase of disease than during the post-
acute phase. Chaaban et al. (2021) concluded that the findings illustrate the complexity by
which COVID-19 affects human appetite, sensory perception, and eating behaviour, but
also point to strategies to cope with these changes [14].

Finally, in relation to appetite, Parker et al. (2022) looked at parosmia (a distortion
in sense of smell) and its effects on food perception as a result of COVID-19. The aim of
this study was to identify the key food triggers of parosmic distortions and investigate the
relationship between distortion and disgust in order to establish the impact of parosmia on
diet and quality of life. The authors indicate that olfactory dysfunction is amongst many
symptoms of long COVID [6]. The authors contend that whilst most people that experience
smell loss post COVID-19 recover their sense of smell and taste within a few weeks, around
10% of cases experience long-term problems, and their smell recovery journey often begins
a few months later [6]. In the authors’ cross-sectional study, respondents experiencing
smell distortions completed a questionnaire covering aspects of smell loss, parosmia and
the associated change in valence of everyday items. It was determined that there was a
significant correlation between strength and disgust and when the selected items were
reported as distorted—they were described as either unpleasant or gag-inducing 84% of
the time. The authors concluded that this shift in valence associated with loss of expected
pleasure and the presence of strange tastes and burning sensations could certainly lead to
changes in eating behaviours and serious longer-term consequences for mental health and
quality of life [6].
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2.2. Food Choice and Preference Effects

In relation to food choice and preference changes as a result of COVID-19, Scacchi et al.
(2021) investigated how the Italian lockdown affected self-perceived food purchases (FP),
occurrence of impulse buying (IB), and household food waste production (HFWP) as well
as their respective determinants. A cross-sectional survey was distributed in May 2020,
collecting an opportunistic sample of the Italian population. Most of the sample increased
overall FP (53.4%) and food consumption (43.4%), and reduced HFWP (53.7%) and halved
the prevalence of IB (20.9%) compared to the period before the lockdown (42.5%) [16].
Baking ingredients, fresh vegetables, fresh fruit and chocolate had the largest sales increase
by individuals, while bakery products, fresh fish and salted snacks purchases highly
decreased. Increased FP were associated with the occurrence of IB and inversely associated
with not having worked during lockdown. Multivariable logistic regressions revealed
that the occurrence of IB was associated with low perceived dietary quality according to
the Emotional Overeating Questionnaire, and inversely associated with decreased HFWP.
Reduced HFWP was associated with higher perceived dietary quality and negatively
associated with a low score WHO-5 Well-Being Index [16]. Scacchi et al. (2021) concluded
that the Italian lockdown highly affected FC behaviours, leading to positive and more
sustainable habits towards food purchases and consumption. Public health interventions
are needed to keep these new positive effects and avoid negative consequences in case of
future lockdowns

In a study investigating trends in coffee and tea consumption during the COVID-19
pandemic, Castellana et al. (2021) mentioned that over the initial two years of the pandemic,
many countries have enforced confinement to limit both the spread of COVID-19 and the
demand for medical care. Confinement has of course resulted in a disruption of work
routines, boredom, depression, and changes in eating habits, as well as changes in the
consumption of coffee and tea. The authors indicate that beverage choices also contribute to
daily calorie intake and hydration, particularly so-called ‘nervine’ beverages such as coffee
and tea, in view of their purported potential to promote psychological well-being [17].
Castellana et al. (2021) investigated a large body of published studies in a database study,
examining articles tracking consumption of tea and coffee. The authors found studies
that indicated coffee consumption increased to some degree and tea consumption clearly
increased. The authors indicate that the lack of a strong trend in coffee consumption as the
result of the COVID-19 pandemic calls for additional investigation. Moreover, the authors
state that potential health implications should not be overlooked, especially since caffeine
consumption may directly or indirectly promote bronchodilation, interfere in the process
of immunomodulation, and hinder viral intracellular transcription while undergoing
COVID-19 infection [17]. In relation to tea, reflecting perhaps a discomfited mood and
the socially confining setting, the authors found a marked increase in tea consumption.
Tea is usually linked to routine and ritualized household consumption. Tea is historically
instrumental in bringing the family closer together and provides a platform for sharing. In
contrast, coffee consumption needed to be considered in a social, aesthetic and emotional
context. Therefore, Castellana et al. (2021) conclude that setting aside the social context,
the increased consumption of tea should be understood in emotional and family-related
settings. From this perspective, this beverage has long been associated with mood and
performance enhancements, such as a greater relaxation and concentration [17].

Finally, in relation to studies focused on food choice and preference changes as a result
of the COVID-19 pandemic, Górska et al. (2021) indicated that psychological factors and
restrictions imposed due to the pandemic may influence eating behaviours and physical
activity. With the above thesis in mind, questionnaire-based surveys were conducted
amongst residents of five European countries: Poland, Italy, Spain, Portugal and Great
Britain (England and Scotland). A structured questionnaire was used to conduct anony-
mous internet surveys in 2020. It contained questions pertaining to sociodemographic data,
eating behaviours, the impact of the pandemic on the diet and physical activity [11]. The
questionnaire was made available to Internet users across the five countries. Górska et al.
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(2021) found that age was the parameter that impacted changing eating behaviours to the
largest extent during the pandemic. It was also found that during the pandemic, regular
consumption of meals was most dependent on various factors. The negative impact of the
pandemic within this scope was most profound amongst women, city residents regardless
of gender and people over 35 years of age. A change in the frequency of consumption of
selected product groups during the pandemic was also observed. A reduced consumption
of meat and fish was identified [11], in particular, among people under 35 living in Portugal,
where almost half declared lower consumption of meat, and more than half reported lower
consumption of fish. In an analysis of the results, the authors also showed an increase in the
consumption of products with lower nutritional values, particularly amongst people under
35 years of age and also amongst residents of Great Britain (regardless of age). Moreover,
the authors indicated that results showed that the pandemic may have had an impact on
weight reduction [11]. Górska et al. (2021) survey results showed that the impact of the pan-
demic on eating behaviours was particularly profound when it came to meal consumption
regularity. Changes to the consumption of products with lower nutritional values, which
may decrease immunity, were also found during the pandemic. In conclusion, Górska et al.
(2021) showed that the problem associated with consuming products with lower nutritional
values was particularly evident amongst people under 35. Considering the global character
of SARS-CoV-2 transmission, further research is necessary to determine its impact on the
diet, nutritional status and physical activity [11].

2.3. Food Risk and Safety Perception

In a study focusing on food risk and safety perception as a result of COVID-19, Van-
denhaute et al. (2022) looked specifically at safety measures in the food service sector and
consumers’ attitudes and transparency perceptions at three different stages of the pandemic.
Vandenhaute et al. (2022) indicate the study aims to examine consumers’ attitudes towards,
and transparency perceptions of, COVID-19-related safety measures and to identify deter-
minants of consumers’ intentions and behaviours regarding visiting restaurants and bars
once reopened [7]. By surveying food service businesses in Belgium both during and in be-
tween waves of infections, the authors’ study allowed for a comparison between both target
groups, i.e., 1697 consumers and 780 businesses. Vandenhaute et al. (2022) describe that the
findings demonstrate that consumers evaluated safety measures as important when revisit-
ing restaurants and bars, against business owners’ expectations [7]. Both consumers’ revisit
intentions and behaviours are influenced by the perceived importance of hygiene measures
(negatively) and past visit frequency (positively). These authors concluded that the study
highlights the importance of good compliance with safety measures as a strategy to attract
customers during the reopening period. Further, the findings emphasize the importance of
transparent communication by food service businesses and the government [7].

Moreover, Cantalapiedra et al. (2022) in their paper, “Facing Food Risk Perception:
Influences of Confinement by SARS-CoV-2 Pandemic in Young Population”, indicate a
new food safety level of trust in food risk perception has been noticed, as a consequence
of the SARS-CoV-2 pandemic. The pandemic encouraged a review of nutritional recom-
mendations for the population, mainly for the young population. Here, the results of a
survey designed for a young population, from the University of Valencia, Spain, in the
health branch, and in charge of carrying out the shopping task for their household, were
reported. The study reports three different scenarios and years, as defined by the SARS-
CoV-2 pandemic: before the pandemic (the period of January–December 2019), during
the pandemic lockdown (the period of March 2020–August 2020), and after the pandemic
lockdown (the period of September 2020–June 2021) [8]. Cantalapiedra et al.’s (2022)
survey was designed with questions, profiling responses using the best–worst elicitation
(BWE) format. Results reported that trust and evaluation of information differed in all
three scenarios. Results reported that trust and evaluation of information differed in all
three scenarios. In the SARS-CoV-2 pandemic, there was a high increase in trust in the
information provided ‘inside’ by the shopping location, while there were no changes for
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the ‘outside’; trust in cooperative stakeholders went from a medium-low to medium-high
score, while, for individual stakeholders, it was maintained as a medium score, and trust
in information on food products was kept at high score [8]. The authors indicate that,
regarding the evaluation of the information provided by stakeholders, a tendency towards
a maintaining a medium score was seen, while that from the channels of distribution
went from medium-low to medium-high for buying on-site. A uniform tendency was
observed for online/other distribution channels for all three years and descriptors studied:
“Internet”, “Farmer on-demand”, and “Cooperative consumers” (<50%). In summation,
Cantalapiedra et al. (2022) stated that their research provides findings of implications that
contribute to the changing the perception of food risk, due to the COVID-19 pandemic,
i.e., the adaptation of the young population, trust in safety and quality, and importance of
coordination from all communication points to avoid negative or strong consequences, in
case of future lockdowns or health crises [8].

Lastly, around food risk and safety perception in this collection, Li et al. (2021) investi-
gated trends in food preferences and sustainable behaviour in Spanish consumers during
the COVID-19 lockdown. The authors indicate that the research not only investigates trends
in Spanish consumers’ general food shopping and consumption habits during the lock-
down, but also investigates these trends from the perspective of sustainable purchasing [10].
Specifically, total food consumption (C), food expenditure (E), and purchase of food with
sustainable attributes (S) were measured. Data were collected from a semi-structured ques-
tionnaire which was distributed online among 1203 participants. Li et al. (2021) describe
how logit models showed that gender, age, employment status, and consumers’ experiences
were associated with total food consumption and expenditure during the lockdown. In
addition, Li et al. (2021) state that consumers’ risk perceptions, shopping places, trust
level in information sources, and risk preference were highly essential factors influencing
consumers’ preferences and sustainable behaviour. Consumers’ objective knowledge re-
garding COVID-19 was related to expenditure. Furthermore, family structure only affected
expenditure, while income and place of residence influenced food consumption. Mood was
associated with expenditure and the purchase of sustainable food. Household size affected
purchasing behaviour towards food with sustainable attributes. Li et al. (2021) summaries
that this research provides references for stakeholders that help them to adapt to the new
COVID-19 situation [10].

2.4. Purchasing Behaviour and Decisions

The final grouping of works in the present collection covers purchasing behaviour
and decisions as affected by the COVID-19 pandemic. Qi et al. (2021) looked at explaining
Chinese consumers’ green food purchase intentions during the COVID-19 pandemic via
an extended theory of planned behaviour [12]. The authors indicate that as a result of
the COVID-19 pandemic, consumers’ habits and behaviours have been strongly influ-
enced, potentially creating a more sustainable and healthier era of consumption. Hence,
the authors conclude there is a potential for further expanding the green food sector in
China [12]. Qi et al. (2021) present that the theory of planned behaviour (TPB) is a widely
used framework to explain consumers’ food choices. The authors state that considering
consumers’ internal norms, their perceptions of green food attributes, and the shifting
consumer behaviour, their study has extended the TPB framework (E-TPB) by adding
constructs of moral attitude, health consciousness, and the impact of COVID-19 (IOC).
Qi et al. (2021) analysed the results of structural equation modelling among 360 functional
samples, revealing that the E-TPB model has a superior explanatory and predictive power
compared with the original TPB model regarding Chinese consumers’ green food buying
intentions in the current and post-pandemic periods [12]. The authors’ path analysis (a
form of multiple regression statistical analysis that is used to evaluate causal models by
examining the relationships between a dependent variable and two or more independent
variables) demonstrated that attitude, perceived behavioural control, moral attitude, health
consciousness, and IOC have significant positive effects on green food purchase inten-
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tions. In conclusion, however, the authors state that the association between subjective
norm and purchase intention varies within the TPB and E-TPB models, which showed a
non-significant impact in E-TPB. Overall, Qi et al. (2021) indicate that these findings can
generate more suitable managerial implications to promote green food consumption in
China during the current and post-pandemic periods [12].

A second investigation in this space looked at COVID-19′s first wave, regarding an
examination of the pandemic’s impact on food purchasing behaviour in the Eurozone [13].
Gutiérrez-Villar et al. (2021) present that COVID-19 has had a negative impact on the living
conditions of people in all countries worldwide. With a devastating economic crisis where
many families are finding it difficult to pay bills and make ends meet, increases in the
prices of food basket staples can be very worrying. Their study examines the relationship
between the incidence of the pandemic during the first wave in 16 Eurozone countries with
the variation experienced in food prices [13]. Gutiérrez-Villar et al. (2021) analysed the
harmonised index of consumer food prices (included in HICP) and the classification of
the degree of pandemic impact by country, the latter established with the index of deaths
provided by the Johns Hopkins Center [13]. The procedure the authors used compared
actual food prices during the first wave (March to June 2020) with those foreseeable in
the absence of the pandemic. Time series analysis was used, dividing the research period
into two phases. Gutiérrez-Villar et al. (2021) indicated that in both phases, the Holt–
Winters model was applied for estimation and subsequent prediction. After a contrast
using Kendall’s tau correlation index, Gutiérrez-Villar et al. (2021) concluded that in the
countries with the highest death rates during the first wave, there was a higher increase in
food prices than in the least affected countries of the Eurozone [13].

Lastly, in this collection, Jun et al. (2022) looked at how customer decisions were
influenced to use online food delivery services during the COVID-19 pandemic. The
authors contend that despite the popularity of online food delivery systems in the food
service industry, there have been few studies into customers’ decision-making process
to use online food delivery services during the COVID-19 pandemic. Jun et al.’s (2022)
study applied the technology acceptance model (TAM) to examine the factors affecting
customers’ intention to use online food delivery services [9]. Authors results showed that
perceived usefulness affects customer’s online food delivery usage directly and indirectly
through customer attitude; enjoyment and trust are also key factors determining behaviour
intention toward customer attitude using online food delivery services, and that there is
a positive relationship between social influence and customer attitude in addition to a
positive relationship between customer attitude and behaviour intention in the online food
delivery service context [9]. Jun et al. (2022) conclude that these findings provide theoretical
and managerial implications that contribute to the online food delivery service industry [9].

3. Conclusions

Overall, the research included in this Special Issue collection is diverse and covers
a wide range of investigations in relation to the effects and implications of COVID-19
for the human senses, consumer preferences, appetite and eating behaviour. Studies are
included from the fundamentals of appetite and the senses on to real world applicability
regarding food choice, safety perception and purchasing behavioural change as a result of
the COVID-19 pandemic and its various waves and lockdowns across the world.

The diverse nature of the studies included in this Special Issue emphasizes the impor-
tance and critical nature of the inclusion of the human senses and consumer preference
and behaviour in relation to addressing the after effects of the COVID-19 pandemic and
its implications.

An overall conclusion with respect to this article collection would be that the human
senses, consumer acceptance, and preferences are core to future food design, with respect
to understanding COVID-19’s effects on human perception effects on a global scale.
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Abstract: Olfactory dysfunction is amongst the many symptoms of Long COVID. Whilst most people
that experience smell loss post COVID-19 recover their sense of smell and taste within a few weeks,
about 10% of cases experience long-term problems, and their smell recovery journey often begins a
few months later when everyday items start to smell distorted. This is known as parosmia. The aim of
this study was to identify the key food triggers of parosmic distortions and investigate the relationship
between distortion and disgust in order to establish the impact of parosmia on diet and quality of
life. In this cross-sectional study (n = 727), respondents experiencing smell distortions completed
a questionnaire covering aspects of smell loss, parosmia and the associated change in valence of
everyday items. There was a significant correlation between strength and disgust (p < 0.0001), and
when the selected items were reported as distorted, they were described as either unpleasant or
gag-inducing 84% of the time. This change in valence associated with loss of expected pleasure
and the presence of strange tastes and burning sensations must certainly lead to changes in eating
behaviours and serious longer-term consequences for mental health and quality of life.

Keywords: COVID-19; olfactory distortions; parosmia; trigger foods; disgust; valence

1. Introduction

Sense of smell guides our selection and appreciation of food and plays a dominant
role in flavour perception [1]. When that sense is missing or impaired, the consequences are
far-reaching. The impact of olfactory dysfunction on diet, quality of life, and interpersonal
relationships is well-documented [2]; never more so as witnessed poignantly during the
COVID-19 pandemic, with olfactory loss recognised worldwide as one of the official
symptoms of COVID-19. Burges Watson et al. identified from a co-created study, based on
social media posts of those with post-COVID-19 alterations in taste and smell, three broad
concerns: (i) a radically altered experience of food and eating, (ii) difficulty in making sense
of the altered experience, and (iii) altered relationships to the world [3]. They concluded
that in cases where the sense of smell is not recovered within 2–3 weeks, the effect is not
mild, given that it may last for months, and it has “serious implications for food, eating,
health, work and well-being”.

Prior to the COVID-19 pandemic, olfactory disorders were a largely unrecognised
problem, even though they prevailed in up to 23% of the population [4]. Such disorders
are a known consequence of viral illness or infection [5] and are often referred to as post-
infectious or post-viral olfactory dysfunction. In long-term cases (experienced by about
10% of all COVID-19 cases), there is an initial loss of sense of smell (anosmia), and as the
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recovery process begins, typically 2–3 months after the initial loss [6], many experience
qualitative olfactory disorders. Parosmia is one such qualitative disorder which alters
an individual’s perception of odours in such a way that every day smells are commonly
described as “distorted”. These distortions are often associated with strong dislike or
disgust and can persist in some cases for up to 10 years [7]. In extreme cases of parosmia,
some triggers can provoke nausea and vomiting [8]. However, it is generally recognised
as a sign of recovery and has been identified recently as an independent predictor for
complete recovery [9].

We present here the impact of this condition on the perception of food within the
greater context of the onset, symptoms, and duration of COVID-19-related olfactory dis-
orders. The main aim of this investigation is to examine the late-emerging pattern of
qualitative olfactory dysfunction and its effect on the perception of common foods and
beverages. Our focus in this paper is on parosmia, the foods that trigger the distortions asso-
ciated with parosmia and, in particular, on trying to understand the relationships between
distortion and disgust. We explore differences between cases which are post-COVID-19
and cases which were attributed to other viral infections, and investigate characteristics of
parosmia. An explanation of the aetiology of the disease is important in understanding the
impact on food; hence, the first part of this paper will address these biomedical issues.

2. Materials and Methods

2.1. Ethics and Recruitment

All subjects gave their informed consent for inclusion before they participated in the
study. The investigations were carried out following the rules of the Declaration of Helsinki
of 1975, and the protocol was approved by the School of Chemistry, Food and Pharmacy
Research ethics committee of the University of Reading on 10 June 2020 (study number
29.2020). It was registered under the US Library of Medicine as trial NCT04868435.

This is a cross-sectional study. Participants were recruited through ENT clinics, Face-
book (AbScent Parosmia and Phantosmia Support group and personal accounts), and
Twitter between 19 June 2020 and 5 September 2021. Volunteers aged 18 or over who were
experiencing smell distortions or for whom everyday things smelled different, odd, or
disgusting were invited to participate in the fully anonymised survey. Entry into the study
was dependent on the participants completing a standard unlinked online consent form
which then took them to the survey landing page. Participation in this online study was
voluntary, and respondents received no remuneration. The survey was carried out on
Compusense (West Guelph, ON, Canada).

2.2. The Questionnaire

After completing the consent form, respondents completed the six-part survey. De-
mographic data (age, gender, country of residence, ethnic group, and smoking status)
were collected in Section 1, whilst Section 2 asked questions about the speed, timings,
and aetiology of the respondents’ initial loss of smell (anosmia). They were asked when
they lost their sense of smell (date) and the likely aetiology of their symptoms (COVID-19,
other viral illness, accident (including head or brain injury), unexplained (or idiopathic), or
other/do not know). If the cause was COVID-19 or another viral infection, the speed of
loss was reported as one of 4 categories: very suddenly before the onset of other symptoms
of infection, very suddenly during infection, very suddenly after infection, or gradually. In
cases where it was attributed to COVID-19, further questions were asked about diagnosis
(PCR, antibody test, or no test) and severity. Section 3 asked about the onset of parosmia,
whether it had been preceded by any partial or full recovery of the sense of smell (none, a
few hints, any partial or full recovery), and whether the symptoms fluctuated significantly
(four categories: no fluctuation, infrequent or minor fluctuations, significant daily random
fluctuations, significant but generally get better during the day). In Section 4, respondents
were asked to indicate whether they could taste salt and sugar (three categories: taste as
normal, taste weaker, or cannot taste), whether they could detect heat in spices (yes/no),
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and whether they had experienced any metallic taste (yes/no) or burning sensations in
their nose or throat (yes/no).

The core survey (Section 5) concerned the respondents’ perception of 14 foods (re-
ferred to as the 14 “set triggers”) which had been pre-selected based on data from other
studies [8,10]. Onion, meat, coffee, and eggs were selected on the basis of being among
the most commonly reported trigger foods for parosmia. Chocolate, peanuts, bacon, fried
foods, peppers, cucumber, and melon were selected because they were known but less
frequent triggers, whereas butter, apple, and rose were selected as examples of “safe” foods
and smells that were less likely to trigger parosmia.

For each item, the respondents were asked to record whether they perceived the smell
of that item as distorted (four categories: smells like it did before, smells distorted, I cannot
smell it at all, or I am not familiar with this food/smell so cannot answer). If either of the
last two answers was selected, the survey skipped to the next item. Those who selected
“distorted” were asked to provide two to three words to describe the distortion. Next,
respondents were asked to rate their hedonic assessment of the smell as pleasant (score = 1),
neither pleasant nor unpleasant (2), unpleasant (3), or so bad I want to gag/vomit/leave
the room (4). An additional option had been provided in the questionnaire, “This food
has always smelt unpleasant”, to allow for those where there was no change in hedonic
rating because the item had always been perceived as unpleasant. This option was used in
160 out of 6447 observations, and these data were excluded on the grounds that there had
been no change in hedonic valence due to parosmia, but we suspect that this answer may
have been misinterpreted by many of the respondents. Lastly, respondents were asked
to record the strength of the smell now in comparison to before smell loss: weaker than
before (score = 1), same as before (2), or stronger than before (3) with the additional option
to report that the intensity fluctuated (not associated with a score).

Faecal odour had been highlighted in a previous publication based on social media [8]
as being less unpleasant and more tolerable for some, whilst for others, there was a switch
in hedonic valence from repulsive to pleasant. This was explored further by asking about
the distortion of faecal odour on a three-category scale (same as before, distorted, or cannot
smell) and asking about the hedonic quality on a two-category scale (no longer unpleasant,
just as unpleasant as before).

Section 6 of the survey involved a check-all-that-apply (CATA) question covering an
additional 20 possible triggers selected to cover a wide range of food, drink and some
environmental or personal care items, with the opportunity to add further triggers as free
text. The final question gave the respondents the opportunity to add any further comments.

2.3. Data Analysis

Data relating to respondents’ demographics, aetiology, onset, and recovery were
expressed as total count (n) and proportion (%). To investigate associations between the
different aetiologies and onset, partial recovery and frequency of fluctuation, contingency
tables were prepared on the counts and analysed using Fisher’s Exact test (α = 0.05). To
determine whether there were significant differences in taste loss between respondents
that had suffered COVID-19 versus other viral infections, the count data were similarly
analysed by Fisher’s Exact test (α = 0.05).

The Kruskal–Wallis two-tailed test with multiple pairwise comparisons with a Bonfer-
roni correction was used to determine whether disgust was significantly different between
the set triggers. The Kruskal–Wallis two-tailed test with multiple pairwise comparisons
using Dunn’s procedure was used to determine whether strength was significantly dif-
ferent between the set triggers (from Section 5). Kruskal–Wallis and Dunn’s procedure
were similarly used to determine whether there was a relationship between distortion and
both hedonic valence and strength and between strength and hedonic valence. Statistical
significance was considered at the 5% level (p ≤ 0.05).

Descriptions of distorted food items (including faecal odour) were cleaned, and words
were spell-checked with Hunspell using a large English dictionary [11]. For the word clouds,
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single word or compound adjectives were extracted from the descriptions and qualifiers
suggesting qualitative changes (weaker, stronger, faint, etc.) were removed. Obvious
synonyms were combined (e.g., gasoline/petrol, garbage/trash/bin, toxic/poisonous,
poo/poop/faeces/feces/faecal/fecal odour, synthetic/artificial, cat food/dog food) and
words with the same root were combined under one term (e.g., chemical/chemically,
earth/earthy, burnt/burning rotten/rotting, but sick and sickly for example were deemed
to relate to different smells). The frequencies of the words reported for each trigger
were calculated, and words where the frequency per item was never more than 1 were
removed. This was carried out for the 14 set triggers as well as for the answers to the
question on faecal odour. Words for each were visually represented in word clouds with
the size representing the frequency using ggwordcloud [12]. Descriptions of distortions
next underwent sentiment analysis using the sentimentR package [13] for each item, were
averaged and then compared using ANOVA with post hoc analysis and Tukey’s honest
significant difference (HSD).

The 120 words were further split into descriptive words where there was a true descrip-
tion of aroma character (79), hedonic words where there was a clear valence attributed to
the word (30), and the remaining words (11) (e.g., indescribable, different, funky, unusual).
Principal component analysis (PCA) using covariance was carried out on the frequencies
of the descriptive words and on the frequencies of the hedonic words.

Manual counts of the items mentioned in the free text were performed in order to
identify the most frequently reported triggers. All those items previously assessed in
either the set triggers (14) or the CATA (20) were disregarded, as were complex dishes that
contained a number of potential triggers (e.g., curry, falafel, pasta sauce, baked beans),
and the focus was on simple ingredients and personal care, home care, or environmental
odours. These were counted in a word search, using the word or the root of the word where
the word was commonly misspelt or had regional variations. However, each incidence
was verified since the contextual significance in which these words were mentioned varied:
many people chose to tell us which items were not distorted, or which items came back
first, or some words were used as descriptors for others (e.g., coffee smells like bleach, so
bleach was disregarded on that occasion).

3. Results

3.1. Demographic Characteristics

The questionnaire was started by 945 people, 17 preliminary practice runs were re-
moved, as were a further 201 non-completers, leaving 727 respondents who completed
the whole survey (78%). All demographic data are shown in Table 1. We note that the
demographics are skewed towards white (87%), females (90%), and those living predomi-
nantly in the UK (45%) or the USA (41%). These demographics reflect those of the AbScent
Facebook groups, which were the major source for recruitment, where the proportion of
women responding to the survey reported in [14] was 76%, and 76% were residents in
either the UK or the USA.

3.2. Origin and Progression of Olfactory Dysfunction
3.2.1. Aetiology

In this study, 92% of the cases of smell loss were attributed to a viral infection which
is consistent with data reported in a similar but larger self-selecting cross-sectional study
carried out at a similar time showing that for those respondents with parosmia, 89% were
post-viral cases [15]. Table 1 shows 83% of the respondents had lost their sense of smell
due to COVID-19, whereas only 9% had lost their sense of smell from non-COVID-19
infections. This is not surprising as there has been a surge in cases of post-COVID-19
olfactory dysfunction since the start of the pandemic in January 2020.
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Table 1. Demographics and Aetiology of Parosmia.

Statistic Count Percent

Total Respondents 727
Sex Male 76 10%

Female 651 90%

Age Range (years) 18–75
Mean (years) 43

Country of Residence UK 330 45%
USA 297 41%
Canada 15 2%
Spain 9 1%
The Netherlands 8 1%
Others (<1%) 68 9%

Ethnicity White European 396 54%
White North American 205 28%
White Other 30 4%
Other Ethnic Group 20 3%
White South American 17 2%
South Asian 11 2%
Prefer not to say 10 1%
Others (<1%) 38 5%

Smoking status Smoker 52 7%
Non-smoker 531 73%
Ex-smoker 144 20%

Aetiology COVID-19 (diagnosed) 367 50%
COVID-19 (self-diagnosed) 239 33%
Viral non-COVID-19 pre-Dec 2019 58 8%
Viral non-COVID-19 post-Dec 2019 5 1%
Accident, head/brain injury 14 2%
Unexplained (idiopathic) 12 2%
Other 7 1%
Do not know 25 3%

Severity of COVID-19 Loss of smell only 66 11%
Mild 194 32%
Moderate 226 37%
Severe 117 19%
Very severe (hospitalised) 3 0.5%

3.2.2. Timings of Smell Loss

Most of the respondents (98%) reported the onset of distortions within the past 10 years
and 88% within the last 2 years. Most (95%) experienced the onset of parosmia less than
6 months after their initial loss of smell with a mean time of 4.4 months and a median
time of 2.8 months, similar to other pre- or post-COVID-19 cases ([16,17], respectively)
and consistent with the peak survey response rate in August 2020, just 4 months after the
peak in cases of COVID-19 in the UK. The timescale for the remaining 5% spread between
6 months and 24 years.

In all post-viral cases, about half of the respondents (56%) reported their loss of
sense of smell as concomitant with other symptoms. However, 21% of post-COVID-19
respondents lost their sense of smell very suddenly preceding onset of other symptoms
(Table 2), consistent with data from Borsetto et al. [18], who reported in a systematic review
that typically 20% of post-COVID-19 cases experienced a loss of sense of smell as the first
symptom. This was rarely the case (2%) for non-COVID-19 post-viral respondents. The
use of Fisher’s exact test, which takes into account groups of different sizes, showed this
difference was significant at p < 0.0001. This early onset was noted by Gane et al. [19], who
identified the Isolated Sudden Onset of Anosmia as a novel post-COVID-19 syndrome.
Although the difference in the size of the two groups does place some limitations on the
conclusions we have drawn, the results are fully in line with other studies. Early onset
is the reason why it became so important to recognise loss of sense of smell as an official
symptom of COVID-19 to minimise further spread of the disease.
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Table 2. Timings of Smell Loss for All Post-Viral Cases.

COVID-19
n = 606

Non-COVID-19
n = 63

very suddenly, before the other
symptoms of infection appeared 127 (21%) 1 (2%)

very suddenly, during the infection 344 (57%) 29 (46%)
very suddenly, after the infection 69 (11%) 9 (14%)
gradually, I only noticed it was gone
when I was recovering from the infection 66 (11%) 24 (28%)

3.2.3. Severity of COVID-19

The majority of post-COVID-19 cases were self-reported as either mild, moderate or
asymptomatic, with 19% of respondents reporting severe symptoms and three respondents
having been hospitalised (Table 1). The current literature shows that olfactory dysfunction
is more prevalent in mild COVID-19, with 86% of patients in a cohort of mild to medium
cases reporting olfactory dysfunction [20–22], but this is difficult to assess since smell and
taste checks were rarely performed on those hospitalised with severe respiratory conditions.

3.2.4. Intermittent Recovery of Olfactory Function

Most of the post-COVID-19 respondents (82%) reported some recovery of their olfac-
tory function prior to the onset of parosmia (Table 3) compared to 27% of non-COVID-19
post-viral respondents. The use of Fisher’s exact test, which takes into account groups
of different sizes, showed this difference in pre-parosmia recovery is significantly more
prevalent in post-COVID-19 respondents (p < 0.0001). However, Borsetto et al. [18] showed
the disparity between self-reported olfactory function and objective testing, with examples
of significant recovery when objective tests showed little improvement and vice versa.
Thus, the terms “full recovery” and “no recovery” need to be treated with caution, but un-
doubtedly, respondents were acutely aware of changes in their olfactory function. Although
these differences in recovery are quite significant, there are limitations in the conclusions
drawn arising from the fact that those with non-COVID-19 are not reporting recent changes,
leading to a potential memory bias between the two groups.

Table 3. Intermittent Recovery of Olfactory Function.

COVID-19 Non-COVID-19

no recovery of normal sense of smell 108 (18%) 46 (73%)
just a few hints that a sense of smell was
returning and nothing else 171 (28%) 11 (17%)

partial recovery of a normal sense of smell 206 (34%) 5 (8%)
full recovery of a normal sense of smell 121 (20%) 1 (2%)

Furthermore, over half of respondents reported that their symptoms fluctuated, as
had been highlighted in the thematic analysis of social media posts [8]. Minor or infrequent
fluctuations in symptoms were reported significantly more frequently for post-COVID-19
cases (p < 0.001), whereas the lack of recovery and lack of fluctuations were both reported
significantly more frequently for non-COVID-19 post-viral cases (both p < 0.0001).

Those with hints of recovery were significantly more associated with infrequent minor
fluctuations (p < 0.0001), and those with partial recovery were significantly more associated
with any level of fluctuation than no fluctuation (p < 0.0001); thus, the partial recovery
is likely to be intermittent, as opposed to a stable increase in olfactory function. This
notion of partial but sporadic recovery seems to be more prevalent post-COVID-19 and is
characterised by fluctuations in the olfactory dysfunction prior to the full onset of parosmia.
Such apparently random changes in olfactory (dys)function remain a puzzle for those who
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are interested in understanding the underlying mechanisms of parosmia as it is difficult
to rationalise with the prevailing theory of widespread destruction and slow (misguided)
regeneration of olfactory sensory neurons [16,17,23].

3.2.5. Changes in Taste and Chemesthesis

Parma et al. [24] demonstrated that loss of smell, taste, and trigeminal sensation
were all compromised post-COVID-19 with self-reported decreases of 80, 69, and 37%,
respectively within 2 weeks of a respiratory illness. However, our data, which, on average,
were collected 3 months after smell loss, show very little evidence of (residual) loss of the
taste of sugar, salt, and the heat in spices in post-COVID-19 respondents with only 3.5%,
1.3%, and 9.6% of cases, respectively, reporting a loss of these senses. This concurs with
previous literature on smell and taste loss post-COVID-19, which shows that post-COVID-
19 ageusia improves in most cases after 10 days [25] and taste often improves, whilst
olfaction does not [26]. However, taste was weaker for 31% of post-COVID-19 respondents
for sweet and 27% for salt. This may be partial recovery or due to the unfamiliarity of
experiencing those sensations without the co-presence of smell. The recovery of taste and
trigeminal sensation is good news for those struggling to eat, enabling them to take an
interest and explore a greater variety in the gustatory and somatosensory properties of
foods. However, 45% of all respondents reported the presence of a metallic taste in the
mouth, 31% reported burning nasal passages, and 14% reported a burning sensation in the
mouth. No significant association was found (p > 0.05) for any of these tastes or trigeminal
sensations with non-COVID-19 or post-COVID-19 aetiologies. Such distortions of the
gustatory and trigeminal senses reinforce the aversion to many foods created by parosmic
distortions, further restricting food selection and adversely affecting the eating behaviour
and nutritional quality of the diet.

3.3. Distortion, Disgust, and Strength of Triggers Foods
3.3.1. Key Trigger Foods

Of the 14 set triggers in the questionnaire, coffee, meat, and onion were the most
frequently distorted and least likely to be undetected or normal amongst those who were
familiar with the items (Table 4).

Table 4. Frequency of Food Items being Reported as (a) Distorted, (b) Not Detected, or (c) Normal.

Item
Reported as

Distorted
Freq (%) 1

Item
Reported as Not

Detected
Freq (%) 1

Item
Reported as

Normal
Freq (%) 1

Butter 18 Coffee 7 Meat 11
Apple 23 Onion 18 Coffee 11
Rose 25 Meat 18 Onion 12

Cucumber 29 Fried foods 18 Egg 18
Melon 32 Bacon 21 Fried foods 20

Peppers 36 Peanuts 24 Bacon 22
Chocolate 43 Chocolate 27 Peanuts 26
Peanuts 50 Egg 29 Chocolate 30

Egg 53 Cucumber 30 Peppers 31
Bacon 57 Peppers 33 Melon 34

Fried foods 61 Melon 33 Rose 36
Onion 70 Apple 36 Butter 39
Meat 71 Rose 39 Cucumber 40

Coffee 82 Butter 44 Apple 41
1 Percentage frequency excluding those who are not familiar with or do not consume the item.
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3.3.2. Characterisation of Distortions

The three words used most frequently to describe the distortions were “rotten”/”rotting”,
“chemical”, and “burnt” used in 14, 11, and 7% of all descriptions. “Burnt” was used more
frequently for coffee, whereas “rotten”/”rotting” were used more frequently to describe
meat and onions. “Chemical”, which was used across the range of trigger foods, is often a
catch-all term discouraged in sensory profiling as, without further definition, it can relate
to any number of chemical odours and tends to cover a range of otherwise unidentifiable
odours. “Sweet” was the next most frequent (5%) and was the term most frequently reported
for faecal odour. The words “indescribable”/”cannot describe” were used 94 times, reflecting
the difficulty respondents had in finding appropriate words for smells they consider novel.
Indeed, given that most of the support provided for those with parosmia is through online
support groups, the selection of some of these descriptors may have been influenced by online
discussions. The word frequencies are represented in the word clouds in Figure A1. It is worth
noting that many of these terms offered by respondents seem to be chosen for their negative
hedonic value (“rotting”) rather than for their a priori resemblance to the actual descriptor.
Comments about the indescribability of these parosmic odours support the argument that,
often, descriptors used are shorthand for the level of disgust felt. Indeed, previous work has
shown that disgust is the highest emotion expressed in descriptions of parosmic triggers [15].

3.3.3. Valence of Distortions

The overall hedonic ratings for all 14 set trigger foods that were described as distorted
are shown in Figure 1. In total, 84% of all hedonic responses were unpleasant or gag-
inducing, and 16% were rated as pleasant or neutral. Although coffee is most frequently
reported as distorted, meat and onions had significantly higher scores for disgust than
coffee (p = 0.007 and 0.009 respectively). Rose had a significantly lower mean disgust score
than any of the other items (p ranges from 0.025 (apple) to 0.0001), with about half of those
finding it distorted, scoring it as pleasant or neutral.

Figure 1. Distortion frequency, hedonic ratings (frequency of counts), and mean disgust score for
distorted set triggers. For the mean disgust score, items with the same letters in the superscript are
not significantly different from each other using Kruskal–Wallis with Bonferroni correction.

3.3.4. Strength of Distortions

Coffee, egg, fried food, onion, and meat were rated as significantly stronger than
all other triggers except bacon (which was scored separately from meat, originally based
on the different molecular composition of its aroma) (p < 0.001). Distorted smells were
significantly more unpleasant and significantly stronger than non-distorted smells (both
p < 0.0001). The strongest aromas were significantly less liked (or more disgusting) overall
(p < 0.0001).
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3.3.5. Faecal Odour

Over half of the respondents (60%) reported distortion of faecal odour, whilst 34%
reported no smell at all (similar order of magnitude to those who could not smell apple or
rose), and only 6% reported no change to faecal odour. Of those that could perceive faecal
odour (66%), 30% reported it as not unpleasant anymore.

The relationships between the 14 main triggers and faecal odour (denoted as “poo”)
were investigated further using PCA. In Figure 2A, the PCA carried out on just the de-
scriptive word frequencies shows a clear separation along PC1 of the common triggers
(coffee, fried foods, poo, bacon, meat, onion) from the less common triggers. They are all
associated with the descriptor “chemical” (as also shown in the word clouds in Figure A1),
but coffee is separated from meat and onions on PC2, being associated with burnt notes,
whereas meat and onion are associated with rotting/rotten notes, and fried foods and poo
are positioned between the two providing elements of both. In Figure 2B, which shows a
PCA based on just the hedonic word frequencies, the separation is quite different with both
coffee and onion associated with PC1 and words such as “disgusting”, “horrible”, “gross”
and “unpleasant” confirming the strong negative valence. Meat, egg, and fried foods were
closer to the origin, and the other less frequent triggers were at the negative extreme of
PC1. Faecal odour (“poo”), however, is separated on PC2, associated with terms such as
“weird”, “less unpleasant”, and “not bad” (and “better” and “pleasant” not shown), which
have significant components on PC2.

Figure 2. Frequencies of words used to describe the set triggers and faecal odour; PC1 vs. PC2
(A) = aroma descriptors, (B) = hedonic descriptors. Blue denotes set triggers; red denotes descriptors.
Raw data are provided in Supplementary Table S1.

This reverse change in valence has been discussed before [8,15], but here, we can show
some objective evidence from a larger survey where we have directly asked respondents to
rate the distortion and disgust of faecal odour alongside common food triggers. Sentiment
analysis of the descriptors generated for the distortions is presented in Figure 3. Faecal
odour ranks as more positive than any of the other 14 triggers, akin to the sentiments
expressed for apple, melon, and chocolate, whereas onion, meat, and coffee rank as the
most negative.
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Figure 3. Sentiment analysis of the 14 set triggers and faecal odour. Distribution of sentiment for
triggers is ordered from low to high sentiment. All triggers are below neutral sentiment (zero or red
dashed line), with some (left side) being more negative than others (right side). Error bars represent
standard errors.

3.3.6. Additional Triggers of Distortion (CATA)

The data from the CATA question showed that the 20 pre-selected items were each
identified as triggers at least 80 times, so even those that had been selected as safe foods
were reported as distorted in at least 10% of cases. These data, which were combined with
the data from the 14 set triggers, and the frequency of distortions (Table 5), demonstrate that
triggers are by no means universal, and therefore, our understanding of food consumption
by those with parosmia cannot be considered straightforward. Unsurprisingly, garlic ranks
high up the list with onion, but room freshener, cola drinks, and petrol are also high on
the list, indicating it is not just the aroma molecules present in food (particularly cooked
foods) that trigger the distortions. Although specific aroma compounds generated via the
Maillard reaction during cooking are known to consistently trigger distortions in those
suffering from parosmia [8], Table 5 suggests that there are other trigger molecules to be
found. The bottom of the table is dominated by fresh fruit and nuts, indicating that for
many, these may be safe foods.

Table 5. Frequency of Items being Reported as Distorted (20 from the CATA question with the
14 preset triggers in italics).

Distorted
Aromas

Count 1 Distorted
Aromas (Contd)

Count 1 Distorted
Aromas (Contd)

Count 1

Coffee 570 Peanuts 301 Celery 142
Garlic 496 Bananas 289 Carrots 131
Onion 495 Popcorn 288 Peaches 130
Meat 490 Cigarettes 277 Vanilla 130

Room freshener 435 Peppers 217 Mango 122
Fried foods 424 Tomatoes 204 Hazelnuts 122

Cola drinks 356 Cucumber 178 Butter 120
Egg 350 Melon 171 Walnuts 115

Bacon 340 Rose 148 Grapefruit 112
Toast 336 Apple 147 Passionfruit 84
Petrol 318 Raspberries 146 Honey 80

Chocolate 302
1 Count = number of times scored as distorted.
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3.3.7. Additional Triggers (Free Text)

Analysis of the free choice answers reported well over 220 additional triggers, almost
to the point that no food remained unmentioned. These were counted, and the 87 most
frequently reported are listed in Table A1. What was clear from this section was the impact
on people’s experience of non-food items, particularly those related to daily personal care
activities such as showering and oral care. Water was mentioned as a trigger by 44 people
and air by 14. For 41, who reported that everything was distorted, there was no respite
from parosmia.

3.4. Analysis of the Free Text Question

Free text answers to the survey question “Do you have anything else you would like to
tell us” gave us more detail of the impact of living with parosmia. Several themes reccurred,
and a selection of poignant comments is quoted below. A number of comments related to
the difficulty in describing the experience of parosmia were found in the free text:

“It is really hard to find words to describe the new smells. I talked to my doctor three
times since March, and his suggestions underlines the need for more knowledge and
awareness. He answered me as if he really did not understand that the smells are different
now . . . ”.

Several comments referred to “the COVID smell” or “Parosmia smell”. At onset,
this seemed to be one single smell, and then with time, this experience diverged into
two or more different “COVID smells” that could be roughly grouped together based on
food type:

“I only sense one unpleasant smell. Everything that has distorted smell, smells almost
the same”.

“I seem to have two types of distortion ‘categories’—coffee, chocolate, onions etc taste
like a musky, nutty, rancid, earthy taste. And things like peppers and melon taste more
chemical, like something that would be flammable”.

Consternation over the perceptions of disgust in the face of food was a common theme
in the free text. This also extended to body odours, with a reversal of valence. What once
smelled good (food) began to smell like body waste, and body waste became less offensive.
This was hard for respondents to rationalise:

“For me, my feaces [sic], urine and sweat have the same bad smell like the other distorted
smells (like onion and fried meat). The bad smell is not familiar to me from before and it
messes my head that my food smells like my body waste”.

Burning nose and throat, and particularly nasty (metallic) tastes, were described in
more detail:

“Shampoos, cleaning products, soaps, perfumes, etc.,smell so strong I feel like my
nose burns”.

“I have a weird constant taste in my mouth which matches the weird smell I keep smelling
in everything”.

A burning mouth has previously been associated with low body weight [27] and
higher olfactory thresholds [28]. With aroma either absent or distorted, these additional
sensations compound the problems associated with eating. With so many foods unbearably
distorted, some commented on how their diet had changed:

“My diet is quite limited at present so there may be other foods that smell distorted but I
haven’t tried to eat them in the last week”.

“I am on a strict diet of fresh corn [ . . . ], apricots, peaches, plums, grapes, cherries,
cucumber, Fairlife protein shakes, diet Dr Pepper (coke and other sodas taste like pure
dirt/mud), fresh mozzarella (all other hard cheeses, especially yellow cheddar, are rancid)”.

As a result, those with long term parosmia may be subject to weight gain or weight
loss depending on the severity of their symptoms and the range of foods that are tolerable:
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“Weight is increasing as the only tolerable foods are all sugary, stodgy, high fat, high calo-
rie”.

“I am very sad and losing weight it feels worse every day that passes”.

Fluctuating symptoms were one of the characteristics of post-COVID-19 olfactory
dysfunction. Respondents to the free text question reported that fluctuations in symptoms
caused considerable anxiety:

“Distortion of smells fluctuates. Sometimes I can smell something and it smells normal,
then I smell it again and it is distorted or I can’t smell it at all”.

Another observation made by a number of respondents was that a “parosmic” smell,
smelled once, might linger long after exposure to the item for hours or longer. This
olfactory perseveration seems to suggest a malfunction of the attenuation system. It was
not interrogated in the questionnaire but has been observed in social media threads for
those with olfactory disorders [8].

“The distorted odours fluctuate in strength but are never totally absent. Sometimes
they linger even after the source is removed, and the memory of the odour alone can be
enough to make me conscious of it, as though I can smell it, even if there is no odour
source present”.

Additionally, possibly associated with a malfunction of the attenuation system, “fleet-
ing whiffs” were experienced. Unlike the “smell lock”, this was a quick flash of a perception
that then disappeared, leaving people frustrated.

“I still smell very little but sometimes have an initial weak or distorted ‘whiff’ of an item
but on a second sniff I cannot smell anything. This has been happening since about 3
months after losing sense of smell”.

Five respondents reported experiencing parosmia without associated anosmia
or hyposmia.

“I never lost my sense of smell. Parosmia came on suddenly. There was no absence of
smell transition as implied in many questions”.

Other studies have looked in detail at the emotional impact of parosmia [3,8,15]. The
following quotes demonstrate the severity of the impact on quality of life:

“Parosmia really affects mental health. Cannot eat out or socialise. . . . It is the weirdest
thing but nobody believes you if you try to explain it. Cannot face the not knowing of
how long it might last”.

“This needs to be over, it’s ruining my life and not worth getting up for this is severely
effecting my way of life and it’s nice to know others care”.

4. Discussion

The list of food ingredients that trigger distortions is long, almost to the point that
no food is unmentioned. However, there are clear trends: The worst items are coffee,
onion, and meat (worst being loosely defined as a combination of how frequently they
were detected, how frequently they were distorted, how frequently they invoked disgust,
and how intensely they were perceived). We know that coffee, roasted meat and fried
foods have many molecules in common that trigger distortions and have similar formation
pathways [10]. Certain pyrazines and certain sulphur-compounds which are formed in
the Maillard reaction during the processing/cooking of food have been shown to elicit a
“parosmia-like” smell. Since these Maillard reaction products are formed during roasting,
frying, grilling, or baking of almost any food, those sensitive to coffee, meat and fried foods
are likely to find many cooked foods unpalatable. Milder cooking processes may mitigate
the distortions to a certain extent. Additionally, many recipes include onion and/or garlic
which contain a different volatile profile to those above, producing thiols and disulphides
that are also likely to trigger distortions. Coffee, onions, garlic, fried foods, eggs, and (in
a non-vegetarian lifestyle) meat constitute a major part of a typical weekly diet, certainly
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in western cultures, and it is clear how distortions and sense of disgust in these key items
could have a serious impact on diet and nutrition.

Changes in diet with olfactory dysfunction have been discussed by several authors [29–32]
and discussed in detail by Chaaban et al. [33]. The relationship is complex depending on the
nature, duration, and aetiology of the olfactory dysfunction [29] and can lead to the adoption
of both healthier diets of better nutritional quality and diets high in sugar, fat, and salt. More
recently, a paper addressing olfactory dysfunction as a result of COVID-19 showed a tendency
for the diets to be higher in energy, fat, and sugar [34], but this is not necessarily the case for
those with parosmia. The literature on the impact of parosmia on diet is scarce. Burges Watson
et al. [3] reported a shift in appetite and intake in both directions: those with olfactory loss
having a tendency for high energy diets and increased intake in search of the hedonic pleasure
normally associated with food, but for those with parosmia, there was a tendency to avoid
eating, leading to dramatic weight loss and further impacts on quality of life and mental health.
The fact that key proteins such as meat (including bacon) and eggs are such strong triggers
can result in a poor low-protein diet for those with parosmia unless suitable alternatives are
sought. For some, safe foods are the less frequent triggers, such as fresh fruit and vegetables.
However, safe foods vary from person to person and for some, diets consisting of relatively safe
foods mean a diet of “plain potatoes, yogurt and cheese” or “bread, cheese, chips and cake” as
reported in [8], resulting in weight gain. The added impact of a continuous metallic taste in the
mouth, nose burn, and throat burn only exacerbates these problems.

However, triggers extend beyond food and the kitchen to homecare or personal care
products and environmental odours, even water and air, contributing relentlessly to the
misery experienced by those with parosmia, to such an extent that for some, there is no
safe space either inside or outside of the home. The inability to describe the experience
contributes to the frustration of having parosmia. Not only do patients suffer a daily
onslaught of relentless and disagreeable smells, but they are not able to summon up
enough descriptors to engage their doctors and support circles on the subject. In fact, a
constant reminder of being unwell through triggers is a major reason individuals with
parosmia may suffer more than those with a simple loss [15,35].

There is mounting literature in which the mechanisms by which SARS-CoV-2 may af-
fect olfactory function are discussed [23,36,37], but few address the underlying mechanism
of parosmia. Parosmia has sometimes been loosely characterised as a cross-wiring between
the regenerating olfactory receptors and the glomeruli or olfactory bulb [23]. However,
many have asked why these distortions are predominantly unpleasant, leading some to con-
jecture that the distortions of smell may be unpleasant because of a violation of expectations
of how the odour of a familiar food or household item is usually perceived. However, this
study shows that not all distorted and hence unexpected smells are found to be unpleasant.
Thus, merely having an unexpected smell is not sufficient to cause disgust. Since the main
triggers are experienced as having a disgusting odour, we need to account for what it
is about the nature of the distorted odours that makes them disgusting. Analogies are
made to the rotten, earthy, burnt, or chemical smells, but many participants in the study
talk about a novel odour, or “that parosmia smell”. What is noticeable from the results is
the high-intensity scores for those items found to be most disgusting; although this can
fluctuate, the intensity and the disgust are correlated. Whatever way the participants are
perceiving distorted odours, when they are found to be disgusting, they are perceived to
be intense odours. The question remains as to whether their intensity is part of what makes
them disgusting or whether it is because people find the novel or distorted odour to be
disgusting that they also find it intense. Another hypothesis is that people with parosmia
are becoming especially sensitive to particular molecules in a mixture, which means those
compounds stand out and are therefore perceived as intense, or that the absence of other
aromas that usually mask or round them out leaves the remaining compounds to smell
more intense than they would in a mixture.

The reversal in valence described for faecal matter/body waste is disturbing. It has
been explained by us previously [10] in terms of molecular triggers. Limited studies
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demonstrated that those with parosmia did not perceive the normally overpowering
smell of indole, skatole, or cresol in faecal matter and therefore perceived only the aroma
compounds which are normally masked—these could be pleasant aroma molecules or
other trigger molecules.

It is also fascinating to note that some of the distorted items were still rated as pleasant
despite the distortion: rose (50% of the time), apple (31%), and butter (29%). In cases
where rose was rated as pleasant, it was rated as weaker in 50% of responses and only
stronger in 6% of cases. In such cases, it may be that as a result of only partial regeneration
of the olfactory sensory neurons, and consequently higher odour thresholds, most of the
constituent aroma compounds are present at concentrations closer to the threshold than
usual, with some dropping below the threshold, changing the balance and providing the
distortion. This may be an instance of incomplete odour characterisation, as proposed by
Leopold [35], where there is an imbalance in the aroma profile, which leads to the perceived
distortion, but no single molecules trigger the switch in valence.

Rose may be an example of what can be termed “eusomia”, which has in the past been
used to describe distortions which are pleasant, as opposed to cacosmia where olfactory
distortions are negatively perceived [4]. Indeed, 56 of the 727 participants reported distorted
items but no change in valence in any of them. Currently, the working definition of parosmia
is generally inclusive of both eusomia and cacosmia, describing the twisting and warping
of the sense of smell, without mention of the hedonic aspect [4], but there may be instances
where the use of more precise terminology could be useful.

5. Conclusions

Here, we show that post-infectious olfactory dysfunction leads to significant distortion
and hedonic change in key food items, predominantly but not exclusively towards a
negative valence. Such intense distortions, the associated change in valence, loss of expected
pleasure, and the presence of strange tastes and burning sensations certainly lead to changes
in eating behaviours and serious longer-term consequences for mental health and quality
of life. It remains to be seen whether there are any changes in the prevalence and trajectory
of parosmia arising from the newer variants of COVID-19.

In subsequent work, we have looked in detail at the individual molecules which
trigger distortions for a wide range of food [10], and we discuss in more detail how this
can be rationalised with prevailing mechanistic theories. Further work is underway to test
our hypothesis that some distortions, particularly those that do not elicit a sense of disgust,
may be due to incomplete odour characterisation, as initially proposed by Leopold [35],
whereas those that are associated with severe disgust are triggered by individual molecules.
Future work should be targeted at understanding how individual molecules relay such
aversions to the integrative centres in the brain.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/foods11070967/s1, Table S1: Descriptors for 14 Set Triggers.

Author Contributions: Conceptualisation, J.K.P., L.M., C.E.K., S.G. and B.C.S.; data curation, L.M.,
J.K.P. and C.E.K.; formal analysis, L.M. and R.P.; interpretation, J.K.P., R.P., B.C.S., C.E.K. and S.G.;
writing—original draft preparation, J.K.P.; writing—review and editing, J.K.P., L.M., R.P., B.C.S.,
C.E.K. and S.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and the protocol was approved by the School of Chemistry, Food and Pharmacy Research
ethics committee of the University of Reading on 10 June 2020 (study number 29.2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are openly available in the University
of Reading Research Data Archive at http://doi.org/10.17864/1947.000367, last accessed on 15
February 2022.

22



Foods 2022, 11, 967

Acknowledgments: The authors would like to thank Anne Hasted of QI Statistics for helpful guid-
ance on PCA.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Figure A1. Word clouds representing words used to describe the 14 set triggers and faecal odour.
Raw data are provided in Supplementary Table S1.

Table A1. List of triggers found in personal care and homecare products, environment, foods, and
beverages.

Other Distorted Smells
Personal Care Count 1 Other Distorted Smells

Home and Environment Count 1 Other Distorted Smells
Foods and Beverages Count 1

Daily washing/
grooming (445) Home cleaning (223) Herbs (119)
soap 132 cleaning products 110 mint 81
deodorants/antiperspirant 106 detergents 75 herbs 15
shower gel 91 fabric softner 38 basil 12
personal care products 63 Sanitisers (98) rosemary 11
cosmetics and toiletries 35 sanitisers 46 Fruit (114)
nail care 12 bleach 39 citrus (lemon, orange, lime) 83
sun cream 6 wipes 13 strawberries 31
Personal Fragrances (272) Environment (96) Alcoholic beverages (103)
perfume 223 water 44 wine 63
candles 30 air 14 beer 22
aftershave 19 garbage 10 rubbing alcohol 8
Hair care (247) chlorine 9 gin 7
shampoo 178 coast 8 cider 3
conditioner 44 rain/petrichor 6 Carbohydrates (101)
hair products 25 manure 4 bread 46
Oral care (146) tarmac 1 cookies biscuits 15
toothpaste 133 Essential oils (95) baked goods 14
mouthwash 13 other essential oils 39 rice, rice cakes 12
Body aromas (132) eucalyptus/Vicks 27 pasta 11
other body odour 76 lavender 27 tortilla 3
urine 44 rose essential oil 2 Dairy (55)
breath 7 Garden (90) cheese 24
new born baby/husband 5 grass 47 tea 15
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Table A1. Cont.

Other Distorted Smells
Personal Care Count 1 Other Distorted Smells

Home and Environment Count 1 Other Distorted Smells
Foods and Beverages Count 1

flowers 20 milk 11
plants, leaves 12 dairy 5
soil, earth 6 Vegetables and pulses (54)
trees 5 brassica 21
Miscellaneous (58) salad 15
everything 41 peas and beans, pinto 14
marijuana 17 chickpeas 2
Car (43) soya 2
petrol/diesel fumes 42 Spices (48)
plastic/interior 1 coriander, cilantro 19
Pets (32) ginger (beer, tea, lotion) 9
petfood 16 mustard 5
pet 13 clove 4
cat litter 3 cinnamon 4
Smoke (28) cumin 4
smoke 22 paprika 3
bonfire 6 Fish (18)
Home (4) fish, tuna 18
pens/crayons 2

1 Count = number of times scored as distorted.
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Abstract: The food service sector was among the hardest hit by the COVID-19 pandemic. This study
aims to examine consumers’ attitudes towards and transparency perceptions of COVID-19-related
safety measures and to identify determinants of consumers’ intentions and behaviour regarding
visiting restaurants and bars once reopened. By also surveying food service businesses, this study
allows for comparison between both target groups. A total of 1697 consumers and 780 businesses
participated in this study, conducted in Belgium both during and in between waves of infections.
The findings demonstrate that consumers evaluated safety measures as important when revisiting
restaurants and bars, against business owners’ expectations. Both consumers’ revisit intentions and
behaviours are influenced by the perceived importance of hygiene measures (negatively) and past visit
frequency (positively). This study highlights the importance of good compliance with safety measures
as a strategy to attract customers during the reopening period. Further, our findings emphasize the
importance of transparent communication by food service businesses and the government.

Keywords: COVID-19; Belgium; consumer behaviour; food service sector; safety measures;
transparency

1. Introduction

The COVID-19 (COrona VIrus Disease-2019) pandemic left behind a trail of unprece-
dented consequences on everyday life worldwide. Over 9.8 billion vaccine doses have
already been administered [1] and enabled many countries to gradually return to normalcy.
However, with the arrival of new variants, the pandemic remains pervasive with over
323.6 million reported cases and 5.5 million confirmed deaths as of 16 January 2022 [2].
To slow down the spread of the virus in order to protect their healthcare systems from
overloading, governments worldwide implemented strict health measures, imposing major
restrictions on all aspects of daily life. Social distancing measures have been prioritized
in many countries and this has necessitated the closure of non-essential services, includ-
ing schools, offices, restaurants, and hotels [3,4]. To reduce interactions and, thus, virus
transmission between people, public gatherings were banned, teleworking became the
norm and travelling was suspended [5,6]. As the number of positive cases, hospitalisa-
tions, and deaths slowly decreased, mitigation measures were relaxed or lifted, and social
bubbles were expanded. Nevertheless, many European countries faced a second, third
and even fourth wave of infections, along with waves of gradually tightening and relaxing
original measures.

Disease outbreaks have the potential to disrupt existing food systems and create food
crises [7,8]. Due to the COVID-19 pandemic, food supply chains were confronted with
demand shocks, including changing purchasing and consumption patterns [9,10]. Over
the last decades, an increasing number of people depend significantly on out-of-home
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eating services for their daily dietary intake [11,12]. With the closure of restaurant, bars,
schools, and offices, meals prepared and consumed at home have replaced the food service
sector, exerting additional pressure on the food retailing sector [9]. While out-of-home food
consumers are forced to adopt a less convenient lifestyle, catering services see both their
revenues and chances of survival either drop or disappear.

2. Literature Review and Aims

2.1. COVID-19 and (Out-Of-Home) Food Consumption Behaviour

Although it is clear that COVID-19 has impacted food consumption behaviours, pre-
liminary results are diverse and contradictory. Shifts towards both healthier and unhealthier
diets were identified during the COVID-19 pandemic and lockdowns. On the one hand,
lockdown restrictions led to the adoption of a healthier diet and a reduced consumption
of unhealthy foods [10,13]. On the other hand, an increase in ‘comfort food’ consumption
and snacking was reported, leading to a decrease in dietary nutritional quality [14–16].
Several reasons may account for these mixed effects. A balanced and diversified diet can
help in maintaining and strengthening immunity, which is essential when dealing with
viral threats [13,17]. Moreover, with the closure of restaurants, out-of-home eating was
mostly substituted by home-cooked meals, which is typically considered to be a healthier
choice [18]. As out-of-home food consumption is associated with a higher intake of energy
and fat [11,19], people who used to have more meals out-of-home before the lockdown
showed an increased adherence to healthier dietary habits during the lockdown [13]. The
increased intake of unhealthy food products can be attributed to panic buying and neg-
ative emotions, such as anxiety, stress, and boredom, related to the pandemic and the
consequential confinement [10,14,20].

Research on the impact of the COVID-19 pandemic on food purchase behaviour, and
takeaway and meal delivery in particular, provides inconclusive results. During lockdown
periods, the use of food delivery and takeaway was found to both decrease [10,21,22]
and increase [23]. Although there is currently no evidence of COVID-19 transmission
through food and food packaging [24], fear for unnecessary exposure might explain why
people reduced their frequency of ordering food from restaurants [10]. Perceived risks
related to COVID-19 negatively affected the intention to buy food through online food
delivery services [25,26]. In contrast, purchase intentions during lockdown were positively
influenced by the frequency of online food ordering before COVID-19 [26]. According
to Poelman, et al. [23], 30% of those who previously used meal delivery services, did
so more frequently during lockdown, especially for meals from local restaurants, with
a bias towards highly educated and young consumers. As a higher education level is
also associated with eating out-of-home [11,27], the increased use of meal delivery and
takeaway might be seen as a means to recreate the restaurant experience at home [23].

It is largely unclear how people’s consumption and purchasing behaviour evolved as
lockdown restrictions were lifted and countries moved towards a ‘new normal’. Undoubt-
edly, COVID-19 will have changed consumers’ out-of-home food consumption behaviour
in the short and long term, but research focusing on this topic is still scarce [28]. As
dining out implies a setting that involves a large number of people in close proximity
to one another for an extended period of time, human interaction, and thus risk of in-
fection, is inherent in visiting food service businesses [28]. Further, high-touch surfaces
outside the food preparation areas, e.g., restaurant menus, represent a potential risk of
cross-contamination [29,30]. Therefore, many consumers did not feel comfortable and were
reluctant to revisit restaurants and bars upon reopening [31–33]. In the United States, for
instance, Gursoy and Chi [31] found that more than half of consumers were not willing to
revisit food service businesses immediately and of those who already had the opportunity
to return, only one in four did. This is consistent with the study by Taylor [32], where 50%
of respondents had dined in at a restaurant three weeks after lockdown restrictions were
lifted across the US. Consumers’ intentions towards dining out were negatively affected
by a high-risk perception of COVID-19. The more people are concerned about eating
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out-of-home, the more likely they are to avoid it [28], while trust in the ability of restaurants
and bars to handle COVID-19 positively affects consumers’ intention to visit them during
the pandemic [34].

2.2. Safety Measures in the Food Service Sector

As it becomes clear that not everyone will be rushing back to restaurants and bars
in the short term, it is of utmost importance that business owners do everything they
can to improve consumers’ willingness to revisit them. Many countries have published
policy documents with regulations for the safe reopening of food service businesses [35].
Safety measures in restaurants and bars reduce the possibility of infection and consumers’
perceived risk. By thus ensuring customers’ health, customers are motivated to dine out,
indicating the importance of safety measures [28,34]. Key safety measures customers expect
from food service businesses include visible sanitation efforts, social distancing, limited
number of customers, more thorough and frequent cleaning of high-touch surfaces and
employee training of health and safety protocols [31].

Social distancing and safety measures can be implemented in different ways, which
may elicit different attitudes towards dining out. Research has indicated that consumers
prefer restaurants that use partitions to ensure social distancing between different par-
ties [32]. Partitioned restaurants, where physical barriers create individual spaces within a
larger room, were considered safer, cleaner, and more sanitary. Similarly, perceived threat
of COVID-19 increased preferences for restaurant set-ups with private dining tables or
rooms [33]. Both cleanliness and customers’ cleanliness perceptions have become increas-
ingly important since the COVID-19 outbreak [30,32]. Perceived restaurant cleanliness
has a positive effect on customers’ satisfaction, which in turn positively impacts revisit
intention [32,36,37], whereas cleanliness of restaurants is a key determinant of consumers’
decision to select or return to a restaurant [38,39]. By prioritizing cleanliness, food service
businesses may not only ensure the health of customers and employees but also attract
customers by meeting their cleanliness expectations [30,32]. Adequate implementation as
well as communication of the measures were considered important for consumers to enjoy
eating out with lower perceived risk of becoming infected [28,34]. As part of their recovery
strategy in response to SARS, restaurants also used cleanliness as a selling proposition [40].
By communicating the safety measures taken to ensure customers’ health, perceived risk of
dining out is expected to decrease, while customers will feel confident to come back [40].

Food service businesses, among the hardest hit by the COVID-19 pandemic, are con-
fronted with numerous uncertainties while facing difficult circumstances. As lockdown
periods of mandatory closure (except for takeaway or delivery) were alternated with peri-
ods of reopening under strict conditions, restaurants and bars had to drastically change
the way they operate to ensure compliance with the imposed safety and social distanc-
ing guidelines. Doing so safeguards the health of both customers and employees and
encourages customers to revisit their businesses [31]. However, after having endured
months of closure, such safety measures further challenge companies’ chances of survival.
The enforced measures result in additional expenses, e.g., for disinfecting and protective
materials, as well as reduced revenues, e.g., due to limited capacity and imposed curfew.
Revenues are further diminished by consumers’ reduced demand for restaurant services
due to the risk involved and their avoidance of eating out [28,41].

2.3. Transparency of Government and Businesses’ Communications

A government’s control strategies can only be considered successful when its mea-
sures are broadly accepted. Non-compliance of safety measures renders them ineffective.
Trust in government is key for effective implementation of policy measures that rely on
behaviour [42,43]. Previous studies have demonstrated a positive correlation between adop-
tion of recommended health precautions and trust in authorities. People are more likely to
comply with health-related recommendations when they trust their efficacy and the insti-
tutions issuing them, along with the latter’s competence to contain the pandemic [42–48].
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Moreover, the adoption of policy recommendations is related to the communication strat-
egy used. People are more likely to undertake recommended precautionary behaviours if
the information communicated by the authorities is perceived clear, consistent, sufficient
and helpful [46]. Policy communications should be credible and coherent; measures that
are inconsistent, unclear, and open to interpretation will cause confusion and undermine
compliance [44,49]. A good level of understanding of the measures and the rationale behind
them is positively correlated with higher acceptance and more compliant behaviour [47,49].

In addition, clear and unambiguous health information are considered essential in
maintaining trust in authorities. A policy of open and transparent communication, pro-
viding all necessary information, leads to more public trust [50]. A positive relationship
exists between perceived government transparency and trust in government [51]. The
same applies at the level of businesses; the food service sector can rebuild consumers’
trust by being transparent, appearing credible and sharing timely, accurate, consistent and
reliable information [34,52]. Yost and Cheng [53] suggest the importance of restaurant
transparency to regain consumers’ trust, which may motivate them to resume dining out
during the pandemic. Trust in government is also positively associated with the willingness
to engage in prosocial behaviours, e.g., making donations to help those who suffer from
the pandemic [43]. Further, solidarity with the food service sector, i.e., visiting bars and
restaurants or using online food service applications to protect them from bankruptcy,
unemployment and liquidity shortage, influences consumers’ visit intention during the
COVID-19 pandemic [34,54].

2.4. Aims

It is unclear to what extent food service businesses will (have to) change and adapt
to the new reality and how this relates to their customers’ attitudes towards safety when
dining out. More research is needed to assess how safety measures will influence con-
sumers’ dining out intentions and behaviours. For food service businesses, this is crucial to
restore the demand for their services that is required to survive and recover from this crisis.
Therefore, this study examines attitudes, perceptions, and behaviour from the perspective
of both consumers and businesses. At the consumer level, this study aims to evaluate
their attitudes towards expected and imposed safety measures and to gain insight into
consumers’ decisions to either visit restaurants and bars as soon as they reopen or postpone
their visits. In addition, by investigating food service businesses’ perceptions, this study
allows for comparison between both target groups. As such, this study attempts to answer
the following research questions: (RQ1a) how important do consumers consider safety mea-
sures when revisiting food service businesses?; (RQ1b) how does this relate to businesses’
perceptions of safety measures and expectations of their customers’ attitudes?; and (RQ2)
what are the determinants of consumers’ intentions and behaviour regarding out-of-home
consumption in (post) pandemic times? For RQ2, following prior research findings, we
hypothesised that consumers’ attitudes towards sanitation negatively influence revisit
intention and behaviour, whereas their past visit frequency has a positive influence.

Furthermore, it is highly relevant to explore how perceptions of transparency of
COVID-19 (safety) measures link with attitudes and behaviour towards them and what sol-
idarity intentions and expectations consumers and businesses respectively have. Therefore,
this study also investigates the following research questions: (RQ3a) to what extent are
consumers willing to financially support food service businesses?; (RQ3b) how does this
relate to businesses’ expectations of their customers’ willingness?; and (RQ4) to what extent
do consumers’ transparency perceptions of communications by food service businesses
and the government correlate with their attitudes? In relation to RQ4, we hypothesised that
perceived business and government transparency is positively correlated with consumers’
perceptions when dining out and acceptance of policy decisions, respectively.

30



Foods 2022, 11, 810

3. Materials and Methods

3.1. Survey Design

Three different cross-sectional studies were conducted at three different stages of the
COVID-19 pandemic. All studies addressed both consumers and the food service sector
(restaurants and bars). Three standardized surveys were developed, one per study, and
were each divided into two sub-surveys for the different target groups. Although the
studies were targeting different stages and measures during the pandemic, all surveys were
structured in a similar way.

The consumer questionnaires consisted of three parts. The first part contained be-
havioural questions regarding out-of-home food consumption and takeaway, before and
since COVID-19. Past visit (study 1, 2) and takeaway (study 3) frequencies were measured
by recoding a 10-point scale, ranging from 1—‘never’ to 10—‘daily’, into frequencies per
week. Consumers’ intentions to revisit food service businesses were evaluated in the first
study, while the second study assessed consumers’ revisit behaviours. Revisit intention
and behaviour were both recoded into dummy variables (yes/no).

The second part measured attitudes towards and perceived transparency of (safety)
measures and decisions issued by the government. Safety measures, aimed at preventing
virus transmission during food service visits, were developed through consultation of
experts (study 1) and government documents (study 2) [55] in light of the current policy.
The measures included items such as “Service is performed with mouth mask”; “No
possibility of self-service or buffet” and “Clients can only consume while seated”. Attitudes
were evaluated based on 5-point importance scales, with values ranging from 1—“not at
all important” to 5—“very important”. While the first study dealt with 21 safety measures
expected to be imposed when food service businesses reopen, the second study focused on
14 actually imposed safety measures, extended with perceived compliance of the measures
and perceived safety when revisiting. Imposed measures were slightly different from what
was expected a priori. This discrepancy was a result of the growing body of knowledge
on the virus and the continuously evolving epidemic situation. Perceived compliance
refers to the extent to which bars and restaurants adhere to imposed safety measures, while
perceived safety relates to the extent to which consumers felt safe during their visit. Both
variables were measured using a self-constructed item on a 5-point Likert scale. The third
study focused on consumers’ attitudes towards government decisions (5-point Likert scale,
“I support the government’s decision to close food service businesses”) and on consumers’
willingness to financially support the sector. Five support actions were evaluated, namely:
“Extra use of takeaway/delivery of meals”; “Extra tip when using takeaway/delivery of
meals”; “Purchasing vouchers”; “Support crowdfunding campaign” and “Paying extra
corona contribution at next visit”, on a 5-point willingness scale.

Perceived transparency regarding businesses’ (study 2) and government (study 3)
communication was assessed by using items from Rawlins [56] and measured on a 5-point
Likert scale. The subscale substantial information (7 items, namely: “The information
communicated by the business/government about the measures is timely; relevant; con-
sistent; complete; easy to understand; accurate; reliable.”) was supplemented by one
self-constructed item (“The information communicated by the business/government about
the measures explains the rationale.”). The questionnaires concluded with a set of pro-
filing variables related to socio-demographic characteristics, such as age, gender, and
education level.
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The surveys addressing food service business owners were composed of two parts. The
first part measured attitudes towards government safety measures, reviewed by experts,
on 5-point scales. Businesses evaluated the same set of safety measures as consumers, both
expected (study 1) and imposed (study 2), though with the option to indicate “not applicable
to my business”. The first study assessed businesses’ expectations of their customers’
attitudes towards the measures (5-point importance scale), while the second study focused
on the perceived impact of the measures on businesses’ profitability, using a scale ranging
from 1—“not at all” to 5—“very much”. Businesses’ expectations of their customers’
willingness to make a personal contribution through the five aforementioned support
actions were evaluated in the third study (5-point willingness scale). The surveys concluded
with profiling questions regarding business type in order to distinguish between food
service businesses serving food and drinks (restaurant) and those only serving drinks (bar).

3.2. Data Collection

Data were collected in May 2020 (study 1), June 2020 (study 2) and November 2020
(study 3) through online surveys. The first and third study were conducted during the
first and second wave of COVID-19 infections respectively, with food service businesses
being mandatory closed. Data collection for the second study was performed in between
waves of infections, when reopening was allowed. In order to facilitate data collection,
questionnaires were integrated into Qualtrics software for both stakeholder groups. By
using a convenience sampling procedure, the surveys were administered to the target
groups, both food service businesses and food service customers. Stakeholders from
sector organisations distributed the survey among their members, while social media
channels were used to disseminate the survey to the general public. Regarding food service
businesses, gourmet restaurants, bistros/brasseries, fast food restaurants, buffet restaurants
and bars, whether or not serving food, were targeted. Food service customers had to eat or
drink out at least once a year to be included. For both surveys, participation was further
restricted to people with a minimum age of 18. After removing incomplete responses, the
final sample consisted of 1083, 309 and 305 consumers and 306, 221 and 253 businesses for
study 1, 2 and 3, respectively. The higher response rate for the first consumer study can be
attributed to the strict lockdown in place at the time of survey administration.

Flanders (Belgium) was targeted as study location. Belgium reported its first confirmed
case of COVID-19 on 4 February 2020 and first death on 10 March 2020. From 14 March
2020 onwards, restaurants and bars had to close their businesses, only to be allowed to
reopen on 8 June 2020. Mandatory closure of dine-in services during lockdown periods
caused restaurants to set up takeaway and delivery services. Reopening opportunities were
accompanied with strict safety measures designed to prevent the spread of the virus and
protect the health of both employees and customers. Belgium successfully flattened the
epidemic curve in April 2020, yet the country experienced its second wave of COVID-19 in
the final months of 2020. The government decided to reclose restaurants and bars, starting
from 19 October 2020 onwards, initially for four weeks, but ultimately for over six months,
as a response to the third wave. Meanwhile, several financial support measures and actions
were introduced by the Belgian federal government and the public respectively to ensure the
survival of these businesses. Further, similar to many countries, the consumption pattern
of out-of-home eating to satisfy daily dietary needs has over time gained prominence in
Belgium [57,58], illustrating the relevance of Flanders as a study location. Table 1 presents
an overview of the survey development and data collection process.

32



Fo
od

s
2

0
2

2
,1

1,
81

0

T
a

b
le

1
.

O
ve

rv
ie

w
of

su
rv

ey
de

ve
lo

pm
en

ta
nd

da
ta

co
lle

ct
io

n
fo

r
th

e
th

re
e

st
ud

ie
s.

S
tu

d
y

1
S

tu
d

y
2

S
tu

d
y

3

S
u

rv
e

y
D

e
v

e
lo

p
m

e
n

t

C
o

n
su

m
e

rs
C

o
n

su
m

e
rs

C
o

n
su

m
e

rs
(n

=
10

83
)

(n
=

30
9)

(n
=

30
5)

Pa
rt

1:
Be

ha
vi

ou
ra

lv
ar

ia
bl

es
V

is
it

fr
eq

ue
nc

y
be

fo
re

C
O

V
ID

-1
9

V
is

it
fr

eq
ue

nc
y

be
fo

re
C

O
V

ID
-1

9
Ta

ke
aw

ay
fr

eq
ue

nc
y

be
fo

re
an

d
si

nc
e

C
O

V
ID

-1
9

R
ev

is
it

in
te

nt
io

n
R

ev
is

it
be

ha
vi

ou
r

Pa
rt

2:
A

tt
it

ud
es

an
d

pe
rc

ep
ti

on
s

A
tt

it
ud

es
to

w
ar

ds
21

ex
pe

ct
ed

sa
fe

ty
m

ea
su

re
s

A
tt

it
ud

es
to

w
ar

ds
14

im
po

se
d

sa
fe

ty
m

ea
su

re
s

A
tt

it
ud

es
to

w
ar

ds
go

ve
rn

m
en

td
ec

is
io

ns

Pe
rc

ei
ve

d
sa

fe
ty

an
d

co
m

pl
ia

nc
e

W
ill

in
gn

es
s

to
su

pp
or

tt
hr

ou
gh

5
ac

ti
on

s
Pe

rc
ei

ve
d

bu
si

ne
ss

tr
an

sp
ar

en
cy

of
sa

fe
ty

m
ea

su
re

s
Pe

rc
ei

ve
d

go
ve

rn
m

en
tt

ra
ns

pa
re

nc
y

of
m

ea
su

re
s

Pa
rt

3:
Pr

ofi
lin

g
va

ri
ab

le
s

So
ci

o-
de

m
og

ra
ph

ic
So

ci
o-

de
m

og
ra

ph
ic

So
ci

o-
de

m
og

ra
ph

ic

F
o

o
d

se
rv

ic
e

se
ct

o
r

F
o

o
d

se
rv

ic
e

se
ct

o
r

F
o

o
d

se
rv

ic
e

se
ct

o
r

(n
=

30
6)

(n
=

22
1)

(n
=

25
3)

Pa
rt

1:
A

tt
it

ud
es

an
d

pe
rc

ep
ti

on
s

Ex
pe

ct
at

io
ns

of
at

ti
tu

de
s

to
w

ar
ds

21
ex

pe
ct

ed
sa

fe
ty

m
ea

su
re

s
Pe

rc
ei

ve
d

im
pa

ct
on

pr
ofi

ta
bi

lit
y

of
14

im
po

se
d

sa
fe

ty
m

ea
su

re
s

Ex
pe

ct
at

io
ns

of
w

ill
in

gn
es

s
to

su
pp

or
t

th
ro

ug
h

5
ac

ti
on

s
Pa

rt
2:

Pr
ofi

lin
g

va
ri

ab
le

s
Bu

si
ne

ss
ty

pe
Bu

si
ne

ss
ty

pe
Bu

si
ne

ss
ty

pe

D
a

ta
C

o
ll

e
ct

io
n

Ti
m

in
g

M
ay

20
20

Ju
ne

20
20

N
ov

em
be

r
20

20
St

ag
e

of
th

e
pa

nd
em

ic
1s

tw
av

e
of

in
fe

ct
io

ns
In

be
tw

ee
n

w
av

es
2n

d
w

av
e

of
in

fe
ct

io
ns

Si
tu

at
io

n
fo

r
fo

od
se

rv
ic

e
bu

si
ne

ss
es

(s
ta

rt
da

te
)

M
an

da
to

ry
cl

os
ur

e
(1

4
M

ar
ch

20
20

)
R

eo
pe

ni
ng

(8
Ju

ne
20

20
)

M
an

da
to

ry
cl

os
ur

e
(1

9
O

ct
ob

er
20

20
)

33



Foods 2022, 11, 810

3.3. Data Analysis

Statistical analyses were performed using IBM SPSS Statistics 27. Principal component
analysis (PCA) with Varimax rotation was used to explore the underlying structure both of
consumers’ attitudes towards the expected to be imposed (study 1) and imposed (study 2)
safety measures on food service businesses and of consumers’ transparency perceptions
regarding government communication (study 3). The Kaiser–Meyer–Olkin (KMO) measure
of sampling adequacy and the Bartlett’s test of sphericity provided acceptable values
indicating the meaningfulness of performing a factor analysis on the chosen variables.
The latent root criterion was applied so to only retain factors with an eigenvalue above
one [59]. Factor loadings above 0.5 were considered practically significant, following
the rule of thumb of Hair, et al. [59]; items with factor loadings below 0.5 were omitted.
Since businesses evaluated the same set of safety measures, the factorial structure from the
consumer oriented PCA was used to group businesses’ attitudes, allowing for a comparison
of food service businesses and consumers. Internal consistency of the factors was tested
through McDonald’s omega in order to justify the creation of composite variables based on
the average score on the underlying items of each factor.

Hierarchical binary logistic regressions (enter method) were performed to estimate the
role of the aforementioned factors, past frequency of out-of-home food consumption and
socio-demographic variables (age, gender, education level) on consumers’ revisit intention
(0—postpone visit; 1—retake visit; study 1) as well as revisit behaviour (0—visit postponed;
1—visit retaken; study 2). Outliers, i.e., cases with standardized residuals above |2| [59],
were listed, subjected to visual inspection of DFBeta and stepwise removed (<3% of cases)
until a suitable model was achieved. For all estimated models, no indications of major
problems with multicollinearity were apparent. Although positive bivariate correlations
were found between established factors, the coefficients were below the threshold (0.7),
while collinearity diagnostics showed VIF (variance inflation factor) values well below
10 [59,60]. Different goodness-of-fit statistics were calculated to estimate model fit. The
significance of the likelihood ratio chi-square tests indicated that the models containing the
independent variables represented a significant improvement in fit relative to the model
without variables (‘null’ model). Nagelkerke R2 values, reflecting the amount of variation
accounted for by the logistic model, showed an improvement from Model 2 relative to
Model 1.

Other data analysis techniques used included descriptive, univariate, and bivariate
analyses. Differences in socio-demographics between samples were tested with one-way
ANOVA and chi-square tests. Differences in factor means (study 1, 2) were tested with
paired samples t-tests, while independent samples t-tests were used for differences in
composite variables (derived from the factors; study 1, 2) and (expectations of) willingness
to support (study 3) between the target groups. Differences in takeaway consumption fre-
quency (study 3) were tested with both paired samples t-tests, independent samples t-tests
and bivariate correlations. Bivariate correlations were also used to examine associations
between perceived transparency and other variables (study 2, 3).

4. Results

4.1. Sample Descriptives

The total sample consisted of 1697 consumers and 780 food service businesses. Table 2
presents the characteristics of the sample of each study. There were no differences between
the consumer samples in terms of age (one-way ANOVA; F = 2.47; p = 0.085) and gender
(chi-square test; χ2 = 3.63; p = 0.163). The average age of the sampled consumers was
between 42 and 44. Both female and higher educated people are slightly overrepresented in
the samples. At the level of food service businesses, business type was equally distributed
between samples (chi-square test; χ2 = 4.68; p = 0.096). Roughly three out of four sampled
businesses were restaurants serving both food and drinks, while bars that only serve drinks
were less represented.
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Table 2. Socio-demographic characteristics of the sample per study.

Study 1 Study 2 Study 3

Consumers (n = 1083) (%) (n = 309) (%) (n = 305) (%)

Age
Mean (SD) 42.40 (13.73) 43.99 (14.66) 43.98 (15.10)

Gender
Male 38.1 36.9 43.6

Female 61.9 63.1 56.4
Education

Primary or secondary 29.8 16.5 21.6
Higher 70.2 83.5 78.4

Food service sector (n = 306) (%) (n = 221) (%) (n = 253) (%)

Business type
Restaurant (serving food and drinks) 81.0 78.7 73.5

Bar (only serving drinks) 19.0 21.3 26.5

4.2. Expected Safety Measures in Pandemic Times (Study 1)
4.2.1. Consumers’ Attitudes and Businesses’ Expectations of Their Customers’ Attitudes

PCA was performed to explore the underlying structure of consumers’ attitudes
towards 21 expected safety measures and resulted in a factorial structure with three factors.
Three items were stepwise excluded (loadings < 0.5), while 18 items were retained, all
loading well on one of the three factors. The results of the final factor analysis with 18 items
are summarized in Table 3.

Table 3. Factor loadings from principal component analysis for consumers’ attitudes towards ex-
pected safety measures (study 1; n = 1083).

Items Mean S.D. Factor 1 Factor 2 Factor 3

Disinfectants available on the table 3.42 1.20 0.729 −0.002 0.157
Staff disinfects toilet after each visit 3.92 1.13 0.645 0.293 0.111

Staff disinfects hands after clearing each table 4.21 0.98 0.640 0.324 0.114
Service is performed with mouth mask 3.62 1.22 0.638 0.257 0.300

Service is provided with gloves 3.11 1.34 0.631 0.101 0.203
Tables and chairs are disinfected after each visit 4.06 1.03 0.598 0.385 0.248
Mandatory disinfection of hands upon arrival 4.41 0.87 0.500 0.299 0.266

Newspapers and magazines are not provided 3.80 1.23 0.204 0.799 0.201
No possibility of self-service or buffet 3.99 1.14 0.174 0.736 0.247

Menus and drinks menus are not interchangeable
between tables 3.97 1.04 0.312 0.720 0.225

Clients must hang their own coat in the checkroom 3.39 1.10 0.095 0.538 0.268
Only disposable consumables on the table 3.33 1.36 0.404 0.536 0.119

Mandatory reservation by clients 3.16 1.39 0.019 0.215 0.700
Customers received in shifts per time block 3.11 1.22 0.247 0.108 0.681

Seating only under guidance 3.69 1.26 0.196 0.244 0.673
Presence of walking paths 3.17 1.26 0.399 0.112 0.609

Clients can only consume while seated 3.58 1.23 0.206 0.395 0.556
Availability of waiting zones upon arrival 3.45 1.10 0.302 0.301 0.536

McDonald’s omega 0.827 0.812 0.799
Mean (S.D.) 3.82 (0.78) 3.70 (0.88) 3.36 (0.88)

Note: KMO measure of sampling adequacy: 0.939; Bartlett’s test of sphericity: 7445.125 (p < 0.001); bold indicates
on which factor an item loads highest (loading > 0.5).
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Factor 1 represents hygiene measures, which particularly focus on disinfecting hands
and surfaces. Factor 2 deals with measures aimed at avoiding the sharing of objects
between customers, such as menus and salt shakers. Factor 3 includes organisational
measures that assure a well-organised flow of clients in the establishment. McDonald’s
omega values for the three factors indicated good internal consistency and allowed for the
development of composite variables for factor 1 (seven items), factor 2 (five items) and
factor 3 (six items). Table 3 also presents item and factor means. Paired samples t-tests
indicated significant differences between the factor means. The mean of factor 1 (hygiene;
x = 3.82) is significantly higher compared to factor 2 (avoidance;x = 3.70) (t = 5.73; p < 0.001),
which in turn has a significantly higher mean than factor 3 (organisation;x = 3.36) (t = 14.58;
p < 0.001). While all items and factors are considered important when revisiting food service
businesses, sanitary measures appear to be the priority for consumers.

To allow for comparison with restaurants’ and bars’ expectations of their customers’
attitudes towards safety measures in food service businesses, the same factors were devel-
oped. McDonald’s omega values above 0.7 justified the calculation of composite variables
of hygiene and avoidance measures at the level of businesses. Internal consistency for the or-
ganisational measures was lower (McDonald’s omega = 0.667), yet close to the threshold of
0.7 and still acceptable for exploratory research [59]. Surprisingly, businesses’ expectations
of their customers’ attitudes towards safety measures in their businesses are significantly
different from consumers’ stated attitudes (Figure 1). Independent samples t-tests indi-
cated significantly lower mean scores for hygiene (t = 8.71; p < 0.001) and organisational
measures (t = 3.91; p < 0.001) from the businesses’ perspective compared to the consumers’
perspective.

3.08 ( = 176)

3.49 ( = 77)

3.38 ( = 306)

3.36 ( = 1083)

3.70 ( = 1083)

3.82 ( = 1083)

1 2 3 4 5

F3(1) Organisation***

F2(1) Avoidance

F1(1) Hygiene***

Consumers Businesses

Figure 1. Expected safety measures: consumers’ attitudes vs. businesses’ expectations of their cus-
tomers’ attitudes. Note: not all statements were evaluated by all business owners due to irrelevance,
explaining the differences in n between factors; *** p < 0.001; FX(Y) with X = number of factor,
Y = number of study.

4.2.2. Determinants of Consumers’ Revisit Intentions (Study 1)

The first study revealed that 58.2% of respondents had the intention to immediately
revisit food service businesses once reopened. To understand which factors influenced
consumers’ intentions to either postpone or retake visits when restaurants and bars reopen,
a binary logistic regression model was estimated. A hierarchical approach was used to
assess the associations between attitudes (Model 2) and intention, controlling for socio-
demographics and past behaviour (Model 1). Thirty outliers were omitted, yielding a total
of 1053 valid responses. The results are summarized in Table 4. The significance of the
likelihood ratio chi-square tests and the Nagelkerke R2 values (0.125 and 0.279 for Models
1 and 2 respectively) indicated a moderate model fit.
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Table 4. Coefficient estimates and diagnostics from hierarchical binary logistic regression explaining
consumers’ revisit intentions (study 1; n = 1053).

Model 1: Consumer Profiling Variables Model 2: Consumer Profiling and Attitudes

Variable B S.E. Wald p Exp(B) B S.E. Wald p Exp(B)

Socio-demographic
Age −0.001 0.005 0.039 0.843 0.999 0.009 0.005 3.099 0.078 1.009

Gender (1 = male) 0.488 0.142 11.910 0.001 1.630 0.204 0.154 1.760 0.185 1.226
Education (1 = higher) −0.141 0.151 0.872 0.350 0.868 −0.159 0.163 0.958 0.328 0.853

Past behaviour
Visit frequency 0.335 0.049 47.305 <0.001 1.398 0.300 0.050 36.555 <0.001 1.349

Attitudes
F1(1) Hygiene −0.479 0.138 12.043 0.001 0.620

F2(1) Avoidance −0.449 0.121 13.727 <0.001 0.638
F3(1) Organisation −0.505 0.122 17.197 <0.001 0.604

Constant −0.256 0.276 0.862 0.353 0.774 4.849 0.578 70.427 <0.001 127.613

Model
Likelihood ratio 101.971 <0.001 244.007 <0.001
Nagelkerke R2 0.125 0.279

Note: Predictive accuracy of 63.6% (Model 1) and 69.3% (Model 2) compared to 59.8% in the ‘null’ model;
dependent variable (revisit intention) is a dummy variable: postpone visit (0), retake visit (1); bold indicates
significant coefficients (p < 0.05); FX(Y) with X = number of factor, Y = number of study.

The first model (Model 1, one block) indicates that the probability of having the
intention to revisit restaurants and bars was positively influenced by respondents’ visit
frequency before the lockdown. An increase in the frequency of out-of-home consumption
by one visit per week increased the odds of intending to revisit by 40%. Furthermore, gender
had an effect on revisit intention; being male increased the odds of intending to revisit
(odds ratio: 1.63). Age and education did not significantly affect revisit intention. From the
final model (Model 2, two blocks), attitudes towards safety measures related to food service
businesses were identified as significant determinants of consumers’ revisit intention; the
importance of hygiene, avoidance and organisational measures had a significant negative
influence. A one-unit increase in the attitude score decreased the odds of revisit intention
by a factor in the range of 0.60 to 0.64. Respondents who valued the safety measures more
were less likely to plan to retake their visits immediately and rather intended to postpone,
with the risk of contamination as the major reason to do so (65%). This demonstrates the
importance for businesses to strictly adhere to imposed measures in order to persuade
customers to revisit their establishments during the COVID-19 pandemic. The effect of
gender decreased in Model 2 and was no longer significant.

4.3. Imposed Safety Measures in Pandemic Times (Study 2)
4.3.1. Consumers’ Attitudes and Perceived Impact on Businesses’ Profitability

PCA was performed to explore the underlying structure of 14 actual imposed safety
measures. A two-factor solution was recognized, with factors conceptually similar to the
factors ‘hygiene’ and ‘organisation’ identified in study 1. Here, the factor ‘avoidance’ was
not identified, and items related to avoid the sharing of objects between customers loaded
on other factors. To compare both studies, all three items related to ‘avoidance’ were
removed in this analysis. This yielded high factor loadings for the remaining 11 items. The
results are summarized in Table 5.

37



Foods 2022, 11, 810

Table 5. Factor loadings from principal component analysis for consumers’ attitudes towards imposed
safety measures (study 2; n = 309 ).

Items Mean S.D. Factor 1 Factor 2

Tables and chairs are disinfected after each visit 4.26 0.96 0.794 0.227
Only paper towels and lockable bins in the toilets 4.47 0.76 0.769 0.176

Payment terminal is disinfected after each use or hand gels/cotton buds available 4.17 1.00 0.756 0.270
Disinfectants available for clients 4.38 0.79 0.745 0.208

Service is performed with mouth mask 4.02 1.10 0.686 0.462
Kitchen staff wears mouth mask or keeps distance 4.06 1.11 0.668 0.363

Glasses are washed with soap 4.50 0.74 0.654 0.240

Mandatory closure at 1 am 3.00 1.38 0.117 0.801
Clients can only consume while seated 3.69 1.22 0.332 0.787

Maximum of 10 clients per table 3.76 1.14 0.272 0.748
Distance of 1.5 m is maintained outside and inside 4.21 0.96 0.422 0.587

McDonald’s omega 0.892 0.805
Mean (S.D.) 4.27 (0.72) 3.66 (0.93)

Note: KMO measure of sampling adequacy: 0.896; Bartlett’s test of sphericity: 1778.693 (p < 0.001); bold indicates
on which factor an item loads highest (loading > 0.5).

Similar to study 1, factor 1 deals with hygiene measures and factor 2 is clearly linked
to organisational measures. McDonald’s omega values for the two factors indicated good
internal consistency and allowed calculations of composite variables for factor 1 (seven
items) and factor 2 (four items). Table 5 also presents item and factor means, as derived from
attitude scores on a 5-point importance scale. Paired samples t-test indicated significant
differences between factor means (t = 14.84; p < 0.001), with hygiene measures (x = 4.27)
considered to be more important than organisational measures (x = 3.66).

The factors grouping hygiene and organisational measures were also used to compare
consumers’ attitudes towards the measures with the perceived impact of the measures
on the profitability of restaurants and bars. As for the latter, composite variables were
calculated (McDonald’s omega > 0.7). It becomes clear that both hygiene and organisa-
tional measures have a large perceived impact on businesses’ profitability. Independent
samples t-tests indicated significantly lower mean scores for organisational measures
(t = 7.17; p < 0.001) from consumers’ perspectives (importance) compared to businesses’
perspectives (perceived impact on profitability) (Figure 2).

4.24 ( = 221)

4.24 ( = 221)

3.66 ( = 309)

4.27 ( = 309)

1 2 3 4 5

F2(2) Organisation***

F1(2) Hygiene

Consumers Businesses

Figure 2. Imposed safety measures: consumers’ attitudes vs. perceived impact on businesses’
profitability. Note: *** p < 0.001; FX(Y) with X = number of factor, Y = number of study.

4.3.2. Determinants of Consumers’ Revisit Behaviour (Study 2)

In the second study, 69.3% of respondents indicated that they immediately revisited
food service businesses as soon as they were allowed. To understand which factors influence
consumers’ actual behaviour to either postpone or retake visits to restaurants and bars
since reopening, another binary logistic regression model was estimated. A hierarchical
approach was used to assess the associations between attitudes (Model 2) and current
behaviour, controlling for socio-demographics and past behaviour (Model 1). Eight outliers
were omitted, yielding a total of 301 valid responses. The results are summarized in Table 6.
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Certain goodness-of-fit statistics (likelihood ratio, Nagelkerke R2 of 0.289 and 0.348 for
Models 1 and 2 respectively) were calculated and indicated moderate to good model fit.

Table 6. Coefficient estimates and diagnostics from hierarchical binary logistic regression explaining
consumers’ revisit behaviour (study 2; n = 301 ).

Model 1: Consumer Profiling Variables Model 2: Consumer Profiling and Attitudes

Variable B S.E. Wald p Exp(B) B S.E. Wald p Exp(B)

Socio-demographic
Age −0.028 0.010 7.509 0.006 0.972 −0.022 0.011 4.097 0.043 0.978

Gender (1 = male) 0.608 0.313 3.771 0.052 1.837 0.465 0.324 2.057 0.151 1.591
Education (1 = higher) −1.023 0.467 4.797 0.029 0.360 −1.034 0.482 4.602 0.032 0.356

Past behaviour
Visit frequency 0.965 0.197 24.060 <0.001 2.626 0.968 0.210 21.245 <0.001 2.632

Attitudes
F1(2) Hygiene −0.830 0.329 6.371 0.012 0.436

F2(2) Organisation −0.170 0.233 0.531 0.466 0.844

Constant 1.664 0.750 4.918 0.027 5.279 5.743 1.392 17.023 <0.001 311.952

Model
Likelihood ratio 68.029 <0.001 84.051 <0.001
Nagelkerke R2 0.289 0.348

Note: Predictive accuracy of 75.1% (Model 1) and 76.1% (Model 2) compared to 71.1% in the ‘null’ model;
dependent variable (revisit behaviour) is a dummy variable: visit postponed (0), visit retaken (1); bold indicates
significant coefficients (p < 0.05); FX(Y) with X = number of factor, Y = number of study.

The first model (Model 1, one block) indicates that the probability of revisiting restau-
rants and bars was positively influenced by respondents’ visit frequency before the lock-
down. Increasing the frequency of out-of-home consumption by one visit per week, in-
creased the odds of revisiting by a factor of 2.63. Moreover, age and education had an
impact on revisit behaviour. A 10-year increase in age was associated with an 28% decrease
in the probability of revisiting; higher educated people were less likely to retake visits
immediately (odds ratio: 0.36). When looking at the complete model (Model 2, two blocks),
attitudes towards hygiene measures were identified as another significant determinant of
consumers’ revisit behaviour; a one-unit increase in the attitude score decreased the odds
of revisiting by a factor of 0.44. The more respondents value the hygiene measures, the less
likely they are to retake their visits immediately, hence more likely to postpone. The attitu-
dinal variable related to organisational measures as well as gender did not significantly
affect revisit behaviour.

4.4. Post-Pandemic Behaviour and Willingness to Support (Study 3)

Mandatory closure of dine-in services during lockdown periods led to a significant in-
crease in consumers’ ordering frequency of takeaway meals (paired samples t-test; t = 9.35;
p < 0.001). Whereas before the COVID-19 pandemic people chose takeaway on av-
erage once per month (0.21 times/week, S.D. = 0.33), this doubled during lockdown
periods (0.45 times/week, S.D. = 0.51). However, consumers expected to reinstate their
pre-pandemic behaviour in terms of takeaway and out-of-home consumption once the
pandemic was over. No significant differences in lockdown takeaway consumption were
found for gender and education level, nor was there a correlation with age.

Figure 3 shows consumers’ willingness to contribute versus businesses’ expectations
of their customers’ willingness for five different support actions. While consumers and
businesses ranked the options nearly identical, independent samples t-tests revealed signif-
icant differences between the two groups. Consumers’ willingness to support exceeded
businesses’ expectations for all support actions evaluated.
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1.94

1.78

2.25

2.51

3.15

2.36

2.77

3.06

3.17

3.87

1 2 3 4 5

Support crowdfunding campaign***

Paying extra corona contribution at next visit***

Extra tip when using take-away/delivery of
meals***

Purchasing vouchers***

Extra use of takeaway/delivery of meals***

Consumers Businesses

Figure 3. Consumers’ willingness to personally contribute (n = 305) and businesses’ expectations of
their customers’ willingness (n = 253). Note: *** p < 0.001.

4.5. Consumers’ Transparency Perceptions of Safety Measures in Pandemic Times
4.5.1. Communication by Food Service Businesses (Study 2)

Transparency perceptions regarding businesses’ communication of safety measures
were calculated as a mean score of the eight items (McDonald’s omega = 0.940). No
significant differences in perceived transparency were found for gender and education
level, neither was there a correlation with age. However, perceived transparency was highly
positively correlated with perceived compliance and perceived safety (Table 7), which were
also strongly, and positively correlated. The more transparently businesses communicate,
the more customers believe that businesses adhere to the imposed safety measures and the
more they felt safe during their visit.

Table 7. Bivariate correlations between consumers’ perceived transparency, compliance, and safety
(study 2; n = 214).

Mean S.D. Perceived Transparency Perceived Compliance

Perceived
transparency 3.92 0.84 1

Perceived compliance 4.05 1.04 0.596 *** 1
Perceived safety 4.18 0.95 0.602 *** 0.785 ***

Note: *** p < 0.001.

4.5.2. Communication by the Government (Study 3)

Consumers’ transparency perceptions regarding government communications were
measured for both lockdown periods. PCA was conducted on all 16 items and a factorial
structure with two factors was recognized, i.e., eight items per lockdown. McDonald’s
omega values justified the creation of composite measures. Table 8 summarizes the results.
A significant increase in perceived transparency was observed with the progression of the
pandemic (paired samples t-test; t = 5.79; p < 0.001), although consumers considered the
government’s transparency for both lockdown periods to be fairly neutral.

Perceived transparency was also found to be positively correlated with support for the
government’s decision to close food service businesses. The correlation was stronger for
perceived transparency related to the communication in the second lockdown (r = 0.623;
p < 0.001) compared to the first lockdown (r = 0.392; p < 0.001).
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Table 8. Factor loadings from principal component analysis for perceived transparency (study 3;
n = 305).

Items
1st Lockdown 2nd Lockdown

Factor 1 Factor 2

Information is timely 0.700 0.634
Information is relevant 0.763 0.793

Information is consistent 0.795 0.692
Information is complete 0.786 0.799

Information is easy to understand 0.806 0.774
Information is accurate 0.843 0.784
Information is reliable 0.769 0.829

Information explains the rationale 0.716 0.745

McDonald’s omega 0.917 0.909
Mean (S.D.) 2.86 (0.88) 3.16 (0.88)

Note: KMO measure of adequacy: 0.910; Bartlett’s test of sphericity: 3225.558 (p < 0.001); only factor loadings
above 0.5 are presented.

5. Discussion

By using the COVID-19 pandemic as a case, this study addresses the need for research
on consumers’ changed behaviour regarding out-of-home food consumption during and
following a pandemic. Based on three online surveys with 1697 consumers and 780 food
service businesses, this study analysed (1) attitudes, intentions and behaviour regarding
safety measures and dining out in pandemic times, and (2) transparency perceptions of
safety measures. This research contributes to the current body of literature on out-of-home
food consumption during the COVID-19 pandemic by integrating the perspectives of
two stakeholder groups, i.e., food service consumers and businesses, and analysing their
perceptions at different moments in time. Our findings provide important insights that will
enable food service businesses to better understand consumers’ perceptions so they can
anticipate them and ensure their own survival. The discussion is structured according to
the research questions posed.

5.1. Consumers’ and Businesses’ Attitudes towards Safety Measures (RQ1a, RQ1b)

Our results indicate that, although consumers were generally concerned about all
safety measures, attitudes towards them can be categorized into three factors related to
hygiene, avoidance of object sharing and organisation. For both expected and imposed
safety measures, sanitary measures, which focus on disinfection of hands and surfaces,
are prioritized. This highlights the importance consumers attach to disinfecting when it
comes to preventing virus transmission while consuming food out-of-home. The priority
given to hygiene measures is similar to the results of previous consumer studies, where
availability of disinfectants, staff wearing masks, extensive cleaning of surfaces, strict
handwashing and training employees about sanitary practices were considered the most
important precautions to be taken by restaurants [31,61]. However, food service businesses
themselves did not expect their customers to attribute that much importance to the safety
measures in place at their establishment. In addition, the profitability of restaurants and
bars was severely compromised by the safety measures imposed.

5.2. Determinants of Consumers’ Revisit Intentions and Behaviour (RQ2)

Further, this study identifies different determinants of consumers’ intention and
behaviour related to visiting food service businesses post-lockdown. When comparing
consumers’ intentional and actual visiting behaviour, several differences can be recognized.
While consumers’ attitudes towards all measures (hygiene, avoidance, organisation) had
significant effects on the intention to revisit, only their attitudes towards hygiene measures
were a significant factor influencing the likelihood to actually revisit and attitudes towards
organisational measures were not that influential. In sum, the higher the importance
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attributed to (hygiene) measures, the less likely consumers were to (intend to) revisit.
As such, it indicates that good compliance with (hygiene) measures appears to be an
important strategy for businesses to regain customers when reopening is allowed. These
findings are in line with previous studies that indicate the importance of cleanliness and
sanitation when selecting and visiting restaurants [38,39] and confirm past studies in this
field that identified consumers’ attitudes towards hygiene as a determinant of (re)visit
intention [36,37]. Moreover, consumers’ cleanliness concerns are even heightened in times
of global health crises, such as the current pandemic [30,32]. Our results underpin the
importance of cleanliness and safety measures to draw customers back in by meeting their
expectations [30]. Similar, cleanliness was used as selling proposition to recover from
SARS [40]. However, Wei, et al. [61] observed different results and suggested that perceived
importance of preventive COVID-19 measures indirectly enhanced customers’ intentions
to dine out during the reopening period, through brand trust, i.e., customers’ reliance on a
certain business. Implementing safety measures helps restaurants to build brand trust, even
more for those who perceive high risk of COVID-19, and more trustworthy restaurants
attract more customers [61,62]. Customers with a low risk perception of COVID-19 are
less willing to adapt their lifestyle to comply with safety measures, hence their trust in
restaurants is less impacted by the adoption of preventive measures [62]. Despite the
seemingly contradictory results, the findings are similar to ours: by implementing and
strictly complying with safety measures, restaurants might convince customers to resume
dining out during the pandemic.

In addition, our results indicate that men state that they are more likely to revisit
immediately while women state that they are more likely to postpone. This might be
explained by gender differences in health-protective behavioural response to a respiratory
pandemic [63]. Women are more concerned about COVID-19 and therefore take more
precautions to avoid contamination [64], even though the severity and mortality are higher
for male COVID-19 patients [65]. However, when it comes to actual revisit behaviour,
gender is eventually not a determinant in our study, while age and educational level are.
Being older as well as having achieved a higher level of education significantly decreases the
likelihood of revisiting immediately. The age effect might be linked to a higher probability
of severe illness for older people [65]. In a study by Hakim, et al. [34], though age did
not impact visit intention, older customers’ visit intentions were less affected by denial of
COVID-19 compared to younger people. Regarding educational status, Byrd, et al. [66]
found that higher educated consumers have more concerns about the risk of contracting
COVID-19 from restaurant food, which might explain their postponing behaviour, despite
eating out-of-home more often [27]. Consumers’ pre-pandemic frequency of out-of-home
consumption had a significant positive effect on the likelihood to intend to revisit and
actually revisit. The more often people went out to eat or drink before COVID-19, the more
likely they are to (plan to) do so again. Current results are consistent with Lee, et al. [67],
who showed that the frequency of past travel behaviour was positively associated with the
intention to travel during the 2009 H1N1 outbreak, and Mehrolia, et al. [26], who indicated
that the probability of ordering food though online food delivery services during the
COVID-19 lockdown was higher for customers with a higher purchasing frequency before.

5.3. Post-Pandemic Behaviour and Willingness to Support (RQ3a, RQ3b)

Our results indicate that consumers’ ordering frequency of takeaway meals doubled
during mandatory closure periods of restaurants and bars, findings that are in line with
Poelman, et al. [23]. Once the pandemic is over, consumers expect to return to their initial
frequency of dining out and ordering takeaway.

Further, not only is the Belgian federal government financially helping food service
businesses to overcome the current crisis, but consumers are also very willing to make
personal contributions to support the sector, even more than was expected by restaurants
and bars. Consumers indicate that they are highly willing to financially support to help
food service businesses to survive, contrary to the expectations of the food service sec-
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tor. Previous studies argued that high levels of solidarity with the food service sector
have a positive effect on consumers’ intention to visit restaurants and bars [34] and to
continue using food delivery applications [54] during the COVID-19 pandemic; however,
this situation-specific effect is expected to diminish over time. The notable discrepancy that
was found between consumers’ solidarity intentions and businesses’ expectations provides
knowledge and opportunities for businesses to facilitate their survival of the pandemic.

5.4. Consumers’ Transparency Perceptions of Safety Measures in Pandemic Times (RQ4)

Perceived transparency of businesses’ communications about the imposed measures
is positively correlated with perceived compliance of businesses with those measures and
perceived safety of customers during their visit. The correlations between these variables
suggest the importance of transparent communication to appear well-compliant and to
make customers feel safe during their visit. These findings are in line with previous research,
which argues that food service businesses can restore customers’ trust and encourage them
to dine out during the pandemic by communicating in a transparent way [34,53].

Perceived transparency of government communication is positively correlated with the
support for the mandatory closure decision. Similar results were observed by Scholz, et al. [47],
who identified a positive correlation between the comprehensibility of a certain COVID-
19-related decision, in particular of its underlying rationale, and its acceptance. Providing
timely, clear, and consistent policy recommendations improves compliance [46,49]. As
consumers’ perceptions of transparency increased throughout the pandemic, this might
have positive implications for the acceptance of more recent government decisions.

6. Conclusions

6.1. Implications

This study contributes to the growing body of COVID-19-related literature in the
hospitality domain. It is one of the first studies to assess the role of safety measures in
predicting consumers’ revisit intention and behaviour. By demonstrating the importance
consumers attribute to safety measures and hygiene when resuming visits to restaurants
and bars, this study helps to better understand consumers’ preferences regarding out-of-
home food consumption during a pandemic. Further, while previous research has mostly
focused on either consumers or food service businesses at one moment in time, this study
extends the existing literature by integrating perspectives of two key stakeholder groups at
multiple stages of the pandemic.

The COVID-19 pandemic has tremendously impacted food service business operations.
The findings of this study can help the food service sector in developing adequate survival
strategies. As both consumers’ revisit intention and behaviour were determined by their
attitudes towards sanitary measures, this study highlights how adoption of and adherence
to safety measures may be an effective approach for food service businesses to attract
customers in pandemic times. Further, it is suggested that by communicating transparently
about these measures, business owners will make their customers feel safe during their
visits. This study also revealed consumers’ high willingness to contribute financially to
the continued existence of restaurants and bars. The food service sector should benefit
from these solidarity intentions as they are likely to decline over time. Understanding
customers’ expectations and willingness to provide support, both in terms of financial
contributions during lockdown periods and physical visits during reopening periods,
might help business owners face the challenges posed by this and future health crises.

6.2. Limitations and Future Research

The present study has some limitations. Our results are based on data from Flanders,
Belgium, collected during the first and second wave of COVID-19. Perceptions and attitudes
may differ from country to country, as the COVID-19 pandemic has affected countries
in various ways and to various extents and has been tackled by various policy decisions.
Moreover, although the pandemic is still ongoing, perceptions and attitudes may change
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over time as both consumers and food service businesses are gradually adjusting to the
new normal. Future research could investigate the long-term effects of COVID-19 on
out-of-home food consumption behaviour, both in later stages of the pandemic and when
the pandemic would be over. Furthermore, caution is needed when interpreting consumers’
views on visit intention and solidarity actions as they may deviate from actual behaviour,
known as the intention–behaviour gap [68]. Finally, future research could further expand
the variables used in this study. Besides attitudes towards safety measures and past
behaviour, consumers’ revisit intentions and behaviours could be affected by other factors,
e.g., risk perception related to COVID-19 infection could also be relevant. To further
explore the role of perceived transparency regarding communication in pandemic times, its
effects on trust and compliance could be investigated. Future studies may also deepen the
understanding of the discrepancies found between consumers’ attitudes and businesses’
expectations and elaborate on consumers’ changed consumption behaviour.
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Abstract: A new food safety level of trust in food risk perception has been noticed, as a consequence
of the SARS-CoV-2 pandemic. The pandemic made-up to review nutritional recommendations for
the population, mainly for the young population. Here, the results of a designed survey for the
young population, from the University of Valencia, Spain, belonging to grades in the health branch
of knowledge, and in charge of carrying out the shopping task for their household, are reported.
The study reports three different scenarios and years, as defined by the SARS-CoV-2 pandemic:
before the pandemic (period January–December 2019), during the pandemic lockdown (period
March 2020–August 2020), and after the pandemic lockdown (September 2020–June 2021). The
survey was designed with questions, profiling responses using the best–worst elicitation (BWE)
format. Results reported that trust and evaluation of information differed in all three scenarios. In
the SARS-CoV-2 pandemic, there was (i) a high increase in trust in the information provided inside
(by) the shopping place, while there were no changes for the outside (kept in medium score); (ii) trust
in cooperative stakeholders went from a medium-low to medium-high score, while, for individual
stakeholders, it was maintained as a medium score, and (iii) trust in information on food products
was kept in high score. Regarding the evaluation of the information provided by stakeholders, a
tendency in medium score was maintained, while that from the channels of distribution went from
medium-low to medium-high for buying on-site. A uniform tendency was observed for online/other
distribution channels for all three years and descriptors studied: “Internet”, “Farmer on-demand”,
and “Cooperative consumers” (<50%). This research provides findings of implications that contribute
to changing the perception of food risk, due to the COVID-19 pandemic, i.e., the adaptation of the
young population, trust in safety and quality, and importance of coordination from all communication
points to avoid negative or strongest consequences, in case of future lockdowns or health crisis.

Keywords: young population; food perception; risk perception; food safety; COVID-19

1. Introduction

Food safety, in a globalized world, is a major concern in the food supply chain for
consumers. The concept of food safety seems to be completed, when there is no food risk
or perceived, while the evaluation of risk perception implies the trust in purchasing a
product and behavior [1,2]. In this sense, two points can be considered of great importance
in food safety: (i) trust in food products and (ii) the levels of communications, which vary
depending on the country or cultural contexts. Both points influence food perception across
countries [3]. There are plenty of stages, indirectly implicit in the acquisition, for consumers
to choose and consume a food product, which makes it necessary to give a wider trust in
food, for the population, that guarantees food safety.

Food has several factors and connotations, when spreading risk messages, related
to culture, symbolism, family, and even religion; in fact, there is evidence suggesting
differences between food and non-food risks [4]. There are risks and benefits associated
with food, such as the presence of contaminants and nutritional contribution. From both
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perspectives, when there is an intention of spreading this information, it is necessary for all
to be considered as communication strategies [5].

Literature reports that the response of consumers to food safety or confidence is
different, depending on the risk origin [6,7], so that, if a different behavior of potential
risks is subsequently adopted, if it is referred to as technological or natural risks [8,9].
Similarly, this happens in the type of exposure to such risk: chronic or acute. In the acute
context, the natural risk might increase the risk perception; while, in chronic context, the
information provided in the risk assessment process by authorities is available for specific
groups of vulnerable populations, so that the relationship among different circumstances
causes different behavior and perception of risks [10].

During COVID-19, adequate nutrition was correlated with several indicators that
influenced nutritional education (family member at home, watching TV during mealtime,
country, maternal education, etc.) [11]. It pointed out that it was necessary to review
and reshape nutritional recommendations for the young population, due to the different
nutrition behavior reported during the COVID-19 lockdown [11].

Besides the aspect commented, it is of great importance to highlight the globalization
that the market has developed in the last years. Warranties of good functioning in globaliza-
tion can be supported, if there is trust in the food supply chain at different levels: general
(understood as an interpersonal trust), stakeholders on the food chain, food authorities,
and food products [12]. Nowadays, there has been a new level of trust, as a consequence of
the SARS-CoV-2 pandemic, which is reflected in the study, presented here, for the young
population. In this sense, the main focus of this study was to evaluate how the young pop-
ulation was facing food risk perception before, during, and after the lockdown pandemic,
as well as what the most influential source/guide that provided safety and quality was.

National institutes of statistics have had to face the new scenario with COVID-19
by working on guidelines to obtain new methodologies of generating statistics, but most
importantly to continue providing help in obtaining data across the globe [12–16]. One of
the first steps in communicating food risk is to understand how consumers perceive that
risk, and this is supported by involving science, evidence, and data regarding risk analysis;
nevertheless, decisions in risk are also sustained by instinctual and/or emotional factors.
These aspects have been indicated in previous studies; however, in the last year (referred
to 2021), after the SARS-CoV-2 pandemic situation (after strict lockdowns), it could affect
this perception and denote an increase in the demands of safety and quality on the part
of the consumer and consumer agencies. Hence, the results of a designed survey for the
young population from the University of Valencia, Spain, belonging to grades in the branch
of health sciences and in charge of carrying out the shopping task for their household,
are here reported (Table 1). The study collects the trust, regarding different sources of
information, that gives warranties in the food chain, as well as how it is perceived for the
young population. The study reports three different scenarios, defined by the SARS-CoV-2
pandemic: before the pandemic (period January–December 2019 “normal life”), during the
pandemic lockdown (period March 2020–August 2020 “during lockdown”), and after the
pandemic lockdown (September 2020–June 2021 “after lockdown”).
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Table 1. Characteristics of respondents, corresponding to the young population from the University
of Valencia.

Students %

Gender
Male

Female
16
84

Age
18–25 years old
26–35 years old
>35 years old

66
24
10

Education Level Degree in
Pharmacy

Food Science
Dietetics and Human Nutrition

Master of Quality and Food Safety

37
20
25
18

2. Material and Methods

2.1. Respondents

Data were collected in Spain from students of the University of Valencia, through a
validated survey, from 2019 to 2021 (Ethics Committee at University of Valencia—UV-INV-
1942475). The sample, consisting of 600 individuals, represents the young population, who
are in charge of shopping baskets for the household (Table 1). The information collects
responses of students from different health branch degrees: human nutrition and dietetics,
pharmacy, food science, and masters’ degrees in quality and food safety. Students were
contacted in a class by leaving the survey design open, with an age range from 18 to
>35 years old. Characteristics of the population studied are collected in Table 1 and Figure 1.
The survey was open for answering, for the groups described above; 84% were female
respondents, and 16% were male. The order of respondents, per educational level, was
pharmacy degrees, followed by dietetics and human nutrition, food science, and quality
and food safety master’s degrees (more details of enlisted respondents are in Section 3).

Figure 1. Characteristics of the young population studied, according to age, education level,
and gender.

2.2. Survey Design and Recruitment

A survey was designed, with questions profiling responses using the best–worst
elicitation (BWE) format (described in Petrolia et al., 2016 [17]). The BWE format refers
to getting answers that indicate only the first-best choice, and it has been used in several
studies, as reported in the literature [18–23]. It describes, somehow, an order of what is
the best alternative, followed by the worst and those remaining, again, the “best” and
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worst, until all options are ranked. The methodology results are easier to obtain than the
standard question format, and it also permits our group to understand the best–worst
ranked answers for the risk perception of the population studied. The structure of the
questionnaire corresponded to three sections: trust in those providing information of food
(source and stakeholders of the food chain) (Figures 2 and 3), frequency of consumers in
checking the information present in food (Figure 4), and evaluation of the information
provided (Figures 5 and 6).

Figure 2. Trust of young population in information source of food products inside the shopping place
(a) (“nutritional facts”, “quality label”, and “sanitary control seal”) and outside the shopping place
(b) (“internet”, “brand”, and “commercials”). Values correspond to the mean ± SD of population
responding to the questionnaire. ** p ≤ 0.01 and *** p ≤ 0.001, with respect to the control (Year 1).

Figure 3. Percentage of trust of young population in stakeholders involved in the food chain produc-
tion: individual (“Food seller”, “Food producer”, and “Relatives and friends”) (a) and cooperative
(“Supermarket”, “Consumer’s association”, and “Research institutes”) (b). Values correspond to the
mean ± SD of the population responding the questionnaire. * p ≤ 0.05, ** p ≤ 0.01, and *** p ≤ 0.001,
with respect to the control (Year 1).
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Figure 4. Percentage of young population checking information in food products, referred to: “Expir-
ing date”, “Ingredients”, and “Allergens”. Values correspond to the mean ± SD of the population
responding to the questionnaire. * p ≤ 0.05, ** p ≤ 0.01, and *** p ≤ 0.001, with respect to the control
(Year 1).

 
Figure 5. Evaluation of stakeholder in providing information of food products for the young popula-
tion (“Supermarkets”, “Producers”, “Food administration”, “Research centers”, “Consumers”, and
“Consumers associations”). Values correspond to the mean ± SD of the population responding to the
questionnaire. * p ≤ 0.05, ** p ≤ 0.01, with respect to the control (Year 1).

 

Figure 6. Evaluation of different channels for the young population to buy food: (a) on-site (“farmers
market”, “ecological markets”, and “directly from the market”); (b) online/others (“internet”, “farmer
on demand”, and “cooperative consumers”). Values correspond to the mean ± SD of the population
responding to the questionnaire. ** p ≤ 0.01, and *** p ≤ 0.001, with respect to the control (Year 1).
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2.3. Questionnaire Used for the Survey

The questionnaire was developed based on “best-worst elicitation” (BWE), in order to
analyze whether the pandemic, associated with SARS-CoV-2 attributes, was associated with
food safety and risk perception. The complete initial questionnaire consisted of 17 questions,
previously tested through a pilot study, for its validation by the Organization of Consumers
and Users—OCU organism in 2017 [24]. The questions selected for the survey were based
on the existing data in the literature, carried out as a preceded task, while the discussed and
reported results are based on those that gave a greater relevance. A scale from 0 to 10 points
was used to describe the profile of trust or information from stakeholders, and the following
score-levels were defined: (i) low: from 0 to 3 points; (ii) medium: from 4 to 7 points, and
(iii) high: from 8 to 10 points. The questionnaire was answered in three different periods,
as defined by the SARS-CoV-2 pandemic: before pandemic (normal life—Year 1), during
pandemic lockdown (Year 2), and after pandemic lockdown (end of lockdown—Year 3).

2.4. Statistical Analysis

BWE allowed us to know the number of times an attribute of COVID-19 was selected
as the most (best) or least influential (worst), as well as the average score for each attribute,
for the entire sample, which allowed us to build the different figures described in the
Results sections. Statistical analysis of data was carried out using the IBM SPSS Statistic
version 23.0 (SPSS, Chicago, IL, USA) statistical software package and GraphPad Prism
8.0 (GraphPad Software, Inc., San Diego, CA, USA). Data were expressed as mean ± SD of
three independent experiments. The statistical analysis of the results was performed by
student’s t-test for paired samples. Differences between groups were analyzed statistically
with ANOVA, followed by the Tukey HDS post hoc test for multiple comparisons. The
level of p ≤ 0.05 was considered statistically significant.

3. Results

3.1. Best–Worst Scores and Respondents

The best–worst methodology allowed us to identify the most influential COVID-19
attributes, as considered by food companies during the pandemic. It was contemplated to
have the different informative risk perceptions from each respondent that would influence
their choices. Respondents were asked to provide a numerical rating for what they per-
ceived to be the level of food safety for food, in general, without specifications but with
a background on their studies (following BWE, described in Section 2.2). Results could
change in populations with non-informative risk perceptions. Scores were divided into low,
medium, and high categories, according to the description in Section 2.3.

The respondents’ profiles are reported in Table 1 and Figure 1. The total number of
respondents was 600 students, corresponding to 16% males and 84% females; ages were
between 18 to >35 years old, while the distribution by educational level was as follows:
37% studying for a pharmacy degree, 20% studying for a food science degree, and 25%
studying for a dietetics and human nutrition degree. Finally, the population studying for
the master’s in quality and food safety corresponded to 18%.

3.2. Trust in the Information Source

The information source in the young population revealed a markedly different score
of trust, according to the survey, which is reported in Figure 2. It was divided by the
information perceived (i) in the market, referred to as before or during purchasing (inside
the shopping place) and contained on the packaging label (nutritional facts, quality seal,
and sanitary control seal) (Figure 2a), and (ii) external (outside) to the shopping place,
referred to as information not printed on the label but perceived from media (internet,
brand, and commercials) (Figure 2b).

Figure 2a reports that, before COVID-19 “normal live” (Year 1), the trust of informa-
tion contained on the label (inside the shopping place) was low for all three descriptors
(nutritional facts, quality seal, and sanitary control seal), ranging from 58% to 83%, corre-
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sponding to “Quality seal” and “Sanitary control seal”, respectively. This tendency changes
drastically during and after COVID-19’s lockdown (Year 2 and 3), as it went to high trust
for all the three descriptors, above mentioned, with percentages of trust similar to those
reported in low trust, from 54% to 73%, for the same descriptors as in Year 1 (Figure 2a).
The medium trust for all three years studied revealed the following order of descriptors:
“Quality seal” (from 36% to 41%) > “Nutritional facts” (from 20% to 35%) > “Sanitary
control seal” (from 15% to 25%) (Figure 2a).

The results regarding the information perceived from “outside” of the shopping
place, and mostly through media, is reported in Figure 2b. It reveals that the trust for the
young population is in the medium score for the three descriptors (internet, brand, and
commercials) and three years studied. The order that followed was: “Brand” (from 63%
to 68%), “Internet” (from 60% to 62%), and “Commercials” (from 41% to 50%) (Figure 2b).
When observing the “Commercial” factor, an interesting behavior, in all three years studied,
for the high score of trust, was observed, as it went from 50% to 7% for Year 1 to Years 2
and 3, respectively; while, inversely, behavior was observed for the low score of trust, as it
went from 8% to 45% for Year 1 to Years 2 and 3, respectively (Figure 2b). The “Internet”
and “Brand” factors were maintained very similarly in all three years, for both high and
low trust, in the ranges from 15% to 23% and 14% to 21%, respectively.

3.3. Trust in Stakeholders in Food Chain Production

Figure 3 reports the trust of the young population in the stakeholders involved in the
food chain production, divided into individuals (Figure 3a) and cooperatives (Figure 3b).
Trust by “Individuals” was maintained in the medium score for all three descriptors (sellers,
producers, and relatives and friends), and the three years studied in the highest values,
ranging from 54% to 61%. When observing the high score, increases of trust were observed
for the (i) “Producer” descriptor, ranging from 13% to 36% for Years 1 to 3, respectively, and
(ii) “Family and Friends” descriptor, ranging from 16% to 28% for Years 1 to 2, respectively,
while decreases were observed for the “Seller” descriptor, ranging from 26% to 13% for
Years 1 to 3 (Figure 3a). Results opposite to this were observed in the low score, as a
decrease of trust values was observed for the (i) “Producer” descriptor, ranging from 26%
to 8% for Years 1 to 3, respectively, and (ii) “Relatives and Friends” descriptor, ranging from
30% to 11% for Years 1 to 2, respectively, while an increase was observed for the “Seller”
descriptor, ranging from 14% to 22%, from Years 1 to 3 (Figure 3a).

Trust by “Cooperatives” includes three descriptors: supermarket, consumer´s asso-
ciation, and research institutes. Results revealed that “Supermarkets” had similar values
in all three years, from 12% to 69%, 15% to 68%, and 15% to 67% for Years 1, 2, and 3,
respectively (Figure 3b). Notice that the upper bond values corresponded to the medium
score. “Consumer´s association” provided a change in the values of trust from Years 1 to 2,
as it went from a low to high score of trust (40% in both cases), although the highest values
were for the medium score (50%). In Year 3, the percentage of trust was maintained, as
well as for Year 2, although an increase of 8% was reported for the medium score, with a
decrease of 8% for high score. Regarding the factor of “Research Center”, it was the factor
that suffered the major variation, as it went from low score of trust (with 74%) in Year 1 to a
decrease of 3% and 1% for Years 2 and 3, respectively; in consequence, the high score of
trust went from 4% in Year 1 to 79% in Year 2, reaching 66% in Year 3 (Figure 3b).

3.4. Checking Information in Food Products

Figure 4 reports the results related to checking the information in food products at the
moment of buying, referred to as the “Expiring date”, “Ingredients”, and “Allergens”. The
highest values of trust were reported for the high score for “Expiring date”, ranging from
77% to 85%, followed by “Ingredients” (from 61% to 76%). Notice that this behavior was
maintained equally for all three years, with the following order of trust: high > medium
> low. For “Allergens”, the highest values were reported for a low score, with 46% in all
three years, followed by a medium score, ranging from 32% to 35%, and, finally, a high
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score from 17% to 22%. In summary, “Ingredients” and “Expiring date” are highly checked
and were maintained practically equally in all three of the years studied, while “Allergens”
maintained low values, without changing in all three years.

3.5. Evaluating Information from Stakeholders

The results of evaluating the information of the food products provided from stake-
holders, such as “Supermarkets”, Producers”, “Food Administration”, “Research Centers”,
“Consumers”, and “Consumers Associations”, are reported in Figure 5.

In general terms, it is noticed that the evaluation is maintained in the medium score
for all three years, followed by high and low score in the last position. In detail, the
medium score ranged from 32% to 68%, 32% to 65%, and 40% to 64% for Years 1, 2, and
3, respectively; the “Consumers” factor had the highest score, and the “Research Centers”
factor had the lowest score. The high score of the evaluation ranged from 13% to 58%, 17%
to 57%, and 15% to 46% for Years 1, 2, and 3, respectively; the “Research Centers” factor
had the highest score, and the “Consumers” factor had the lowest score. Finally, the low
score was scored with the lowest percentages, as follows: from 10% to 19%, 8% to 21%, and
from 9% to 21% for Years 1, 2, and 3, respectively; the “Food Administration” factor had
the highest score, and the “Supermarkets” factor had the lowest score. In summary, the
medium score was reported for “Supermarket” and “Food administrations”, while high
score was reached for “Research centers”.

3.6. Evaluating Channels for Purchasing Food Products

A predisposition for purchasing food products by using different channels of dis-
tribution, such as “Farmer’s market”, “Ecological markets”, “Directly from the market”,
“Internet”, “Farmers on-demand”, and “Cooperative consumers”, was evaluated. Figure 6
is divided by channels that require us to move to a specific marketplace “on-site” (Figure 6a)
and channels that allow for purchasing food products online (Figure 6b).

The tendency observed in Figure 6a was very similar for all three years, with evalua-
tions fitting the medium scores from 40% to 56%, 35% to 53%, and 36% to 51% for Years 1,
2, and 3, respectively. In Year 2, the evaluation was very close to the medium score, with
percentages ranging from 30% to 56%, due to the “Farmer’s market” and “Directly from
the market” factors; however, in Year 3, there was an increase in the evaluation of the low
score for all three factors, studied from 10% to 22%.

The results reported in Figure 6b reveal that “Internet” was the factor experiencing the
strongest changes among all three of the years studied. It went from a high score evaluation
of 68% in Year 1 to 15% in Year 3, subsequently reaching a low score in Year 3, with 48%.
“Farmers on-demand” had a maximum medium score in Year 1 (38%), which was similar
in Years 2 (37%) and 3 (35%). Similarly, this happened for “Cooperative consumers”, with
medium score values of 46%, 51%, and 46% for Years 1, 2, and 3, respectively.

4. Discussion

Information sources in risk communication have a principal role in spreading the
voice when facing and engaging food safety. According to several studies [25,26], the
inclusion of new technologies (mainly through apps) has become the main source checked
by consumers, with a special focus on mass media, as the main contributor, but also
providing education to the population, allegedly due to the accurate reports [27]. However,
the uncontrollable impact of such sources can be considered a negative contribution that
emphasizes risks [28]. It has been demonstrated that behavior and decisions in food
products are shaped by the consumer´s perception, contained in the information source [29].
Results, reported in Figure 2b, confirm the relevance of this fact, showing that trust in the
information perceived by studied young population from a source “outside” the shopping
place is highly distributed, rather than that from “inside” the shopping place, referring to
that which is printed on the label (Figure 2a). The influence of this information source
changed during and after the pandemic lockdown (Years 2 and 3 of study) by trusting
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more of the information contained on labels (Figure 2a). This observed behavior could
be associated with an uncertain situation at the beginning of the pandemic, as news (and
mass media) in the first lockdown reported the possibility of the virus spreading in food:
“food could contribute and contain the virus SARS-CoV-2”, another fact that could justify
the changes observed in the population target. While sources evaluated in Figure 2a
could be perceived as closer to our target population (students with a background in
food safety), the ones in Figure 2b are closer to a broader audience, no matter the studies
or background. These results coincide with an extensive study carried out in the UK
population [30], Netherlands [31], and USA (Texas) [32]. It also puts in manifestation that
the target audience is a factor to consider in food risk communication and, indeed, food
risk perception.

In a study carried out for the Italian population, the quality of a food product and
reason for purchasing such products have been associated [33,34]. Similarly, this happens
with the typical products or PDO-certified products related to a brand [33,34]. Quality
brands and certifications of origin are indicators that make it easier for consumers to judge
and strengthen the perception of quality; in fact, not looking for information on the label
can increase uncertainty, regarding the ability to appraise the quality, and encourage a
tendency to rely on certification [33]. Sometimes this quality is reinforced with seals of
quality or sanitary control or details in the nutritional facts, all contained in the label of the
food and/or food product. All three indicators are reported in Figure 2a, which had been
highly trusted during and after the lockdown pandemic, Years 2 and 3, respectively.

When adding value to a food product, it brings an increase of quality in consumers´
perception. That value can be provided in different ways, as reported by Mascarello et al.
(2015) [33], with a coordinated flow within the food product, based on creating, maintaining,
and enhancing characteristics in the food product [33]. When providing these advantages,
the information contained on labels is crucial to communicate them to the consumer; the
broader the audience, the greater the role of labels, quality seals, and communication.
Communication is the tool used by institutions that look into scientific evidence and focus
on specific groups that define perception and target actions that help to promote healthy
behaviors [35].

Additionally, the lifestyle, household composition, age of residents, and employment
of a determined local area or population group affect the determination of quality and
food risk perception [33]. However, when a scandal involves the food industry, only
brands are associated with a guarantee of food safety, which sometimes can also fall into
distrust [33,36,37]. This point is important, as it has been demonstrated that COVID-19
has a human-to-human transmission, which causes a complete, indirect effect on the food
industry [38].

When focusing outside the shopping place, in a study carried out in Chinese popula-
tion (aged 40 years old), regarding the information source reported by different channels, it
was observed that television (TV) was the most-used channel, followed by the internet and
“other sources” [39]. In Turkey, similar results were obtained, with TV and mass media
as the main information sources of trust; however, government publications were highly
trusted, which reinforced the point of helping to educate consumers by food authorities [40].
All this can vary, when focused on a specific type of food, as demonstrated in a study in
population from South Korea, regarding genetically modified food (GMO); when exploring
risk perception, in general, journalists and science journalists’ were the latest that had more
trust [41].

Facing food safety during COVID-19, by the food industry, sparked special attention,
and several studies started to come up describing or reporting the issue that had to be
strengthened [42]. In a survey study, carried out in 16 countries and by more than 800 food
companies, it was revealed that the most important attributes faced were the staff aware-
ness and the implementation of restrictive hygiene procedures, following the two main
documents that WHO had developed for the food supply chain [38,43]. The industry was
not compromised at any moment, regardless of food safety, despite not having any protocol
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or emergency plan for a previous pandemic [42]. Since then, protocols of the food chain
have been reinforced, emphasizing the hygiene of hands, disinfecting packages, use of
adequate equipment of protection, and preparation of food [44].

The stakeholders implicated in food chain production, in providing information,
supposes a factor that can alter the risk perception in the trust that the population puts in the
information source, so that there are perceptions of the participants playing a determinant
role, according to stakeholders in the food chain. In general, it is expected to have greater
trust in those perceived as more knowledgeable, honest, or closer to the information, as
demonstrated in a study carried out in different populations [35,39,45]; nevertheless, there
are country cultural factors that influence such responses. Similar to the results obtained
here, the punctuation obtained in this study can be related to the stakeholders involved in
the food chain production, either individually or from cooperatives. In the study of Liu et al.,
2014 [39], the factors “Food producer” and “Relatives and friends” were perceived with
honesty and concern, respectively, for citizen´s health perception. In our study, both were
perceived with the highest values, especially during the lockdown pandemic (Year 2), and
classified as individual stakeholders involved in food chain production (Figure 3a). Among
that, the factors “Consumer´s association” and “Research institutes” were perceived as
honesty in providing accurate information [39]; in our study, the percentage of trust varied
indistinctly for each year studied but were classified as cooperative stakeholders involved
in food chain production (Figure 3b).

Consumers´ behaviors and attitudes toward safe food should be taken into account,
in regard to perceived food safety, i.e., checking the package information of the food
before purchasing, for example, the content of allergens, ingredients, expiring date, origin,
calories, nutrition facts, and brand were measured in this study (Figure 4). One of the
observations before purchasing a food product is the expiration date, referred to as the
last date that a food should be eaten or used, i.e., understanding that, after that date, the
characteristics of the food product are altered, and risk might occur. In a study carried out
with the Turkish population, it was revealed that there is a rejection behavior to expiring
date information [40]. In our study, this information was highly checked before pandemic
(Year 1) and decreased during lockdown (Year 2) and after it (Year 3) (Figure 4). There
was not further investigation carried out here to explain this, but it could be hypothesized
that there was a high trust in food products, due to the no association of infection through
them, despite the initial message from some news sources. EFSA declared that there was
no scientific evidence that food was a risk or transmission route of the virus [46]. Publicity
on TV and media were providing security in all food products, related to SARS-CoV-2,
after a few months of the pandemic lockdown. Another issue reported in this study, as
well as in Figure 4, is checking the information from the ingredients, which reported a
similar behavior as that for expiring date; for allergens, this inversely correlated behavior,
as compared to the expiring date and ingredients. The allergens content is information
usually checked by consumers.

In evaluating the information provided by several stakeholders of the food produc-
tion, in a study carried out with the Turkish population and referred to the information
provided to them, it was evaluated as unreliable from that of scientists and specialists,
while the government was evaluated with the highest value and responsibility to ensure
food safety [40]. This does not coincide with our results, due to the different profile of
population studied, not only in age but also in the country and studies background, which
was the base of our population recruitment (Figure 5). Food manufacturers, scientists, and
media were the greatest valuable stakeholders in providing product information, according
to Rohr et al. (2005) [47], and even more trustworthy by consumers or environmental
organizations [40]. This coincides with our results, as consumers were highly evaluated,
and the highest values during the pandemic lockdown (Year 2). On the other side, it has
been reported that nutritionists, which constitutes the group of the population studied
here, have a high value in spreading information of food safety [40]; jointly, consumers´
association was extremely reliable. This fact was also observed here.
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Finally, the preference for purchasing food products during the pandemic lockdown
was also asked in our young population of study, as there was an increase of news in
TV and media related to online (internet) shopping, coinciding with Brugarolas et al.
(2020) [48], who also noticed a stockpiled food tendency during COVID-19, due to buying
more often. That fact brought producers and distribution companies to develop strategies
to decrease this effect or stock non-perishable foods. However, according to the group of
the population studied here, there were no difference during the three years of study, in
relation to the SARS-CoV-2 pandemic (Figure 6). The population was asked about their
disposition to buying food products from different channels; besides the marked young
age of the population studied, there was a high tendency of buying in markets of proximity,
but also on the internet (online). Results are very hopeful, considering the new tendencies
around food products and market introduced for new styles of life. In the study of [48],
the population studied was broader (from 18 to more than 65) than the one reported here
(Table 1).

It is important to mention that this study was focused on the risk perception for a
specific group of the population, which coincides with the pandemic lockdown, due to
SARS-CoV-19, without paying attention to any specific product type. The interest lays in
analyzing the topic of risk perception, associated with food safety, as a co-complex field,
as well as defining the behavior of young consumers. Additionally, a very unique and
specific circumstance is reported, as several factors shifted the behavior, while, for others,
this was maintained; it would be interesting to analyze the approach for a specific type of
food product.

5. Conclusions

Consumers’ education starts with a strong trust in the basis of the information that is
provided by the different stakeholders involved in food production/manufacturers. The
alterations in food risk perception are produced when a pandemic sprouted/arrived and
changed trust and confidence in several aspects. This situation has shown a high reliance
and trust with nutritional facts, quality labels, and sanitary control seals, after and during
the pandemic lockdown, as well as an increase in the trust of the farmers’ market, farmers
of demand, and internet shopping. Results of this study put, in evidence, the importance of
trust, regarding the information spread for food risk perception for the young population,
with background studies in the field of food safety, as well as the implications of the
legislation for some labels and stakeholders, which could be more influential in some
aspects. Questionnaires of food risk perception, per group of population, help to give us a
better idea of the perception of food safety, as well as to make comparisons between groups
of population and focus the campaigns of education in food production. Nevertheless,
further studies of collaboration would be necessary to have a broader picture of more
countries for this group of the population.
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Abstract: Despite the popularity of online food delivery systems in the foodservice industry, there
have been few studies into customers’ decision-making process to use online food delivery ser-
vices during the Coronavirus disease (COVID-19) pandemic. This study applied the technology
acceptance model (TAM) to examine the factors affecting customers’ intention to use online food
delivery services. Results showed (a) the perceived usefulness affects customer’s online food deliv-
ery usage directly and indirectly through customer attitude; (b) enjoyment and trust are also key
factors determining behavior intention toward customer attitude using online food delivery services;
(c) positive relationship between social influence and customer attitude; and (d) a positive relationship
between customer attitude and behavior intention in the online food delivery service context. These
findings provide theoretical and managerial implications that contribute to the online food delivery
service industry.

Keywords: online food delivery service; COVID-19 pandemic; technology acceptance; trust; enjoy-
ment; social influence

1. Introduction

According to the World Health Organization (WHO), the 2019 coronavirus disease
(COVID-19) erupted in China in December 2019 and expanded as a global pandemic on
11 March 2020 [1]. Because COVID-19 has a high risk of death and human-to-human
transmission, self-quarantine, wearing a mask in public, social distancing, and restriction
of people’s movement have been strongly recommended by WHO [1]. Consequently, most
of the United States required residents to stay at home and forced foodservice operations
to be closed or restricted [2].

With the restriction of dine-in service due to COVID-19, many restaurants adapted and
heavily relied on contactless and online food delivery systems to survive. The number of
foodservice and users using online food delivery systems has surged during COVID-19 [3].
About 67 percent of residents preferred using online delivery services to purchase food
during the COVID-19 pandemic in the US [3]. Online food delivery service refers to internet-
based food ordering delivery services that connect customers with partner foodservice
operations via their websites or mobile applications [4]. Online food delivery services
provide a wide range of restaurant lists, allowing customers to compare menus, prices,
and even reviews from other users by restaurant types. Furthermore, the distribution of
mobile devices has provided customers with a new platform—food delivery apps—that is
available when they order food online. Moreover, it is expected that more customers and
restaurants utilized online food delivery services during and after the COVID-19 pandemic.

Existing studies provide an understanding of customers’ motivations to use online
food delivery systems [5,6] and factors affecting online food delivery service usage [4,7,8].
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Additionally, previous studies have examined the factors based on the technology accep-
tance model (TAM) [9] that determine whether or not an individual adapts to innovation.
Although TAM is a robust and powerful theoretical framework of users’ acceptance and
usage of technology, testing and extending TAM by integrating it with other factors (social
influence, trust, and enjoyment) may provide insight for food service industry management
to develop the strategies of online food delivery services. Moreover, few studies have
examined the factors influencing customers’ decision making toward the use of online food
delivery services, especially under pandemic conditions [10]. As the COVID-19 pandemic
has changed customers’ dining and consumption behaviors, it is necessary to consider
the COVID-19 pandemic as a context factor affecting customers’ online food delivery ser-
vice [11]. Therefore, the purpose of the study is to examine the factors affecting customers’
online food delivery services usage by applying TAM and other factors (e.g., enjoyment,
trust, and social influence) to provide a comprehensive model during the COVID-19 pan-
demic. This research provides a theoretical foundation by using the TAM in the food
delivery context and practical implications for online food delivery and the foodservice
industry during the COVID-19 pandemic.

2. Literature Review

2.1. Online Food Delivery Service

The progress in informational technology has introduced a new business model into
the food service industry. Along with the advent of internet technology, some big fast-food
chains, especially pizza franchises, have been the pioneers to embrace online food ordering
with their websites. Restaurants have adopted online food ordering because it has met or
exceeded expectations in several ways for restaurant operations [12]. Online food ordering
has grown in popularity among customers and restaurants because of its benefits [13].

Online food ordering through websites was introduced with several different concepts.
Aside from the websites operated by restaurant chains, as mentioned above, the predeces-
sors of online food ordering services only aggregated and listed restaurants’ names with
their basic information, such as phone numbers or addresses, on their website platforms.
Those platforms have begun to provide more information, including menus or prices.
Subsequently, online food ordering websites have taken food orders from allied restaurants.
In this stage, the food ordering platforms have grabbed the food orders solely. Restaurants
took care of the delivery by themselves if delivery was available. The latest approach in the
food ordering systems has been for the platform to take care of the delivery. Conclusively,
when restaurants utilize online food ordering, they may operate their websites or receive
the orders through multiple-restaurant platforms. In addition, the food delivery may be
carried out directly by the restaurants to the customer (e.g., Domino’s), or the platform
picks up the meals at the restaurant and delivers them to customers (e.g., Uber Eats). Some
platforms (e.g., GrubHub) provide both services [13]. The online food delivery services
began with online food ordering; the online food delivery service is separately a significant
business model. Recently, online food delivery was defined as the process that food ordered
online is prepared and delivered to the customers by connecting customers with partner
foodservice operations via their websites or mobile applications [4].

The demand for online food delivery services has dramatically increased over the
last few years and is expected to grow. The global online food delivery platform market
already amounts to US $31 billion [13]. As COVID-19 has changed, customers prefer
a contactless and online-to-delivery system to face-to-face and dine-in service [11,14].
The online food delivery market continues to attract new customers. Therefore, factors
motivating customers to use online food delivery services under the COVID-19 pandemic
are needed to understand customers’ decision-making process and therefore help the
foodservice business survive in this era.
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2.2. Technology Acceptance Model

The TAM is a widely adopted conceptual framework to explain the acceptance of new
technology [9,15]. The underlying foundation of TAM is a series of concepts that explains
and predicts a certain human behavior with beliefs, attitudes, and behavioral intention
(BI). The relationship among belief, attitude, intention, and behavior initially provides
the theoretical base to the famous and robust theories in social psychology, including
the theory of reasoned action (TRA) [16] and the theory of planned behavior [17]. An
individual’s attitude toward conduct is considered proportional to a weighted sum of their
evaluations of relevant beliefs about the predicted consequences of that behavior in these
early theories [16]. However, in TAM, general beliefs (e.g., perceived ease of use (EOU) and
perceived usefulness (PU)) rather than salient beliefs are considered to play an essential
role in shaping attitudes toward utilizing a particular technology [9].

One of the most significant differences between TRA and TAM is the mediator role
of attitude. Attitude fully mediates the effect of beliefs on behavioral intention in TRA,
so the causal relations between the beliefs (EOU and PU) are not assumed. TRA posits
that a person’s attitude toward a behavior is directly proportional to the sum of the be-
liefs about the behavior [17,18]. Therefore, an attitude captured separately is found as
a formative construct and a composite of beliefs. However, after TAM without attitude
was proposed [19], many empirical studies have suggested the direct impact of beliefs on
behavioral intention and the relations among beliefs (e.g., PU, EOU, enjoyment, and/or
trust). In a meta-analysis review with articles in the e-commerce context, Ingham et al. [20]
confirms that TAM including attitude as a mediator is a better explanatory model than
TAM without attitude.

Hypothesis 1 (H1). Attitude significantly influences behavioral intention.

2.3. Perceived Usefulness (PU) and Ease of Use (EOU)

Along with attitude, TAM frequently discusses the relationships between beliefs.
Attitude is explained as a partial mediator of beliefs, and EOU is claimed to be a direct
causal predecessor of PU [9]. The causal relations between beliefs are proposed in many
empirical studies. However, there are many inconsistencies in the relationships between
beliefs. Moreover, as an example, the relations between beliefs are suggested in the reverse
direction with equally persuasive logical arguments by respected scholars [21,22]. Whereas
Pavlou [21] argues that trust affects EOU, Gefen et al. [22] argue that EOU affects trust.
Nevertheless, Ingham et al. [20] reason the introduction of causal relationships between
beliefs is based on the common usage of structural equations rather than on well-established
theoretical grounds. This is a notable explanation for Davis’s [15] initial justification of the
causal relationship between EOU and PU, which is more circumstantial and data-dependent
than theoretical.

PU is often proposed to affect the behavioral intention directly as well as indirectly
through attitude. The mediator role of PU between EOU and BI is confirmed in several re-
views of TAM [23–25]. The direct effects of beliefs on behavioral intention were introduced
in the early visions of TAM.

Hypothesis 2a (H2a). PU significantly influences attitude.

Hypothesis 2b (H2b). PU significantly influences behavioral intention.

Hypothesis 3 (H3). EOU significantly influences attitude.

2.4. Enjoyment (EJM)

Since Davis et al. [9] introduced the concept of enjoyment into TAM, this concept is a
significant factor that drives users to use a new technology [20]. Davis et al. [9] adopted
enjoyment as the extrinsic motivation to test its direct effect on the behavioral intention
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and the indirect effect through usefulness. Davis et al. [9] stated that whatever positive or
negative feelings may be brought to mind toward a specific behavior have a causal link
to intention. The direct impacts of perceived risk and trust on intention were tested by
many academic studies, including Pavlou [21]. Enjoyment was driven by the motivation
theory [19]. The motivation to perform an activity is broadly classified into two categories:
extrinsic (instrumental) motivation and intrinsic (hedonic) motivation. Whereas perceived
usefulness is an example of extrinsic motivation, enjoyment is an example of intrinsic
motivation. Hederson et al. [26] argue that enjoyment is the most important predictor of
intention in the study that uses TAM as the reference model for the electronic supermarket.
Childers et al. [27] find that enjoyment is vital in predicting customers’ attitudes toward
target behaviors. In several e-commerce studies, enjoyment is a meaningful direct predictor
of the intention to use e-shopping [28–32] or an indirect predictor through a positive attitude
toward using it [33,34]. Although many studies introduce playfulness instead of enjoyment,
both enjoyment and playfulness are used similarly in empirical studies [19,31,35–37].

Hypothesis 4a (H4a). Enjoyment significantly influences attitude.

Hypothesis 4b (H4b). Enjoyment significantly influences behavioral intention.

2.5. Trust (TR)

Safety is one of the main reasons why many customers hesitate to purchase online [38].
Trust is the customers’ beliefs about the retailers’ safety and internet technology. In pre-
vious studies, perceived risk is treated as a distinctive variable from trust, and even the
casual relationship of these two variables was studied [21]. However, they are very similar
in their conceptualization except in opposite directions. Customers’ perceptions of risk
are often characterized as their expectations of probable losses or other unfavorable out-
comes from a transaction. Both the vendors and the transaction itself are associated with
negative views [39,40]. Otherwise, trust is defined as a collection of precise ideas about
the vendor’s trustworthiness [21,33,38], a sense of confidence and security about online
transactions [41,42], or a combination of trustworthiness in the vendor and trustworthiness
in the transaction [30,43]. Therefore, with some modifications, trust and perceived risk can
be treated as alternative variables. In this study, the authors use trust as a comprehensive
concept, including perceived risk.

Previous research has shown that trust directly affects intended use [38,44–46]. Fur-
thermore, risk perception is a direct negative predictor of intention [21,43,47–51]. Trust
plays an essential role in developing a good attitude towards e-shopping [35,47,49,52–54].
Risk perception is a direct negative predictor of attitude [47–49,55].

Hypothesis 5a (H5a). Trust significantly influences attitude.

Hypothesis 5b (H5b). Trust significantly influences behavioral intention.

2.6. Social Influence (SI)

According to Fishbein and Ajzen [16], subjective norms reflect how the customer is
affected by the perception of some significant references to one’s behavior. According to
Venkatesh et al. [56], social influence is a broad notion that encompasses the concepts of
subjective norm, social factors, and image. In TAM research, social influence, including
subjective norms, does not effectively predict, especially in a voluntary setting [20,53–57].
However, in the case of e-shopping acceptance, social influence is a direct positive an-
tecedent of intention [26,31,42,49,58,59].

According to two research studies, social influence has a favorable effect on atti-
tude [31,60]. Barkhi and Wallace [60] conceptualize peer influence as a salient belief to
shape customer attitude toward purchasing decisions in virtual stores. Kim et al. [31]
argue that subjective norms significantly affect attitude toward the use and perceived
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usefulness and intention to reuse in the context of customer acceptance of airline B2C
e-commerce websites.

Hypothesis 6a (H6a). Social influence significantly influences attitude.

Hypothesis 6b (H6b). Social influence significantly influences behavioral intention.

Based on the previous discussion, the causal relations among beliefs are set aside, and
the beliefs, including PU, EOU, trust, and enjoyment, are treated as exogenous variables and
modeled as attitude components toward the behavioral intention. Consequently, attitude is
employed as a mediator between beliefs and intention. Also, the direct effects of beliefs on
behavioral intention are allowed (Figure 1).

Figure 1. Research model. Note: PU = perceived usefulness; EOU = perceived ease of use;
EJM = enjoyment; TR = trust; SI = social influence; AT= attitude; BI=behavior intention.

3. Methodology

3.1. Measurement

A self-administered questionnaire was developed based on a comprehensive literature
review of online food delivery and technology-oriented quality attributes. A total of
23 items were adopted from existing literature related to technology acceptance and online
food delivery [9,17,27,29,56,61]. At the beginning of the survey, a definition of an online
food delivery service was presented. The questionnaire consisted of four parts measuring
the constructs including (a) TAM variables of perceived usefulness, perceived ease of use,
attitude toward online food delivery service, and intention to use food delivery service;
(b) trust, enjoyment, and social factors for online food delivery services; (c) experiences
with online food delivery services; and (d) demographic data, including gender, ethnicity,
education, and household income. Specifically, items of usefulness and ease of use were
adapted from Davis [9]. Items of trust and enjoyment were utilized from Pavlou [21]
and Childers et al. [27], respectively. Social influence items were taken from Ajzen [17].
Attitude items were adapted from Suh and Han [61]. Finally, behavior intention items
were adapted from Suh and Han [61] and Venkatesh et al. [56]. All constructs, except for
socio-demographic information, were measured using a 7-point Likert scale anchored by
“strongly disagree (1)” and “strongly agree (7).”
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3.2. Sample and Data Collection

An online questionnaire was developed using Qualtrics and distributed via Amazon’s
Mechanical Turk system (MTurk). The current study targeted the general U.S. customers
over 18 years who have used online food delivery ordering during the ongoing COVID-19
pandemic. At the beginning of the survey, each participant was screened to confirm they
live in the U.S. and they had at least one online food delivery ordering experience within
the past three months. The data were collected through MTurk over two weeks, from 6 July
2020 to 19 July 2020.

Among 450 responses collected, 20 respondents did not fully complete the survey.
After reviewing their submissions, four samples were deleted because they failed to answer
the attention check question correctly (i.e., “For this question, please select “Strongly
disagree” to demonstrate your attention”). As a result of this data screening process, a total
of 426 responses were used for data analysis.

3.3. Data Analysis

The data were analyzed using IBM SPSS 22 and AMOS 22 software. The data analysis
followed the two-step approach by Anderson and Gerbing [62]. The first step assessed
the reliability and validity of the measurement model. A confirmatory factor analysis
(CFA) was conducted to assess the reliability and validity of the measurement model in
the first step. To evaluate reliability and validity, Cronbach’s alpha values and factor
loadings were estimated. Reliability and convergence of the factors were also examined by
composite reliability (CR) and average variance extracted (AVE). Discriminant validity was
determined by comparing AVEs with the squared multiple correlations between constructs.

The second step tested the research model and the proposed hypotheses by the struc-
tural equation model (SEM). Seven common model-fit measures were used to assess the
model’s overall goodness of fit: the ratio of χ2 to degrees of freedom (df), comparative
fit index (CFI), the goodness of fit index (GFI), adjusted goodness of fit index (AGFI),
normalized fit index (NFI), Tucker-Lewis index (TLI), and root mean square error of ap-
proximation (RMSEA).

4. Results

4.1. Descriptive Analysis

As shown in Table 1, the percentage of male respondents (54.4%) was slightly higher
than the percentage of female respondents (45.5%). About 74.6% of respondents were
Caucasian, followed by African American (10.1%), Asian American (7.5%), Hispanic (5.4%),
Native American (0.7%), and Other (1.6%). About half of the respondents had Bachelor’s
and Graduate degrees (57.0%), and nearly half of the respondents lived in suburban areas
(51.9%). Approximately 77.1% of respondents used online food delivery services more than
once per month.

4.2. Validity and Reliability of Measurements

A confirmatory factor analysis (CFA) was conducted to validate the internal and external
consistency of the constructs used in the study. As shown in Table 2, the CFA results found
satisfactory goodness of fit indices (χ2 = 525.962, df = 67, CMIN/df = 2.517, RMR = 0.065,
GFI = 0.903, AGFI = 0.872, NFI = 0.945, IFI = 0.966, CFI = 0.966, RMSEA = 0.060) [63]. The
adequacy of the measurement model was evaluated based on the criteria of reliability and
convergent validity. Reliability was examined based on the composite reliability (CR) value.
In Table 2, all of the values are above 0.7, indicating adequate composite reliability [63].
The average variance extracted (AVE) of all seven latent variables was higher than the
suggested threshold value of 0.5, suggesting the convergent validity of the scale [63]. Thus,
the reliability and convergent validity of the constructs applied in the study were supported.
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Table 1. Profile of the respondents.

Demographic Characteristics Frequency Percentage

Gender
Male 232 54.5

Female 194 45.5

Ethnicity White/Caucasian 318 74.6
African American 43 10.1
Hispanic or Latino 23 5.4

Asian American 32 7.5
Native American or American Indian 3 0.7

Others 7 1.6

Educational level High school diploma and under 120 28.2
Associate degree 63 14.8
Bachelor’s degree 180 42.4

Graduate degree (Master or Doctoral) 62 14.6

Annual household income Less than $20,000 47 11.0
$20,000~$39,999 94 22.1
$40,000~$59,999 76 17.8
$60,000~$79,999 85 20.0
$80,000~$99,999 50 11.7
$100,000 or more 74 17.4

Living area Urban 158 37.1
Suburban 221 51.9

Rural 47 11.0

Frequency of use Several times a day 4 0.9
Once a day 4 0.9

Several times a week 68 16.0
Once a week 105 24.6

At least once a month 148 34.7
At least once every two months 40 9.4

At least once every three months 37 8.7
Only used once 20 4.7

Table 2. Results of confirmatory factory analysis.

Constructs and Measurement Items Standardized Loading CR AVE

Perceived Usefulness (PU, Cronbach’s Alpha = 0.871)

Online food delivery platform makes my food ordering efficient 0.853 0.874 0.698
Online food delivery platform enhances my effectiveness in food ordering 0.814
Online food delivery platform is useful in food ordering 0.840

Perceived ease of use (EOU, Cronbach’s Alpha = 0.894)

Learning to operate the online food delivery platform is easy for me 0.844 0.896 0.743
The online food delivery platform is clear and understandable 0.834
The online food delivery platform is easy to use 0.906

Enjoyment (EJM, Cronbach’s Alpha = 0.896)

I have fun using the online food delivery platform 0.823 0.896 0.683
Using the online food delivery platform is exciting 0.813
Using the online food delivery platform is enjoyable 0.854
Using the online food delivery platform is interesting 0.816

Trust (TR, Cronbach’s Alpha = 0.899)

The online food delivery platform is trustworthy 0.889 0.900 0.751
The online food delivery platform keeps promises and commitments 0.833
I trust in the online food delivery platform 0.876

67



Foods 2022, 11, 64

Table 2. Cont.

Constructs and Measurement Items Standardized Loading CR AVE

Social influence (SI, Cronbach’s Alpha = 0.902)

People who influence my behavior think that I should use the online food
delivery platform 0.870 0.904 0.759

People who are important to me think that I should use the online food
delivery platform 0.944

My friends want me to use the online food delivery platform 0.793

Attitude (AT, Cronbach’s Alpha = 0.921)

Using the online food delivery platform is a pleasant idea 0.889 0.921 0.795
Using the online food delivery platform is a positive idea 0.905
Using the online food delivery platform is an appealing idea 0.881

Behavior Intention (BI, Cronbach’s Alpha = 0.967)

I intend to continue using the online food delivery platform in the future 0.959 0.967 0.880
I predict I would use the online food delivery platform in the future 0.932
I plan to use the online food delivery platform in the future 0.934
I expect my use of the online food delivery platform to continue in the future 0.927

χ2/df = 2.517 (p < 0.001), CFI = 0.966, GFI = 0.903, AGFI = 0.872, NFI = 0.945, TLI = 0.959, RMSEA = 0.060. Note.
CR = composite reliability; AVE = average variance extracted.

To examine discriminant validity, we compared the squared root of the AVE of each
construct and its correlation coefficients with other constructs [64]. The result in Table 3
shows that all square roots of the AVEs ranging from 0.827 to 0.938 were larger than those
corresponding correlation coefficients among the constructs. Thus, the discriminant validity
of the constructs was supported [64]. In summary, the measurement model demonstrated
adequate reliability, convergent validity, and discriminant validity.

Table 3. Correlations and discriminant validity.

Variable
Perceived

Usefulness
Perceived

Ease of Use
Enjoyment Trust

Social
Influence

Attitude
Behavior
Intention

Perceived usefulness 0.836
Perceived ease of use 0.783 0.862
Enjoyment 0.637 0.475 0.827
Trust 0.799 0.724 0.675 0.866
Social influence 0.357 0.230 0.464 0.476 0.871
Attitude 0.809 0.642 0.728 0.801 0.466 0.892
Behavior intention 0.763 0.615 0.499 0.725 0.406 0.763 0.938

Note: Diagonal elements show square root of the average variance extracted (AVE). Below the diagonal is the
correlation coefficient.

4.3. Hypotheses Testing

To use the path coefficients supplied by SEM to test the hypotheses, it is necessary
to assess the model’s goodness-of-fit for the variables. The goodness-of-fit tests are used
to determine how well a model fits the data. The goodness-of-fit measures (χ2 = 526.048,
df = 66, CMIN/df = 2.505, RMR = 0.065, GFI = 0.903, NFI = 0.945, IFI = 0.966, CFI = 0.966,
RMSEA = 0.060) were found to largely satisfy the evaluation criteria. Figure 2 and Table 4
show the results of structural model analysis and results of testing hypotheses, respectively.
Perceived usefulness (β = 0.461, p ≤ 0.000) was found to have a significantly positive effect
on attitude (β = 0.461, p ≤ 0.001) and BI (β = 0.475, p ≤ 0.001), which means H2a and
H2b were supported by the model. EOU (β = −0.031, p = 0.675) was not found to have a
significant effect on attitude, thus not supporting H3. EJM was found to have a significant
positive effect on attitude (β = 0.238, p ≤ 0.001) thus supporting H4a. EJM was found
to have a significant effect on BI (β = 0.241, p ≤ 0.001), thus supporting H4b. Trust was
found to positively affect attitude (β = 0.302, p ≤ 0.001) and BI (β = 0.240, p = 0.009), thus
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supporting H5a and H5b. Social influence was not found to affect attitude significantly, thus
not supporting H6a. Social influence was found to positively affect BI (β = 0.084, p =0.032),
thus supporting H6b. Finally, attitude was found to significantly influence BI (β = 0.499,
p ≤ 0.001), thus supporting H1. As shown in Table 4 and Figure 2, all the hypotheses are
supported except for hypotheses H3 and H6a.

Figure 2. Structural equation model with parameter estimates. * p < 0.05, ** p < 0.01, *** p < 0.001.
Non-significant paths are shown in dotted lines. Note. PU = perceived usefulness; EOU = perceived
ease of use; EJM = enjoyment; TR = trust; SI = social influence; AT= attitude; BI=behavior intention.

Table 4. Result of structural model analysis.

Hypotheses Beta S.E. Critical Ratio p-Value Decision

H1 AT -> BI 0.499 *** 0.092 5.413 0.000 Supported
H2a PU -> AT 0.461 *** 0.086 5.366 0.000 Supported
H2b PU -> BI 0.475 *** 0.098 4.864 0.000 Supported
H3 EOU -> AT −0.031 0.075 −0.419 0.675 Not supported

H4a EJM -> AT 0.238 *** 0.047 5.052 0.000 Supported
H4b EJM -> BI 0.241 *** 0.061 −3.968 0.000 Supported
H5a TR -> AT 0.302 *** 0.077 3.929 0.000 Supported
H5b TR -> BI 0.240 ** 0.092 2.602 0.009 Supported
H6a SI -> AT 0.062 0.032 1.942 0.052 Not supported
H6b SI -> BI 0.084 * 0.039 2.143 0.032 Supported

* p < 0.05, ** p < 0.01, *** p < 0.001. Note. PU = perceived usefulness; EOU = perceived ease of use; EJM = enjoyment;
TR = trust; SI = social influence; AT = attitude; BI = behavior intention.

5. Discussion

This study examined the factors affecting customers’ intentions to use online food
delivery services by using the extended approach of the TAM. The findings of this study
confirmed the significant effect of enjoyment (EJM), trust (TR), and social influence (SI) on
customers’ acceptance of online food delivery services. Data analysis results demonstrated
that perceived usefulness (PU), EJM, and TR were determinants that positively influenced

69



Foods 2022, 11, 64

BI directly. Furthermore, PU, EJM, TR, and SI were found to have an impact on BI, with
attitude (AT) serving as a mediating variable. As a result, the PU, EJM, TR, SI, and
AT influence the intention to use online food delivery services. According to the path
analysis, it can be concluded that the proposed model in the current study fits to explain the
antecedents of online food delivery service usage intention during the COVID-19 pandemic.
Four of the five proposed variables (PU, EJM, TR, SI) were found as statistically significant
factors influencing customers’ intention to adopt online food delivery services.

In comparing the path coefficients of antecedents of AT, PU was the most powerful
predictor of AT toward online food delivery service relative to the other belief factors.
Among the factors resulting in BI, PU was found to be the most influential factor affect-
ing customers’ online food delivery service used. This result confirms previous studies
related to adopting new technologies and services in the online shopping context [20,27,34].
Moreover, these results are consistent with prior research [5,10], showing that customers
are more likely to use the online food delivery service if they perceive it as useful.

The two main beliefs in the construction of BI toward adopting new technology in the
traditional form of TAM are PU and EOU. Furthermore, EOU is often used as an antecedent
of PU in structural equations in recent TAM research. However, the causal relationships
between beliefs are not based on well-established theoretical ground [15]. Especially in the
context of e-commerce, the causal relationships among beliefs are questionable [20]. This is
consistent with a finding that as attitude captured more beliefs, the more the influence of
EOU declined on the model in a meta-analytic study [9].

Additionally, the current study found that EOU is not a significant factor in AT. These
results are counter to previous findings [23–25] but consistent with results from Yuan
et al. [65] and Zhao and Bacao [7]. Because customers gained enough experience from their
previous usage of online food delivery services, the ease of use of online food delivery
services will no longer determine customers’ attitudes after their initial adoption of online
food delivery services. Furthermore, during the COVID-19 pandemic, other factors, such
as safety, efficiency, and trust, are more important determinants and can provide more
benefits for customers.

The second most significant factor of customers’ online food delivery service usage
intention was TR. This finding is similar to previous studies [35,38,44–46] showing that TR
has a significant effect on customer technology adoption intention in the online shopping
context. Customers may be unsure whether the restaurant accurately receives orders
or whether the quality of food delivered is as excellent as the quality of food served at
the restaurant, which underlines the necessity of TR in the online food delivery service
context [10]. During the pandemic, when contactless delivery was essential and required,
trust significantly formulated customers’ intention to use online food service under the
COVID-19 pandemic situation.

Interestingly, enjoyment was also found as a strongly significant determinant of
customer attitude and intention toward using online food delivery services. This result is
consistent with previous studies [35–37], which discovered a positive relationship between
enjoyment/playfulness and attitude toward new technology in the online shopping context.
This study revealed that the more customers thought that utilizing online food delivery
services was exciting, fun, and enjoyable, the more they positively used those services.
In the hospitality industry, hedonic motivation was the critical factor affecting customers’
service quality evaluation [66]. Likewise, customers seek excitement, pleasure, and fun
when purchasing food via an online delivery service. Therefore, the current study clarified
that enjoyment mattered when using the online food delivery service. Furthermore, it is
a notable suggestion that these studies could replace EOU as a determinant of AT or BI
in a TAM. Eventually, different beliefs influence attitude and intention to use a platform
differently because different environments for the platform differentiate the importance of
each belief [27].

However, the influence of SI was a statistically significant factor influencing AT, but
it does not have a strong impact on BI towards online food delivery usage. These results
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differ from the previous findings [31] in the fashion context but are similar to previous
studies [20,56,57]. Compared to the fashion products that customers tend to interact
with others to reduce their uncertainty or anxiety about adopting innovation in fashion,
customers’ perceived pressure is relatively low from the social community in terms of
adopting or using online food delivery services.

6. Implications and Future Research

6.1. Theoretical Implications

This study contributes to the current literature with several theoretical implications.
First, the present study demonstrated and provided empirical evidence that the TAM
model worked in online food delivery services during the COVID-19 pandemic. The study
enriched the literature on technology usage in an emergency, especially during a pandemic.
With intensifying competition across the foodservice industry and increasing difficulty for
companies to reach their customers during the pandemic, this study provides a theoretical
framework for online food delivery literature.

Second, this study employed the TAM to evaluate customer behavior intentions to
utilize online food delivery services theoretically. The comprehensive approach of TAM
with the other factors (i.e., enjoyment, trust, and social influence) is considered to have
better explanatory power than the standard TAM model. This study is notable in that
this study attempted to apply the TAM model to measure customer behavior, which has
rarely been used in the realm of online food delivery services. Furthermore, this study
confirmed that utilitarian value (i.e., perceived usefulness) is more critical than hedonic
value (i.e., enjoyment) in online food delivery services used. The finding of this study makes
a substantial academic contribution to e-commerce and online food services. Therefore,
this study attempted to provide a comprehensive model to understand customers’ online
food delivery services usage.

6.2. Practical Implications

The global pandemic has limited and even obliterated in-person experiences that
the food services industry depends on for survival. Many food and catering service
businesses are turning to virtual events to keep their customers and generate new revenue
streams [67]. Due to the restrictions on in-person service in the food service industry,
customer demand for online food delivery services has skyrocketed. The COVID-19
pandemic provided numerous opportunities for customers and food service operators to
adopt new technologies and develop new platforms for online food delivery. The study’s
findings can help food service operators formulate effective strategies for running profitable
food service businesses that use online food delivery. During the pandemic, online food
delivery services improved their marketing to encourage people to use more online food
services following the Centers for Disease Control and Prevention’s (CDC) social distancing
guideline [1]. As a result, more jobs were created to cover the online food delivery markets.
This research has managerial implications for online food delivery service providers as well.
Food service operators should emphasize social influence, accurate product information,
convenience, and online food service quality.

First, the study’s findings suggest that having excellent perceived usefulness is essen-
tial to promote customers’ intention to use online food delivery services. The perceived
usefulness of online food delivery services could be improved by providing high quality
information [8]. It is suggested that online food delivery service providers offer up-to-
date information by periodically updating product information according to consumption
trends (e.g., restaurant list, price, or menu information). The service providers also need to
ensure that they provide accurate and reliable information, such as business hours, delivery
areas, and time, which increase customers’ food ordering effectiveness.

Second, the online food delivery platform should consider providing detailed product
information, which elicits enjoyment of the online service [37]. For example, service
providers can offer information about the reviews of the restaurant and food, healthy menu
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options with calorie information, organic and locally sourced ingredients, and detailed
descriptions and pictures of food, which lead customers to feel enjoyment in the food
ordering process. Furthermore, the visual features and graphic design of the online food
delivery service platform could provide fun for customers while using the service.

Third, one of the most effective ways to increase customer satisfaction with online
food delivery is to build customer trust. Trust is crucial in influencing positive attitudes
and behaviors toward online food delivery services. Given that a firm privacy policy
can increase trust in an online service [40], online food delivery service providers should
commit to protecting customer privacy (e.g., personal and credit card information). Service
providers should post a clearly stated privacy policy to build trust and reduce risk.

Finally, online food delivery services managers should understand what they want
and need to meet customers’ expectations during the COVID-19 pandemic. In the present
pandemic, it is critical to emphasize the benefits of online food delivery services (e.g., food
safety, hygiene, and contactless delivery) in reducing the annoyance caused by COVID-19
in people’s daily lives. Because of the ban on social gatherings and dine-in service, it
is believed that individuals will be ready to eat at home and protect themselves during
the pandemic. Therefore, food service managers must figure out how to positively reach
out to their customers while persuading them to continue using online food delivery
services during the pandemic. This will assist customers in perceiving highly personalized
treatment from online food delivery service providers, resulting in improved business
performance and increased customer satisfaction.

6.3. Limitations and Future Study

Despite its implications, some limitations and suggestions for future research should
be discussed. First, the sample of this study is the online food delivery service users in
the United States, which may limit the generalization of the findings to other countries.
Results may vary across countries due to cultural differences, technology acceptance,
and other factors. As a result, the research model employed in this study should be
replicated and tested in other countries to confirm its validity and usefulness. In the future,
longitudinal research will be needed to fine-tune the findings of this study and compare
the COVID-19 pandemic to post-COVID-19 conditions. Second, other variables such as the
frequency with which an online food delivery service is used and demographic traits (such
as age and gender) could be regarded as moderating factors. The relationship between
variables related to TAM and customers’ intention to use online food delivery services
could be different depending on the level of food delivery user experience. For example,
the relationship between perceived ease of use (EOU) and attitude could be supported
for customers who use online services infrequently. Due to a lack of experience, they
may be unable to understand and interpret the information easily; thus, EOU could be
a key factor influencing customers’ intentions to purchase food through an online food
delivery platform. In future studies, it is recommended that an additional variable should
be included to gain a better understanding of customer behaviors in the context of an online
food delivery service.
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Abstract: The COVID-19 pandemic poses a threat to global food security, and it changes consumers’
food buying and consumption behavior. This research not only investigates trends in Spanish con-
sumers’ general food shopping and consumption habits during the lockdown, but also investigates
these trends from the perspective of sustainable purchasing. Specifically, total food consumption (C),
food expenditure (E), and purchase of food with sustainable attributes (S) were measured. Data were
collected from a semi-structured questionnaire which was distributed online among 1203 participants.
The logit models showed that gender, age, employment status, and consumers’ experiences were as-
sociated with total food consumption and expenditure during the lockdown. In addition, consumers’
risk perceptions, shopping places, trust level in information sources, and risk preference were highly
essential factors influencing consumers’ preferences and sustainable behavior. Consumers’ objective
knowledge regarding COVID-19 was related to expenditure. Furthermore, family structure only
affected expenditure, while income and place of residence influenced food consumption. Mood
was associated with expenditure and the purchase of sustainable food. Household size affected
purchasing behavior towards food with sustainable attributes. This research provides references for
stakeholders that help them to adapt to the new COVID-19 situation.

Keywords: COVID-19 lockdown; food preferences; risk preference; risk perceptions; food purchasing
behavior; food consumption behavior; sustainable behavior

1. Introduction

Novel coronavirus disease, named “COVID-19” by the World Health Organization
(WHO), was initially reported in the city of Wuhan, China in December 2019 [1]. Sub-
sequently, it began rapidly spreading around the world, resulting in a global pandemic.
Spain took many preventive measures, including lockdowns, stay-at-home orders, mass
quarantine, and transportation halts when COVID-19 started to spread in Spain. The
Spanish government declared a state of emergency on 14 March 2020 and increased the
severity of the state of alarm from 30 March to 14 April 2020, which was a strict lockdown
period. People could only leave home when they were working in essential services (health,
security, social, and economic wellbeing of citizens) or when they needed to buy necessary
products (groceries and medicine) during the lockdown [2]. The COVID-19 pandemic
situation not only affected human health, but also caused several economic and social
changes. On the one hand, the rate of unemployment increased and financial strain be-
came more severe [3], which led to an increase in depression risk, stress, and feelings of
helplessness [4]. On the other hand, the COVID-19 pandemic created new working and
family situations (e.g., teleworking, e-learning, homes with narrow space, and living space
without direct access to sunlight), which also induced stress and depression [5].
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In this context, a significant share of consumers increased their food consumption due
to higher anxiety levels [6]. A previous study showed that consumers in ten European
countries consumed more food as a result of the COVID-19 lockdowns across Europe and
an increase in homeworking that led people to spend more time at home, influencing
their consumption behavior and food choices [7]. Another study reported that almost half
of the respondents stated that they increased food consumption during the lockdown in
Italy, with twenty percent of them gaining weight [6]. On the contrary, compared to the
period before the COVID-19 outbreak, Polish youth had a better dietary intake during
the outbreak, as the pandemic changed the determinants of food choices, reinforcing the
importance of health and weight control [8]. The Italian lockdown allowed consumers to
make positive habits towards food consumption [9]. In addition, the COVID-19 outbreak
led Spanish consumers to adopt a healthier eating habit/behavior, as evidenced by a higher
level of adherence to the Mediterranean diet (MedDiet) [10].

Additionally, the COVID-19 lockdown also changed consumers’ shopping behavior.
Individuals focused on buying food items as a behavioral reaction to feelings of stress
and uncertainty [11]. Negative feelings (e.g., fear, stress, and uncertainty) could cause a
panic buying situation [12,13]. Panic buying behavior exacerbates stock-out situations and
often leads to a price increase in food products [12]. Spanish consumers were shown to be
stockpiling non-perishable food and other supplies during the COVID-19 lockdown [14].
Some people stockpiled food items and bought more on each trip to minimize store
visits, aiming to reduce the risk of infection [15]. According to previous research, 64% of
consumers experienced product shortages at stores from which they were attempting to
purchase, and 50% of consumers stocked up on products to avoid deficiencies in the future
during the COVID-19 outbreak in India [16]. Additionally, consumers’ food spending
increased dramatically during the COVID-19 outbreak [17,18], and another report indicated
that grocery spending increased in Spain due to COVID-19 [19]. Furthermore, the COVID-
19 pandemic enabled people to turn to purchasing food products online in an attempt to
limit their perceived risk of exposure to infection [20]. Moreover, a previous study indicated
that consumers turned to purchasing organic food or buying food products directly from
farmers [21].

In addition, consumers’ shifts to more sustainable behavior can dramatically reduce
their carbon impact [22], which contributes to the achievement of sustainable development
in Spain. There is considerable literature that has explored consumers’ attitudes, purchas-
ing, and consumption behavior towards food products with sustainable attributes (e.g.,
organic food, animal welfare food, fair-trade food, environmentally friendly food, and
local food) before the COVID-19 lockdown [23–26]. However, little research attempted to
measure them during the lockdown, and it is of great importance and necessity to conduct
such a study that ensures the availability of sustainable food in the market during the
pandemic. To date, few studies have explored how COVID-19 affected Spanish consumers’
purchasing or consumption behavior [2,27], and these studies focused on the evolution of
people’s information searches or only on food consumption/dietary behavior. Evidence
on trends in expenditure and purchases of food with sustainable attributes during the
Spanish lockdown and their related determinants is insufficient. This research includes
more comprehensive potential impact factors and, to our knowledge, is the first study that
not only investigates trends in Spanish consumers’ general food buying and consumption
behavior during the lockdown, but also investigates these trends from the perspective of
sustainable purchasing. In this context, the main objective of this study is to analyze trends
in consumers’ food preferences and sustainable behavior during the COVID-19 lockdown.
To reach the main objective, three secondary objectives were proposed as intermediate
steps. Firstly, this study aimed to measure changes in consumers’ total food consumption,
which reflects a preference for consumer behavior during the lockdown, and to identify
its determinant factors. Secondly, this study aimed to explore how consumers’ food ex-
penditure (representing a behavioral preference) changes and to identify its impact factors.
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Thirdly, this study aimed to examine trends in shopping behaviors toward food attributes
with sustainable behaviors.

2. Literature Review

A large number of studies have been conducted on the determinants of consumers’
food purchases and consumption. In summary, these can be divided into four dimensions:
(1) food-related characteristics (e.g., appearance, packaging, label, and price); (2) indi-
vidual socio-demographic variables (e.g., age, gender, household size, family structure,
and income); (3) psychological factors (e.g., mood); and (4) cognitive factors (e.g., atti-
tude or preference, beliefs, trust, perception, and knowledge) [28]. In this research, we
focused on consumers’ socio-demographic characteristics, as well as psychological and
cognitive factors.

2.1. Socio-Demographic Factors

Numerous studies have shown that socio-demographic characteristics have a signifi-
cant impact on food purchasing and consumption behavior [23,29,30]. For example, many
studies have suggested that females purchase sustainable food more frequently [31,32].
This may be because, on the one hand, women are more health-conscious, and they con-
sider sustainable food (e.g., organic food) to be healthier than conventional food [29]. On
the other hand, women are often responsible for household food purchases and are there-
fore more aware of sustainable food [32]. However, another study showed that although
women have positive attitudes towards organic vegetables, there is no significant impact
on the actual consumption of organic vegetables [33]. These different findings may be
related to the attitude-behavior gap.

In some previous empirical studies carried out in Europe, income is identified as
a factor influencing the purchase of organic food, for example, consumers with higher
incomes are more likely to purchase higher levels of organic food [23,34]. Conversely, a
study conducted in the United States did not find an association between income and
organic food purchasing behavior [35]. These different outcomes may be related to regional
differences. Moreover, another study suggested that income has no influence on the
regularity of organic food consumption, but it affects individual spending on organic
food [30].

With regard to age, previous research has shown that young consumers (18–32 years
old) frequently buy organic food [32]. However, another study revealed that older con-
sumers (over 55 years) purchase sustainable food more often [31]. Additionally, older
people spend less on food, which may be related to the fact that calorie requirements
decrease with age; therefore, older consumers buy a lower amount of food [36]. In addition,
previous literature suggested that income and age are indicators of food spending behav-
ior [37]. In terms of family structure, previous research has demonstrated that consumers
who have children tend to buy sustainable products [38]. Another study also indicated
that the presence of children in the household is positively associated with the likelihood
of consuming organic food [33] and food expenditure [39]. Moreover, another study also
showed that household income, size, and composition (with children) positively affect food
expenditures [39]. Therefore, according to these previous findings and the ongoing global
novel coronavirus pandemic, this research explored the influence of consumers’ profiles on
purchasing and consumption behavior during the lockdown.

2.2. Psychological Factors (Mood)

Mood is one motive which may drive consumers’ food choices [40,41]. Some studies
have explored the relationship between mood and food, and they have found that negative
moods positively influence food intake [42,43]. In addition, an early study revealed that
people are more likely to consume healthy foods in positive moods and are more prone to
eat unhealthy foods (e.g., snacks high in sugar and salt) in negative moods [44]. This may
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be because foods high in sugar or fat can reduce the effects of negative emotions through
the neurotransmission of dopamine, making people happier [45].

In contrast, Mehrabian and Riccioni pointed out that a positive mood is related to high
appetite levels [46]. Another review study also indicated that positive mood is a neglected
trigger for eating more food due to the close correlation between socialization and food
consumption [47,48]. In particular, in terms of positive emotions, research has shown that
consumers may eat more pleasantly and extend time duration of the meal, and therefore
consume more food, when eating with familiar and friendly people [48].

Moreover, changes in food consumption behavior due to fluctuations in emotional
states may be triggered by situations or events outside of a person’s daily routine, such
as adapting to certain environments or motivating themselves [49]. Therefore, given
the current global pandemic, consumers’ emotional states fluctuate and may change
consumption behavior; therefore, we explored whether emotional states have an impact on
consumers’ food preferences and sustainable behavior defined in this research.

2.3. Cognitive Factors
2.3.1. Trust in Information Sources

Trust is regarded as an important predictor of consumers’ attitudes and food behav-
ior [50]. Previous research has revealed that information from highly trusted sources
is more likely to evoke changes in attitudes and behaviors [51]. Trust in information
sources influences consumers’ attitudes and purchase intentions during a food security
crisis [52]. Consumers’ level of trust and source of information during a health crisis may
influence whether they adopt certain recommended food safety behaviors [53]. In addi-
tion, a previous study found a relationship between trust in information sources and risk
perceptions [54]. Trust in authorities’ sources of information is vital to reduce unnecessary
fear and inappropriate risk perceptions [55], while trust in the information given by the
media increases risk perception [54]. Moreover, panic buying (increased purchasing) has
occurred in public health emergencies since ancient times [56]. For example, the COVID-19
pandemic generated fear of scarcity among consumers, which increased risk perception
and ultimately lead to impulsive and panic buying behavior [57]. Very little research has
studied the relationship between trust in information sources regarding COVID-19 and
buying behavior during the lockdown. Therefore, this research filled this gap by includ-
ing trust in information sources regarding COVID-19 to measure food preferences and
sustainable behavior.

2.3.2. Risk Perceptions and Risk Preference

In social science research, “risk” is defined as the likelihood of physical, social, or
financial harm/loss due to a hazard within a specified time frame [58]. A “hazard” is a
situation, event, or substance that may be harmful to people, nature, or man-made facilities,
whereas a risk is not; it is an inference about the impact of a hazard on people (or nature or
assets) [59].

Risk perception plays an essential role in consumers’ purchase intentions and behav-
ior [60], and it is defined as people’s subjective judgments about the frequency and severity
of a particular risk [61]. Typically, risk perception is measured by asking participants about
specific risk scenarios [61]. Several studies have shown that risk perception is an indicator
of food consumption. For instance, increased risk perception of fish-eating negatively
affects total consumer fish consumption [62].

Risk preference includes three types: risk-loving, risk-neutral, and risk-averse. For
risk-averse consumers, sustainable attributes of food (e.g., food being organic) are risky
and uncertain. Therefore, they prefer to buy and eat conventional products rather than
purchase sustainable food [63]. Risk perception and risk preference (elicited through the
lottery game) are key determinants of the acceptance of risky foods [64].
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2.3.3. Knowledge

Knowledge is a crucial strategy for consumers to make purchase decisions [65]. There
are three types of knowledge: subjective knowledge (self-perceived knowledge), objective
knowledge (the content of knowledge), and usage experience [66]. Several studies showed
that higher levels of COVID-19 knowledge are related to changes in dietary habits and
depression [67]. Lower knowledge of COVID-19 is associated with COVID-19-related
behavioral changes, such as purchasing more goods and stockpiling [68,69]. In addition,
knowledge may potentially affect personal perceptions and purchasing decisions, especially
when health issues like COVID-19 arise [70].

Based on existing literature, we introduced these variables as potential predictors
influencing consumers’ changes in food preferences and sustainable behavior, as defined
in this research.

3. Materials and Methods

3.1. Data Collection and Questionnaire Design

A semi-structured questionnaire in an online survey (Qualtrics consumers’ panels)
among 1203 participants was conducted during the lockdown situation in Spain in May
2020. The questionnaire for this study was divided into seven sections: (1) changes in
consumers’ behavior during the lockdown, including food consumption, food expendi-
ture, purchase of food with sustainable attributes, and shopping places; (2) consumers’
trust level in information sources; (3) risk preference; (4) risk perceptions; (5) knowledge
level; (6) mental status (mood states and concerns regarding COVID-19); and (7) socio-
demographic variables. The questionnaire was reviewed and validated by a group of
experts from different universities and countries. The Cronbach’s alpha coefficients of
the scales were tested, and all coefficients were above 0.68, indicating acceptable internal
consistency. Factor analysis also confirmed the validity of the constructs. In order to have a
representative sample, quota sampling stratified by age and gender was used. Consumers
who were fully or partially responsible for purchasing food (over the age of 18) were
recruited to participate in the present study. The questionnaire was available in Spanish.
On average, each respondent spent 25 minutes filling out the questionnaire. Respondents
participated in our survey voluntarily, and we explained to them the purpose of the study
and that their information would not be disclosed. The questionnaire was approved by the
Ethics Committee of the Centre for Agro-food Economy and Development (CREDA) and
was carried out in accordance with the ethical norms of social science research.

3.2. Independent Variables Included in this Research
3.2.1. Risk Preference

Risk preference was a highly important factor in consumers’ behavioral intention [71].
The MPL (Multiple Price List) has been widely used in psychology and economics research
because of its easy and effective procedure, which was based on expected utility theory
(EUT) [72,73]. Therefore, MPL was employed to measure consumers’ risk preference in this
research. In this MPL experiment, respondents were asked to choose between lottery A and
lottery B twenty times. In the first task, they had a 100% chance of receiving €200 under
lottery A; under lottery B they had a 50% chance of receiving €200 and a 50% chance of
receiving nothing. By that analogy, 20 tasks, until lottery A with a 100% chance of receiving
€10, and lottery B with the same, were conducted to measure consumers’ risk preference.
The payoff of lottery A decreased in turn, while the payoff of lottery B remained unchanged
(€100). Lottery A is the “safe” choice whose payoff is more than the potential payoff in
the “risky” lottery B among the top ten choices. In the 11th task, the payoff of lottery A
is the same as that of lottery B. Starting from the 12th task, lottery A has less payoff than
lottery B.

The number of “safe choices” (choosing lottery A) has often been used to describe
risk preference [64]. In our research, the number of risk-loving individuals’ “safe choices”
should be less than or equal to 9, while the number of risk-neutral people’s “safe choices”
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should be equal to 10, and the number of risk-averse people’s “safe choices” should be
more than or equal to 11.

3.2.2. Risk Perceptions

As concluded in the literature review, risk perception played an essential role in con-
sumers’ purchase intentions and behavior [60]. In this research, risk perception consisted
of three aspects: risk of COVID-19, food security risk, and financial risk perceptions.

As for risk perception of COVID-19, previous studies indicated that risk perception
was designated as a mix of perceived vulnerability (how likely a person thinks he/she
will contract the disease) and perceived severity (how serious people think contracting the
disease will be for him/her) [74], which was applied in a recent study to measure perceived
risk regarding COVID-19 [75]. According to the previous research measuring SARS-related
risk perceptions during the 2003 SARS outbreak [76] and another study during the 2009
H1N1 pandemic [74], we measured consumers’ risk perception of COVID-19 by two items:
(1) perceived risk of vulnerability, employing a 5-point Likert scale that ranges from 1 (very
unlikely) to 5 (very likely) (How likely do you think you are to contract coronavirus in the
next six months?); and (2) perceived risk of severity, using an 11-point Likert scale from 0
(not serious at all) to 10 (very serious) (How serious do you think your health will be if
you contract the coronavirus in the next six months?). If consumers perceived a higher
severity or a higher likelihood of contracting the virus (get a higher score on the 11-point
or 5-point Likert scale), they had a higher risk perception of COVID-19. The 11-point Likert
scale provided respondents with a wider range of options and yielded better predictive
analysis. Additionally, previous research indicated that the 11-point Likert scale from 0 to
10 was popular due to its high composite reliability [77].

According to the recognized definition, food security was defined as “access to ade-
quate food for all people at all times to have an active and healthy life” [78]. In this research,
consumers’ perceived food security risk was elicited using a 7-point Likert scale that ranges
from 1 (very unlikely) to 7 (very likely), and they needed to answer how likely they thought
it was that food shortages and food prices would rise in the next six months (How likely do
you think it is that the following scenarios will occur in the next 6 months?—food shortages;
food prices will go up). Regarding financial risk, a 5-point Likert scale ranging from 1
(not at all) to 5 (a great deal) (How threatened do you feel about your current financial
situation?) was used.

3.2.3. Mood States, Experiences, Concerns, and Shopping Places

As introduced in the literature review, negative and positive moods influenced food
choices [79]. COVID-19 put consumers under great stress and caused them to exhibit
different moods, which may have influenced their purchasing and consumption behavior
during the pandemic. Therefore, respondents were asked about their mood status (includ-
ing positive moods and negative moods) via a 5-point Likert scale ranging from 0 (none of
this feeling) to 4 (a great deal of this feeling) (Considering the COVID-19 situation where
you currently live, do you feel . . . ?—irritated; confident; angry; reassured; annoyed; and
aggravated). Anger as a negative mood was measured using four items that had been
validated in previous studies: irritated, angry, annoyed, and aggravated [80]. Cronbach’s
alpha was α = 0.91 in this research. The positive emotions included feeling reassured and
confident, which were selected from previous research [81]. Cronbach’s alpha was α = 0.80.

In addition, the COVID-19 pandemic brought stress and uncertainty for people, which
could result in panic buying, thus threatening global food security. For people who
experienced food shortages or higher food prices during the COVID-19 outbreak, their
purchasing behavior may have changed [82]. As a consequence, in this study, we measured
food security experiences (food shortages, higher food prices, and neither) (During the
outbreak, did you experience the following scenarios?—food shortages; higher food prices;
and neither of them). In addition, we measured COVID-19 experiences, similar to a recent
study [83], by asking respondents if they contracted COVID-19 or not (Have you contracted
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the COVID-19 virus?) (1 = Yes, I tested positive for the COVID-19 virus; 2 = No. I had the
symptoms, but the test result came back negative; 3 = No. I did not have the symptoms,
so I did not opt for a test; and 4 = I do not know. I had the symptoms but did not have
access to a test) and asking if they knew someone who had been diagnosed or died due to
COVID-19 (Do you know someone who has been diagnosed or died due to the COVID-19
virus?—members of my family; friends; neighbors; friends of my friends; colleagues; and
no, I don’t know any person) and examined whether experiences played an important role
in consumers’ behavior during the lockdown.

Additionally, previous work indicated that consumers’ concerns were related to
buying behavior [84]. Concerns regarding COVID-19 were wide-ranging, encompassing
both health and financial issues [85]. Hence, we adopted a 7-point Likert scale ranging
from 1 (not concerned at all) to 7 (extremely concerned) to evaluate consumers’ health
concerns about COVID-19 and ultimately to explore its impact on consumers’ behavior
during the lockdown (Please indicate your level of health concern about COVID-19). In
addition, a previous study showed that there was a significant increase in food shopping
online, with 45% of consumers in ten European countries making more online purchases
during the lockdown [7]. Another study conducted in South Korea indicated that during
the 2015 MERS outbreak in South Korea, consumers decreased their spending on food
at department stores and outside the home, while they increased their spending on food
purchased online, suggesting that changes in shopping location influenced changes in
consumers’ food expenditure [86]. Moreover, a shopping place, such as a large store,
can stimulate consumers’ emotions, which can further influence purchase decisions [87].
Therefore, change in shopping place as a potential indicator was included in this research.
Respondents were asked to answer two questions to assess the shopping place variable
before and during the lockdown (Where do you usually buy food products? (Before
restrictions due to COVID-19) and Where do you usually buy food products? (During
the lockdown)) (1 = hypermarkets, supermarkets; 2 = specialized food stores; 3 = malls;
4 = farmer’s market/open markets; 5 = retailers’ websites; 6 = organic food stores; and
7 = others).

3.2.4. Trust in Information Sources and Knowledge

Consumers look for health information from a wide cluster of sources and chan-
nels [88]. Trust in health organizations and government health agencies has been identified
as an important correlate of health-related decision-making and behavior [89]. In public
health emergencies (e.g., a flu flare-up), people with high trust in government health agen-
cies react more rapidly and are more likely to comply with the health recommendations
given by the agencies [90]. As mentioned in the literature review, trust in information
sources influenced consumers’ attitudes and purchase intentions during a food security
crisis [52]. In this context, consumers’ trust in information sources was elicited by using
a 5-point Likert scale ranging from 1 (not trustworthy at all) to 5 (extremely trustworthy)
(Consider the following sources of information regarding COVID-19. How trustworthy do
you feel these sources are?—government; social media such as Twitter, Facebook; health
professionals such as doctors; family, friends, and colleagues; scientists; and news such as
papers, TV, and radio).

In addition, we assessed consumers’ levels of subjective and objective knowledge re-
garding COVID-19 to determine if they have an impact on their shopping and consumption
behavior. To be specific, a 7-point Likert scale ranging from 1 (not knowledgeable at all)
to 7 (very knowledgeable) was employed to measure respondents’ subjective knowledge
(How well do you think you know COVID-19), with the results expressed as a percentage,
i.e., from 0 (not knowledgeable at all) to 100 (very knowledgeable). In addition, the level of
objective knowledge was displayed as the percentage of correct answers, and respondents
were asked to judge whether symptoms of COVID-19 were correct or incorrect; symptoms
presented included existing and non-existing symptoms (The following are 17 symptoms
of COVID-19. Please judge whether they are true or false).
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3.3. Measuring Consumers’ Food Preferences and Sustainable Behavior

In this research, three dependent variables, including changes in total food consump-
tion (C), food expenditure (E), and purchasing behavior towards food with sustainable
attributes (S), were measured to determine trends in food preferences and sustainable
behavior during the lockdown. Changes in food consumption and expenditure were
measures of food behavioral preferences during the lockdown. Respondents were asked
to answer a question (How has COVID-19 impacted your total consumption of food),
reflecting consumers’ consumption behavior during the lockdown. Individual scores
ranged from “−3” (greatly decreased) to “+3” (greatly increased) regarding total food
consumption (C). In addition, respondents were asked to respond to a question (How has
COVID-19 impacted your food shopping behavior?—spending money on food purchases),
with scores ranging from “−3” (greatly decreased) to “+3” (greatly increased) regarding
food expenditure to measure consumers’ purchasing behavior (E). Consumers’ sustainable
purchasing behavior (S) was assessed by their purchases of sustainable food (organic, local,
animal welfare, and fair-trade food), with scores ranging from “−3” (greatly decreased) to
“+3” (greatly increased) (During the COVID-19 lockdown, how did your purchases of the
following foods change?—organic; local; animal welfare; and fair-trade). Cronbach’s alpha
was α = 0.68.

Figure 1 illustrates the framework of this study. The independent variables included
in this study are the factors mentioned earlier that may be associated with consumers’ food
shopping and consumption behavior. Table 1 presents the details of the sample profile.
The Kolmogorov–Smirnov test was used to measure the normality of the variables, and the
mean and standard deviation (SD) were computed.

As can be seen, among the 1203 respondents, 51.0% were females, and 57.0% stated
that they were healthy. 56.1% of respondents (before the lockdown) and 53.6% (during the
lockdown) had a monthly household income of 1000–3000 euros, and the majority were
aged 40–59 years (36.9%). In addition, 36.3% of samples had a household size of 2 people,
and 61.2% of households had no children aged 0–12 or adults aged over 70 years. 71.8%
of participants lived in urban places, and 24.4% had a full-time job (without variation).
According to the gender and age distribution, the sample reflected the population of Spain.

Figure 1. The framework of factors affecting consumers’ food buying and consumption behavior
during the lockdown.
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Table 1. Socio-demographic variables in this research (n = 1203).

Socio-Demographic Variables Percentage (%)

Gender
Male 49.0

Female 51.0

Age
18–39 years 28.1
40–59 years 36.9

More than 60 years 35.0

Monthly household income
before the lockdown

<999 euros 10.5
1000–3000 euros 56.1

>3001 euros 22.0
“I prefer not to answer” 11.4

Monthly household income
during the lockdown

<999 euros 19.0
1000–3000 euros 53.6

>3001 euros 15.9
“I prefer not to answer” 11.5

Stated health status
Unhealthy 43.0

Healthy 57.0

Household size

1 person 10.7
2 persons 36.3
3 persons 27.0
4 persons 20.3
5 persons 4.0

6 persons or more 1.7

Family structure

There are children aged 0–6 years Yes (13.5), No (86.5)
There are children aged 7–12 years Yes (15.5), No (84.5)

There are adults over 70 years Yes (14.1), No (85.9)
None of the above Yes (61.2), No (38.8)

Place of residence
Urban place 71.8

Suburban place 14.8
Rural place 13.4

Employment status

Student 2.3
Full time (without variation) 24.4

Full time (telecommuting) 16.5
ERTE a (partial or total) 10.8

A homemaker 5.2
Sick leave 2.1

Unemployed 15.0
Retired 21.5

Unable to work 2.2
a refers to a File of Temporary Regulation of Employment (ERTE). It consists of a temporary collective dismissal,
in which the company temporarily suspends employment contracts, for reasons including the temporary stoppage
of activities or insufficient income.

3.4. Data Analysis

In this study, consumer behavior change (the dependent variable) was a dichotomous
variable with two categories: increase and no increase. The logit regression has often
been used to analyze discrete dependent variables; therefore, the binary logistic regression
model was deemed appropriate for this study. SPSS version 24.0 (IBM, Chicago, IL, USA)
software was used. A descriptive analysis was also employed.

4. Results and Discussion

4.1. Results of the Independent Variables Included in the Model

Table 2 presents the results of the independent variables included in the model. Results
revealed that Spanish consumers’ subjective and objective knowledge level regarding
COVID-19 was above average (77.26% > 50.00% and 67.44% > 50.00%). This may be due
to the fact that the Spanish government, health experts, and the media have conveyed a
considerable amount of information about COVID-19 to society. The results also showed
that 65.7% of respondents were risk-averse, 13.6% were risk-neutral, and 20.7% were risk-
loving. This result is in line with previous studies showing that the majority of respondents
were risk-averse [91], and only a small proportion of participants were risk-loving [92]. In
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addition, with regard to food security experiences, 29.2% of participants stated that they
experienced a food shortage during the lockdown, and 60.7% of them experienced rising
food prices. As for COVID-19 experiences, the results showed that 71.7% of respondents
stated that they did not have symptoms, so did not opt for a test. Only 1.5% of respondents
tested positive for the COVID-19 virus. 21.7% of consumers did not know due to no access
to a test. 37.2% of respondents did not know anyone who had been diagnosed or died due
to the COVID-19 virus.

Table 2. Results of the independent variables included in the logit model.

Variables Percentage (%) Scales

Knowledge
Subjective knowledge level 77.26 1–100%
Objective knowledge level 67.44 1–100%

Risk preference
Risk-loving 20.7
Risk-neutral 13.6
Risk-averse 65.7

Experiences
Food security experiences

Experienced food shortages Yes 29.2; No 70.8
Experienced higher food prices Yes 60.7; No 39.3

Experienced neither Yes 28.4; No 71.6

COVID-19 experiences
Q. Have you contracted the COVID-19 virus?
Yes. I tested positive for the COVID-19 virus. 1.5

No, I had the symptoms, but the test result was negative. 5.1
No. I did not have the symptoms, so I did not opt for a test. 71.7

I don’t know. I had the symptoms but did not have access to tests. 21.7
Q. Do you know someone who has been diagnosed or died due to the

COVID-19 virus?
Members of my family Yes 19.0; No 81.0

Friends Yes 26.4; No 73.6
Neighbors Yes 14.3; No 85.7

Friends of my friends Yes 25.6; No 74.4
Colleagues Yes 6.6; No 93.4

No, I don’t know any person Yes 37.2; No 62.8

Variables Mean (SD) Scales

Concern level about COVID-19 4.77 (1.70) 7-point Likert scale

Food security risk perception
The probability of food shortages in the next 6 months 2.34 (1.49) 7-point Likert scale

The probability of higher food prices in the next 6 months 5.01 (1.61) 7-point Likert scale

Risk perception of COVID-19
The severity of one’s health condition will be if they contract COVID-19 6.04 (2.40) 11-point Likert scale

The probability of contracting COVID-19 2.65 (0.95) 5-point Likert scale

Trust in information sources
Government 2.52 (1.27)

5-point Likert scale

Social media 2.70 (1.09)
Health professionals (e.g., doctor) 4.27 (0.82)

Family, friends, and colleagues 2.91 (1.04)
Scientists 4.13 (0.91)

News (e.g., papers, TV, radio) 1.90 (0.94)

SD: standard deviation.
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Participants’ concern level about COVID-19 was above average (4.77 > 3.5 points on
a 7-point scale), which is consistent with research showing that levels of concern about
COVID-19 are relatively high in Spain [93]. The probability of consumers perceiving food
shortages in the next six months was below average (2.34 < 3.5 points on a 7-point scale).
With respect to the probability of facing higher food prices in the next six months, this was
perceived to be above average (5.01 > 3.5 points on a 7-point scale). The news reported that
in Spain, fruit and vegetables have become between 25% and 30% more expensive due to
the increase in transport costs during the COVID-19 pandemic [94], which has increased
consumers’ perceived food price (food security) risk. In addition, this was supported by
the result of “experiences” in this research (as shown earlier), which showed that 60.7%
of consumers experienced a higher food price during the lockdown, increasing their food
security risk perceptions. Consumers’ experiences of food insecurity will increase their risk
perception because direct exposure to risk events usually enhances consumers’ memories
and imaginations of hazards [95].

As for the severity of the perceived risk, this was above average (6.04 > 5.5 points on an
11-point scale). Regarding the probability of contracting COVID-19 in the next six months,
the results indicated that consumers assessed their risk of being infected as high (2.65 > 2.5
points on a 5-point Likert scale). In both cases, the scores were slightly above the average,
indicating a slightly higher perceived risk regarding COVID-19. These outcomes converge
with the findings that Spain was the second country with the highest risk perception of
COVID-19 among ten countries across Europe, America, and Asia [93]. Consumers’ trust
level in information sources from the highest to lowest was health professionals, scientists,
family (friends and colleagues), social media, government, and news. This is in line with a
study which concluded that consumers stated information from experts or scientists was
the most reliable [2].

4.2. Results of Consumers’ Food Preferences and Sustainable Behavior

According to Table 3, the majority of the respondents stated that they did not increase
total food consumption (63.8%) or purchase more food with sustainable attributes (55.2%)
when compared to the situation before the lockdown. However, the majority of respondents
(52.6%) stated that they increased food expenditure during the lockdown.

Table 3. Behavioral changes during the lockdown.

Category

Percentage

Total Food
Consumption

Expenditure
Sustainable

Food

Increase (Y = 1) 36.0% 52.6% 37.8%
Did not increase (Y = 0) 63.8% 47.4% 55.2%

Missing 0.2% Null 7.0%

4.2.1. Changes in Total Food Consumption (C) during the Lockdown

As reported in Table 4, the percentage of the model’s correct classification was 75.2%,
and the Hosmer–Lemeshow’s goodness of fit was equal to 0.353, leading us to accept
the null hypothesis that there was no significant difference between the observed and
model-predicted values [96]. The OR of gender was equal to 1.394, meaning that females
were 1.394 times more likely to increase food consumption than males during the lockdown.
One possible reason was that many food-away-from-home establishments were closed
because of the shutdown restrictions during COVID-19 in Spain, such that an increasing
number of working women had to cook at home, where they tended to consume more food.
Another reason may be that women were more prone to depression, stress, and anxiety
than men, resulting in more emotional eating [97].
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Table 4. Logit model of total food consumption (C).

Significant Variables
Reference
Category

Beta (B) p-Value Exp (B)

Gender
Female Male 0.332 0.063 1.394

Age
40–59 years old 18–39 years old −0.622 0.003 0.537

More than 60 years old −0.977 0.001 0.376

Monthly household income
Income (before the lockdown) >3000 euros <999 euros 1.086 0.021 2.963

Employment status
ERTE (partial or total)

Student

−1.061 0.080 0.346
Sick leave −2.142 0.017 0.117

Unemployed −1.020 0.087 0.361
Unable to work −1.979 0.023 0.138

Place of residence
Living in rural place Urban −0.437 0.077 0.646

Risk preference
Risk-averse Risk-loving −0.365 0.085 0.694

Experiences
Did not experience food shortages or price increase Experienced −0.785 0.026 0.456

“I know a friend of my friends has been diagnosed or died
due to COVID-19” Do not know 0.564 0.011 1.759

Shopping places
Specialized food stores (before the lockdown) Supermarkets −0.750 0.021 0.473

Farmer’s market/open markets (before the lockdown) −1.480 0.052 0.228

Trust in information sources
Health professionals were perceived to be

a little trustworthy Not at all −3.078 0.042 0.046

Food security risk perception
A little unlikely to face food shortages in the next 6 months Very unlikely 0.643 0.003 1.903

Risk perception of COVID-19
Somewhat serious if contracting in the next 6 months

Not at all
1.595 0.003 4.930

Very serious if contracting in the next 6 months 1.596 0.012 4.934

Percentage of correct classification
Hosmer–Lemeshow’s goodness of fit

75.2%
0.353

In addition, people aged 40–59 years and more than 60 years old were less likely
to increase total food consumption than those aged 18–39 years when compared to the
situation before the lockdown. This is in line with a study which showed that older people
consumed less than younger people during the COVID-19 lockdown [98]. The results
also demonstrated a positive and significant association between income and total food
consumption. This indicated that households whose monthly income before the lockdown
was more than 3000 euros were 2.963 times more likely to increase total food consumption
than those less than 999 euros. Not surprisingly, more income in a household denoted a
stronger purchasing power to provide food for their family members, such that they were
more likely to increase total food consumption during the COVID-19 lockdown. People
whose current employment status was ERTE (partial or total), on sick leave, unemployed,
or unable to work were less likely to increase their food consumption during the lockdown.
It was expected that these people’s jobs were suspended or they were unable to work,
such that their sources of income were cut off by COVID-19, and they were less likely to
increase their consumption level. However, there was little change in income (no income)
for students before and during the lockdown. Results also indicated that people who live
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in rural places were less likely to consume more food than those living in urban places.
This may be related to several reasons. Firstly, population flow is more frequent in urban
areas than that in rural places, resulting in a higher risk of contracting COVID-19 for
consumers who live in urban areas. Consequently, people living in urban places may feel
worried, anxious, or negative about themselves; thus, they tended to display emotional
eating behavior to avoid these negative feelings by turning their attention to food during
the lockdown [99]. Secondly, consumers living in urban areas usually have a higher income
than those living in rural places; that is, they have a stronger purchasing power and
consumption power.

As for consumers’ stated risk preference, the results showed that risk-averse people
were less likely to increase their total food consumption than risk-loving persons. A
previous study indicated that risk-averse respondents may seek out more insurance after a
disaster [100]; thus, risk-averse people may focus on health insurance or save money to
make themselves feel more secure and use it when there is a health threat in the future.
Respondents who did not experience food shortages or higher food prices or did not know
someone who had been diagnosed or died due to COVID-19 were less likely to consume
more food than those who experienced these situations. This could be explained by the fact
that subjects who experienced food shortages or higher food prices or knew someone who
had been diagnosed or died due to COVID-19 were more likely to be anxious [101]; thus,
they were prone to emotional eating (over-eating). Regarding shopping places, people who
went to specialized food stores and farmers’ markets to purchase food before the lockdown
were less likely to consume more food than those who went to supermarkets. This may be
because specialized food stores and farmers’ markets only sell food, while supermarkets
have a wider variety of not only food products but also other necessities, such as toilet
paper, shampoo, and pet supplies. Therefore, in order to reduce the number of visits to
stores and reduce the risk of infection, consumers who used to buy food from specialized
food stores and farmers’ markets may have preferred to buy food from supermarkets
during the lockdown, such that those who went to supermarkets consumed more food.

Results also showed that consumers were less likely to increase their food consump-
tion when they perceived a higher trust level in health professionals (e.g., doctors) during
the lockdown. Trust in reliable scientific information contributes to reducing unneces-
sary scares and inappropriate risk perceptions [55]. Hence, consumers who trust health
professionals could reduce their risk perception and were less likely to panic buy and
consume food. Regarding risk perception of COVID-19, this category demonstrated that
consumers who perceived a higher risk of COVID-19 were more likely to increase their
total food consumption than those who perceived a lower risk during the lockdown. This
may be because if consumers thought the situation was serious, they were worried about
themselves and tended to display emotional eating behavior. As for food security risk
perception, this category revealed that consumers who perceived a higher risk of food
shortages in the next six months were more likely to increase total food consumption than
those perceiving the lowest food security risk. It was not surprising that people with a
higher food security risk perception tended to stockpile food products to reduce the food
security risk; thus, they turned to increase food consumption.

4.2.2. Changes in the Total Food Expenditure (E) during the Lockdown

In Table 5, the percentage of correct classification was 70.3%, and the value of Hosmer–
Lemeshow’s goodness of fit was 0.311, indicating that the model presented an acceptable
goodness of fit. The results demonstrated that females were less likely to spend more on
food than males during the lockdown. The data from the National Statistics Institute in
Spain showed that the unemployment rates of females and males in the first quarter of 2020
in Spain were 16.24% and 12.79%, respectively. In the second quarter, they stood at 16.72%
(females) and 14.13% (males) [102], indicating that females had a higher likelihood of being
unemployed than males during the lockdown. Hence, females were more cautious about
their income and less likely to increase food expenditure. Another potential reason was

89



Foods 2021, 10, 1898

that females were the main meal preparers and “food gatekeepers” in the household [103].
As a result, they were more familiar with the characteristics (e.g., the price and the quality)
of food products and always knew what food to buy, such that females were less likely to
increase food expenditure. Conversely, males were not usual food buyers and not familiar
with food products; therefore, males may have increased their expenditure on food.

Table 5. Logit model of food expenditure (E).

Significant Variables Reference Category Beta (B) p-Value Exp (B)

Gender
Female Male −0.458 0.008 0.632

Age
40–59 years old 18–39 years old −0.572 0.006 0.564

More than 60 years old −0.675 0.015 0.509

Employment status
Sick leave

Student
−1.617 0.054 0.199

Unable to work −1.485 0.060 0.226

Family structure
There are children aged 7–12 years in the household No 0.797 0.079 2.218

Experiences
Experienced food shortages during the lockdown Did not 0.524 0.017 1.688

Did not have symptoms, so did not test Tested positive −1.265 0.078 0.282
Did not know anyone who has been diagnosed or died

due to COVID-19 Knew someone −0.784 0.002 0.457

Shopping places
Buy food on retailers’ websites during the lockdown Supermarkets 1.520 0.015 4.574

Mood
Feel a little reassured

None of this feeling
0.794 0.004 2.213

Feel moderately reassured 0.582 0.044 1.789
Feel moderately angry −0.859 0.017 0.424

Feel a great deal of angry −0.722 0.095 0.486

Risk preference
Risk-neutral Risk-loving −0.505 0.066 0.604
Risk-averse −0.528 0.009 0.590

Trust in information sources
Government information regarding COVID-19 was

perceived to be a little trustworthy Not trustworthy at all −0.425 0.092 0.654

News information regarding COVID-19 was perceived to
be very trustworthy −1.021 0.030 0.360

Food security risk perception
A little unlikely to face food shortages in the next

6 months Very unlikely 0.543 0.036 1.722

Risk perception of COVID-19
A little unlikely to contract COVID-19 Very unlikely 0.819 0.004 2.268

Financial risk perception
Feel threatened moderately about financial situation

Not at all
−0.836 0.033 0.434

Feel threatened considerably about financial situation −0.981 0.035 0.375
Feel threatened a great deal about financial situation −1.502 0.009 0.223

Knowledge regarding COVID-19
A higher level of objective knowledge 0.944 0.075 2.570

Percentage of correct classification 70.3%
Hosmer–Lemeshow’s goodness of fit 0.311
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People aged 40–59 years and more than 60 years old were less likely to increase
expenditure than those aged 18–39 years when compared with the situation before the
lockdown. The elderly were at a high risk of death due to COVID-19, which may have
increased their worry and further affected their appetite [104]. Therefore, their cost was not
likely to increase compared to younger people during the COVID-19 lockdown. Results
also indicated that respondents whose employment status was sick leave and unable to
work were less likely to spend more on food during the lockdown, which may be related
to the interruption of their income. In addition, households with children aged 7–12 years
were 2.218 times more likely to increase food expenditure than those without children.
It was expected that primary schools were closed during the lockdown, such that children
aged 7–12 years had to stay at home, resulting in more expenditure. Participants who
experienced food shortages during the COVID-19 lockdown were 1.688 times more likely
to increase their food expenditure than those who did not face food shortages. If consumers
had experienced food shortages, they were likely to perceive that future food supplies
may also be limited. Therefore, they spent more and stockpiled more food to reduce food
security risks. In addition, consumers who tested positive or knew someone who had
been diagnosed or died due to COVID-19 were more likely to increase food expenditure.
This may be attributed to the fact that these people perceived a higher risk of contracting
COVID-19. They therefore tended to buy more food per visit and reduce the number of
shopping trips, thus reducing the risk of infection and consequently spending more on
food. As for shopping places, consumers who bought food on retailers’ websites during
the lockdown were 4.574 times more likely to spend more on food than those who bought
food in supermarkets. This is consistent with a study which found a significant increase
in online shopping due to COVID-19 [7]. It was expected that consumers tended to shop
online rather than in supermarkets to minimize store visits, aiming to reduce the risk
of infection.

In addition, our results demonstrated that consumers with a positive mood (reassured)
were more likely to increase food expenditure, while those with a negative mood (angry)
were less likely. This outcome is supported by Mehrabian and Riccioni, who concluded
that a positive mood was associated with high appetite levels [46]. Therefore, people with
a positive mood during the lockdown tended to purchase more food and increase food
expenditure, while a negative mood decreased consumers’ appetite; thus, they were less
likely to increase food expenditure. With regard to risk preference, the results implied
that risk-neutral and risk-averse people were less likely to increase their food expenditure
than those who were risk-loving during the lockdown. This may be related to risk-averse
people’s aversion to uncertainty, i.e., risk-averse consumers prefer certainty to uncertainty
more than risk-loving ones. Due to the COVID-19 outbreak, they may tend to reduce
food expenditure and save more money to prevent insufficient money when uncontrol-
lable situations arise in the future. The findings also revealed that consumers were less
likely to spend more on food when they perceived greater trust in government and news
information regarding COVID-19 during the lockdown. This is supported by a study
which demonstrated that higher trust in the national government had positive effects,
such as reducing the likelihood of respondents’ fears and worry of food shortages [105].
Consequently, these consumers perceived a lower food security risk and were less likely to
stock up on food and increase food expenditure.

As for consumers’ risk perceptions, the results indicated that the higher the COVID-19
risk and food security risk the consumers perceived, the more expenditure was seen. This is
in line with a study which showed that consumers tend to purchase more stock goods when
they perceive a higher risk, and this also indicates that a high risk perception during the
COVID-19 pandemic will cause the intention to buy goods, leading to a higher probability
of increasing food expenditure [106]. Another study also demonstrated that risk perception
of the COVID-19 pandemic has positively affected consumers’ behavior regarding the
tendency to maintain food stocks [107]. The results also showed that consumers would not
increase food expenditure when they perceived a higher financial risk, which highlighted
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previous research showing that risk perception negatively affected attitude and purchasing
behavior [108]. This was expected, because when consumers feel threatened about their
current financial situation, that is, perceiving a higher financial risk, they are more cautious
about spending money. Additionally, consumers with a higher objective knowledge level
regarding COVID-19 were found to have a higher likelihood of increasing food expenditure.
It was expected that the more knowledge consumers had, the more severity about COVID-
19 they perceived, such that they were more likely to increase expenditure to stock up
on food.

4.2.3. Changes in Purchasing Food with Sustainable Attributes (S) during the Lockdown

As shown in Table 6, the fit was acceptable as indicated by Hosmer–Lemeshow’s
goodness of fit measures and the percentage of correct classification. The result showed
that households with 5 members were 2.551 times more likely to purchase more food with
sustainable attributes than those with 1 member when compared with the situation before
the lockdown. This is supported by a study which indicated that consumers living in larger
households were more likely to purchase organic food products [23].

Table 6. Logit model of purchasing food with sustainable attributes (S).

Significant Variables Reference Category Beta (B) p-Value Exp (B)

Household size
Households with 5 members 1 member 0.936 0.066 2.551

Risk preference
Risk-averse Risk-loving −0.403 0.058 0.668

Shopping places
Specialized food stores (before the lockdown) Supermarkets −0.710 0.028 0.492

Mood
Feel considerably reassured None of this feeling 0.773 0.036 2.166

Feel moderately angry −0.953 0.010 0.386

Trust in information sources
Government information regarding COVID-19 was

perceived to be very trustworthy Not at all 0.481 0.095 1.618

Food security risk perception
A little unlikely to face food shortages in the next 6 months Very unlikely 0.369 0.082 1.446

A little likely to face food shortages in the next 6 months 1.152 0.064 3.163

Risk perception of COVID-19
A little unlikely to contract COVID-19 Very unlikely 0.748 0.015 2.113

Financial risk perception
Feel threatened moderately about financial situation

Not at all
−0.675 0.093 0.509

Feel threatened a great deal about financial situation −1.125 0.051 0.325

Percentage of correct classification 73.0%
Hosmer–Lemeshow’s goodness of fit 0.095

In addition, risk-averse consumers were less likely to increase their purchases of food
with sustainable attributes during the lockdown. This outcome converges with the finding
that risk-averse respondents avoided buying more sustainable food during the lockdown
in China [109]. It may relate to the uncertainty consumers feel when uncertain about food
with sustainable attributes (e.g., whether organic certification can be trusted); they may
therefore prefer the certainty of conventional products to the uncertainty that may come
from sustainable ones [63]. The results also indicated that people who used to purchase
food from specialized food stores (before the lockdown) were less likely to buy more food
with sustainable attributes than those who usually went to supermarkets. Similar to the
previous explanation, one possible reason was that specialized food stores only have food,
while supermarkets have a more complete variety (e.g., food, alcohol, toilet paper, and pet
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supplies). As a consequence, consumers who used to purchase food from specialized food
stores may be inclined to buy food (including food with sustainable attributes) and other
necessities from the supermarkets during the lockdown to minimize trips to the store and
reduce the risk of infection. Additionally, consumers with a positive mood (reassured) were
more likely to purchase more food with sustainable attributes while those with a negative
mood (angry) were less likely. One possible explanation was that positive emotions make
consumers perceive sustainable food (e.g., organic food) as more attractive, and they are
eager to purchase and consume healthy food [110].

According to the results, consumers with a higher trust level in government were more
likely to increase their purchasing of food with sustainable attributes. This is supported
by a study indicating that in public health emergencies, people who have high trust in
government health agencies were more likely to follow health recommendations (including
food choice recommendations) made by the government [90], and they regard sustainable
food (e.g., organic food) as healthier food. Thus, they are more likely to purchase more
food with sustainable attributes. The results also implied that consumers with higher risk
perceptions of COVID-19 and food security were more likely to buy more food with sustain-
able attributes. Similarly, consumers in Spain perceived these products were healthier than
conventional ones [111], which contributes to improving their immunity and reducing the
risk of infection. The results also demonstrated that respondents who perceived a higher
financial risk were less likely to purchase more food products with sustainable attributes
when compared with the situation before the lockdown. Not surprisingly, food products
with sustainable attributes were more expensive than conventional food [112]. Consumers
tended to buy less sustainable food (expensive) when they perceived a higher financial risk,
and they would spend money more carefully during the COVID-19 pandemic. The results
of food security risk perception and financial risk perception are similar to the previous
research conducted in China [109], but we did not find the effects of gender and age on the
purchases of food with sustainable attributes in this research.

4.3. Overall Discussion

Overall, the majority of respondents stated that they did not increase food consump-
tion (63.8%) or purchase more food with sustainable attributes (55.2%) during the lockdown.
This is supported by a recent study which showed that 74% of respondents in Spain did
not increase their food intake [113]. However, the majority of them (52.6%) stated that
they increased food expenditure during the lockdown. This may be due to the fact that
most Spanish participants reduced their food purchase frequency, which led to increased
expenditure for each food purchase occasion [113].

Our results showed that females tended to consume more food but with less expendi-
ture on food than males during the lockdown. Females were more likely to be depressed,
stressed, and anxious, which can lead to emotional eating [97,114]. As previously explained,
on the one hand, women were more likely to be unemployed during the COVID-19 pan-
demic compared to men, causing them to experience financial pressure [102]. On the
other hand, women were the main food buyers and gatekeepers in the household [32,103];
therefore, they were more aware of food and did not engage in more spending. The lit-
erature review concluded that women were more likely to buy foods with sustainable
attributes [31,32] because they were more health conscious and perceived sustainable foods
as healthier [29]. However, this research did not identify a relationship between gender
and purchase of sustainable food during the lockdown in Spain.

In this research, family structure only affected food expenditure, which is in line with
an early study that showed households with children increased their food expenditure
during the lockdown [39]. Nevertheless, we did not find that this factor influenced the
other eating and purchasing behaviors defined in this study. From the literature review,
household size positively influenced food expenditure [39], but our result indicated that
household size was only a statistically significant factor affecting purchasing behavior
towards sustainable attributes. Our results indicated that age was an indicator related

93



Foods 2021, 10, 1898

to total food consumption and expenditure when compared to the situation before the
lockdown, i.e., older people were less likely to increase food intake and expenditure. This
can be explained by the fact that older people need fewer calories than younger people;
thus, they buy less food and consume less [36]. This may also be related to the high risk of
death in older adults due to COVID-19, which may increase their worry and fear, further
affecting their appetite [104].

Mood was found to be associated with expenditure and purchasing food with sustain-
able attributes. This may be because, on the one hand, positive emotions make consumers
perceive sustainable food (e.g., organic food) as more attractive, and they are more likely to
be eager to purchase and consume healthy food [110]. On the other hand, positive emotion
was correlated with high appetite levels [46], and it has been a neglected trigger for eating
more food [47]. Hence, people who have positive emotions during the lockdown tended
to buy more food and increase their food expenses, while negative emotions decreased
consumers’ appetite, and therefore, they were less likely to increase their food spending.
However, we did not find a relationship between mood and total food consumption.

In addition, consumers’ risk perceptions and trust in information sources were crucial
factors in understanding consumers’ food preferences and sustainable behavior during the
lockdown. To be specific, consumers increased their food consumption, food expenditure,
and purchased more sustainable food when they perceived a higher risk of COVID-19
and food security. However, consumers were less likely to increase expenditure and
sustainable food when they perceived higher financial risks. This was in accordance
with our expectation that, as explained earlier, food with sustainable attributes was more
expensive than conventional food, and these people were more careful in spending their
money [112]; thus, they were less likely to increase purchases of food with sustainable
attributes and food expenditure. The results of food security risk perceptions and financial
risk perceptions were comparable to previous studies conducted in China [109]. In addition,
consumers’ trust level in information from health professionals and scientists was higher
than that from the government and news. Similar findings were found in a Chinese study,
where health professionals were the most trusted source about COVID-19 [115]. This is also
consistent with a previous study investigating perceived trust in general health information
which showed that health professionals were identified as the most trusted sources [116].
This suggested that health professionals were the most trusted source of information, both
for general health information and specific disease (e.g., COVID-19) information.

The results did not identify significant impacts of subjective knowledge, concerns, or
stated health status on food preferences and sustainable behavior defined in this study.
These results allow the government and stakeholders to deepen their understanding of
consumers’ preferences and sustainable behaviors during the lockdown in order to develop
realistic policies and strategies.

5. Conclusions

This study explored trends in food preferences and sustainable purchasing behavior of
Spanish consumers during the COVID-19 lockdown and the factors influencing them. Our
empirical results gave some insights to the government, retailers, and other stakeholders
that help them to adapt to the new COVID-19 situation.

5.1. Practical Implications

Firstly, based on the result of the increased expenditure on the retailers’ websites,
retailers should design a more visually attractive and convenient website, taking advantage
of this opportunity to retain customers. Secondly, the Spanish government should make
efforts to design more effective information to communicate with people and should
enhance the quality and level of detail of the information that they share in such an
emergency. This is because consumers reported low trust in government and news while
reporting high trust in health professions and scientists, inspiring health professions
and scientists to share more reliable and trustworthy information about COVID-19 and
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recommendations of food choices and consumption. Thirdly, households with children
aged 7–12 years were more likely to increase food expenditure. As a result, retailers
could carry out promotion activities (e.g., children’s related food can be given as a gift if
consumers spend a certain amount of money in the store), so as to attract families with
children. Finally, consumers who live with large households and those who often go to
the supermarket to buy food were more likely to purchase more food with sustainable
attributes, reminding retailers to focus on these people by using this argument to first place
and highlight sustainable items (e.g., organic items) in hotlines on the shelves.

5.2. Limitations and Future Research

Despite the contributions of this study, it has some limitations. Firstly, the data are
based on stated rather than revealed behavior. Self-report items may be a limitation with
respect to data quality, e.g., social desirability bias and lack of memory, inspiring future
research with a focus on consumers’ revealed behavior. Secondly, this research explored
consumers’ behavior before and during the lockdown but did not measure changes after the
lockdown. Therefore, further research could explore whether this change in consumption
and purchasing behavior is long-term in this global crisis, and can also explore other
consumption and purchasing behaviors. Finally, the online survey excluded those who
were unfamiliar with and did not have access to the internet. Nevertheless, because of its
low cost and rapidity, it still gave valid data for this study, representing the population of
Spain. Future studies could try to conduct face-to-face surveys after this outbreak to obtain
a more comprehensive sample.
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Abstract: Psychological factors and restrictions imposed due to the pandemic may influence eating
behaviours and physical activity. With the above thesis in mind, questionnaire-based surveys were
conducted amongst residents of five European countries: Poland, Italy, Spain, Portugal and Great
Britain (England and Scotland). A specially devised, structured questionnaire was used to conduct
anonymous internet surveys between 28 April and 16 July 2020. It contained questions pertaining
to sociodemographic data, eating behaviours, the impact of the pandemic on the diet and physical
activity. The questionnaire was made available to internet users in Poland, Italy, Spain, Great Britain
(England and Scotland), and Portugal. The questionnaire was translated by native speakers into
five languages: Polish, English, Spanish, Italian and Portuguese. Survey results were then analysed
using StatSoft’s Statistica v. 13 software and Cytel’s StatXact v. 9.0.0. Age was the parameter
that impacted changing eating behaviours to the largest extent during the pandemic. It was also
found that during the pandemic, regular consumption of meals was most dependent on various
factors. The negative impact of the pandemic within this scope was most profound amongst women,
city residents regardless of gender and people over 35 years of age. A change in the frequency
of consumption of selected product groups during the pandemic was also observed. Reduced
consumption of meat and fish was identified. Especially among people under 35 living in Portugal,
almost half—45.5% (p = 0.0210) declared lower consumption of meat, and more than half—54.5%
(p = 0.011) reported lower consumption of fish. An analysis of the obtained results also showed an
increase in the consumption of products with lower nutritional values, particularly amongst people
under 35 years of age and also amongst residents of Great Britain (regardless of age). Moreover,
the results showed that the pandemic may have had an impact on the weight reduction diet. A
negative impact was declared by 16.5% of people, compared to 9.7% who said that the pandemic
facilitated the use of the weight reduction diet (p = 0.006). The results of our survey also showed a
decrease in the level of physical activity among people over 35 living in Poland (69.6%, p = 0.0497)
and people living in Portuguese cities (72.73%, p = 0.0245). Our survey results showed that the impact
of the pandemic on eating behaviours was particularly profound when it came to meal consumption
regularity. Changes to the consumption of products with lower nutritional values, which may
decrease immunity, have also been found during the pandemic. Our results showed that the problem
associated with consuming products with lower nutritional values was particularly evident amongst
people under 35. Considering the global character of SARS-CoV-2 transmission, further research is
necessary to determine its impact on the diet, nutritional status and physical activity.

Keywords: eating behaviour; consumer preference; COVID-19

1. Introduction

Towards the end of 2019, several pneumonia cases of unknown aetiology [1,2] were
reported in Wuhan, the capital of the Chinese Hubei Province. The virus causes the onset of
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a disease, which the World Health Organisation named “coronavirus 2019” (COVID-19) [3].
Approximately two months after the CDC identified the new disease, the World Health
Organisation characterised the spread of the disease as a pandemic [4].

The scale with which the virus is able to spread is exceptional. This has forced the
governments of many countries to freeze many sectors of the economy, social and cultural
life, which is why it is so important to find an answer to how such an unusual situation
affects our eating behaviours and physical activity required to stay healthy. Moreover,
because we cannot forecast when the pandemic will end, this might profoundly impact
public health.

Social isolation is one of the most effective means used to control the pandemic [5].
However, despite its benefits in curbing the spread of the virus, it also has negative
consequences. Data acquired during the SARS-CoV epidemic have shown that quarantine
is associated with a higher risk of mental disorders, exhaustion, anger, sleep problems
and the occurrence of depression and post-traumatic stress symptoms [6–8]. Psychological
factors may influence eating behaviours. In a survey conducted during the SARS-CoV-2
pandemic, 42.7% of the respondents indicated heightened anxiety as the leading cause
for changing eating behaviours [9]. Stress may contribute to increased consumption
of products with lower nutritional values, amongst other behaviours [10]. Restrictions
imposed due to the pandemic by governments in their respective countries may also
influence eating behaviours by altering the individual economic situations [9].

Surveys carried out amongst Italian residents indicated that during the pandemic,
approximately 21.2% of the respondents consumed more fresh fruit and vegetables and less
alcohol (36.8% of the respondents). 19.5% of the respondents reported an increase in body
weight. Increased consumption was particularly evident for products such as ice creams
and desserts (42.5%), as well as savoury snacks (23.5%) [9]. Other surveys found that the
frequency of snacking between meals and the number of main meals also increased [11].
Reduced levels of physical activity were also noted [12].

The aim of the study was to assess changes in eating behaviour and physical activity
during a pandemic in a group of people living in various European countries. Apart from
identifying differences between the various countries, we wanted to check whether other
factors such as place of residence (city or village), gender and age are significant. Compared
to other studies that have looked at changes in eating behaviour during a pandemic, the
aim of the study was also to see how the pandemic affects the weight reduction diet.
Moreover, the design of the questionnaire allowed for a subjective assessment of changes
in eating behaviour before and during the pandemic, not only for the assessment of eating
behaviour during it.

2. Materials and Methods

2.1. Study Design and Participants

A specially devised, structured and anonymous internet questionnaire was used as
the research tool. From the research point of view, the respondents who answered the
questionnaire did not have to be nationals of the country in question but had to reside
there during the pandemic. Only people older than 18 took part in the survey. Participants
aged <18 years old were excluded. Age was verified using a question in the questionnaire.
Data were collected via an online survey running over three months (April–July 2020).
Respondents were recruited on social networks through several groups on Facebook (for
example, on groups that bring together students and people living in various places in
Poland, Italy, Portugal, Great Britain—Scotland and England, Spain) and through posts
on LinkedIn, Instagram and Twitter. Native speakers translated the questionnaire into
five languages: Polish, English, Spanish, Italian and Portuguese. The internet survey was
conducted in agreement with the national and international regulations and the Declaration
of Helsinki. All participants were informed about the objectives and requirements of the
study. They filled out the questionnaire by connecting to Google Forms, and then the
questionnaires were downloaded as Microsoft Excel sheets with a guarantee of anonymity.
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The questionnaire did not include questions about personal data, and all questionnaires
were downloaded as a Microsoft Excel sheet. The Poznan University of Medical Sciences
Bioethical Committee declared that no ethical clearance was needed.

2.2. Measures

The questionnaire used for the survey contained questions pertaining to sociode-
mographic data (gender, age, place of residence), eating behaviours, the impact of the
pandemic on the diet and physical activity. Respondents were asked to make a subjective
assessment of changes by comparing the period before the pandemic to the period during
the pandemic.

2.2.1. Meal Consumption Regularity, Eating Behaviours, Frequency of Food Consumption

The questionnaire included questions on how regularly meals were consumed and on
the frequency of consumption of selected product groups: milk and dairy products, cereal
products, eggs, meat and meat-based products, fish, fats (vegetable oils; butter; margarine;
cream; other animal fats, e.g., lard; mayonnaise and dressings e.g., salad dressings), veg-
etables, fruit and pulses. Respondents were also asked whether the pandemic impacted
consumption levels of products with lower nutritional values: sweets, savoury snacks, fizzy
soft drinks, energy drinks, fast foods and instant meals. The questionnaire also included
a question on changes to the frequency of alcohol consumption. The questionnaire was
developed based on the nutritional recommendations published by the WHO and the CDC
during the pandemic [13,14].

2.2.2. Impact of the Pandemic on the Weight Reduction Diet

One of the research objectives was to find an answer to whether the pandemic had
affected the weight reduction diet. Respondents were asked to make a subjective compari-
son of the ease of adherence to dietary rules before and during the pandemic. In a closed
question, respondents could indicate a number of factors that made an impact. It was
assumed that a positive impact might be the result of having more time to prepare correctly
balanced meals and/or to find out more about healthy nutrition, improved conditions
for eating meals at regular times, and/or no temptation and pressure within the scope
of consuming low nutritional values meals during family/social meetings. On the other
hand, a negative impact may be the result of deteriorated conditions for eating meals at
regular times, less time to prepare well-balanced meals, increased desire to eat products
with lower nutritional values (e.g., sweets, savoury snacks) and/or more difficult access to
medical facilities and dieticians.

2.2.3. Physical Activity

Individuals taking part in the survey were asked whether their physical activity level
during the pandemic decreased, increased or had not changed.

2.3. Statistical Analyses

Survey results were then analysed using StatSoft’s Statistica v. 13 software and Cytel’s
StatXact v. 9.0.0. The Shapiro–Wilk test was used to test the distribution of variables
for normality. To compare two groups of normally distributed variables with the same
variance, the Student’s t-test was used for unrelated individuals and the Mann–Whitney
test was used where the variables were not normally distributed. To compare a larger
number of groups (between countries), as the normality criteria were not satisfied, the
Kruskal–Wallis test followed by Dunn’s Multiple Comparison Test were applied. To test for
dependencies among categorical variables, the Chi-squared test for independence, Fisher’s
exact test or the Fisher–Freeman–Halton test were used. The statistical power of the study
was between 0.66 and 0.98. Therefore, an α = 0.05 significance level was adopted. Results
were considered to be statistically significant for p < 0.05.
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3. Results

3.1. Demographic Characteristics

A total of 279 people took part in the survey. Participant characteristics can be seen in
Table 1.

Table 1. Participant characteristics.

Variables n (%)

Ntotal 279 (100.00)
Country
Poland 100 (36.00)

Great Britain
(England and Scotland) 56 (20.00)

Spain 58 (21.00)
Italy 31 (11.00)

Portugal
Age 34 (12.00)

<35 years 160 (57.35)
>35 years 119 (42.65)
Gender
female 226 (81.00)
male 53 (19.00)

3.2. Meal Consumption Regularity

It was observed that there was a statistically significant dependence (p = 0.0045)
between meal consumption regularity during the pandemic and the country of residence
(Figure 1).

Figure 1. Meal consumption regularity during the pandemic per country.

Within the group comprising people residing in Poland, it was observed that the
pandemic contributed to improved meal consumption regularity for more than half (56.1%)
of the women (p = 0.0262). Concerning the place of residence, a statistically significant
dependence (p < 0.001) was found for people residing in Portugal, where residents of cities
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were more likely to declare that the pandemic contributed to decreased meal consumption
regularity. On the other hand, more than half of those living in the country (66.7%) stated
that their meals became more regular. The respondents’ age was also a significant factor
within the scope of meal consumption regularity. That relationship is shown in Table 2.

Table 2. Meal consumption regularity during the pandemic acc. to age.

Poland
(n = 100)

England and
Scotland
(n = 56)

Spain
(n = 58)

Portugal
(n = 34)

Italy
(n = 31)

Percentage of Surveyed (%)

No change
<35 years 22.08 * 53.85 47.22 18.18 60.00
>35 years 69.57 * 46.67 40.91 43.48 66.67

Meals became
less regular
<35 years 16.88 * 19.23 25.00 45.45 20.00
>35 years 13.04 * 13.33 36.36 21.74 14.29

Meals became
more regular

<35 years 61.04 * 26.92 27.78 36.36 20.00
>35 years 17.39 * 40.00 22.73 34.78 19.05

* Significant differences, p-values < 0.05.

3.3. Eating Behaviours

Great Britain (England and Scotland) residents were most likely to declare increased
consumption of products with lower nutritional values. As compared to respondents from
other countries, they were more likely to state that during the pandemic, they ate more
savoury snacks (25.9%), fast food and instant meals (12.3%) and consumed more energy
drinks (7.4%). Furthermore, 25.9% of respondents from Great Britain indicated increased
alcohol consumption during the pandemic. Increased consumption of sweets was most
frequently indicated by residents of Portugal (41.2%). In comparison, residents of Spain
showed increased consumption of fizzy soft drinks (13.8%) and fried dishes (13.8%). At
the same time, residents of Poland (28%) were most likely to declare that they paid more
attention to the principles of healthy eating. Assuming that the pandemic could have not
affected the respondents’ eating behaviours, the questionnaire did include such an answer.
Residents of Portugal were most likely to select that answer (38.2%). These results were
statistically significant (p < 0.05).

A statistically significant dependence (p < 0.05) between gender, the place of residence
(village or city) and eating behaviours during the pandemic was not found in any of the
countries in question. However, such dependence was found for age in a group of people
living in Poland. Participants under 35 years of age more often declared that during the
pandemic, they increased their consumption of savoury snacks (24.68%). In the group of
people above 35 years of age, 4.35% reported increased consumption of savoury snacks
(p = 0.0375).

3.4. Frequency of Food Consumption

Respondents were asked how the frequency of consumption of given product groups
changed during the pandemic. It was observed that among the respondents from all the
countries, more people declared an increase in the consumption of cereal products (with
the highest percentage recorded in the case of inhabitants of Portugal—32.25%, p = 0.4784).
In Portugal, people up to 35 years of age were more likely to declare a higher consumption
of cereal products than people over 35 (p = 0.0339). No statistically significant dependence
between the frequency of consumption and gender, age or place of residence was found
(p > 0.05).
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In the case of milk and dairy products, the inhabitants of Poland (28.00%) and Portugal
(23.53%) more often declared increased consumption of this type of product. In contrast,
in Spain, a more significant percentage of respondents indicated that their consumption
decreased (25.86%, p = 0.08959). Further analysis showed increased milk and dairy prod-
uct consumption among male respondents from Great Britain—England, and Scotland
(p = 0.0045). Age was another factor for which a statistically significant relationship was
identified (p = 0.0269)—23.1% of people up to 35 years of age indicated higher consumption
of milk and dairy products while 6.7% of respondents above 35 years of age indicated that
answer. The situation was similar in Spain (p = 0.0161) and Italy (p = 0.0370), where people
up to 35 years of age declared higher consumption of this product group more often.

It was observed that among the respondents from all the countries, more people
declared an increase in the consumption of eggs (with the highest percentage recorded
in the case of inhabitants of Portugal—32.29%, p = 0.0756). No statistically significant
dependence between the frequency of consumption and gender, age or place of residence
was found (p > 0.05).

Frequency of consumption of meat and meat products was also analysed. It was
observed that among the respondents from all the countries, more people declared a
decrease in the consumption of meat and meat products (with the highest percentage
recorded in the case of inhabitants of Spain—31.03%, p = 0.4837). Moreover, it was shown
that people up to 35 years of age who live in Portugal were more likely to declare decreased
meat and meat product consumption during the pandemic—45.5% of respondents in this
age group declared decreased consumption (p = 0.0210).

In the case of fish, respondents from all countries more often declared a reduction
in their consumption (with the highest percentage in Italy—29.03%, p = 0.5217). Further
analysis of the results showed a statistically significant relationship between the age of
those living in Portugal and the frequency of fish consumption during the pandemic
(p = 0.0011). More than half (54.5%) of people up to 35 years of age declared that their
consumption of those products decreased.

The frequency of consumption of fats was also analysed. The increase in their
consumption during the pandemic was most often declared by the inhabitants of Italy
(19.35%), while an overall decrease was reported by the participants from Spain (27.59%,
p = 0.2209). In Portugal (p = 0.0011) and Italy (p = 0.0105), the frequency was found to be
age-dependent. In both countries, people up to 35 years old increased their consumption
during the pandemic.

It was observed that among the respondents from all the countries, more people de-
clared an increase in the consumption of vegetables (with the highest percentage recorded
in the case of inhabitants of Spain—43.10%, p = 0.1189) and fruits (with the highest percent-
age recorded in the case of inhabitants of Spain—39.66%, p = 0.2244). For vegetables and
fruits, significant differences were observed between age and frequency of consumption
of vegetables (p = 0.0368) and fruit (p = 0.0012) during the pandemic. This consumption
increased in the over 35 age group for both vegetables and fruit. Whereas in Portugal,
respondents in the under 35 age group were more likely to declare increased consumption
of fruit (p = 0.0492).

Pulses constitute a significant group of foodstuffs. The increase in their consumption
during the pandemic was most often declared by the inhabitants of Spain (25.86%), while
a decrease was reported by the partipants from Great Britain (21.43%, p = 0.1682). It was
shown that in the group of respondents from Poland, 22.5% of women increased their
consumption of pulses during the pandemic. Correspondingly, 11.1% of men declared
higher consumption (p = 0.0178).

3.5. Impact of the Pandemic on the Weight Reduction Diet

It was observed that the pandemic might have an impact on the weight reduction
diet. A negative impact was declared by 16.5% of people, compared to 9.7% who said
that the pandemic facilitated the use of the weight reduction diet (p = 0.006). Individuals

106



Foods 2021, 10, 1624

who declared a negative impact of the pandemic were most likely to indicate increased
craving for unhealthy products (69.6%) as the leading cause. Out of the factors that had
the most significant positive impact on their diets during the pandemic, respondents were
most likely to indicate having more time to prepare healthy meals (74.1%) as the leading
factor. The impact of the pandemic on the diets of residents of various countries is shown
in Table 3.

Table 3. Impact of the pandemic on the weight reduction diet of residents of various countries.

Poland
England and

Scotland
Spain Portugal Italy p

Percentage of Surveyed (%)

Positive Impact 8.00 3.57 20.69 2.94 12.90
Negative Impact 9.00 17.86 13.79 32.35 25.81 0.0064

No impact 18.00 25.00 17.24 11.76 25.81
I’m not on the weight

reduction diet 65.00 53.57 48.28 52.95 35.48

Further analysis showed that for respondents from Portugal, there was a dependence
between the place of residence and the impact of the pandemic on diet (p = 0.0055). Half
of those living in cities declared it has a negative impact. Furthermore, respondents were
most likely to indicate increased craving for unhealthy products as the leading cause for
changes in diet (p = 0.0356). Furthermore, the obtained results made it possible to conclude
that the impact of the pandemic on the weight reduction diet may also be age-dependent.
This is shown in Table 4.

Table 4. Impact of the pandemic on the weight reduction diet acc. to age.

Poland
England and

Scotland
Portugal Spain Italy

Percentage of Surveyed (%)

<35 years
I’m not on the weight

reduction diet 66.23 73.08 45.45 55.56 60.00

Positive
Impact 9.09 3.85 9.09 16.67 30.00

Negative
impact 9.09 11.54 36.36 8.33 10.00

No impact 15.58 11.54 9.09 19.44 0.00
>35 years

I’m not on the weight
reduction diet 60.87 36.67 56.52 36.36 23.81

Positive
Impact 4.35 3.33 0.00 27.27 4.76

Negative
Impact 8.07 23.33 30.43 22.73 33.33

No impact 26.09 36.67 13.04 13.64 38.10
p-value 0.6629 0.0301 0.6192 0.2654 0.0068

3.6. Physical Activity

It was observed that age could be a significant factor influencing the level of physical
activity. In the group of respondents living in Poland, 69.6% of people over 35 stated that
their level of physical activity had decreased (p = 0.0497). For those living in Portugal, the
place of residence was significant. People living in cities were more likely to report reduced
levels of physical activity (p = 0.0245).
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4. Discussion

4.1. Principal Findings
4.1.1. Country Differences

The results of the research conducted showed that problems with adherence to the
principles of a healthy diet may differ from the country. In the case of respondents from
Spain and Portugal, problems with the regularity of eating meals were more frequent than
in other respondents. In addition, the problem was the increase in the consumption of
products such as sweets (in the case of Portuguese residents) and sweet sodas and fried
foods (in the group of people living in Spain). However, the greatest problem with the
consumption of low-nutrient products was observed among people from Great Britain.
Compared to respondents from other countries, they more often declared an increase in
consumption of savoury snacks, fast food, instant meals, energy drinks and alcohol. On
the other hand, only 16.07% of respondents in Great Britain indicated that the regularity
of eating meals had decreased, and 50.00% said it was unchanged. Different results were
obtained among respondents from Poland, who stated that they adhered to the principles
of a healthy diet more often, and the regularity of their meals had improved. The results
obtained in the group of people from Poland showed that the pandemic can positively
and negatively impact eating behaviour. A positive effect was also observed concerning
the consumption of vegetables, fruits and legumes among the inhabitants of all countries.
Similarly to the research by Rodríguez-Pérez et al. (2020), Renzo et al. (2020) and Ruiz-
Roso et al. (2020), we also noted an increased consumption of vegetables and fruit and
pulses (especially in Spain) [15–17]. This is in line with World Health Organisation (WHO)
guidelines [13]. These are products with high nutritional values, characterised by a high
content of nutrients that boost immunity. For fruit and vegetables, the advantage is that
they can be consumed quickly. Pulses require longer preparation times, but the advantage
is that they can be stored for a longer period [12]. Concerning meat and fish, we observed
lower consumption (among the respondents from all the countries), as did Renzo et al.
(2020) [15]. This may be due to the short shelf life and more time required to prepare them
for meat and fish.

More than half of the respondents (53.8%) reported decreased physical activity during
the pandemic. The inhabitants of Portugal most often declared a decrease in their levels
of physical activity. Among the respondents from Portugal, negative changes were also
observed in the meal consumption regularity and the frequency of consumption of sweets.
This can be an important signal for health promoters in the country, as lower physical
activity levels combined with poor eating habits can lead to weight gain and obesity.

Such differences show that the negative impacts of a pandemic may be different
around the world. The problems with adherence to the principles of a healthy diet may
differ depending on the country. One of the reasons may be that the number of cases and
deaths from COVID-19 have varied from country to country, which could affect the level of
stress and anxiety among residents. Moreover, when comparing changes in eating habits
between individual countries, it should be considered that they may also be caused by
factors not related to the pandemic. Other influences that may also be of importance here
include cultural and religious factors and culinary traditions.

4.1.2. Age Differences

Pursuant to the research, age was found to be the factor that impacted changing eating
behaviours to the largest extent. For younger people (<35 years), the pandemic has had a
positive impact on the weight reduction diet and regularity of meals and has increased the
frequency of consumption of cereal products, eggs, vegetables, fruit and fats. At the same
time, it contributed to increased consumption of products with reduced nutritional value
and reduced consumption of fish and meat.

Renzo et al. (2020) found that quarantine contributed to increasing appetites amongst
young people. This might explain why meals were consumed more often [15]. At the same
time, an increased appetite can be a reason for snacking and eating unhealthy snacks. Our
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research results confirmed this, as they demonstrated that people under 35 consumed more
savoury snacks, fast food and instant meals. A study by Ammar et al. (2020) delivered
similar results. Therein, subjects over 18 years of age were more likely to be willing to eat
unhealthy snacks during a pandemic and eat at night [12]. Ruiz-Roso et al. (2020) obtained
different results within this scope. They found lower consumption of fast food products
during quarantine amongst Spanish teenagers. This could be due to the fact that they were
still under the care of older individuals [16].

When comparing two age groups: <35 years and >35 years, it should be taken into
account that apart from emotional factors (related to, for example, increased levels of
anxiety and stress) or those resulting from the introduced restrictions, the influence on
changing eating habits could also have included a change of life situation during the
pandemic. The group of people <35 years could include students who returned to their
family home due to the introduction of online learning. This could impact the regularity of
meals and changes in the frequency of consumption of selected groups of products due to
the family home diet. On the other hand, among respondents >35 years, there could be
people whose level of anxiety and stress influencing eating habits was increased due to
the deterioration of the financial situation. Moreover, the eating habits in this age group
may have been influenced by the provision of 24 h care for children due to the closure of
kindergartens and schools. Therefore, more research is needed to help explain the causes
of changes in eating habits in different age groups.

4.1.3. Place of Residence (Village or City)

The study results showed that there was a dependence between the place of residence,
eating behaviour and physical activity. This tendency was observed in Portugal, where
compared to people living in the countryside, respondents living in cities experienced
more significant difficulties in adhering to the recommendations of the weight reduction
diet and regular eating. Moreover, people living in cities declared a reduction in physical
activity.

One of the reasons for this may be that in places with a more significant number of
inhabitants, the stress related to the risk of infection and the feeling of the restrictions
introduced may be more important.

4.2. Study Strengths and Weaknesses

The timing of the research problem is one of the strengths of this study. As the
SARS-CoV-2 pandemic began at the beginning of 2020, few studies on its impact on eating
behaviours and physical activity have been published thus far. Another strength was
that the research group, consisting of people from different countries, was formed when
the most stringent restrictions were being introduced. Knowing the differences that exist
between countries provides an opportunity for international exchange of experiences.

Another strength was using an online questionnaire supported by an eating be-
haviours assessment questionnaire in different language versions, making it possible
to form the study group from different countries quickly. This is particularly important
during the pandemic, as the situation is changing rapidly. Furthermore, such a format
reduces the risk of infection resulting from direct contact.

Another strength of the research was the question on the impact of the pandemic
on the weight reduction diet that was implemented before the pandemic. Continuing a
particular diet is essential for maintaining proper body weight.

When analysing the weaknesses of the study, the fact that the online questionnaire
has certain limitations should be taken into account. These include, among other things,
difficulties with validating it and verifying the entered data and no opportunity to consult
possible doubts with the investigator.

Lack of inclusion and exclusion criteria was also a weakness of the research, which
could affect the results. Some people may have had to deal with eating disorders, alcohol
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addiction or a job that did not force them to change their lifestyle during the pandemic. The
number of respondents is also a weakness—quite few and varied from country to country.

5. Conclusions

The survey results showed differences between countries in terms of changes in eating
behaviour and levels of physical activity during the pandemic. However, it should be
considered that they may have resulted from cultural, regional or culinary differences
specific to a given place. Therefore, when planning further research aimed at a more
detailed analysis, it should be considered. Perhaps a good solution would be to add
questions to the questionnaire that consider these factors by people who know the specifics
of a given place.

Despite some differences between countries, the study results showed that a worrying
trend in all countries is reducing the consumption of omega-3-rich fish (even in countries
like Spain and Portugal). One of the reasons for this may be their short use-by date. This is
a signal for both health promotion professionals and food producers. Perhaps a way to
increase consumption of these products during a pandemic would be to promote ways of
preparing fish and prepared products based on them that allow them to be stored longer.

The results of our research showed that special attention should also be paid to the
under 35 age group. Considering that these are people who easily use digital technologies, it
is worth considering their use in promoting healthy eating and regular physical activity. For
this purpose, information and communication technologies (ICT) can be used increasingly
during a pandemic. The use of ICT makes it possible to analyse data (including health
status, eating behaviour, physical activity) and then implement a personalised and multi-
dimensional intervention. ICT can be used in various ways to promote a healthy lifestyle.
For young people who often use mobile applications, it is worth considering the preparation
of an application that will allow them to monitor diet and physical activity. By entering data
on the meals consumed and physical activity, the user will receive personalised feedback
prepared in cooperation with dietitians or personal trainers. These could include clues
about where the nutritional error is being made and how to fix it. The application may also
have recipes for healthy meals and suggestions for exciting forms of physical activity at
home. For added value, it may be possible to calculate the nutritional value of the meals
consumed. It is also worth considering introducing gamification, which is more and more
often used in mobile applications. The user who performs specific tasks (e.g., performs the
right amount of exercise on a given day, eats a certain amount of healthy products) receives
points similar to in the game, which encourages compliance with the principles of a healthy
lifestyle. The use of ICT to promote healthy eating and physical activity during a pandemic
should not be limited to young people. ICT can also be used in the elderly, but some
age-related restrictions should be taken into account (e.g., by introducing personalised
feedback in the form of a voice) [18].

We have not seen a virus spreading on such a large scale for many years. That is why
it is important to determine where the problem may lie with observing healthy eating
principles and regular physical activity. Through its impact on the functioning of the
immune system, amongst others, a healthy lifestyle may be an essential element in the
prevention of COVID-19.
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Abstract: The outbreak of the COVID-19 pandemic has strongly influenced consumers’ habits
and behaviours, creating a more sustainable and healthier era of consumption. Hence, there is a
potential for further expanding the green food sector in China. The theory of planned behaviour
(TPB) is one widely used framework to explain consumers’ food choices. Considering consumers’
internal norms, their perceptions of green food attributes, and the shifting consumer behaviour,
our study has extended the TPB framework (E-TPB) by adding constructs of moral attitude, health
consciousness, and the impact of COVID-19 (IOC). The results of structural equation modelling
among 360 functional samples revealed that the E-TPB model has a superior explanatory and
predictive power, compared with the original TPB model regarding Chinese consumers’ green
food buying intentions in the current and post-pandemic periods. The path analysis demonstrated
that attitude, perceived behavioural control, moral attitude, health consciousness, and IOC have
significant positive effects on green food purchase intentions. However, the association between
subjective norm and purchase intention varies within the TPB and E-TPB models, which showed a
non-significant impact in E-TPB. These findings can generate more suitable managerial implications
to promote green food consumption in China during the current and post-pandemic periods.

Keywords: green food; purchase intention; TPB; E-TPB; COVID-19; Chinese consumer

1. Introduction

In March 2020, the World Health Organization (WHO) announced the outbreak of
the highly transmittable Coronavirus (COVID-19) as a pandemic [1], which is considered
to be the third pandemic in the 21st century [2]. After one year’s development, there
have been more than 138 million confirmed cases of COVID-19 globally and more than
751 million vaccine doses administered in April 2021 [1]. Although the situation is expected
to improve in the next several years, the COVID-19 pandemic undoubtedly has widespread
effects on society and consumers, hinting towards the dynamic changes in the market [3,4].
Some studies have found that there has been increased consumption of unhealthy food
during the initial ‘lockdown’ period [5,6]. However, many studies have recently reported
that consumers are increasingly concerned about the health and safety aspects of their
food consumption and want to protect and strengthen their immune systems through
their food diets [7–10]. In a 2021 survey from Accenture, an investigation involving more
than 3000 consumers in 15 countries has shown that the pandemic is likely to create a
more sustainable and healthier consumption era over the following 10 years [11]. This
development can permanently alter consumer behaviours and cause lasting structural
changes to products and industries [11]. Therefore, enterprises and marketers in the
organic and green food sectors need to accelerate their business objectives and capabilities
to match the shifting consumption patterns for their products and services during the
current pandemic and post-pandemic periods.
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Beginning in the 1990s, green food has been one of the most successful eco-labelling
innovations in the Chinese food production industry [12]. Green food primarily refers
to a full range of safe and premium edible agricultural products and related processed
products, and are required to be grown in an ecologically sound environment, produced
based on green food production standards, adopt the wholesome quality control, and
granted the right to have a ‘green food’ certification [13]. There are two different standards
for green food: Grade A and Grade AA. Grade A allows food producers to use limited
chemical pesticides, chemical fertilisers, and other chemical inputs. Grade AA has stricter
standards that exclude the guidelines mentioned above and are equivalent to Chinese
organic food production standards [13]. After 30 years of development, Chinese green food
production and consumption have experienced rapid growth and continued to expand in
scale. According to official statistics in 2020, there have been 19,321 green food enterprises,
43,729 green-food-labelled products, and USD 66.52 billion of domestic sales, with a
growing average of 9.2% annually [14]. Meanwhile, many Chinese families pay increasing
attention to their health, quality lifestyles, environmental protection, and food security, and
prefer to consume safe and green food products [15,16]. Despite undergoing exponential
development and resulting in a booming trend, green food sales account for an extremely
low percentage of the total food sales in China (i.e., less than 1%). Thus, there is an excellent
prospect for the further expansion of green food consumption in China.

Since the Chinese green food industry faces an upward demand for sustainable con-
sumption and growth potential, stakeholders in the green food sector need to understand
the effective mechanisms of consumers’ green food purchase intentional behaviours during
the current and post-pandemic periods in more detail. The theory of planned behaviour
(TPB), proposed by Ajzen [17], is one of the most widely used theories predicting con-
sumers’ purchase intentions of environmentally friendly food products [18,19]. According
to Ajzen [17], the TPB is open for modification by incorporating new constructs or altering
the path. Moreover, some nonnegligible limitations of applying TPB exist, and therefore,
various refinements and extensions of TPB theory have been suggested to improve its
effectiveness and applicability [20,21]. It is necessary to use multidisciplinary approaches
for better understanding consumers’ food preferences and acceptances in different contexts
and eating scenarios [22]. Consequently, certain important factors related to consumer be-
haviours during a pandemic should be investigated and validated to establish an updated
green food purchase intention model.

Researchers and theorists have recurrently criticised the TPB for its insufficient con-
sideration of other human behavioural constructs such as moral and ethical concerns [20].
Moral attitude is considered another salient behavioural factor in purchasing environ-
mentally friendly food products since these behaviours are commonly perceived as pro-
environmental actions [23]. Moreover, recent studies that investigated the influence of
the COVID-19 pandemic on food consumption show that many consumers have been
increasingly concerned about the health aspects [7–9]. Health concerns are considered
as one of the significant drivers promoting consumers’ attitudes and intentions towards
purchasing environmentally friendly food products [24]. Lastly, the emergence of the
pandemic has strongly affected the global food systems, such as a collapse in a growing
demand for global agri-food products, the severe disruptions of domestic and interna-
tional food supply chains, the shortage of labour for food production enterprises, and
the shifting consumption pattern [8,25,26]. Currently, no studies have established a green
food purchase intention model with an integration of COVID-19 pandemic influences
and incorporating salient factors among Chinese consumers. Therefore, it is necessary to
adjust former models by integrating important and new factors that account for green food
consumption and COVID-19 to understand consumers’ green food consumption better
during a pandemic.

Hence, this paper aims to explore an appropriate model to explain and predict Chinese
consumers’ green food purchase intentions during the current and post-pandemic periods.
Based on the TPB, we have proposed an extended theory of planned behaviour (E-TPB)
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model and applied a structural equation modelling (SEM) approach to conduct model
comparisons and examine the performance of each construct. Therefore, the outcome of
this research can contribute to offering significant practical implications for researchers and
marketers in the Chinese green food industry. The present study can generate new insight
into the effects of the COVID-19 pandemic crisis on green food consumption. Moreover,
marketers can use our findings to develop innovative marketing strategies to promote
green food consumption in China further.

The remainder of this paper is organised as follows: Section 2 outlines the conceptual
model developed for the present study and includes hypotheses to be examined; Section 3
explains the research methodology, which includes data collection, measurement, and data
analysis; Section 4 displays descriptive statistics and SEM; Section 5 discusses of results
and implications; Section 6 provides conclusions and includes research limitations and
suggestions for future work.

2. Theoretical Framework and Development of Hypotheses

2.1. Theoretical Framework

The present study has adopted TPB and proposed an E-TPB model by adding three
constructs (i.e., moral norm, health consciousness, and the impact of COVID-19), to explain
and predict Chinese consumers’ green food purchase intentions during the current and
post-pandemic periods. The conceptual framework is represented in Figure 1.

Figure 1. Research model: the white blocks are variables in the standard TPB model; the grey blocks
and the white blocks are variables in the E-TPB model; H1, Hypothesis 1; H2, Hypothesis 2; H3,
Hypothesis 3; H4, Hypothesis 4; H5, Hypothesis 5; H6, Hypothesis 6; H7, Hypothesis 7.

2.2. Development of Hypotheses
2.2.1. TPB

According to the TPB, there are three factors that collectively lead to the formation of
an individual’s intentional behaviour: attitude, subjective norm, and perceived behavioural
control [17].

• Attitude

Attitude assesses the extent to which people favourably or unfavourably evaluate
the subject in question [17]. A subject can be a product, a person, or any other physical
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or intangible stimulus. There are substantial empirical studies on attitudes affecting con-
sumers’ food choices towards environmentally friendly food products. Previous research
emphasises a strong positive correlation between attitude and purchase intention towards
organic food [27,28], green food [19], and sustainably sourced food [29]. Therefore, the
present study introduces Hypothesis 1 (H1):

Hypothesis 1 (H1). Chinese consumers’ attitudes towards green food products significantly
influence their green food purchase intentions.

• Subjective Norm

Subjective norm relates to perceived social influences or stresses to engage or disen-
gage in a given behaviour [17]. Subjective norm also reveals the individuals’ beliefs about
how their reference groups would view them if they perform a certain behaviour [28].
According to Scalco et al. [30], the most important social influences related to consumers’
environmentally friendly food purchases are from their families, friends, colleagues, and
other reference groups. Previous research indicated that subjective norm is a positive driver
of consumers’ behavioural intentions to indulge in their food choices [31,32]. However,
other scholars [19,33] argue the efficacy of subjective norm in explaining consumer food
choices and agree that more examinations into the role of the subjective norm are needed.
Based on the aforementioned discussion, Hypothesis 2 (H2) is proposed as the following:

Hypothesis 2 (H2). Subjective norm has a significant impact on Chinese consumers’ green food
purchase intentions.

• Perceived Behavioural Control (PBC)

PBC refers to an individual’s ability to control their behaviour independently [17].
Previous studies highlight PBC as a salient factor of intention during sustainable food
consumption [34,35]. Studies from Yadav and Pathak [27] and Carfora et al. [36] have
confirmed that the most significant impact of PBC on consumers’ buying intentions towards
organic food products is mainly due to unavailability issues. Since some attributes of green
and organic food products are similar, findings from consumer studies about organic food
can serve as a reference for green food studies. Hence, Hypothesis 3 (H3) is presented
as follows:

Hypothesis 3 (H3). Perceived behavioural control is significantly related to Chinese consumers’
intentions to buy green food.

2.2.2. Incorporating Additional Constructs in the TPB

• Moral Attitude

Moral attitude refers to a person’s self-evaluation resulting from their expected com-
pliance with their moral principles [37]. Moral attitude is considered to be a significant
driver that impacts organic and green food consumption since consumers realise that their
sustainable purchases can affect other people’s well-being. Thus, they perceive a sense of
responsibility for their purchases and look for opportunities to fulfil them [29,38]. Studies
from Dowd and Burke [29] and Yazdanpanah and Forouzani [39] have inserted moral
norms into the TPB model. Both studies reported that when adding moral norms into the
original model, there are significant increases in the fidelity and explanatory capability of
the model. Hence, Hypothesis 4 (H4) is proposed based on the above discussion:

Hypothesis 4 (H4). The moral attitude among Chinese consumers positively influences consumers’
intentions to purchase green food.

• Health Consciousness

Health consciousness is defined as ‘the degree to which health concerns are integrated
into a person’s daily activities’ [40], which reveals a person’s willingness to conduct
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health behaviours [41]. According to Paul and Rana [42], people who are more concerned
about their health have frequent positive attitudes towards buying organic products since
they are commonly considered as a healthier choice, compared to conventionally grown
food varieties [24,43]. Many studies have found health consciousness as a significant
motivator for consumer decisions towards environmentally friendly food products [44–47]
and a crucial factor that strongly influences consumers’ willingness to pay for premium
products [48]. Thus, Hypothesis 4 (H4) is proposed as follows:

Hypothesis 5 (H5). Health consciousness among Chinese consumers positively influences con-
sumers’ intentions towards buying green food.

2.2.3. Incorporating the Impact of COVID-19 (IOC) into the TPB Framework

The ongoing coronavirus pandemic crisis has caused a severe global health emergency
and, consequently, has led to a shift in food systems as well as the way people purchase
and consume their food [49]. The study from Meixner and Katt [3] has assessed the IOC
on consumers’ perceptions about food safety issues. Their findings suggest that food
safety concerns are becoming increasingly important due to COVID-19. Moreover, the
latest studies [8,50] reported that the COVID-19 pandemic could lead people’s behaviours
and lifestyles towards a sustainable and healthier direction. People tend to consume
more environmentally friendly food products due to an increase in their food safety
concerns [8,50]. With its specific attributes, green food meets the current demand. Therefore,
we have added the IOC construct into the standard TPB model, and we aim to investigate
its influence on consumers’ green food purchase intentions and health consciousness.
Accordingly, Hypothesis 6 (H6) and Hypothesis 7 (H7) are proposed:

Hypothesis 6 (H6). The impact of COVID-19 is significantly related to Chinese consumers’
health consciousness.

Hypothesis 7 (H7). The impact of COVID-19 is significantly related to Chinese consumers’ green
food purchase intentions.

3. Methodology

3.1. Data Collection

As part of the study, an online survey was applied to collect data and analyse the
developed research framework. The geographic location used within the research was the
Chinese mainland, a country containing the world’s largest food consumer group. Data
were collected using a questionnaire survey platform (i.e., www.wenjuan.com (accessed
on 24 May 2021)). After a brief pilot study involving 15 consumers, the initial question-
naire was adjusted and refined to improve comprehension and readability. The online
questionnaire was distributed via WeChat, i.e., the most widely used mobile messaging
application among Chinese people. Participants could answer the questionnaire by ac-
cessing the WeChat app with their smartphones. In addition, a certain number of ‘red
packets’, which is an electronic monetary function in WeChat, were enabled to attract more
consumers. The target group of this survey included consumers over the age of 20 due to
the age category accounting for the majority of Chinese green consumers [51]. Therefore,
the participant’s age was asked at the beginning of the online survey and was used for
filtering. The survey would only continue if the age requirement was met. The survey was
available to WeChat active users from 12 to 19 April 2021. A total of 398 questionnaires
were returned and 38 of the 398 respondents were excluded due to the straight-line answer
pattern and failure to complete the survey questions. A valid sample of 360 respondents
(i.e., response rate = 90.4%) was used as a research dataset. According to Kline [52], there
should be at least 10 cases per measurement as an acceptable sample size for conducting
an experimental investigation. This study contains 19 measured items with a required
minimum of 190 responses. Thereby, a total of 360 valid questionnaires was considered a
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valid sampling and sufficient for further data analysis. Table 1 provides an overview of the
demographics of the samples.

Table 1. Demographics of samples (n = 360).

Demographics Variables Frequency Percent (%)

Gender
Male 166 46.1

Female 194 53.9

Age

20–30 124 34.4
31–40 87 24.2
41–50 83 23.0
51–60 42 11.7
>60 24 6.7

Marital Status

Married with a child or
children 149 41.4

Married 80 22.2
Single 115 32.0
Other 16 4.4

Education
Junior school or below 57 15.9

High school or technical
secondary school 124 34.4

University or above 179 49.7

Monthly Income (RMB)
<4500 98 27.2

4500–9000 174 48.3
>9000 88 24.5

3.2. Measurements

The scales used in this study were adopted from previous studies and modified to
employ valid measurement instruments. This study considered the particularity of the
Chinese language and culture. The contents were screened by two academic experts
and back-translated by two local language experts to ensure accuracy and data integrity.
Besides demographic questions, the other responses on the statements were obtained
on a seven-point Likert scale (i.e., 1 for strongly disagree and 7 for strongly agree). The
measurement items and their sources of adoption are shown in Table 2.

3.3. Data Method

SPSS Statistics version 24 and AMOS version 24 were applied to analyse the data and
test the hypothetical associations between the constructs in the research model. Firstly, data
were examined by descriptive statistics (i.e., means and standard deviations) to analyse the
characteristics of participants and visualise the responses received. Secondly, confirmatory
factor analysis (CFA) was conducted to measure the validity and reliability of measurement
items within the proposed models. Next, we applied SEM to evaluate the model fit and
hypothesis testing between TPB and E-TPB models. Finally, the indicators and hypothesis
testing results of the two frameworks were compared and summarised based on data
analysis results.
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Table 2. Measurement of constructs.

Constructs Items Measurement Items Adopted From

Purchase
Intention (PI)

PI1 I prefer to choose green food products if they are available
for purchase. Yazdanpanah and

Forouzani [39]PI2 In the near future, I will try to buy green food.

Attitude (AT)
AT1 I think purchasing green food is a good concept.

Wang et al. [53]AT2 I believe buying green food is pleasant.
AT3 I believe buying green food is of importance.

Subjective Norm
(SN)

SN1 Most people I value believe I should purchase green food.
Han et al. [54]SN2 Most people I value will purchase green food rather than

non-green food.

Perceived
Behavioural

Control (PBC)

PBC1 If I want to, I can easily buy green food.
Han et al. [54]PBC2 I have all resources for buying green food.

PBC3 Buying green food is entirely up to me.

Moral Attitude
(MA)

MA1 If I purchase green food rather than non-green food, it feels like a
personal contribution to something better.

Arvola et al. [55]MA2 If I purchase green food rather than non-green food, it feels like
I’m doing the morally right thing.

MA3 If I purchase green food rather than non-green food, I feel like I’m
being a better person.

Health
Consciousness

(HC)

HC1 I chose food carefully to ensure good health.
Yadav and Pathak [27]HC2 I consider myself a health-conscious consumer.

HC3 I often think about health-related issues.

Impact of
COVID-19 (IOC)

IOC1 I perceive the COVID-19 pandemic has influenced me personally.

Meixner and Katt [3]IOC2 I perceive the COVID-19 pandemic will shift my
consumption pattern.

IOC3 I perceive the COVID-19 pandemic will change society.

4. Results

4.1. Descriptive Statistics

In general, participants in this investigation expressed positive purchase intentions for
green food (Mean = 5.645; SD = 0.872). For other determinants, participant responses were
higher for PBC (Mean = 6.061; SD = 0.887), moral attitude (Mean = 5.909; SD = 0.827), health
consciousness (Mean = 5.777; SD = 0.773), subjective norm (Mean = 5.750; SD = 0.910),
and IOC (Mean = 5.381; SD = 1.007). Surprisingly, consumers’ answers for the attitude
construct (Mean = 4.678; SD = 1.047) were neutral. Figure 2 presents the responses from
all participants in this survey. Although some curves displayed slight fluctuations, most
curves in general showed a homogeneous response pattern for all constructs.

4.2. Measurement Model

Table 3 presents the results from the reliability and validity analysis of each measure-
ment. All of the Cronbach’s α values were higher than the threshold of 0.7 [56], indicating
that the questionnaire’s data have adequate reliability. In regard to convergent validity,
all variables presented high composite reliability (CR), with scores ranging from 0.795 to
0.904, and were above the recommended standard of 0.6 [57]. In addition, the values of
factors loading for all variables ranged from 0.719 to 0.944 and exceeded the acceptable
value of 0.6 [58]. Additionally, the values of AVE (0.563 to 0.758) were above the acceptable
limit of 0.5 [56]. Therefore, the convergent validity of the measurements was satisfied.
Regarding the discriminant validity, the value of the square root of AVE was estimated for
each variable and compared with its correlation value. As shown in Table 4, most construct
pairs satisfied this requirement, except in one case (i.e., moral attitude and health conscious-
ness). Therefore, the chi-square (Δχ2) difference test was performed regarding this lone
problematic case. The chi-square difference test exhibited highly significant differences
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(Δχ2 = 182.139, p < 0.001). Therefore, discriminant validity was confirmed, which indicates
that all variables used in the study were distinctively different.

Figure 2. The overview of responses (n = 360): X-axis, seven-point scale (1 = strongly disagree, 2 = disagree, 3 = somewhat
disagree, 4 = neither agree nor disagree, 5 = somewhat agree, 6 = agree, 7 = strongly agree); Y-axis, number of responses; AT,
attitude; SN, subjective norm; PBC, perceived behavioural control; MA, moral attitude; HC, health consciousness; IOC,
impact of COVID-19; PI, purchase intention.

4.3. Structural Model

The goodness-of-fit indices of the structural model are presented in Table 5. Regarding
the original TPB framework, the structural TPB model demonstrated a good fit to the
sample data, with χ2/df = 2.533, GFI = 0.956, TLI = 0.970, IFI = 0.980, CFI = 0.980, and
RMSEA = 0.065. As for the proposed extended framework (i.e., E-TPB model), its goodness-
of-fit indices (χ2/df = 2.870; GFI = 0.893; TLI = 0.938; IFI = 0.951; CFI = 0.950; RMSEA =
0.068) also showed satisfactory fit indices. Although the value of GFI (0.893) was slightly
smaller than the suggested level (≥0.9), the structural model of E-TPB still can be accepted
due to the good performance of other indices. Finally, the E-TPB model was compared
with the standard TPB model. Our findings show that the E-TPB model has a better
explanatory power (R2 = 0.68), in comparison to the original TPB (R2 = 0.49), for measuring
Chinese consumers’ green food intentional purchases during the COVID-19 pandemic
period. Notably, the extended model can explain 68% of the total variance in this study.
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Table 3. Reliability and validity analysis.

Constructs
Factor Loadings CR SMC AVE

Cronbach’s α
√

AVE
TPB E-TPB TPB E-TPB TPB E-TPB TPB E-TPB

PI 0.904 0.901 0.758 0.752 0.902 0.867
PI1 0.840 0.838 0.706 0.703
PI2 0.870 0.866 0.757 0.751
PI3 0.901 0.897 0.813 0.805

AT 0.893 0.894 0.738 0.740 0.888 0.859
AT1 0.733 0.743 0.538 0.553
AT2 0.944 0.942 0.891 0.888
AT3 0.887 0.883 0.786 0.780

PBC 0.900 0.900 0.750 0.750 0.899 0.866
PBC1 0.864 0.864 0.747 0.746
PBC2 0.886 0.887 0.785 0.787
PBC3 0.847 0.846 0.717 0.716

SN 0.830 0.834 0.710 0.716 0.830 0.843
SN1 0.826 0.789 0.682 0.623
SN2 0.859 0.900 0.739 0.810

MA 0.841 0.640 0.849 0.800
MA1 0.845 0.714
MA2 0.830 0.688
MA3 0.719 0.516

HC 0.795 0.563 0.792 0.750
HC1 0.778 0.605
HC2 0.737 0.544
HC3 0.736 0.541

IOC 0.891 0.731 0.887 0.855
IOC1 0.905 0.818
IOC2 0.844 0.712
IOC3 0.814 0.662

Note: PI, purchase intention; AT, attitude; PBC, perceived behavioural control; SN, subjective norm; MA, moral attitude; HC, health
consciousness; IOC, impact of COVID-19; CR, composite reliability; SMC, squared multiple correlation; AVE, average variance extracted;√

AVE, square root of average variance extracted.

Table 4. Correlation matrix for discriminant validity.

SN IOC HC MA PBC AT PI

SN 0.843

IOC 0.458 0.855

HC 0.599 0.569 0.750

MA 0.755 0.529 0.771 0.800

PBC 0.670 0.432 0.561 0.630 0.866

AT 0.478 0.527 0.421 0.440 0.376 0.859

PI 0.550 0.693 0.686 0.700 0.550 0.594 0.867
Note: The diagonal elements represent the square root of AVE; off-diagonal elements show the correlations
between constructs; values in italics boldface indicate that values for the shared variance are larger than the
square root of AVE values; SN, subjective norm; IOC, impact of COVID-19; HC, health consciousness; MA, moral
attitude; PBC, perceived behavioural control; AT, attitude; PI, purchase intention.

4.4. Hypotheses Testing

The path analysis results of the TPB and E-TPB models are presented in Table 6,
including standardised parameter estimates, t-values, significance levels, and the results
of each hypothesis. For the original variables of the TPB framework, the constructs of
attitude (β = 0.395, t = 7.373, p < 0.001; β = 0.237, t = 4.806, p < 0.001, respectively)
and PBC (β = 0.284, t = 4.153, p < 0.001; β = 0.122, t = 2.111, p < 0.05, respectively)
had a significant impact on Chinese consumers’ green food purchase intentions in both
TPB and E-TPB models. Therefore, hypotheses H1 and H3 are justified. However, the
path analysis results of subjective norm (β = 0.188, t = 2.498, p < 0.05) were significant
in the TPB model, but the results of subjective norm in the E-TPB model (β = −0.119,
t = −1.478, p > 0.05) were nonsignificant and negatively related to consumers’ buying
intentions of green food products. Thus, H2 is partially supported. Regarding the extended
constructs in the E-TPB model, all the structural model results presented in Table 6 show
the significant relationships between the three additional variables (i.e., moral norm, health
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consciousness, and IOC) and purchase intention, albeit with different levels of significance.
Moral attitude (β = 0.318, t = 3.352, p < 0.001) and health consciousness (β = 0.154, t = 2.023,
p < 0.05) affected consumers’ purchase intentions towards green food. Hence, H4 and H5
are supported. Regarding the role of IOC, there were significantly strong and positive
associations between IOC and health consciousness (β = 0.600, t = 9.579, p < 0.001), as well
as purchase intention (β = 0.315, t = 4.950, p < 0.001). Accordingly, H6 and H7 are supported.

Table 5. Goodness-of-fit indices and explanatory power of two models.

Models χ2/df GFI TLI IFI CFI RMSEA R2

Thresholds >1 and <5 * ≥0.9 * ≥0.9 * ≥0.9 * ≥0.9 * ≤0.08 *
TPB 2.533 0.956 0.970 0.980 0.980 0.065 0.49

E-TPB 2.870 0.893 0.938 0.951 0.950 0.068 0.68

Note: * Source from Bagozzi and Yi [57]; GFI, goodness-of-fit index; NFI, normative fit index; TLI, Tucker–Lewis index; CFI, comparative fit
index; IFI, incremental fit index; RMSEA, root mean square error approximation.

Table 6. Hypotheses test results.

Hypothesised Path
Standardised Estimate t-Value

Result
TPB E-TPB TPB E-TPB

H1: AT → PI 0.395 0.237 7.373 *** 4.806 *** Support
H2: SN → PI 0.188 −0.119 2.498 * −1.478 Partly support

H3: PBC → PI 0.284 0.122 4.153 *** 2.111 * Support
H4: MA → PI 0.318 3.352 *** Support
H5: HC → PI 0.154 2.023 * Support

H6: IOC → HC 0.600 9.579 *** Support
H7: IOC → PI 0.315 4.950 *** Support

Note: *** p < 0.001; ** p < 0.01; * p < 0.05; AT, attitude; PI, purchase intention; SN, subjective norm; PBC, perceived behavioural control; MA,
moral attitude; HC, health consciousness; IOC, impact of COVID-19.

5. Discussion

The present study explores Chinese consumers’ green food purchase intentions by
developing and applying an extended model adapted to COVID-19 pandemic influences.
A new E-TPB model was proposed by extending the original TPB model, incorporating
three salient variables (i.e., moral norm, health consciousness, and IOC) into the framework.
The results of our empirical investigation revealed better applicability in the E-TPB model
than the TPB model and identified several key factors relating to Chinese consumers’ green
food purchase intentions.

Regarding the original TPB constructs’ impact on green food intentional purchases,
attitude and PBC were found to have a significant positive effect on Chinese consumers’
green food intentional behaviour. Consumers’ attitudes play a significant role in driving
consumers’ intentions towards purchasing green food. When consumers have a positive
attitude towards green food products, their intentions to buy green food increase. This
result is consistent with former studies [19,27–29] involving environmentally friendly food
products. Thus, green food enterprises need to make an effort to increase consumers’
positive perceptions and attitudes of green food products, such as highlighting the benefits
of branded food and conducting promotional campaigns to increase consumers’ beliefs
and knowledge. PBC is also an important aspect that is directly associated with con-
sumers’ green food purchase intentions, which conforms with conclusions of previous
studies [19,34,59]. Specifically, the present study applies a quantitative approach to validate
the results of recent qualitative research [7] that the PBC is the influential antecedent of
an intentional purchase of green food products during the COVID-19 pandemic. Hence,
marketers in the Chinese green food sector should increase varieties and expand the supply
channels of green food products. Online shopping is a trend for current food consumption
in China, especially during the ongoing COVID-19 pandemic. Marketers in the green
food industry can cooperate with a takeout platform (e.g., Eleme app) and retail podium
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(e.g., Freshhema app) to increase availability and convenience. Interestingly, the correla-
tion of the association between consumers’ subjective norms and their green food buying
intentions differed within the TPB and E-TPB models, which was significant in TPB but
was negative and not significant in the E-TPB. A possible explanation of this incongruence
is due to the unstable, poor predictive power of subjective norms, and variation in different
contexts [60,61], especially regarding organic and green food purchases [32,39]. Qi and
Ploeger [19] have substituted the subjective norm into the factors of face consciousness
and group conformity when investigating Chinese consumers’ behaviour. The results from
their study [19] showed that the replacement greatly improved the predictive power of
explaining consumers’ intentional behaviour of green food products in the Chinese context.

In the extended model, the analysed results supported findings from studies involving
the purchase of environmentally friendly food products [27,39] and demonstrated that
consumers’ moral attitude towards green food is a significant positive driver of intentional
purchases. In particular, moral attitude showed a significant effect since it resulted in
a larger contribution to the explanatory power of the proposed E-TPB framework. Our
findings suggest that more Chinese consumers feel it is a moral norm to buy green food
products as their purchase intentions increase. Therefore, marketers can highlight concepts
related to moral imperatives in their marketing strategies to influence consumers to gain
positive feelings in purchasing green food. As expected, health consciousness emerges
as one significant driver of green food purchase intention as well, which correlates with
previous findings that the consumers’ health concern is one of the primary determinants
influencing their environmentally friendly food behavioural intentions [62–64]. Thus,
marketers in the Chinese green food industry should disseminate its health-related benefits
and make it a primary objective while communicating with consumers. In regard to
the IOC, our results indicated that there is a significant impact on consumers’ health
consciousness and their purchase intentions during the pandemic. Our findings show that
the pandemic has shifted an individual’s consumption pattern and structure, which is
consistent with recent studies [4,49,50]. The pandemic has greatly increased an individual’s
safety and health concerns, and people are increasingly focused on health benefits, which
also supports findings from Meixner and Katt [3]. Thus, facing the rise in willingness
and existing challenges, companies in the green food industry should quickly adjust their
production, inspection, supply, and marketing strategies to better respond to the pandemic.
For example, companies can provide information about virus and safety inspections with
their product packages, increase online sales channels, prevent the upswing in prices,
and strengthen promotional activities, especially in highlighting the benefits of green
food products.

Finally, in terms of comparing the overall performance between the standard and
extended frameworks, our results have validated the effectiveness of TPB and demon-
strated the superior performance of E-TPB in regard to explaining and predicting Chinese
consumers’ green food purchase intentions. Notably, the explanatory power difference
between the original TPB model (R2 = 49%) and the E-TPB model (R2 = 68%) in predicting
consumers’ intentions to buy green food products was higher than 19%. Hence, the E-TPB
model is more appropriate for explaining and predicting Chinese consumers’ green food
purchase intentions in the current and post-pandemic periods.

6. Conclusions

The present study has revealed that after the outbreak of COVID-19, the E-TPB model
has exhibited better explanatory power in predicting Chinese consumers’ purchase inten-
tions towards green food products when compared with the original TPB model. The
findings from our investigation have reinforced existing evidence that factors including
attitude, PBC, moral attitudes, health consciousness, and IOC have played significant roles
in the intentional processes of buying green food during a pandemic crisis. In addition,
our work is among the first attempt to explore the impacts of the COVID-19 pandemic
on consumers’ green food purchase behaviour by distributing an online survey. Addi-
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tionally, the above findings have potentially mapped a pathway to expand the green food
market in China further. Our findings explored a newly developed model to gain a better
understanding of how different and new factors affect consumers’ behavioural intentions
towards green food purchases during a pandemic. In addition, certain limitations should
be noted for further research. Firstly, our study has investigated an intentional stage, not
the actual purchase behaviour of green food. Since the correlation between behavioural
intentions and actual or observed behaviours is not always perfect [65], a further study can
extend our framework to a final purchase behaviour phase to substantiate current research
findings. Secondly, we used an online survey platform to collect data. This approach may
result in sample bias because consumers without internet access were not included in our
samples. The education levels among our respondents could have been over-represented
in our investigation. Thereby, our findings could not be considered representative of the
whole population. Accordingly, a future investigation should enlarge the sample size
and investigate more diverse populations from different backgrounds. Thirdly, recent
studies [66–68] have reported that there is an increasing need from consumers to receive
food information services. Therefore, further research should consider the important role of
food information and incorporate it within our framework and then apply the framework
to green food research. Finally, since the pandemic is constantly changing and there exist
large uncertainties, further research can update and modify our proposed model according
to shifting consumer behaviours and consumption patterns.
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Abstract: COVID-19 has had a negative impact on the living conditions of people in all countries
worldwide. With a devastating economic crisis where many families are finding it difficult to pay
bills and make ends meet, increases in prices of food basket staples can be very worrying. This
study examines the relationship between the incidence of the pandemic during the first wave in
16 Eurozone countries with the variation experienced in food prices. We analysed the harmonised
index of consumer food prices (included in HICP) and the classification of the degree of pandemic
impact by country, the latter established with the index of deaths provided by the Johns Hopkins
Center. The procedure used compared actual food prices during the first wave (March to June 2020)
with those foreseeable in the absence of the pandemic. Time series analysis was used, dividing the
research period into two phases. In both phases, the Holt–Winters model was applied for estimation
and subsequent prediction. After a contrast using Kendall’s tau correlation index, it was concluded
that in the countries with the highest death rates during the first wave, there was a higher increase in
food prices than in the least affected countries of the Eurozone.

Keywords: food prices; COVID-19; Eurozone; Holt–Winters model

1. Introduction

The coronavirus pandemic (COVID-19) is one of the most significant challenges
humanity has faced in recent times. Although the disease has affected the entire planet, it
has not had the same incidence everywhere and at the same time since it was classified as
a pandemic by the World Health Organization (WHO) on 11 March 2020 [1].

Since that fateful moment, humanity has already experienced two peaks in the number
of deaths and infections. The first, known as the first wave of the pandemic, lasted from its
beginning in March until June 2020; the second wave, whose effects began to be felt at the
end of the summer, lasted until the end of 2020, although there have been spikes in cases in
January 2021 that warn of the possibility of the beginning of a third wave [2,3].

Today, the coronavirus has affected almost every country on the planet, but its impact
during the first wave of the disease was uneven. Among the main factors that, combined,
could explain the differences in mortality figures caused by the virus are the speed and
restrictive measures imposed by governments, along with factors such as demographics,
culture, and the country’s environment [4].

In addition, the suspension of activities and restrictions on movement that many
governments have adopted to curb the pandemic have meant a sudden and abrupt change
in the lives of citizens and businesses, changes in the structure of demand, and a drastic
contraction of the global economy.

According to World Bank forecasts [5], the economic effects of the containment mea-
sures undertaken by governments are particularly profound in the countries most affected
by the pandemic, leading to significant reductions in employment and incomes. The ILO [6]
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estimates global income losses over the first three quarters of 2020 (without considering
the implementation of income-sustaining measures) at 10.7 per cent compared to the same
period in 2019. This reduction in income will not only be projected onto extreme poverty
(less than USD 1.90 per day), which is estimated to increase by 20% in 2020 [7], but will
also result in new groups facing this situation [8].

From the point of view of the structure of demand, measures relating to the closure of
non-essential activities and home confinements have led to a change in the structure of food
demand. Thus, closures or capacity constraints in restaurants and catering services in many
countries have led to a decrease in the demand for food consumed outside the home [9],
while hoarding of products due to panic over possible stock-outs at the beginning of the
pandemic, coupled with increased purchases due to the need to eat at home, may have had
the opposite effect, i.e., an increase in demand, in this case from households [10,11].

In terms of food availability, governments in most developed countries have placed a
high priority on ensuring that food can reach consumers. Overall, it can be argued that, ex-
cept for occasional moments at the beginning of the COVID-19 pandemic, global staple food
supply chains appear to have held up reasonably well, with few instances of substantial
supply disruptions, even in countries with strict social distancing requirements [7].

In this dystopian environment, with worsening living conditions for many individuals
who have seen their freedoms curtailed across the board, with many jobs lost, and a clear
decline in demand for restaurants, bars, and hotels, but with a guaranteed supply of food,
some reports raise alarm bells about the rising price of food paid by citizens.

An empirical examination of FAO data by Mogues [12] shows a clear increase in
prices paid by the final consumer. In the span of approximately three months between
14 February and 18 May 2020, global average prices for a variety of food commodities
increased by between 2% and 9%, with half of the prices tracked increasing by 7% or more.
Underlying these averages, however, are large variations between countries.

A macro-survey conducted by the consulting firm IPSOS [13] from 22 May to 5 June
among citizens in 26 countries to find out to what extent they perceived a rise in the cost of
living in the wake of the first wave of the pandemic points in the same direction. Among
the main findings of the survey is that, globally, 60% of respondents believe that the price
of food, goods, and services has risen sharply since the arrival of the coronavirus. In
particular, the prices of food, groceries, and household products have risen the most for
63% of all respondents. The study also shows differences between countries, with 77% of
Belgians and 59% of Germans, to cite the two extremes among European countries.

At the European level, Akter [14] examined the impact of the level of “stay-at-home”
restrictions (high or low) and food prices in 31 European countries from January to May
2020. Their findings reveal that the severity of stay-at-home restrictions increased overall
food prices by 1% in March 2020 compared to January and February 2020. They continued
to increase in countries with high restrictions in April and stabilised in May.

In this environment, it should be a higher priority than ever to study food systems
to make them more resilient [15]. Among the many effects that the pandemic shock has
caused and the multiple impacts it may have had on food systems, this research focuses
only on analysing how food prices have responded during the first wave of COVID-19 in
the most important countries. The study focuses on the countries of the Eurozone and the
results can be considered by governments to, in other similar situations, take measures
aimed at mitigating the short-term inflationary effect that new waves of COVID-19 or other
pandemic diseases can cause.

The objective of this research is to study whether there has been a relationship between
the price level of food products and the impact of the coronavirus, measured by the death
rate, in the countries of the Eurozone during the 1st wave of COVID-19. In the following
paragraphs, we review some empirical evidence on the relationship between the incidence
of COVID-19 and the evolution of food prices in general and in Europe in particular, during
the first wave of COVID-19, which will support the research question on which this paper is
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built. In subsequent sections, the selected data and the methodology applied are presented
and justified, followed by an analysis and a discussion and conclusions.

2. Background and Research Hypothesis

2.1. Mortality Differences between Countries

On the human level, the lives taken by the pandemic in the first wave rose, according
to the data of confirmed deaths as of 30 June 2020, to a total of 511,700 people, of which
approximately 23% occurred in Europe [16]. As is well known, the death toll is not evenly
distributed among all countries. Table 1 shows the data for the European countries with
the largest number of confirmed deaths in the 1st wave of the virus. Europe comprises
50 countries. Among the 10 European countries most affected by the pandemic, eight are
part of the Eurozone.

Table 1. Ranking of the 10 European countries with the most cumulative confirmed COVID-19
deaths, 30 June 2020 [16].

Country Cumulative Confirmed COVID-19 Deaths

United Kingdom 43,880
Italy 34,773

France 29,845
Spain 28,360

Belgium 9747
Netherlands 6132

Sweden 5515
Ireland 1736

Portugal 1576
Luxembourg 110

These figures on confirmed deaths are contested and it is very likely that the total
number of COVID-19 deaths is higher than confirmed deaths due to differences in the
types and number of tests performed and counted by countries, problems in the attribution
of cause of death, and delays in reporting [17].

Thus, recent studies on mortality experienced between March and June 2020 compared
to the same period in previous years show a clear increase in the number of deaths,
suggesting that mortality attributable to COVID-19 during the first wave was higher than
officially recognised. Among the EU member states for which data are available, the largest
number of additional deaths in 2020 during weeks 10–26 compared to the four-year average
from 2016 to 2019 was recorded in Spain (48,000) followed closely by Italy (46,000) and
France (30,000) [18].

2.2. Evolution of Food Prices

Mead et al. [19], in one of the first studies carried out on the impact of the COVID-19
pandemic on food price indices, studied the volatility in import, export, production, and
consumption prices in the months following the onset of the COVID-19 pandemic in the
United States, concluding that the shift from institutional and restaurant food consumption
to home food consumption created short-term shocks and disturbances in the economy,
especially for perishable foods. These shocks affected the economy and affected the prices
paid by consumers at the supermarket.

Ebrahimy et al. [20] studied inflation in 107 countries around the world. The only
category that showed a noticeable increase in prices at the beginning of the pandemic was
food: the price of meat, dairy products, and canned/frozen fruits and vegetables skyrock-
eted from the beginning of the confinement. The authors studied inflation behaviour for
three categories of countries: advanced economies, emerging markets, and low-income
countries. In advanced economies, inflation between March and July 2020 was negative
in 54.3% of the countries analysed and in 45.9% of emerging market countries and 26.3%
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of low-income countries. They also related inflation to mitigating policies, finding a low
correlation between how strict the mitigating measures were and how high inflation was
since March. This seems to be true for both advanced economies and emerging markets.
The picture does not change much when looking at individual CPI components rather than
the overall index.

If one confines the objective data to the European level and looks at the harmonised
index of consumer prices (HICP) published by Eurostat [21], food prices were abnormally
high, although a stable trend in headline inflation was observed in the period under
study (March–June 2020), both for the EU as a whole and for the Eurozone countries
(see Figure 1).

 

Figure 1. HICP versus food in EU (first wave COVID-19). Elaboration with Eurostat data [21].

Thus, food price increases in April were strong and reflected an unprecedented
combination of supply and demand influences. However, the food HICP in May and June
showed signs of normalisation as blockades eased and activity resumed [22].

Similar trends are pointed to by Akter’s [14] study which, after examining the impact
of the level of (high or low) “stay-at-home” restrictions and food prices in 31 European
countries from January to May 2020, shows that the severity of stay-at-home restrictions
increased overall food prices by 1% in March 2020 compared to January and February
2020. They continued to increase in countries with high restrictions in April and stabilised
in May.

2.3. Research Hypothesis

This paper aims to delve deeper into the impact that the first wave of COVID-19 has
had on food prices. As has been explained in the previous sections, the rise in prices is a
fact confirmed by economic indicators and the opinions of the public. On the other hand,
the figures also show differences between countries in terms of the incidence of the disease
during the first wave.

To analyse the impact of the pandemic, we have focused our attention on the Eurozone.
There are several reasons that led us to this choice: the high incidence rate of the disease
and the priority consideration of health within the scope of action of the European Union,
through the implementation of the European Health Union [23], which in practice is leading
to a certain homogeneity in the adoption of measures against the disease.

On the other hand, the possibility of examining countries that, in addition to sharing
currency, also share economic policy, seems a fundamental aspect for a study that analyses
prices, since this common currency avoids effects and conversions related to economic
decisions and exchange rates. For this reason, the analyses are confined to countries in
the Eurozone.
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Therefore, the objective of this research is to study whether there has been a relation-
ship between the price level of food products and the impact of the coronavirus, measured
by the death rate, in the countries of the Eurozone during the 1st wave of COVID-19.

Based on this objective, a single analytical hypothesis of difference between groups,
stated as alternative hypothesis (H1), is formulated:

Hypothesis 1 (H1). In the countries with the highest rate of COVID-19 deaths during the 1st
wave, there has been a higher increase in food prices than that experienced in the least affected
countries of the Eurozone.

3. Materials and Methods

3.1. Confirmed Death Rates in Eurozone Countries

To measure the impact of the disease, the data of officially confirmed deaths in
the countries of the Eurozone were selected, in proportion to the size of the country,
to better adjust the incidence when making comparisons between countries. For example,
if 1000 people died in Malta, with a population of approximately 514,654, that would have
a much greater impact than the same number dying in the United States, with a population
of 331 million. Therefore, the magnitude used in this study was the confirmed death rate
per 100,000 inhabitants. Regarding the size limit, we have chosen to exclude extremely
small countries (Malta, Cyprus, and Luxembourg) that are smaller than most of the capitals
of the rest of the Eurozone countries.

Therefore, the 19 countries in the Eurozone are reduced to 16, which are those with
more than one million inhabitants, with unequal effects of the disease (see Table 2).

Table 2. COVID-19 deaths per 100,000 inhabitants, 30 June 2020, in 16 countries of the Eurozone 1.

Country
Deaths per 100,000

Inhabitants
Country

Deaths per 100,000
Inhabitants

Belgium 84.10 Austria 7.82
Spain 60.64 Finland 5.93
Italy 57.50 Slovenia 5.34

France 45.72 Estonia 5.20
Netherlands 35.78 Lithuania 2.86

Ireland 35.15 Greece 1.84
Portugal 15.45 Latvia 1.59
Germany 10.73 Slovakia 0.51

1 Table made with data from Johns Hopkins University [16].

We set 30 June 2020 as the date for the collection of data on the incidence of the disease,
by which time most countries had already clearly begun to see a drop in the number of
new cases or deaths and had begun to relax the restrictive measures adopted to curb the
first wave of the pandemic.

3.2. The Food Price Index in the Eurozone

Based on previous studies, it can be stated that in EU member states, there are large
differences in food prices between member states [20]. For example, in 2019, the price of
an equivalent basket of food and non-alcoholic beverages was almost twice as high in the
most expensive member state as in the cheapest one [21].

For this paper, the historical series of data for the Food and Non-Alcoholic Beverages
category was compiled, taking the harmonised price indices for each of the 16 Eurozone
countries with more than one million inhabitants, in the period from January 2013 to
June 2020.

When the object of study was limited to European countries with more than one
million inhabitants that have the euro as their currency, and time series were constructed
by country (see Figure 2), differences between countries were again observed, year by year,

131



Foods 2021, 10, 1179

and a clear upward trend in food prices was observed in most of the countries studied
from 2018 onwards.

 

Figure 2. Monthly evolution of harmonised index of consumer prices food and non-alcoholic beverages prices (Eurozone)
from January 2013 to July 2020 [21].

3.3. Data Analysis

The procedure used in this research was based on comparing actual food prices
during the first wave (March to June 2020) with those that would have been expected in
the absence of the pandemic. Time series analysis was used, dividing the research period
into two phases. In both phases, the Holt–Winter model was applied for estimation and
subsequent prediction.

The first phase, called the “learning phase”, consisted of analysing the evolution of
the historical series of food category prices in the countries studied, with the intention of
predicting their subsequent behaviour. To investigate the price forecasts in each of the
countries, the monthly data of the evolution of the HICP historical series have been used,
taking January 2013 as the starting month and February 2020 as the final month of learning,
the month before the declaration of the pandemic.

This represents a relatively long period of time. Then, if a high level of fit is obtained
between the observed and estimated values during this phase, the model predictions for a
short number of month (four in this case) should be considered adequate.

To estimate the price series, we have used the Holt–Winters (HW) seasonal algorithm,
which is commonly used to capture the effect of seasonality in time series data [24]. This is
a triple exponential smoothing procedure, which is especially interesting when, as is our
case, we are dealing with short-term forecasting.

The HW algorithm is an iterative method that can be applied to both additive and
multiplicative models, with or without stationarity. Among the possible specifications we
have chosen, after a descriptive analysis of the price series (pt), the additive formulation
with a linear trend and annual seasonality is:

pt = at + bt t + st + ut
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The parameters on which the model depends (at, bt, st) were estimated recursively
as a function of three quantities, 0 ≤ α, β, γ ≤ 1, according to the following equations:

at = α(pt − st−T) + (1 − α)(at−1 + bt−1)

bt = β(at − at−1) + (1 − β)bt−1

st = γ(pt − at) + (1 − γ)st−T

where T is the order of seasonality, the number of time periods until the pattern repeats.
If the series showed a high level of fit, the second phase of the study, called the

“prediction phase”, compared the situation of the countries according to the incidence of
the epidemic in each of them. If the proposed hypothesis is true, in the countries most
affected by the disease, the difference between actual prices during pandemic months
(March to June 2020) and those estimated from the model built during the learning phase
should be greater.

To obtain the predictions, the equations provided by the Holt–Winters method have
been applied during these four months:

p̂ f+t = a f + b f t + s f+t−12, t = 1, . . . , 4

where the subscript f refers to the situation in February 2020.
Using these predictions, an index of the discrepancy between actual and estimated

prices during the period of the first wave was calculated for each country, obtained as the
average difference between the four values of each of the two series. A positive value of
this measure indicates that prices rose more than they should have in the absence of the
pandemic. Conversely, negative values of the index would point to an exceptional decline.

Finally, for testing the hypothesis, the Kendall’s tau index was used to measure the
association between the two variables: the incidence of the disease, measured by the death
rate, and the price discrepancy index.

Kendall’s tau is a measure of association between two variables. It is like the Pearson’s
correlation coefficient but used to compare the ranks (not the values) in a list. The Kendall’s
tau coefficient is defined as:

τ =
2(C − D)

n(n − 1)

where C and D are the numbers of coincidences and discrepancies in the rank and n is the
number of elements in the list.

4. Results and Discussion

4.1. Learning Phase

To study the past evolution of prices, there are two tasks to be carried out in this first
learning phase: the estimation of the series and the measurement of the goodness of fit.

4.1.1. Estimation of the Equation

For the implementation of the HW method, we initialised the parameters a, b, and c
estimating the series using a regression model. T = 12 has been taken by assuming that
seasonality is annual, as usual with monthly data.

The optimal values of α, β, and γ have been calculated in such a way as to minimise
the root mean square error (RMSE) of the learning model predictions. Tables 3 and 4 show
the results for the 16 countries analysed:
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Table 3. Optimal values of α, β, and γ 1.

Country α β γ Country α β γ

Austria 1.000 0.000 0.000 Italy 0.891 0.000 1.000
Belgium 0.873 0.000 0.377 Latvia 0.890 0.042 0.649
Estonia 0.842 0.052 0.552 Lithuania 0.986 0.028 1.000
Finland 0.531 0.049 0.006 Netherlands 0.891 0.039 1.000
France 0.781 0.051 1.000 Portugal 0.984 0.000 1.000

Germany 1.000 0.012 0.975 Slovakia 0.952 0.073 1.000
Greece 1.000 0.000 0.000 Slovenia 0.747 0.035 0.801
Ireland 0.802 0.009 0.581 Spain 1.000 0.000 0.998

1 Analysis performed with STATA.

Table 4. RMSE of the learning model predictions 1.

Country RMSE Country RMSE

Austria 0.339 Italy 0.447
Belgium 0.448 Latvia 0.765
Estonia 0.739 Lithuania 0.713
Finland 0.806 Netherlands 0.420
France 0.395 Portugal 0.446

Germany 0.590 Slovakia 0.688
Greece 0.692 Slovenia 0.609
Ireland 0.282 Spain 0.445

1 Analysis performed with STATA.

The maximum RMSE, obtained in Finland, is 0.806. As the values of all the series
are around 100 (the base of the index was set at 100 points for the 2015 average), we can
conclude that the RMSE is low in all cases, being a good indication of the achievement of a
high degree of accuracy for the model predictions.

Although RMSE is one of the measures usually used as a fit indicator, we consider
it convenient to complement it for two reasons: first, the fact that its minimisation has
been the guide for estimating the model parameters will tend to reduce its value. Secondly,
although, as we have pointed out, its values are very low with respect to the level of the
series, there is no standardised reference for its valuation and, therefore, its value is not
statistically verifiable.

4.1.2. Goodness of Fit

To measure the quality of the fit, and therefore the reliability of the predictions made
with the estimated models, the coefficients of determination between each pair of real and
estimated series during the training period (January 2013 to February 2020) have been
calculated and statistically contrasted. The results are shown in Table 5:

Table 5. Coefficients of determination between each pair of real and estimated series during the
training period 1.

Country R2 p-Value Country R2 p-Value

Austria 0.986 0.0000 Italy 0.961 0.0000
Belgium 0.970 0.0000 Latvia 0.972 0.0000
Estonia 0.980 0.0000 Lithuania 0.970 0.0000
Finland 0.824 0.0000 Netherlands 0.985 0.0000
France 0.977 0.0000 Portugal 0.909 0.0000

Germany 0.975 0.0000 Slovakia 0.976 0.0000
Greece 0.693 0.0000 Slovenia 0.968 0.0000
Ireland 0.995 0.0000 Spain 0.970 0.0000

1 Analysis performed with STATA.

With the exceptions of Greece and Finland, the coefficient of determination is in all
cases above 0.9, indicating a very high level of agreement between the actual and estimated
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values. Even for these two countries, the value obtained is acceptable. As would be
expected under these conditions, all the coefficients obtained are statistically significant, so
we can conclude that the values estimated with the models obtained are, in all the countries
examined, a good approximation of the true value of the harmonised price index for food.

4.2. Prediction Phase

The purpose of this phase is to evaluate the divergence between the prices that
occurred between the first wave of COVID-19 (March to June 2020) and the forecasts
obtained with the models validated in the training phase during the same period.

Figures 3 and 4 show the evolution of the two-price series (real and estimated) in the
five most affected countries and the five least affected by the pandemic:

 

Figure 3. Evolution of the real and estimated price series in the five countries most affected by
the pandemic.

 
Figure 4. Evolution of the real and estimated price series in the five countries least affected by
the pandemic.

The differences are manifest and seem to support the hypothesis put forward: in the
countries with the highest incidence, prices grew more than expected, while in those less
affected this was not the case.

To verify that this impression is correct, we calculated and show in Table 6 the index
of discrepancy between actual and estimated prices, as defined in Section 3.3.
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Table 6. Indicator of the discrepancy between actual and estimated prices during the first wave
period 1.

Country Index Country Index

Austria 0.339 Italy 0.707
Belgium 1.289 Latvia −0.949
Estonia −1.001 Lithuania −0.534
Finland −0.388 Netherlands 1.068
France 1.097 Portugal 1.580

Germany 0.245 Slovakia −0.462
Greece −0.331 Slovenia 0.583
Ireland 0.164 Spain 1.300

1 Analysis performed with STATA.

This indicator makes it possible to establish a ranking among the countries investi-
gated, headed by Italy, the country with the greatest divergence during the period, and
Estonia, which, at the opposite pole, is the country where prices have grown the least with
respect to expectations, and even below them.

This ranking, combined with the rate of deaths by COVID-19 as of 30 June 2020,
was used to test the validity of the hypothesis of the work. If true, there should be a
relationship between the position that countries occupy in both lists. To test whether this
is true, we calculated Kendall’s tau correlation index between both rankings, τ = 0.617,
and its statistical significance (p = 0.001) leads us to the conclusion that both rankings are
positively related, in view of the sign of τ, and, therefore, there was a direct relationship,
as our hypothesis states, between the incidence of COVID-19 and the rise in food prices
during the first wave of the pandemic.

5. Conclusions

This research focused on analysing how food prices have responded during the
first wave of COVID-19 in the most important countries of the Eurozone. Analysing the
relationship between the price level of food products and the impact of the coronavirus,
measured by the death rate, in the countries of the Eurozone during the 1st wave of
COVID-19, this paper has shown that, during the first wave of the epidemic, there was a
greater increase in food prices in the countries most affected by the disease than in those
less affected.

Although there are many factors that could be related to this inflationary effect, the
choice of countries from the same well-established economic environment (EU-16) and of a
certain size (more than one million inhabitants) reduces the list, increasing the probability
that the COVID-19 effect is significantly responsible for inflation.

Regarding the methodology, the combined use of a modelling and predictive tool (HW
model) and an inferential tool (Kendall’s tau) allows the construction of a hypothetical
scenario (estimated prices in the case of no COVID-19) and its statistical comparison with
the incidence of the pandemic in each country.

Governments should take these results into account and, in the face of other similar
situations, take measures aimed at mitigating the short-term inflationary effect that new
waves of COVID-19 or other pandemic diseases may cause. In this sense, it would be
advisable for governments to consider measures that strengthen productive capacity on
the one hand and help and mitigate the effects suffered by consumers on the other. To
date, policymakers have provided massive fiscal support to protect firms, households, and
vulnerable populations [1].

On the demand side, social measures have been introduced in the EU to help the most
vulnerable consumers, which vary in form and amount depending on the country, but
can be summarised as follows: unemployment payments, guaranteed minimum revenue,
family support, housing subsidies, and emergency aid [25].

Without making an exhaustive analysis of the measures needed to curb food price
increases caused by a pandemic, it seems advisable from the supply side to ensure that
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they do not occur. Thus, policymakers must act more quickly to weather non-economic
disruptions in the supply of goods and services, such as the disruption of international
supply chains or reduced labor efficiency due to COVID-19 mobility restriction measures.
Other types of fiscal measures, such as the reduction in VAT rates implemented in Ger-
many during the second half of 2020, do not seem to have had the expected effects on
consumption [26].

In the case of support to producers, it is necessary to investigate the outcome of the
recent package of exceptional measures, including private storage aid of the same product,
temporary authorisation to self-organise market measures by operators, and flexibility in
the implementation of market support programmes- to further support the agricultural and
food sectors most affected by the coronavirus crisis approved by the EU in May 2020 [27].

The findings presented in this document on price increases in the countries most
affected by the pandemic refer to the harmonised price index of the Food and Non-Alcoholic
Beverages category, without distinguishing between fresh and storable food. It would be
interesting to distinguish between them in future research, in order to specify the measures
to be taken with each of them.

Finally, it would also be interesting to investigate whether the increase in prices
together with the reduction in income due to the reduction in economic activity, which was
very pronounced in some groups, has been able to produce changes in the eating habits
of consumers.
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Abstract: Sensory perception alterations are common in relation to COVID-19 disease, but less is
known about the characteristic of the sensory alterations, and how they associate with alterations
in appetite and eating behaviour. The current study aims to investigate the acute and long-term
effects of COVID-19 disease on (1) the desire for food, hunger, and satiety sensations; (2) smell,
taste, and flavour perception; (3) meals and intake of food types; and (4) the frequency of commonly
applied strategies to tackle potential changes in appetite and sensory perception. An online survey
was conducted among Danish adults (n = 102) who had experienced changes in appetite, sensory
perception, and/or food-related pleasure due to COVID-19 disease. Key results include appetite-
altering effects at all times during the day when suffering from COVID-19 and often associated
with impaired sensory function. Severe sensory perception alterations were found, namely, for the
perception of taste, ageusia > hypogeusia > hypergeusia, and for the perception of smell, anosmia >
parosmia > hyposmia > hyperosmia. Eating behavioural changes included alteration in quantitative
and qualitative aspects of intake. The effects were, in general, more pronounced during the acute
phase of disease than during the post-acute phase. The findings illustrate the complexity by which
COVID-19 affects human appetite, sensory perception, and eating behaviour, but also point to
strategies to cope with these changes.

Keywords: COVID-19; appetite; sensory perception; eating behaviour; self-reports

1. Introduction

The most common symptoms of COVID-19 disease are fever, cough, and fatigue [1,2].
Less common symptoms include sore throat and loss of smell (anosmia) and taste (ageusia),
amongst other symptoms. Initially, anosmia and ageusia were not considered symptoms
of COVID-19 disease. However, since the beginning of the COVID-19 pandemic, the
number of patients reporting either a total or partial loss of smell and taste in connection
with a SARS-CoV-2 infection has increased. Sensory dysfunction has been documented in
studies utilizing (i) self-report questionnaires, namely, the National Health and Nutrition
Examination Survey [3,4], the Sino-Nasal Outcome Test [5], the short-version Questionnaire
of Olfactory Disorders [3,4], and questionnaires designed for the specific study in focus,
e.g., [6–8], and (ii) objective testing, namely, taste-recognition test [8,9], smell-identification
test [10–12] and smell-threshold test [9]. Now (April 2020), anosmia and ageusia are on
the Danish health authorities’ list of common long-term effects of COVID-19 affecting
people of all age groups and health, and regardless of the severity of COVID-19 illness [13].
It is estimated that around 10% of those who contract COVID-19 experience long-term
symptoms (lasting for more than four weeks = ongoing symptomatic COVID-19). The
proportion of those who continue to show symptoms after 12 weeks (post-COVID-19
syndrome) is still not known. Since COVID-19 is still a relatively new disease, knowledge
of ongoing symptomatic COVID-19 and the post-COVID-19 syndrome is needed. The
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majority is expected to recover on their own, although some more slowly than others and
without knowing if the symptoms will be chronic for some [13].

Although the loss of smell and taste are not critical to our health per se, perception of
sensory properties is closely related to well-being since sensory perception is greatly linked
to eating enjoyment, e.g., [14,15], memory recall [16], mood [17–19], etc. Therefore, loss of
taste and smell can have a profound impact on people’s quality of life. Further, COVID-19
has been reported to be accompanied by a loss of appetite via a decreased motivation to
initiate eating (desire for food) and continue eating (general hunger and enjoyment) [20]. A
healthy appetite is, in general, important when recovering from diseases since nutritional
choices can affect the body’s ability to prevent, fight, and recover from infections [21].
Further, good nutrition can help regain strength and reduce the likelihood of developing
other health-related problems. If a lack of appetite lasts for more than a couple of days, it
can cause weight loss and, in the longer term, malnutrition.

Changes in appetite due to COVID-19 have been shown to be long lasting [20], posing
a risk on the quality of life and increasing the risk of malnutrition, which can negatively
affect recovery. Current studies of the appetite- and sensory-related effect of COVID-
19 have mainly focused on studying self-reported olfaction perception [3,5,6,8] and the
biological mechanisms driving olfaction dysfunction [22–24]. A detailed characterisation
of the appetite- and eating-behavioural changes caused by COVID-19 will broaden our
understanding of the severity of the disease from a patient perspective and can help
health professionals to qualify recommendations for proper nutrition during treatment
and recovery of patients.

The overall objective of this study was to investigate the effect of COVID-19 disease
on self-reported appetite, sensory perception, and eating behaviour in a Danish population.
Specifically, the acute and long-term effects of COVID-19 on (1) the desire for food, hunger,
and satiety sensations; (2) perception of smell, taste, and flavour; and (3) meals and intake
of food types. A final aim was to study the frequency of commonly applied strategies to
tackle potential changes in appetite and sensory perception.

2. Materials and Methods

2.1. Participants and Recruitment

Prior to data collection, the Central Denmark Region Committees on Health Research
Ethics approved the study being conducted. Data were collected via an online survey
running over a period of one month, November 2020. Participants (n = 112) were recruited
from several Danish COVID-19 groups on Facebook (one group for COVID-19 patients
suffering from long-term effects, and two general COVID-19 information groups) and
through posts on LinkedIn and Twitter. Inclusion criteria for the study were Danish-
speaking adults (above 18 years old) who had experienced changes in appetite, sensory
perception, and/or food-related pleasure due to COVID-19 disease. The latter criterion
was chosen to facilitate a detailed characterisation of appetite, sensory perceptional, and
eating-behavioural effects of COVID-19.

Participants completing the survey were at different stages of recovery from COVID-19
disease: (i) in the acute phase being currently ill, (ii) in the post-acute phase yet still suffering
from long-term effects, and (iii) in the post-acute phase and fully recovered from COVID-19
disease. This paper focuses on the results from participants in the second group, i.e., those
who were in the post-acute phase yet still suffering from long-term effects of COVID-19
disease. In total, 102 participants were included in the data analysis. Table 1 shows the
characteristics of the included participants. The majority of the participants were diagnosed
with SARS-CoV-2 infection through a throat swab (71%). Other diagnosis methods were
antibody test (11%), doctor’s assessment (10%), own assessment (4%), and other (5%).
A study by Parma et al., focusing on the effect of COVID-19 on sensory impairments,
found no difference in results when comparing the type of diagnosis, lab tests, and clinical
assessments [8]. Participants mostly reported to experience the acute phase of COVID-19
to last between 1–4 weeks; less than 1 week (17%), between 1–2 weeks (33%), between
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2–4 weeks (33%), 4–6 weeks (9%), 6–8 weeks (3%), more than 8 weeks (1%), and not
stated (4%). In addition to changes in appetite, sensory perception, and eating behaviour,
participants were also asked to report other symptoms experienced during the acute phase
by evaluating a list of the most common symptoms of COVID-19 disease collected from a
systematic review and meta-analysis study [2]. Among these symptoms, participants in
the present study reported the following symptoms as the most common (only 5% and
above are mentioned here): dizziness (5%), blurry vision (5%), headache (7%), difficulty in
concentrating (8%), loss of taste (10%), fever (11%), and loss of smell (11%). The duration
of the experienced long-term effects from COVID-19 was not explored in the present study.

Table 1. Participant characteristics.

Characteristics

Total number (n) 102
Males/females 14/88

Age (years) 41 ± 12.9 (19–69) *
BMI (kg/m2) 25.7 ± 5 (17.8–42.9) *

Educational level (min–max) ** 4.7 ± 1.3 (2–6) *
Inhabitants/household (number of persons) 3 ± 1.4 (1–8) *

* Mean ± standard deviation (range). ** Educational level: (1) lower secondary, (2) higher secondary, (3) higher
secondary with trainee, (4) short-length higher education, (5) medium-length higher education, and (6) long
higher education.

2.2. Online Survey

The online survey focused on self-reported changes in appetite, sensory perception,
and eating behaviour, as experienced in the acute and post-acute phase due to COVID-19
disease. In this study, the post-acute phase was defined as the phase in which the COVID-19
patients had not fully recovered and thereby were suffering from long-term effects, i.e.,
changes in appetite, sensory perception, and/or food intake. Table 2 provides a list of
response variables included in the questionnaire. Throughout the survey, the participants
were asked to compare their experiences during both the acute and post-acute phase with
how they felt before COVID-19. By conducting this method, the effect of COVID-19 on
appetite, eating behaviour, and sensory perception was explored from a subjective perspec-
tive. Appetite- and satiety-related response variables were selected from a list of mental
and physical sensations developed by Murray and Vickers [25], response variables cover-
ing sensory perception were chosen to provide an overview of potential taste, orthonasal,
retronasal, off-flavour, and chemesthesis perceptional alterations, eating behavioural re-
lated response variables were selected based on subjective reports of COVID-19 patients
from a recent qualitative study [20], and finally, response variables regarding strategies
to cope with potential changes in appetite were selected based on results from a qualita-
tive study on the topic [20]. The response variables were evaluated by using a three- or
five-point categorical scale, with the ends indicating opposite extremes depending on the
type of question. The number of categories, e.g., regarding the level of detail in intensity
ratings of a sensation, rely on recommendations by previous studies and an evaluation
of the appropriate reflection level required of the participants. To guide this decision,
participants’ replies in a qualitative study were reviewed [20]. Additionally, a “do not
know/not relevant” option was included. For questions with multiple possible answers,
e.g., symptoms of COVID-19 during the acute phase, a “check all that apply” format was
used. Furthermore, for more specific and subjective questions, such as personal experiences
with certain foods, an open-reply field was used. These open-reply fields allowed the
participant to elaborate on replies and allowed a check of reliability. In the case the infor-
mation provided in the open-reply field indicated that the participant has misunderstood
the question, the data were removed from the analysis.
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Table 2. Response variables used in the online survey.

Response Variable During the Acute Phase During the Post-Acute Phase

Desire for food ‘During the acute phase, how large was your
desire for food compared to before COVID-19?’

‘While you are in the post-acute phase, how
large has your desire for food been recently
compared to before COVID-19’

Hunger

‘Indicate how COVID-19 affected following
hunger sensations, x, during the acute phase
(compared to before COVID-19)’ x = ‘desire to
eat’,’ stomach churning’, ‘empty stomach
feeling’, ‘stomach pain’, ‘lack of energy’,
‘thoughts circulating around food’ and
‘shaking sensation’

‘Now that you are in the post-acute phase, how
will you assess following hunger sensations, x,
compared to before COVID-19?’ x = ‘desire to
eat’, ‘stomach churning’, ‘empty stomach
feeling’, ‘stomach pain’, ‘lack of energy’,
‘thoughts circulating around food’ and
‘shaking sensation’

Satiety

‘Indicate how COVID-19 affected following
satiety sensations, x, during the acute phase
(compared to before COVID-19)’ x = ‘general
satiety’, ‘post-meal satisfaction’, ‘feeling
bloated’, ‘heavy stomach feeling’, ‘nausea’,
‘energetic’ and ‘difficulty breathing’

‘Now that you are in the post-acute phase, how
will you assess following satiety sensations, x,
compared to before COVID-19?’ x = ‘general
satiety’, ‘post-meal satisfaction’, ‘feeling
bloated’, ‘heavy stomach feeling’, ‘nausea’,
‘energetic’ and ‘difficulty breathing’

Taste perception
‘During the acute phase, how did you
experience the intensity of the x taste?’
x = ‘sweet’, ‘salty’, ‘sour’ and ‘bitter’

‘How are you experiencing the intensity of the
x taste lately?’
x = ‘sweet’, ‘salty’, ‘sour’ and ‘bitter’

Retronasal odour perception ‘Did COVID-19 change your ability to perceive flavours?’
‘How did the changes ability of perceiving flavour affect your desire for eating?’

Off-flavour perception ‘Did COVID-19 cause any off-flavours in your mouth?’
‘How did these off-flavours affect your desire for eating?’

Orthonasal odour perception ‘Did COVID-19 change your ability to perceive odours?’
‘How did the changes in the ability of perceiving odours affect your desire for eating?’

Chemesthetic perception * ‘Did COVID-19 cause any changes in the sense of touch during food intake?’
‘How did these feelings affect your desire for eating?’

Quantitative food intake

The participants were asked to indicate the
portion size of their daily meals (x) during the
acute phase compared to before COVID-19.
x = ‘breakfast’, ‘pre-lunch snack’, ‘lunch’,
‘afternoon snack’, ‘dinner’, ‘late night snack’

The participants were asked to indicate the
portion size of their current daily meals (x)
compared to before COVID-19.
x = ‘breakfast’, ‘pre-lunch snack’, ‘lunch’,
‘afternoon snack’, ‘dinner’, ‘late night snack’

Qualitative food intake

The participants were asked to indicate to what
extent a certain food and type of food, x, were
part of their diet during the acute phase
compared to before COVID-19.
x = ‘vegetables’, ‘fruits’, ‘bread and cereal’,
‘pasta, rice and potato’, ‘meat, meat products
and poultry’, ‘seafood’, ‘dairy products’, ‘eggs’,
‘juice and soda’, ‘coffee and tea’, ‘water’, ‘salty
snacks’ and ‘sweet snacks’

The participants were asked to indicate to what
extent a certain food and type of food, x, are
part of their diet currently compared to before
COVID-19. x = ‘vegetables’, ‘fruits’, ‘bread and
cereal’, ‘pasta, rice and potato’, ‘meat, meat
products and poultry’, ‘seafood’, ‘dairy
products’, ‘eggs’, ‘juice and soda’, ‘coffee and
tea’, ‘water’, ‘salty snacks’ and ‘sweet snacks’

* Defined as food-caused chemesthetic sensations in the mouth and/or gastrointestinal region.

2.3. Data Analysis

Mean and standard error of the mean (SEM) were calculated for each question, and
the number of answers in each answer option was counted. Data were illustrated in
either bar charts based on the mean or as a stacked bar chart showing the distribution of
answers. Student’s T-test was used to analyse significant differences between the acute
and post-acute phases. For questions with three answer options, e.g., hunger and satiety
sensations and food intake, Fisher’s exact test was used to determine significant differences
in frequency of use of answer options between the acute phase and the post-acute phase.
Lastly, descriptive statistics were used to summarise the characteristics of the participants,
which are shown in Table 1, and the weight and height were used to calculate BMI. For
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all analyses, XLSTAT (version 2020.5.1, Addinsoft SARL, Paris, France) was used with a
significant level of α = 0.05.

3. Results

3.1. Appetite
3.1.1. Desire for Food

In the acute phase, the majority of the participants (86%) experienced a decreased to
a highly decreased desire for food, compared to before COVID-19 (Figure 1). In the post-
acute phase, it was found that around 57% of the participants still experienced a decreased
to a highly decreased desire for food; however, some participants (37%) experienced that
their desire for food returned to as before COVID-19 (Figure 1). Further, in the post-acute
phase, a small percentage of the participants (6%) experienced an increased to highly
increased desire for food. Generally, the desire for food was significantly higher (p < 0.0001)
in the post-acute phase, compared to the acute phase.

 

0 10 20 30 40 50 60 70 80 90 100

Acute Phase

Post-acute Phase

Answers (%)

SUBJECTIVE DESIRE FOR FOOD: ACUTE PHASE VS. POST-ACUTE 
PHASE

- COMPARED TO BEFORE COVID-19

Highly increased desire for food Increased desire for food

Neither increased nor descreased desire for food Decreased desire for food

Highly decreased desire for food

Figure 1. Subjective desire for food ratings in the acute phase (n = 102) and in the post-acute phase
(n = 102), compared to before COVID-19.

Among the symptoms reported to cause changes in the desire for food in the two phases
(acute phase/post-acute phase), the most common were loss of smell (16%/17.2%), loss of
taste (16%/18.2%), food not being pleasurable (11.7%/10.6%), food tasting bad or different
(9.5%/14.1%), lack of hunger sensations (11.2%/10.1%), fatigue (9.5%/8.1%) and nausea
(9%/7.1%). Note that only causes above 5% are mentioned.

3.1.2. Time of Day

Overall, during the acute and post-acute phases, the majority (ranging from 70.7% to
82.7% in the acute phase and 52–80.5% in the post-acute phase) of participants experienced
a decreased to a highly decreased desire for food at all times during the day, compared
to before COVID-19 (Figure 2). Focusing on the meals for which participants reported
the highest appetite, desire for food, was generally reported to be highest around the
three main meals—in the morning, at lunchtime, and in the evening—but only during the
post-acute phase. The desire for food was found to be significantly higher at any time of
the day in the post-acute phase, compared to the acute phase; in the morning (p < 0.001), in
the forenoon (p < 0.001), at lunchtime p < 0.001), in the afternoon (p < 0.001), in the evening
(p < 0.001), and at late night (p < 0.001).
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Figure 2. Subjective desire for food according to time of day during the acute phase (n = 89) and post-acute phase (n = 63)
compared to before COVID-19.

3.1.3. Hunger and Satiety Sensations

The following hunger sensations were explored: desire to eat, stomach churning,
empty stomach feeling, stomach pain, lack of energy, thoughts circulating around food,
and shaking sensation. Regarding specific hunger sensations, the majority of participants
reported ‘less often’ to feel a desire to eat, both during the acute phase (76%) and post-acute
phase (53%) of COVID-19, compared to before COVID-19 (Figure 3), and less often to
experience that their thoughts circulated around food (in the acute phase only, 58%). The
sensations slowly started to return to normal in the post-acute phase. This was found since
a significantly higher number of participants (p = 0.001, 76% vs. 53%) reported to feel a
desire to eat ‘less often’ in the acute phase, and a significantly higher number of participants
felt a desire to eat ‘as often as before COVID-19’ in the post-acute phase (p < 0.0001, 42% vs.
16%). The same tendency was found for feeling that thoughts circulated around food—a
significantly higher number reported to feel the sensation ‘less often’ in the acute phase
(p = 0.003, 58% vs. 36%) and a significantly higher number reported to feel the sensations
‘as often as before COVID-19’ in the post-acute phase (p < 0.001, 46% vs. 21%).

In both phases, the majority of participants (74% in the acute phase and 61% in
the post-acute phase) reported ‘more often’ to feel a lack of energy, compared to before
COVID-19. A significantly higher number of participants reported feeling a lack of energy
‘as often as before COVID-19’ in the post-acute phase than in the acute phase (p = 0.004,
28% vs. 11%), indicating that this sensation slowly returned to normal.

Regarding the physical hunger sensations, stomach churning, empty stomach feeling,
stomach pain, and shaking sensation, the majority of participants reported feeling these
sensations ‘as often as before COVID-19’ both in the acute phase (ranging from 31%
to 32%) and post-acute phase (ranging from 50 to 53%). Comparing the two phases, a
significantly higher number of participants reported feeling stomach churning, empty
stomach, stomach pain, and shaking sensations ‘as often as before COVID-19’ in the post-
acute phase, compared to the acute phase (p = 0.015, 50% vs. 32%; p = 0.004, 53% vs. 32%;
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p = 0.010, 51% vs. 32%; and p = 0.010, 50% vs. 31%, respectively), again indicating that
the majority these sensations slowly returned to normal after the acute phase of COVID-
19. However, a relatively high percentage of participants (14–36%) showed difficulties
remembering these sensations specifically.
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HUNGER SENSATIONS: ACUTE PHASE VS. POST-ACUTE PHASE
- COMPARED TO BEFORE COVID-19

Don't Remember/Don't know Felt less often Felt just as often Felt more often

Figure 3. Hunger sensations in the acute phase (n = 97) and post-acute phase (n = 100), compared to before COVID-19.

The following satiety sensations were explored: general satiety, post-meal satisfaction,
feeling bloated, heavy-stomach feeling, nausea, feeling energetic, and difficulty breathing.
Regarding the satiety sensations, the majority of participants reported to ‘less often’ feel
satisfied after consuming a meal in both the acute phase (58%) and post-acute phase (54%),
compared to before COVID-19 (Figure 4). A significantly higher number of participants
(p = 0.025) showed difficulties in remembering this sensation in the acute phase (17%),
compared to the post-acute phase (6%). Additionally, the majority of the participants
reported feeling energetic ‘less often’ in the acute phase (45%), and many reported the
same during the post-acute phase (40%), compared to before COVID-19. This sensation
was found to slowly return to normal since a significantly higher number of participants
(p = 0.039) in the post-acute phase reported feeling energetic ‘just as often as before COVID-
19’ when compared to the acute phase (43% vs. 28%). A significantly higher number of
participants (p = 0.028) showed difficulty remembering this sensation in the acute phase
(25% vs. 12%).

In both phases, participants reported feeling a general satiety ‘as often as before
COVID-19’ (44% vs. 57%, respectively). Comparing the two phases, no significant differ-
ence was found.

Compared to before COVID-19, participants in both phases reported to ‘more often’
feel the following physical satiety sensations: bloated, heavy stomach, nauseous, and
having difficulty in breathing. A significantly higher number of participants reported
feeling ‘just as often’ bloated (p = 0.047, 51%) and having a heavy stomach (0.042, 46%) in
the post-acute phase, compared to the acute phase (36% vs. 31%, respectively), indicating
these sensations returning to normal. Further, a significantly higher number of participants
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(p = 0.004) showed difficulty remembering the heavy-stomach sensation in the acute
phase (32%), compared to the post-acute phase (14%). Regarding feeling nauseuos and
having difficulty breathing, no significant difference was found between the acute and
post-acute phases.
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SATIETY SENSATIONS: ACUTE PHASE VS. POST-ACUTE PHASE
- COMPARED TO BEFORE COVID-19

Don't Remember / Don't Know Felt less often Felt just as often Felt more often

Figure 4. Satiety sensations during the acute phase (n = 102) and post-acute phase (n = 102), compared to before COVID-19.

As with the hunger sensations, a relatively high percentage of participants (12–32%)
showing difficulties in remembering, especially the following sensations, was found:
feeling bloated, heavy-stomach feeling, nausea, feeling energetic, and difficulty breathing.

3.2. Sensory Perception
3.2.1. Basic Taste Perception and Intake of Food with a Dominant Basic Taste

By far, the majority of the participants enrolled in the study reported changes in basic
taste perception during the acute phase of COVID-19 as follows: sweet 91%, salty 89%,
sour 86%, and bitter 87% (Figure 5). Among the participants who experienced changes
in the ability to perceive the basic tastes, around half of the participants reported a total
loss in the ability to perceive sweet (49%), salty (46.6%), sour (52.7%), and bitter (60%)
tastes during the acute phase, compared to before COVID-19. The remaining participants
mainly reported a ’reduced to highly reduced’ ability to perceive the basic tastes, i.e., sweet
(33.3%), salty (37.3%), sour (29.7%), and bitter (22.6%). During the post-acute phase, the
majority reported a ‘reduced to highly reduced’ basic taste perception, i.e., sweet (57.2%),
salty (56%), sour (44.5%), and bitter (45.3%), rather than a total loss, i.e., sweet (5.3%), salty
(5.3%), sour (13.5%) and bitter (14.6%). Only a small percentage of the participants reported
an ‘increased to highly increased’ sensitivity towards the basic tastes, which was found
both in the acute phase, with sweet (8%), salty (5.32%), sour (4%), and bitter (4%), and
post-acute phase, with sweet (16%), salty (5%), sour (5%), and bitter (12%). Overall, more
of the participants reported a normalised ability to perceive taste in the post-acute phase,
compared to the acute phase. This was reflected as a significantly higher ability to perceive
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sweet (p < 0.001), salty (p < 0.001), sour (p < 0.001), and bitter (p < 0.001) in the post-acute
phase, compared to the acute phase.
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PERCEIVED INTENSITY OF BASIC TASTES: ACUTE PHASE VS. POST-ACUTE PHASE 
-COMPARED TO BEFORE COVID-19

Highly increased intensity Increased intensity

Neither increased nor decrease intensity Decreased intensity

Highly decreased intensity Could not taste it at all

Don't remember

Figure 5. The perceived intensity of the basic tastes during the acute phase (n = 75) and post-acute phase (n = 75), compared
to before COVID-19.

Among the participants who experienced a change in the perception of basic tastes, the
intake of food with a dominant sweet, salty, sour, and bitter taste was evaluated (Figure 6).
Regarding intake of food with a dominant sweet, salty, sour, and bitter taste, 58%, 32%,
28% and 34%, respectively, reported to decrease their intake of such foods, whereas 15%,
28%, 9% and 3%, respectively, increased their intake.

3.2.2. Orthonasal and Retronasal Odour Perception

The majority of the participants (92%) experienced changes in the orthonasal odour
perception due to COVID-19. Note that the alteration was not specified for the acute phase
and post-acute phase, respectively. Among participants reporting alterations, the majority
(64%) reported a complete loss, 34% reported that the odour perception was distorted, 14%
reported decreased odour perception, and 7% increased odour perception. More than half
of the participants experienced changes in the retronasal odour (67%). Among these, 42%
of the participants reported a complete loss of retronasal odour perception, 35% reported
that food had a different flavour than usual, and 17% reported a decreased retronasal odour
perception. Other (6%) reported odour-specific perception, meaning some odours were
perceived retronasally, while others were not.

Participants were asked if they experienced being able to influence the ability to
perceive odours orthonasally and retronasally. In both cases, the majority of participants
reported ‘not at all’ (orthonasal: 75% and retronasal: 57%), but 14% reported being able
to influence orthonasal perception, and 32% retronasal perception (ranging from a ‘small’
to ‘high degree’). To improve the orthonasal perception, participants reported smell
training and smelling known scents as the most common strategy. To improve retronasal
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perception, participants most often added more flavour to meals, e.g., by increasing the
number of spices.
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IMPACT OF CHANGES IN TASTE PERCEPTION ON INTAKE OF FOOD WITH A 
PRONOUNCED BASIC TASTE CHARACTERISTIC

Don't Know/Don't Remember Increased intake

Neither increased nor decreased intake Decreased intake

Not relevant for me

Figure 6. Intake of food with a dominant basic taste after changed perception of basic tastes during the acute phase and
post-acute phase, compared to before COVID-19. Sweet (n = 74), salty (n = 72), sour (n = 67), and bitter (n = 70).

While participants experienced changes in odour perception, a reduced desire to eat
was reported by the majority of participants; among 75% and 80% of the participants expe-
riencing alterations in retronasal and orthonasal odour perception, respectively (Figure 7a).
Furthermore, 51% of participants reported that changes in retronasal perception affected
their food choices in a ‘high to a very high degree’, 21% to a ‘certain degree’, 19% to a
‘lesser degree’, while around 4% reported that altered flavour perception did ‘not at all’
affect food choices. A total of 39% of participants reported that changes in orthonasal
odour perception affected their food choices in a ‘high to a very high degree’, 27% to a
‘certain degree’, 15% to a ‘lesser degree’, while around 19% reported that altered orthonasal
perception did ‘not at all’ affect food choices (Figure 7b).

 

Figure 7. Participants’ report on how changes in retronasal (n = 68) and orthonasal (n = 92) odour perception, respectively,
impacted (a) desire to eat and (b) food choices.
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3.2.3. Off-Flavour

A total of 56% of participants reported experiencing off-flavours in the terms of either
metallic, rotten, smoked, and/or chemical flavours during food intake. Among these
participants, 70%, 27% and 3% reported that these off-flavours ‘reduced’, ‘neither increased
nor decreased’, and ‘increased’ their desire to eat, respectively. Furthermore, 43% of
participants reported that off-flavours affected their food choices in a ‘high to a very high
degree’, 23% to a ‘certain degree’, 21% to a ‘lesser degree’, while around 13% reported that
off-flavours did ‘not at all’ affect food choices.

Participants were asked whether they felt they could influence the perceived intensity
of off-flavours. A total of 70% reported, ‘not at all’ being able to affect the perceived
intensity. Of the 19% who reported that they could affect the perceived intensity of off-
flavours, the most often used strategies included rinsing the mouth with water, brushing
teeth, chewing mint gum or liquorice, and avoiding intake of foods which provoked the
off-flavour.

3.2.4. Chemesthesis

Participants were asked to evaluate whether COVID-19 caused changes in how food
felt in the mouth, throat, or gastrointestinal region. Only 26 out of 102 participants reported
having experienced changes in perception related to chemesthesis. From reviewing the
comments of these participants, it was found that some participants misunderstood the
question. Among the participants who understood the question correctly, the following
changes were reported: food felt stinging on the tongue and in the throat, difficulty of
food to pass through the throat—especially hard/solid foods, and food causing a burning
sensation in the mouth and throat. Further, participants reported becoming more sensitive
towards the texture of the food when not being able to perceive taste or odours. Especially
foods with a soft texture, e.g., oatmeal, mashed potatoes, and boiled vegetables, were
reported to cause nausea, and foods with a harder/crunchier texture, e.g., rye bread,
apples, and pears, were reported to be more chewable and thereby more comfortable.

Altered chemesthesis during food intake caused a decreased desire for food by the
majority of participants experiencing altered chemesthesis (74%). Furthermore, 52% of
participants reported that altered chemesthesis affected food choices in a ‘high to a very
high degree’, 32% to a ‘certain degree’, 8% to a ‘lesser degree’, while around 8% reported
that altered chemesthesis did ‘not at all’ affect food choices. The majority of participants
reported experiencing these changes ‘most of the time’ (44%).

3.3. Eating Behaviour
3.3.1. Portion Size of Main Meals and Snacks

The three main meals—breakfast, lunch, and dinner—were eaten by the majority of
the participants both during the acute and post-acute phases (Figure 8). Regarding the
size of the main meals, the majority reported the meals to be of a ‘smaller size’ in the
acute phase compared to before COVID-19 (breakfast: 46%, lunch: 48%, and dinner: 70%).
Comparing the two phases, it was found that the breakfast (p = 0.02, 46% vs. 29%) and
dinner (p < 0.001, 70% vs. 43%) were reported to be of a ‘smaller portion size’ by more
participants during the acute phase, compared to the post-acute phase. The breakfast,
lunch, and dinner (all p < 0.001, 61% vs. 21%, 51% vs. 17%, 53% vs. 16%, respectively)
were reported to be of ‘the same size as before COVID-19’ by more participants in the
post-acute phase, compared to the acute phase. Regarding snack meals eaten pre-lunch, in
the afternoon and late night, the majority of participants ‘did not remember/did not eat’
the snacks in the acute phase (pre-lunch: 71%, afternoon: 66%, late night: 66%). During
the post-acute phase, more participants reported eating snacks ‘of the same portion size as
before COVID-19’ than in the acute phase (all snack meals p < 0.001).
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PORTION SIZE: ACUTE PHASE VS. POST-ACUTE PHASE
- COMPARED TO BEFORE COVID-19

Don't Remember/Meal Not Eaten Smaller portion size Same portion size Bigger portion size

Figure 8. Portion size of meals during the acute phase (n = 102) and post-acute phase (n = 102), compared to before
COVID-19.

3.3.2. Type of Diet

Vegetables, fruits, and starchy foods: During the acute phase, between 28% and 33% of
participants reported vegetables, fruits, and starchy foods (bread and cereals, rice, potato,
and pasta) to constitute ‘a smaller proportion of the diet’, compared to before COVID-19,
and 43–55% reported the foods to constitute ‘the same proportion of the diet’, compared to
before COVID-19 (Figure 9a). Comparing the two phases, a significantly higher number of
participants reported vegetables (p = 0.001) and fruits (p = 0.023) to constitute ‘a smaller
proportion of their diet’ during the acute phase (vegetables: 31% and fruit: 33%) than
during the post-acute phase (vegetables: 11% and fruit: 18%). A significantly higher
number of participants reported vegetables (p = 0.033) and fruits (p = 0.001) to constitute
‘the same proportion of their diet’ during the post-acute phase (vegetables: 68% and fruit:
67%), compared to the acute phase (vegetables: 52% and fruit: 43%). These results indicate
that the intake of vegetables and fruit starts to return to normal during the post-acute phase.
No significant difference was found for starchy foods between the two phases.

Meat, seafood, dairy products, and eggs: The majority of participants reported meat,
meat products and poultry (42%), seafood (42%), dairy products (32%), and eggs (36%) to
constitute a ‘smaller proportion of the diet’ during the acute phase, compared to before
COVID-19 (Figure 9b). A significantly higher number of participants reported a smaller
intake of meat, meat products and poultry (p = 0.017), and seafood (p = 0.001) during the
acute phase, compared to the post-acute phase (25%, 19%, 19%, and 26%, respectively). For
all four food categories, a significantly larger number of participants reported that the food
constituted the ‘same proportion of diet’ during the post-acute phase, compared to the
acute phase: meat, meat products and poultry (p = 0.002, 67% vs. 44%), seafood (p = 0.001,
66% vs. 42%), dairy (p = 0.030, 71% vs. 55%) and eggs (p = 0.011, 66% vs. 47%).
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Figure 9. Type of diet during the acute phase (n = 102) and post-acute phase (n = 102), compared to before COVID-19.
(a) Vegetables, fruits, and starchy foods; (b) animal products; and (c) drinks and snacks.

Beverages: A total of 27%, 36%, and 30%, respectively, reported juice to constitute ‘a
bigger’, ‘the same’, and ‘a smaller’ proportion of the diet in the acute phase of COVID-19,
compared to before COVID-19 (Figure 9c). More reported juice intake to be ‘larger’ during
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the acute phase, compared to the post-acute phase (p = 0.002, 27% vs. 9%), and more
reported the intake to be ‘the same’ in the post-acute phase, compared to the acute phase
(p = 0.011, 55% vs. 36%). An approximate even number of participants reported coffee/tea
to make up ‘a smaller’ and ‘the same’ proportion of the diet (39% and 44%, respectively)
during the acute phase. The intake started to return to normal during the post-acute phase.
This was observed by more participants who reported the intake to constitute ‘a smaller
proportion of the diet’ in the acute phase, compared to the post-acute phase (p = 0.014, 39%
vs. 22%), and more participants reported the intake to constitute ‘the same proportion of
diet’ during the post-acute phase (p = 0.001, 67% vs. 44%). The intake of water was, by
the majority, ‘the same’ in the acute and post-acute phases (55% and 67%, respectively),
compared to before COVID-19, and no significant differences were found between the two
phases. A total of 30% and 26% reported that their intake of water constituted ‘a bigger
proportion of the diet’ in the acute phase and post-acute phase, respectively.

Salty and sweet snacks: Intake of salty snacks was reported to constitute ‘a bigger’,
‘the same’, and ‘a smaller’ proportion of the diet, compared to before COVID-19 by 23%,
34%, and 37% of participants, respectively (Figure 9c). The number of participants who
reported the intake to be ‘bigger’ was larger during the acute than the post-acute phase
(p = 0.038, 23% vs. 11%), whereas the number of participants who reported their intake to
be ‘the same as before COVID-19’ was larger during the post-acute phase (p < 0.001, 60%
vs. 34%). The relative proportion of sweet food was reported to be ‘bigger’, ‘the same’, and
‘smaller’, compared to before COVID-19 by 20%, 37%, and 38% of participants, respectively.
The number of participants reporting the intake to constitute ‘the same’ proportion of
the diet was significantly higher in the post-acute phase, compared to the acute phase
(p = 0.024, 53% vs. 37%), during which around half (53%) reported sweet food to constitute
the same proportion of the diet as before COVID-19.

3.3.3. Texture, Temperature, and Preparation Method

Temperature: Regarding the temperature of food, a relatively high percentage of
participants reported that warm- (43%), lukewarm- (34%), and cold food (31%) constituted
a ‘smaller proportion’ of the diet during the acute phase, compared to before COVID-19
(Figure 10a). All three temperatures were reported to constitute the ‘same proportion’
of the diet by the majority of the participants during the post-acute phase (77%, 69%,
and 73%, respectively). Comparing the two phases, a significantly higher number of
participants reported warm- (p < 0.001, 43% vs. 18%) and cold food (p < 0.001, 31% vs.
10%) to constitute a ‘smaller proportion’ during the acute phase, and warm- (p < 0.001,
77% vs. 40%), lukewarm- (p < 0.001, 69% vs. 41%), and cold food (p < 0.001, 73% vs. 44%)
to constitute ‘the same proportion’ in the post-acute phase, compared to the acute phase.
A significantly higher number of participants (p = 0.020, 19% vs. 7%) showed difficulty
in remembering their consumption of lukewarm food during the acute phase, compared
to the post-acute phase. Comparing the three temperatures, in both phases, more people
reported cold food to ‘constitute a bigger proportion of my diet’ (acute: 16%, post-acute:
22%) than warm- (acute: 15%, post-acute: 5%) and lukewarm food (acute: 8%, post-acute:
4%). However, also intake of warm food was found to constitute ‘a larger part of the diet’
in the acute phase for some participants (15%). During the post-acute phase, this number
significantly dropped to 5% (p = 0.032).
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Figure 10. Type of food during the acute phase (n = 102) and post-acute phase (n = 102), compared to before COVID-19.
(a) Temperature of food, (b) texture of food, and (c) cooking.

Texture: The majority of the participants reported the textures; liquid (44%), solid
(47%), soft (44%), and crunchy (38%) food to constitute ‘the same proportion’ of the diet
during the acute phase, compared to before COVID-19 (Figure 10b). The intake of all types
of textures, was slowly returning back to normal in the post-acute phase, during which a
significantly higher number of participants reported liquid (p < 0.001, 75% vs. 44%), solid
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(p < 0.001, 80% vs. 47%), soft (p < 0.001, 72% vs. 44%), and crunchy (p < 0.001, 70% vs. 38%)
to constitute ‘the same proportion’ of the diet, compared to before COVID-19. Comparing
and observing the texture for which most participants showed an ‘increase´, it was found
that intake of crunchy and liquid food was increased by the largest number of participants
(24% and 21%, respectively) in the acute phase.

Preparation method: Regarding the preparation method chosen, a relatively high
percentage of participants reported boiled- (43%), smoked- (43%), and grilled food (38%)
to constitute ‘a smaller proportion’ of the diet during the acute phase, compared to before
COVID-19 (Figure 10c). For, the remaining preparation methods—raw, fried, and baked
food—31–33% reported the preparation methods to constitute ‘a smaller proportion’ of the
diet. A significant higher number of participants reported the preparation method (beside
smoked) to constitute a ‘smaller proportion’ of the diet during the acute phase, compared
to the post-acute phase: raw- (p = 0.013, 31% vs. 16%), fried- (p = 0.024, 33% vs. 19%),
boiled- (p = 0.002, 43% vs. 22%), baked- (p = 0.036, 33% vs. 19%), and grilled food (p = 0.048,
38% vs. 25%). Further, smoked- (p = 0.028, 5% vs. 0%) and fried food (p = 0.016, 12%
vs. 3%) was found to ‘constitute a bigger proportion’ of the diet during the acute phase,
compared to the post-acute phase. During the post-acute phase, the majority of participants
reported all preparation methods to constitute ‘the same proportion’ as before COVID-19,
and from the acute phase to the post-acute phase, the number of participants reporting the
preparation methods to constitute ‘the same proportion’ as before COVID-19 increased
(raw (p < 0.0001, 36% vs. 68%), fried (p < 0.001, 45% vs. 74%), boiled (p < 0.001, 39% vs.
72%), baked (p < 0.001, 41% vs. 69%), grilled (p < 0.001, 37% vs. 67%), and smoked (p < 0.001,
33% vs. 58%)). Comparing the preparation methods and observing the preparation method
for which most participants showed an ´increase´, it was found that intake of raw- and
baked food was increased by the largest number of participants (20% and 14%, respectively)
in the acute phase.

3.4. Handling of Changes in Appetite, Sensory Perception, and Food Behaviour

Participants were asked to report their agreement on trying different strategies for
handling changes in appetite, sensory perception, and eating behaviour (Figure 11). The
list of strategies was developed based on a qualitative study with patients COVID-19,
conducted prior to this online survey [20].

Overall, accepting changes in appetite and sensory perception was the strategy that
was used mostly by the participants (56%) during the whole period of COVID-19 disease
and recovery. While experiencing changes in appetite and/or sensory perception, the
majority of participants agreed that it was important to be able to identify every ingredient
in a meal (42%) and to increase their focus on senses that were well functioning (48%). From
a food-behavioural perspective, the majority agreed to increase their focus on eating spicy
foods (50%), and on eating healthy food (46%), whereas the majority disagreed to increase
their focus on delicious foods (47%) and self-preparing foods (49%). When asked about
the increased focus on crunchy food and the appearance of food, participants were equally
split into three groups indicating to ‘agree’, ‘neither agree nor disagree’ and ‘disagree’
(compared to before COVID-19).
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Figure 11. Participants’ agreements on strategies for boosting appetite and sensory perception (n = 102).

4. Discussion

4.1. Altered Appetite

Loss of appetite is a well-documented consequence of several illnesses including
various influenzas and colds [26], and recently, COVID-19 [3,20,27]. The present study
presents confirmatory evidence for the effects of COVID-19 on appetite during the acute
phase of the disease. Further, the study contributed to new knowledge by addressing the
specific hunger and satiety sensations and by showing how the specific appetite-altering
effects of COVID-19 continue into the post-acute phase of the COVID-19 disease. Among
the list of symptoms presented in this online survey, lack of hunger sensations was reported
to be among the main cause of reduced appetite in both the acute phase and post-acute
phase of COVID-19, during which participants reported experiencing less often a desire to
eat and to have thoughts circulating around food and more often feeling a lack of energy.
Similar findings were found in a qualitative study on appetite among patients showing
long-term effects of COVID-19 [20]. Through in-depth interviews, the COVID-19 patients
expressed a lack of hunger sensations, compared to before COVID-19, and a faster fullness
during the consumption of a meal resulting in reduced food intake [20]. Supporting these
findings, the present study likewise found that participants more often experienced overall
satiety, characterised by more often feeling bloated, heavy stomach feeling, nauseous, and
difficulty in breathing, explaining the reduction in appetite.

Besides the lack of hunger sensations, participants in the current study reported that
changes in chemosensory perception, i.e., alterations in taste and smell perception were
among the main causes of alterations in appetite. Perception of food’s sensory properties is
highly linked to hunger and satiety sensations experienced during a meal and therefore
play an important role in food intake control [28,29]. During the early stage of a meal, the
sensory properties of food generate a positive feedback mechanism, i.e., liking of sensory
properties enhance hunger and drive continued intake [30]. During the later stages of
a meal, hunger sensations decline, and satiation takes over. Experiencing impairments
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in the ability to perceive taste and aroma properties can hinder the early stage positive
feedback, resulting in a faster decrease in hunger and/or onset of satiation, experienced
as a general overall satiation and lack of hunger, explaining the altered appetite by the
participants in the present study. Similar results were found in a qualitative study by
Høier and colleagues [20], in which COVID-19 patients expressed a lack of interest in
food due to food being tasteless and not being able to smell the food while cooking to
stimulate appetite. Supporting this view, a study by Merkonidis et al. [31] found that
most individuals suffering from chemosensory disorders showed altered eating behaviour,
reduced food intake, and/or changed food preferences. The reduced food intake was
caused by a lack of sensory cues such as the smell, sight, and taste of food, which normally
would motivate eating [31–33]. Further, it was found that the most common complaint
among individuals with chemosensory disorders was the loss of pleasure from eating [31].
In line with these results, participants in the present study reported a diminished pleasure
from eating and indicated alterations in the taste of food (to be understood as flavour) to
be among the main causes.

Although feeling generally satiated, the majority of the participants, at the same time,
reported feeling satisfied less often after consumption of a meal. These results can be
explained by the phenomenon of sensory satisfaction [15]. Sensory satisfaction describes
how the perception of sensory properties during food consumption, fulfils desires in a
meal experience and can lead to a feeling of postmeal satisfaction [15,16,34,35]. Losing
the ability to perceive the sensory properties of food changes the sensory experience of a
meal during consumption, which can lead to the meal being perceived as less satisfying.
This phenomenon is related to the hedonic aspects of food intake, which indicates that
satiety is driven by both homeostatic factors and the fulfilment of hedonic desires, and
the perception of sensory properties plays a causal role in satisfying these desires [35].
In the qualitative study by Høier, Chaaban, and Andersen [20], participants expressed
the lack of satisfaction from eating as feeling ‘unpleased senses’, and for a smaller group,
chemosensory dysfunction led to continued eating in order to find foods that could satisfy
their sensory desires. Merkonidis et al. [31] likewise approached the association between
sensory perception and intake. They found that a smaller percentage of individuals
suffering from chemosensory disorders increased their food intake in the search for flavour
in their meals. It can therefore be hypothesised that a lack of feeling sensory satisfied drove
the increased desire for food, reported by a minority of participants in the present study.

4.2. Sensory Perception

Since the outbreak of the COVID-19 pandemic, several studies aimed to measure the
prevalence and severity of chemosensory alterations among COVID-19 patients, either
based on self-reporting [3,5,7,8,36] or by objective chemosensory testing [4,9,11,12,37,38].
Suffering from olfactory and gustatory dysfunction is now considered one of the most
prevalent symptoms of COVID-19, ranging between 5 and 89% of the patients’ com-
plaints [36]. Data from a systematic review on COVID-19 patients showed a high global
prevalence of smell (48%) and taste dysfunction (41%) and a combination of both (35%) [39].
The present study contributed to this research by characterising the chemosensory dys-
functions. It should be noted that the percentage of participants reporting chemosensory
dysfunction generally is higher in the present study, compared to previous literature, due
to the inclusion criteria of this study. Alterations were found for all basic taste attributes
(sweet, salty, sour, and bitter) and included a total loss of basic taste perception (ageusia)
and altered intensity in taste perception, in the order ageusia (total loss) > hypogeusia
(decreased perception) > hypergeusia (increased perception). A study by Parma et al.
likewise found impairments in two or more taste qualities among participants suffering
from COVID-19 [8].

Alterations in smell perception were characterised by a total loss of smell perception
(anosmia) and odours becoming altered and unpleasant (parosmia), in the order of more
experiencing anosmia (total loss) > parosmia (distorted) > hyposmia (decreased perception)
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> hyperosmia (increased perception). The qualitative changes in sense of smell confirm
findings from Parma et al., who likewise reported anosmia, parosmia, and hyposmia as
well as phantosmia. Further, in the present study, a total loss of retronasal odour percep-
tion and distorted flavour perception was found, which can be regarded as a combined
dysfunctional flavor and taste perception.

Previous studies have stated that chemosensory disorders begin during the early
stages of COVID-19 disease [36–38], which was confirmed by the present study. Although
the loss of smell and taste function are common in acute cold, according to a study by
Huart et al. [38], the effects on chemosensory dysfunction are more severe when caused
by COVID-19, compared to acute colds, since both smell identification scores and taste
function were found to be significantly lower in COVID-19 patients, compared to acute
cold patients [38].

When reviewing existing literature, it is indicated that recovery of gustatory and
olfactory disorders most often occurs within few weeks after infection, while in some cases,
the recovery process will be longer [36,37]. Only participants in the post-acute phase of
COVID-19 disease were included in the present study, and therefore, the time period for
recovery was not the focus. However, comparing participants’ self-reported perception of
the basic tastes during the acute and post-acute phases, a slow recovery of taste function
was found. Interestingly, more participants reported still suffering from altered ability
to perceive sweet and bitter tastes, compared to salt and sour tastes, during the post-
acute phase, indicating a slower recovery of sweet and bitter taste perception. Similar
findings have been reported by Huart et al. [38], who investigated taste (global, sweet, sour,
bitter, salty) and odour perception amongst patients recovering from COVID-19 and acute
cold. Focusing on taste perception, they found worse global, sweet, and bitter perception,
amongst COVID-19 recovering patients, whereas there were no differences in perception
of sour and salt perception.

4.3. Eating Behaviour

COVID-19 disease is believed to put patients at risk of malnourishment since several
illness-related factors including nausea, diarrhea, loss of appetite, loss of taste and smell,
and stress over time can cause a reduction in food intake and the nutritional value of the
diet [39,40]. As discussed previously, the majority of the participants reported a reduction in
appetite during the acute phase, compared to before COVID-19. This reduction in appetite
was observed at all times of the day—in the morning, in the forenoon, at lunchtime, in the
afternoon, in the eve, and at late night (see Section 3.1.2). Participants further reported
reductions in food intake due to COVID-19. At all times of day, main and snack meals
(i.e., breakfast, pre-lunch snack, lunch, afternoon snack, dinner, and late-night snack)
were reported to be of smaller portion size, or not eaten at all/did not remember. A
preference towards the three main meals, i.e., breakfast, lunch, and dinner, compared to
the snack meals was found, since the majority of the participants reported eating these
meals, although a smaller portion size. During the post-acute phase, the desire for food
was, in general, also reported to be highest around the three main meals, compared to
the snack meals. This was likewise reflected in the portion size since the majority of the
participants reported the main meals to be of ‘the same size’ as before COVID-19, although
a high proportion still reported the main meals to be of a smaller size.

These results provide evidence of COVID-19 affecting the quantitative aspect of food
intake and also confirm that the desire for food plays an important role in the motivation
for food intake. To the authors’ knowledge, this study is the first to investigate the effect of
COVID-19 on food intake. Although many participants were still suffering from reduced
appetite during the post-acute phase, the majority improved their food intake, which aligns
with the participants’ self-reports of the normalisation of their appetite. It is noticeable
that even in the acute phase, participants showed a preference for the three main meals,
indicating that the participants were aware of the importance of food in the process of
recovery. This result brings opportunities for health professionals, such as dieticians, to
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focus on the main meals when pushing health-related initiatives and be aware of reduced
appetite outside these meals.

In the present study, participants were asked to report on qualitative changes in their
diet by evaluating if food categories during the acute and post-acute phases constituted an
altered proportion of the diet. As discussed in the previous section, participants, in general,
showed a reduced food intake at all times of day during the acute phase of COVID-19.
This finding was reflected in an overall reduction in intake of various food categories.
Most of the participants reported a normalised intake of all food categories during the
post-acute phase.

During the acute phase of COVID-19, the intake of meat, seafood, eggs, coffee/tea,
salty and sweet snacks was reduced. Regarding the food category ‘meat, seafood, and
egg’, participants reported disliking these foods due to not being able to perceive the
flavour, resulting in a greater awareness of the texture/consistency of this food category,
which was not perceived as pleasant. Eating is a multi-sensory experience based on the
perception of sensory properties of food, i.e., taste, smell, appearance, and texture. Taste
(understood as flavour) has previously been found to be the main driver of hedonic eating
experience [28] and more important for the hedonic aspect of food, compared to texture,
smell, and appearance [41–43]. The results from the present study highlight the pronounced
importance of flavour for food acceptance, in this case, meat, seafood, and egg acceptance
specifically, since when taste and retronasal odour perception suffered, participants shifted
focus towards the texture as the driver of food acceptance. The shift in focus towards other
sensory properties of food when not being able to perceive taste and smell properties has
previously been shown among individuals diagnosed with chemosensory disorders [31]
and COVID-19 recovering patients [20]. The studies reported that participants obtained
food-related pleasure by focusing on chemesthesis via the well-functioning sense of touch.
In practice, this was achieved via the perception of the food’s texture, especially by adding
crunchy elements [20], and trigeminal stimulation by adding spices to food [20,44]. The
increased preference for crunchy food was further reflected in the results concerning
preparation methods, since an increased intake of raw food was found in the present study.
Raw food is generally associated with a crunchier texture than heat-treated food. Soft
textures and boiled food which generally is associated with a softer texture were reported to
be less preferred during the acute phase. The present study thereby provides confirmatory
evidence for focusing on chemesthesis (especially via crunchy and spicy food) to cope
with taste and odour alterations, maintain food-related pleasure, and highlight actionable
opportunities for individuals and health professionals interested in boosting appetite and
eating enjoyment.

In the present study, sweet and salty snacks were found to constitute an altered, most
often smaller, part of the diet when suffering from COVID-19, and pointed at altered basic
taste perception to be (to some degree) the direct cause of altered intake of food with
a dominant sweet, salty, sour, and bitter taste. Individuals experiencing chemosensory
disorders commonly report changed eating behaviour [31,45], but mixed results have
been reported about the association between intake quality and altered chemosensory
function. One study showed a change in diet towards a more Western-style diet—high
in fast food, sweet, salty, and/or fats—when suffering from olfactory dysfunction [44].
Other studies have shown a reduced intake of sweet and fatty food [46,47] and in one
study also salty food [48] with a preference towards fruits and vegetables, indicating a shift
towards healthier food choices. The mixed results per se, regarding changes in qualitative
aspects of the diet when suffering from chemosensory dysfunction, have likewise been
pointed out previously. The study by Høier, Chabaan, and Andersen [20] suggested that
individuals suffering from chemosensory dysfunction can be divided into two groups—a
smaller group reporting to increase intake of unhealthy food since these foods reminded
them of past pleasurable experiences upon consumption of these foods, and a larger second
group, reporting to focus on healthy eating since this was associated with higher mental
well-being when providing the body with beneficial nutrients. The indication of two
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groups, showing opposite eating behavioural changes, was supported by the present study;
20% and 23% reported to increase their intake of sweet and salty snacks, respectively, and
38% and 37% reported to decrease their intake of sweet and salty snacks, respectively, as a
consequence of COVID-19.

Finally, the study provides confirmatory evidence of off-flavours occurring during
COVID-19 disease. Approximately half of the participants in the present study reported
experiencing off-flavours, supporting previous findings by Høier et al. [20]. The off-
flavours were characterised as metallic, rotten, smoked, and/or chemical flavours during
food intake and were reported to lower participants’ desire to eat and to some extend also
to impact food choices. The characteristics of the off-flavours can explain why a relatively
high percentage of participants reported smoked- (43%) and grilled food (38%) to constitute
‘a smaller proportion’ of the diet.

4.4. Limitations

The present study constitutes an online survey based on subjective reports. This
approach offers some possibilities along with some limitations. A limitation when stating
findings from the acute phase of COVID-19 is that the outcome is strongly dependent on
participants’ memory. Since all participants were in the post-acute phase of COVID-19
when conducting the study, retrospection was necessary but may not always be accurate.
Asking multiple questions to the same response variable would allow a check of reliability.
In the present study, one question per response variable was chosen under consideration of
the length of the questionnaire and to avoid fatigue. The use of open-reply fields after each
topic allowed the researchers to check if participants had understood the questions. Further,
although the patient perspective is indeed relevant since sensations, in many cases, drive
human behaviour, the findings could preferably be supported by objective means. Sensory
perception could be validated, e.g., by the use of threshold tests, and eating behaviour
could be validated by the use of dietary records.

Since the study aimed to provide a detailed characterisation of the appetite, sensory
perceptional, and eating behavioural effects of COVID-19 disease, only participants ex-
periencing these alterations were included in the study. Thereby, the present study does
not address the prevalence of these symptoms among COVID-19 patients. Although the
current study did not study nor suggest gender differences, it should be noted that the
study population consisted of 88% females. A study with a bigger sample size including
more males could preferably be conducted to check generalisability of the results.

4.5. Application of Findings and Suggestions for Future Research

The study brings results that can be applied by health professionals to secure eating
enjoyment and thereby nutrition when suffering from altered taste and odour perception.
Specifically, this article can serve as a basic information document for dietetic guidance, in
which health professionals can seek information about normal occurring appetite, sensory
perceptional, and eating behavioural changes due to COVID-19, along with inter-individual
differences. Further, the article points to ways of applying the findings in dietary guidance.
For example, a key strategy to secure eating enjoyment is to work with the drivers of
pleasure. Consciously shifting focus from flavour as primary driver of consummatory
pleasure towards the more well-functioning sense of touch proves to be a good strategy.
In practical terms, this can be achieved via an emphasis on food textures, e.g., variation
in crunchiness, by the use of raw vegetables, and/or variation in trigeminal stimulation
by the use of irritants such as hot spices. However, the mental barriers and possibilities
preventing/supporting these mental shifts need further study. Additionally, strategic use of
healthy vs. unhealthy food to support intake and pleasure needs further exploration. There-
fore, future studies should focus on how to apply these findings among COVID-19 patients,
and if/how they can be broadened to other patients groups suffering from chemosensory
disorders, in order to maintain appetite and secure nutrition.
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5. Conclusions

This study aimed to investigate, the acute and long-term effects of COVID-19 disease
on details of appetite, sensory perception, and eating behaviour. Key results revealed
that although the majority reported eating behaviour and sensory perceptions to return to
baseline as experienced before COVID-19, many still in the post-acute phase of the disease
reported altered appetite.

The desire for food was reported severely impaired by the majority of participants
during both the acute phase and post-acute phase, compared to before COVID-19. The
low desire for food was, for many, associated with altered appetite and satiety sensations,
and when engaging in consumption, the majority of participants were less often left with a
satisfied feeling.

Basic taste- and orthonasal odour perception, were by the majority of participants,
reported to be reduced due to COVID-19, and retronasal odour perception was reported
to be reduced among approximately half of the participants. The changes were often
characterised by a complete loss or disordered perception, along with the experience of
off-flavours. Sensory alterations were reported a reduction in the desire to eat and affect
food choices, yet some participants found themselves capable of improving ortho- and
retronasal odour perception.

Eating focused on the three daily main meals (not snacks), both in the acute phase
and post-acute phase, and meals were for many of smaller portion size. In general, during
the acute phase, the majority reported alterations in the food types included in the diet,
and around half reported alterations in the choice of preparation method, the texture of
meals, and choice of warm–cold meals. The relative proportion of the different types of
food and beverages was comparable to before COVID-19 for the majority of participants in
the post-acute phase. The same tendency was found regarding the temperature of meals,
preparation method, and different textures.

To cope with the changes in appetite and sensory perception, participants focused
on changing their focus during eating—from a focus on taste and smell to the more well-
functioning senses, e.g., touch. For many, this resulted in an increased focus on the intake
of spicy, healthy, and crunchy foods.

Altogether, the findings from this study illustrate the complexity by which COVID-19
affects human appetite and sensory perception and points toward strategies to cope with
these changes. Future studies could by advantage focus on validation of the results via
objective measurements and application of the findings in dietary interventions for people
suffering from sensory- and appetite-related impairments including COVID-19 patients.
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Abstract: COVID-19 and sequelae thereof are known to cause chemosensory dysfunction, posing
a risk for intake and adequate nutrition for recovery. The overall objective of this study was to
investigate the subjective strategies for maintaining appetite applied by patients recovering from
COVID-19. The study included 19 in-depth interviews, focusing on patients suffering from long-term
effects of COVID-19. The results were analysed using a thematic analysis for qualitative data. Results
on strategies for maintaining appetite included four key themes: (1) a focus on well-functioning
senses, (2) a focus on familiar foods, (3) a focus on the eating environment, and (4) a focus on
post-ingestive well-being. It was found that factors prior to, during and after food intake, as well
as the context, could influence desire to eat and pleasure related to food intake. As ageusia and
anosmia make characterization of food difficult, being able to recognize and memorize its flavour
was important to engage in consumption. Under normal circumstances, the hedonic value of food
relies predominantly on the flavour of foods. When suffering from chemosensory dysfunction,
shifting focus towards the texture of food, including trigeminal stimulation during consumption,
were beneficial for maintaining appetite and food-related pleasure. Furthermore, a focus on the
holistic satisfying feelings of choosing healthy food, as well as a focus on other people’s enjoyment
during meals were reported to boost well-being around food intake. The study elaborated our
understanding of the complex consequences of COVID-19, and can be applied in health promoting
initiatives targeted patients recovering from COVID-19.

Keywords: COVID-19; sensory function; chemosensory dysfunction; perception; appetite; well-being;
pleasure; recovery; interview

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), also referred to as
‘coronavirus disease’ (COVID-19), has spread rapidly all around the world. Besides a
mortality rate of COVID-19 on 2.2% as of the 8th of February 2021 [1], the long-term
effects can be devastating on subjective quality of life. The long-term effects of COVID-19
vary from patient to patient, but often include chemosensory dysfunction in terms of
dysosmia and dysgeusia [2]. Dysosmia is a condition affecting smell perception, and
can be broadened out to the conditions; ‘anosmia’, which is a complete loss of the ability
to detect odours, ‘parosmia’, which alters the odour perception, often to displeasing
odours, ‘hyposmia’, which is decreased ability to detect odours, and ‘phantosmia’, which
concerns spontaneously occurring odours without any triggers [3]. Dysgeusia is a condition
concerning alterations of the perception of basic taste. This condition can be broadened
out to; ‘ageusia’, which is a total loss of the ability to taste and ‘parageusia’, which alters
the taste perception, often to displeasing tastes, and can be triggered by any or specific
tastes [3].

Vaira et al. [2] found that as many as 85% of COVID-19 patients suffered from
chemosensory dysfunctions in the beginning of the acute phase. Approximately 50%

Foods 2021, 10, 464. https://doi.org/10.3390/foods10020464 https://www.mdpi.com/journal/foods163



Foods 2021, 10, 464

of the patients showed chemosensory dysfunctions two to three weeks after infection [4],
and after 60 days, 7.2% were found to suffer from chemosensory dysfunction [2].

As malnourishment for an extended period of time weakens the body’s immune
system, proper nutrition is important for the recovery of disease [5]. Likewise, proper
nutrition is believed to be important for the recovery of COVID-19, and not least for sub-
jective well-being. The food’s sensory properties, and thereby the perception of odours,
flavours, and basic tastes, are the main factors driving human motivation to eat and in-
take [6]. The importance of sensory properties for hedonic perception of foods and food
behaviour is evident when observing the broad range of studies and models focusing
on: sensory properties and acceptance, e.g., [7–9], sensory properties and preference [10],
sensory properties and food behaviour [11–14], and liking as a determinant for intake [15].
A dysfunctional sensory perception therefore poses a serious risk to appetite and the nutri-
tion needed for a fast recovery. A study of the characteristics of patients with chemosensory
disorders showed that 50% of participants changed their food habits and preferences [16].
Furthermore, chemosensory dysfunction poses a significant impact on day-to-day life [17].
Affected subjects report reductions in quality of life [18–21], with reduced pleasure from
eating being one of the most distressing symptoms of chemosensory loss and the main
complaint from patients seeking medical attention [16].

Sensory properties are, however, not the only drivers of motivation to eat, and there-
fore, insight into how COVID-19 patients cope with chemosensory dysfunction in order to
maintain motivation to eat and food-related pleasure, can lead to actionable knowledge
for use in dietary therapy supporting recovery, and further, to advise patients on how to
maintain food-related quality of life in general.

The overall aim of the present study was to investigate the subjective strategies for
maintaining appetite applied by patients recovering from COVID-19. Specifically, the
objectives were to study how COVID-19 affected appetite, sensory perception and food-
related pleasure, and further to study, how patients cope with chemosensory dysfunction
to maintain appetite and food-related pleasure.

2. Materials and Methods

The study applied one-on-one in-depth interviews, due to the type of information
required by the participants. In-depth interviews allow the participants to unfold any
sensitive personal matter that would not have been appropriate to discuss in a group [22],
and further, this method allows the researcher to collect detailed information beyond the
surface level. Up until now, the study of strategies for coping with changes in appetite
due to COVID-19 has been an unexplored field of research. Therefore, a semi-structured
interview guide was chosen to ensure that all predefined themes were addressed; also,
the semi-structured design allowed the researcher to follow up new points raised by the
participant that had not been thought of when preparing the interview guide.

Prior to data collection, the Central Denmark Region Committees on Health Research
Ethics approved the study being conducted. The participants were informed that the
interview was being recorded, and were also informed of their legal rights, and how
their data would be used and stored. The participants gave verbal consent for the use of
their replies in the research study. The interviews were conducted using Zoom or similar
communication platforms depending on the preference of the participant. Telephone
interviews were conducted in a few cases, when the participants were unable to partake
in a video interview. The interviews were recorded using the record function in the
video meeting application, or using a dedicated telephone recording application. Video
interviews were preferred, in order to get a better understanding of the participants, and
enabling their body language to be read.

2.1. Participants

A total of 19 interviews were conducted among a Danish population suffering from
long-term effects of COVID-19, meaning that participants were in the post-acute phase of
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Codid-19, yet were still showing symptoms, including changes in appetite. Participants
were recruited via posts in a Danish Facebook group for people suffering from long-term
effects of COVID-19. Inclusion criteria were: being over 18 years of age and suffering from
long-term effects of COVID-19 including changes in appetite. All participants reported
being in the post-acute phase of COVID-19 at the time of data collection. A total of
14 participants had been diagnosed with COVID-19 through antibody or swab test. The
remaining five participants had been diagnosed with COVID-19 via subjective assessment,
due to not being eligible for a test through the Danish health care system at the time
of the disease. These five participants all showed regular long-term effects of COVID-
19 symptoms, such as anosmia, ageusia, and fatigue. Across the total study sample,
the average period for showing symptoms during the acute phase of the disease was
reported to be 16 days, and none had been hospitalized due to COVID-19. The most
frequent symptoms during the acute phase of COVID-19 included fever, ageusia, fatigue,
anosmia, throat pains, headache, and difficulties breathing. In the post-acute phase, the
most frequent symptoms included ageusia, anosmia, fatigue, parosmia and difficulties
breathing. Other less common symptoms included headache, feeling nausea, difficulties
concentrating, throat pains, parageusia and phantosmia. One participant (participant #2)
reported having suffered from a blood clot earlier in life. As the present study focused on
strategies for coping with changes in appetite due to COVID-19, and the blood clot incident
had been years earlier in the participant’s life, it was decided to include the participant in
the present study. The remaining participants had not been diagnosed with diseases other
than COVID-19. Participant characteristics can be seen in Table 1.

Table 1. Participant characteristics.

Characteristics

Nationality Danish
Ntotal 19

Gender; males, females 2 males, 17 females
Age; mean (min–max) 44 (25–66)

COVID-19 diagnose (antibody, swab, assessment) 2, 12, 5
Symptoms most often mentioned during the acute phase of

COVID-19 (n) *
Fever (n = 10); Ageusia (n = 7); Fatigue (n = 7); Anosmia (n = 6),

Throat pains (n = 5), Headache (n = 4); Difficulties breathing (n = 4).
Symptoms most often mentioned during the post-acute

phase of COVID-19 (n) *
Ageusia (n = 14); Anosmia (n = 13); Fatigue (n = 6); Parosmia (n = 4);

Difficulties breathing (n = 4)

* Symptoms reported by four or more participants are included in the list of symptoms.

2.2. Pilot Test

The interview guide was pilot-tested among four colleagues and naive participants
with different ages, educational backgrounds and COVID-19 histories; one of the partici-
pants had been diagnosed with COVID-19, and the remaining three were non-diagnosed.
None of the pilot participants were included in the final sample population. A pilot test
is generally a recommended procedure when conducting interviews [23]. The pilot test
aimed to ensure a proper flow and understanding of the questions, and to decide whether
questions should be added and/or excluded. The interview guide was refined according
to the feedback; questions were rephrased and words were replaced with ones that were
more easily understood by all naïve participants.

2.3. Interview Protocol

The interviews lasted 45 to 90 min each and were conducted by two interviewers
independently. Both had educational training in the qualitative research method. The
interviewers developed the interview guide together, discussed the interview approach
prior to conducting the interviews, and conducted the pilot test together. During the
interviews, the interviewers followed the structure of the interview guide, the format
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of the questions, and discussed the interview style, in order to ensure uniformity and
transparency in the interviewing style.

The interviews followed a semi-structured interview guide, a format that allowed
the interviewer to pursue topics raised during the interview [24]. The interviewer firstly
informed the participant about the purpose of the study. The following questions were
designed to start the conversation and dialogue, including introductory, opening, tran-
sition, key and ending questions. The questions led the participants to reflect on health,
appetite, sensory perception ability and food-related pleasure. It was emphasized that
the questions were easy to understand, short, clear and could engage the participants in
detailed elaboration. To explore the strategies affecting participants’ appetite, they were
firstly directly asked about how they coped with changes in appetite, sensory perception
ability and food-related pleasure. If the participant reported not having consciously ap-
plied any strategies, they were asked to elaborate on concrete situations regarding every
theme presented in the interview guide. This allowed the researcher to analyse for coping
strategies applied subconsciously. All participants were interviewed once during the study,
and at the end of the interview, the participants were thanked for their participation and
assured anonymity.

2.4. Data Analysis

Researcher triangulation was conducted in order to ensure all important points from
the interviews were included in a thematic analysis—the foundational analytical method.
Researcher triangulation is generally recommended to overcome fundamental biases,
arising when using a single researcher [25]. Different types of researcher triangulation
can be applied: data triangulation, method triangulation, investigator triangulation and
theory triangulation, respectively. In the current study, investigator triangulation was
applied by using more than one researcher to conduct the interviews and analyse the
data. Prior to the thematic analysis, the two interviewers independently and without
prior discussion conducted descriptive summaries of all the interviews. The descriptive
summaries served to capture a summed picture of each interview, and as such, provided
the basis for the thematic analysis, together with the video material. From the summaries,
the two researchers, likewise without prior discussion, clarified the themes to address
the overall aim of the study. Approximately 21 h of video material and the descriptive
summaries created the basis for the thematic analysis. The investigator triangulation
approach ensured that the same data set was interpreted by more than one researcher; each
provided their independent analysis before further comparison, which is important for
decreasing bias in the analysis of data [25].

Thematic analysis is a method for identifying, analysing, interpreting and reporting
patterns and themes within qualitative data [26]. The analysis included a systematic flow
of moving forwards and backwards between the phases seen in Figure 1. The analysis
progressed from familiarization with the data to a systematic change and reorganization of
themes. The themes and concepts emerged from patterns in quotes and the descriptive
summaries of the interviews. Patterns in responses and meanings related to the study aim
were reflected in the chosen themes.

 

Phase 5: Defining 
themes 
 
-Organizing the 
analysis by refining 
the overall story. 
 
-Refining the 
definition of each 
theme, to specifically 
match the study aim 

Phase 6: Producing 
output 
 
-Selection of most 
compelling quotes 

Phase 1: 
Familiarization with 
the data  
-Viewing and 
reviewing recorded 
data 
 
-Overall impression 
of the participant’s 
situation, and 
transcribing all 
relevant quotes 

Phase 2: Thematizing 
quotes and 
descriptions  
-Initial systematic 
labeling, matching 
with existing themes, 
including a section 
for “other” 
discoveries 

Phase 3: Searching for 
themes and patterns 
 
-Organizing quotes 
and descriptions, and 
relabeling into new 
potential themes 
 
-Compiling all 
relevant data under 
each theme 

Phase 4: Reviewing 
themes 
 
-Reorganizing themes 
so they relate to the 
aim of the study 

Figure 1. Overview of the phases conducted in the thematic analysis. Guidelines and adaptation from [26].
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In case the verbal language did not clearly communicate a participants’ feeling or
intention, and the feeling or intention was found to be important for the data interpretation,
participants’ body language was taken into consideration. For example, if the liking of
food was mentioned to be altered, but the participant did not describe the direction of the
change clearly, (dis)liking could be revealed via facial expressions. Body language was
mentioned as a note in the descriptive summaries and/or put in brackets after a quote. The
thematic analysis was split into a descriptive part and an action-based part. Phase one and
two, in Figure 1, were conducted independently, and afterwards combined and discussed
in order to exclude any misinterpretations and to avoid any important points being missed.
Afterwards, the two researchers conducted a thematic analysis for one part each. Towards
the end of the analysis, the parts were combined and discussed, to ensure uniformity in the
interpretation of the data.

3. Results

In this section, the results are divided into two sections; the first section describes the
general subjective experiences of the effects of COVID-19 on appetite, sensory perception
of taste, flavour and smell, and food-related pleasure, and the second section describes the
subjective strategies applied by the participants to maintain their appetite and food-related
pleasure. The latter section is based on the main themes that arose from the thematic
analysis to maintain appetite: (1) focus on well-functioning senses, (2) focus on familiarity,
(3) focus on well-being, and (4) focus on eating environment.

3.1. The Effect of COVID-19 on Appetite, Sensory Perception and Food-Related Pleasure
3.1.1. Appetite

An effect of COVID-19 on appetite was mentioned by most participants. During the
acute phase of COVID-19, most participants experienced a decreased appetite:

Participant 7: Female, 59: “I had to convince myself to eat, and that was extremely difficult. The
food had to be placed in front of me, and sometimes I ate, and at other times, I barely touched it.”

Participant 10: Female, 35: “If I were to describe it in one word, then it would be >forced< eating.”

Participant 12: Female, 40 “We had to remind each other (to eat), my husband and I, the first couple
of weeks, because he did not feel like eating as well.”

Besides suffering from decreased appetite during the acute phase of COVID-19, some
participants were still suffering from a decreased appetite as a long-term effect of COVID-19
(n = 13):

Participant 5: F, 26: “I still have a reduced appetite, and I do not really feel hungry” . . . “I do not
experience that rumbling in the stomach as before, and the feeling of satiation come earlier than
usual because I do not feel hungry to begin with.”

Participant 7: F, 59: “I then started sensing that I was a bit hungry, but I did not know what I
wanted (to eat). I did not feel like eating because I could not really taste or smell anything.”

Participant 8: F, 42: “I do not think about food until I am really hungry”

Participant 10: F, 35: “Some days I do not feel like eating at all.”

Though many participants described that they in general did not feel hungry nor a
desire to eat during COVID-19, or reached satiation faster during a meal, some participants
expressed the post-meal satiety sensation as ‘unsatisfying’ (n = 3). Satiation was not only
depending on a physical feeling of fullness but had to include a feeling of ‘pleased senses’
based on the perceived sensory properties of food in order to feel fully satisfied. As a result,
some participants expressed exposing themselves to food continuously in the search for
‘sensory satisfaction’:

Participant 19: F, 34: “When I ate something, I did not feel satisfied (caused by the lack ability to
perceive the sensory properties of food). Therefore, I had a desire to eat shortly after, but I did not eat
a lot of food, because I could not taste it anyway.”
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Participant 16: M, 48: “The less I was able to taste, the more I ate of it. ( . . . ) It was like walking
around searching for something that could quench the thirst, but I was not able to find it.”

Participant 22: F, 25: “You also eat to achieve the taste experience, and if it is not there, then it is
like something is missing. For every bite you take, you are hoping to be able to taste something. I
actually feel that more food is needed for me to feel satiated.”

Participant 15: F, 33: “especially when I could not perceive any flavours, it was very difficult to tell,
when I felt satiated.”

3.1.2. Sensory Perception
Taste Perception

During the acute phase, several participants expressed experiencing ageusia, with a
complete lack of basic taste perception [3].

Participant 8: F, 42: “I could not taste anything, neither salt, sour, sweet, bitter (during the
acute phase).”

Participant 18: M, 53: “Citrus fruits, like lemon and orange that normally are very sweet or very
intense in taste, these were completely tasteless.”

In the post-acute phase, many participants reported suffering from ageusia, with
the majority experiencing hypogeusia, a decreased basic taste perception, as basic taste
perception gradually returned.

Participant 3: F, 29: “It is just thick and warm (about the sensory experience of coffee).”

Participant 6: F, 54: “It was very slow, and it started coming back gradually (about perceiving
basic tastes).”

During the period where basic taste perception gradually returned, the participants
expressed a need for higher concentrations of basic taste attributes to be able to perceive
them:

Participant 10: F, 35: “If there is too much salt (in the food), then I am able to perceive it. If you put
regular amounts, then I can’t perceive it. Not at all.”

Participant 12: F, 40: “It has to be extreme (amounts) before I can taste it. When I make rice, I tend
to put too much salt in and the others (her family) do not like it.”

Perception of taste did not necessarily return equally fast for all basic taste perceptions.
Several participants experienced a higher sensitivity towards single basic taste attributes
compared to others. Whenever a specific basic taste attribute was perceived in a meal, it
was found to completely dominate the flavour experience:

Participant 20: F, 46: “I can taste salt, because I use a lot of it. Much more than I used to. I can
barely taste sourness. I can taste sweetness.”

Participant 3: F, 29: “If I ordered iced coffee, then it should not be too sweet, because then that
was the only thing I could taste. It quickly became too sweet, and that’s the same with sour and
saltiness.”

Participant 13: F, 43: “If something is pickled, it gets an extremely intense vinegar taste.”

Participant 14: F, 66: “If lemon is present in food, then everything tastes sour. Lemon (sourness)
takes over (the taste perception).”

The gradual return of basic taste perception was explicitly expressed by the partici-
pants, but the total time period suffering from ageusia varied between participants.

Participant 3: F, 29: “It disappeared for a week or two, and then it came back (about perceiving the
basic tastes).”

Participant 19: F, 34: “I was not able to perceive basic tastes in three weeks, then it started coming
back gradually, but not completely.”

Participant 16: M, 48: “The first two months (basic taste) were completely gone, and then I started
being able to perceive sourness, saltiness and sweetness.”
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Odour Perception

When reflecting on the acute phase, several participants expressed a partial or com-
plete loss of odour perception, defined as anosmia [3], making them incapable of character-
izing food items.

Participant 13: F, 43: “I tried eating chocolate cake, but it was completely tasteless (because she
could not perceive the flavour of chocolate)”

Participant 7: F, 59: “I cannot tell if it is a pear or an apple, a blackberry or a blueberry.”
Others described not being able to perceive flavour at all, indicating a combined basic

taste and odour impairment.

Participant 10: F, 35: “The other day, I accidently made a very strong curry dressing (..) and it was
like eating soft ice cream, that does not taste of anything.”

Participant 15: F, 33: “I thought of eating mackerel in tomato with my oatmeal in the morning
because I could not taste anything.”

Participant 6: F, 54: “If you had me blind-folded, and you put food in my mouth, I would not be
able to guess what food it was.”

During the post-acute phase, the majority of participant experienced a partial or
complete loss of odour perception:

Participant 12: F, 40: “I have always been extremely sensitive towards scents. I could throw up by
the least disgusting scent, and I do not feel like that anymore. It really has to be the extremes (to be
able to smell it).”

Participant 5: F, 26: “I was able to taste the sweetness (in a strawberry cake), but I could not taste
the flavour of the chocolate, the strawberry and the cream.”

Participant 9: F, 50: “If you can imagine eating ketchup. The only thing you can perceive is
the sweetness.”

Participant 22: F, 25: “I cannot taste the difference between food. I cannot taste if it is a tomato or if
it is a cucumber. I can only taste the saltiness and the sourness.”

In a few cases, the participants suffered from hyperosmia during the post-acute phase,
defined as hypersensitive sense of smell [3].

Participant 9: F, 50: “I really like lilies, and I think they smell amazing. Sometimes I cannot handle
the scent (about her sense of smell being hypersensitive).”

Participant 7: F, 59: “I am a nurse, so the smell of faeces and stuff like that make me sick. It was not
like that before (because the smell is too intense).”

Participant 6: F, 54: “I made a dish with cabbage in it, that I normally liked, and suddenly I could
not handle the smell of the cabbage (because the smell of cabbage was too intense).”

Some participants further experienced parosmia and phantosmia during the post-
acute phase, defined as altered odour perception and the experience of odours that are not
actually present, respectively [3]. The most common off-flavours mentioned were soap,
metallic, rotten, smoked, perfume and chemicals:

Participant 5: F, 26: “Some scents smell different compared to before. For example, my perfume
smells different than before.”

Participant 2: F, 44: “I was in bed in an isolated place, and I could smell Christmas cookies. There
were not any Christmas cookies (when she was in isolation at the hospital).”

Participant 8: F, 42: “There was a day, were I wanted to eat a big, delicious steak. ( . . . ) The taste is
like how rotten animals smell.”

Participant 10: F, 35: “If I eat a crunchy piece of bacon, then it tastes like soap.”

Participant 13: F, 43: “I love Pepsi Max. That’s my drug. It is actually terrible (that she cannot
drink it anymore). I can cry about it. I know it is such a piddly thing, but now it tastes like perfume.
It is like someone is spraying perfume directly in my mouth.”
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Participant 13: F, 43: “Salted almonds, that I also love. When I tried eating them recently, they
tasted like smoke. That smoke taste is absolutely disgusting.”

Participant 16: M, 48: “The taste of alcohol is very, very strongly chemical.”

Participant 18: M, 53: “Everything tasted like iron.”

Participant 20: F, 46: “When I eat jam, it tastes like soap.”

Chemesthesis Perception

A few participants experienced an altered sense of touch during the post-acute phase
of COVID-19. Specifically, they reported an altered feeling of the tongue; burning, tingling
and numbing sensations. This feeling would come and go, and was mentioned by one
participant to have a direct effect on the ability to perceive textures and taste:

Participant 7: F, 59: “I have days where I feel something burning, and it feel on the outer edge of my
tongue. I actually have an almost constant burned tongue sensation.”

Participant 12: F, 40: “It is like I have something (points at the middle of her tongue), in the
middle, it is like I can only taste something if it is on the edge of my tongue (about her tongue
feeling burned).”

Participant 19: F, 34: “it feels like there is a layer (on her tongue), then I cannot taste as much. But
when I do not feel like that, I can taste everything.”

3.1.3. Food-Related Pleasure

Many participants mentioned that the hedonic aspect of eating was severely altered
due to COVID-19. Specifically, the participants expressed a reduced food-related plea-
sure during the post-acute phase, and eating was, by most participants, expressed to be
motivated by a bodily need for energy and nutrients rather than a mental desire.

Participant 3: F, 29: “If I am a little hungry, I wait (until she become hungrier) as it does not give
any feeling of pleasure. Before it was nice to eat, but now I eat to not collapse.”

Participant 15: F, 33: “The only thing that matters is to go from being hungry to be satiated. Then
you do not have to eat any more. It is not fun or cheering to eat anymore.”

Participant 13: F, 43: “Eating is not only for the health of the body. Eating is also for pleasure, and I
absolutely do not feel any pleasure of food right now. It is sheer for survival.”

Participant 12: F, 40: “You start smelling food and you start saying, Yummy, this smells wonderful
(before COVID-19). I am looking forward to eat. This feeling is gone, and it has really bothered me.
( . . . ) It is really sad. There is no fun about cooking anymore.”

The lack of a hedonic incentive to eat was reported to result in an overall lower food
intake.

Participant 3: F, 29: “I have eaten less, and I also eat less now, because it does not make sense to
have a second portion. I stop eating when I am full, because there is no enjoyment in it.”

Participant 5: F, 26: “For example, I do not eat an extra portion because it tastes good.”

Participant 22: F, 25: “Normally the smell of food makes me hungry, and I cannot do that anymore.
I do not enjoy food as much. I still eat what I need when I am hungry. It is just not the same joy
around food.”

Being able to perceive taste, flavour and odours, was pointed out as crucial for eating-
related pleasure. Furthermore, several of the participants described that the sensory
experience was not only affecting perception of the food product, but also overall quality
of life.

Participant 2: F, 44: “Being able to taste these foods means a lot to me, and it affects me mentally.
Food has become my enemy. It has been my best friend for so many years.”

Participant 9: F, 50: “It is a serious reduction in quality of life, when you lose your ability to taste
and smell.”
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Participant 20: F, 46: “The satisfaction from cooking and serving a meal is completely gone. That is
truly sad. ( . . . ) it is really becoming quite a plague to cook, and it is not as nice as it used to be.”

3.2. Strategies for Coping with Changes in Appetite and Maintaining Food Pleasure
3.2.1. A Focus on Well-Functioning Senses

Perception of the food’s sensory properties were found to be closely related to the
hedonic value of food. All of the participants who experienced dysgeusia and dysosmia
changed their diet, excluding foods that tasted bad, and eating ones that they liked. Further-
more, they focused on the senses where perception was maintained, such as chemesthesis.

During the period in which the participants suffered from ageusia, parageusia, anos-
mia and parosmia, many participants experienced a greater appreciation of crunchy foods.
Crunchy foods gave the participants some pleasure when eating, and though the level
of pleasure was not perceived to the same extent as before COVID-19, a focus on the
well-functioning sense of touch helped them maintain some pleasure with food intake.

Participant 6: F, 54: “It was very interesting with nuts in chocolate, they are crunchy, so there is
still some satisfaction while eating it, even though it had no taste.”

Participant 9: F, 50: “it was really gross to eat soft/smattered foods, when it had no taste... I like it
when it is something crunchy. I like a crunchy browned surface on meat.”

Participant 14: F, 66: “It is an experience to eat a carrot, because it gives my mouth something
to work with. Instead of eating something that you chew in seconds, it takes a bit longer to eat
a carrot.”

Participant 16: M, 48: “to eat something crunchy, that’s also a way to snack.”

Additionally, adding a creamy component to alter the mouthfeel was appreciated by
a few participants.

Participant 3: F, 29: “e.g., a salad with different veggies, nuts, seeds and some dressing to get
something soft, and then it is important that the vegetables still are a bit hard on the inside.”

Participant 12: F, 40: “Normally I never use milk in my coffee, but when someone offer me coffee
now (after she got COVID-19), I add milk, so I get a different mouth feeling.”

Several participants experienced that an increased trigeminal stimulation either via a
variation in hot and cooling sensations, or an oral burning sensation made them appreciate
food more, as it would compensate for ageusia and anosmia. When suffering from these
conditions, the participants described that adding chili to a meal, would increase the
hedonic experience.

Participant 3: F, 29: “e.g., a salad with different veggies, nuts, seeds, hot chicken so I get something
hot and cold.”

Participant 5: F, 26: “Now it is just the flavours and smells (that are missing). ( . . . ) Texture, hot
food, cold food, a variation, that’s delicious!”

Participant 2: F, 44: “The spicier the food, the better I like it. Then I feel like I am getting just a bit
of my senses back.”

Participant 8: F, 42: “I have tried to eat chili, just because it was fun to feel the burning sensation. I
could not taste anything at all.”

Participant 12: F, 40: “I always keep a glass of jalapeños in my fridge. I add it to my food just to get
some kind of a flavour (to be understood as sensory perception).”

Participant 20: F, 46: “It gives a burning sensation. It can also help me get rid of the bad taste.”

3.2.2. A Focus on Familiarity

Several participants expressed that familiarity of foods became an overly important
factor for their hedonic food experience. The memory of how the food used to taste was
necessary for their desire to eat and liking of foods.

Participant 7: F, 59: “One thing I have learned, is that I need to be able to remember how it taste,
otherwise I will not like it.”
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Participant 13: F, 43: “I actually tried eating some spaghetti bolognese from a restaurant the other
day. ( . . . ) It had no taste at all, but because I know that I used to like it, it still did something
for me.”

Participant 10: F, 35: “hash (=Biksemad in Danish, a mixed dish with potatoes, meat, vegetables)
was on sale, and I thought, we will take it, because I know how it is supposed to taste. That works
for me because we have eaten that before, when I was able to taste.”

Participant 13: F, 43: “I cannot really taste it, but the feeling of remembering that this is good,
sometimes makes me go: Mmmmh Nice! This is really good.”

Several participants expressed that exposure to unfamiliar food or unexpected sensory
stimuli resulted in extreme dislike.

Participant 7: F, 59: “Just a small thing, a different sound, different look, or different taste, then I
instantly loose the desire to eat, and then I give up.”

Participant 10: F, 35: “She then picked the wrong one, so I got sausage mix (instead of hash -a dish
with potatoes, meat, vegetables) When I tried to eat it, it grew 10 times bigger (in my mouth) than it
really was.”

3.2.3. A Focus on the Eating Environment

In nearly all cases, the participants experienced an increased appreciation of eating
with family, as it caused them to shift their focus from not being able to perceive the
food’s flavour to enjoying the social company. Furthermore, the social company helped the
participants eat proper meals.

Participant 7: F, 59: “I enjoy it the most, if I am with others. If I am eating alone, I have to convince
myself that I have to eat.”

Participant 10: F, 35: “But luckily, I cook for myself and my son every day, so the point that I am
cooking for someone, and eating with someone—I think that has a big impact on me.”

Participant 12: F, 40: “It surely helps eating together, right? I think that was the reason that my
appetite has returned. ( . . . ) If I had been alone, I would not have eaten anything, so it was really
good that I had my kids and my husband.”

Participant 15: F, 33: “When I lost my sense of smell and taste, it did not matter anymore—I ate
because Claus, my boyfriend, and I had to. Luckily, he was here, otherwise what I ate would not
have mattered to me.”

Participant 20: F, 46: “Then I am just eating a piece of bread. I do not get advanced when the others
are not home. So, I definitely eat less when I am alone.”

Participant 22: F, 25: “I would not be cooking if I was eating alone, then I would just eat a small
meal. I just enjoy it more when I am eating with someone, I automatically eat a bit more.”

Even though most participants enjoyed the company of their family, some participants
expressed the importance of a calm eating environment during a meal to be able to focus
on the sensory properties of the meal that could vaguely be perceived. The participants felt
that noise from people around them, as well as food and non-food-related odours could
distract their attention, and as a result lower their appetite.

Participant 2: F, 44: “When I am eating, I need complete silence. I need to focus on what I am eating
and focus my mind on the taste it used to have.”

Participant 11: F, 43: “Also because we talk a lot, and my family talks a lot, and my husband and
daughter talk loudly, it sometimes makes it difficult to be around, they also have to learn to lower
their voices. It can affect my appetite so I have to leave the table.”

Participant 13: F, 43: “At some point I had to tell her: you have to wash off your perfume, otherwise
I will not be able to sit near you.”
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3.2.4. A Focus on Overall Well-Being

As mentioned above, the sense of taste and sense of smell had a big impact on the
pleasure related to food intake. When the participants had lost their sense of taste and sense
of smell, they focused on other aspects of consumption that could increase their well-being.

Some participants described how they consciously worked with adjusting expectations
towards the eating experience and how this helped them not to feel disappointed.

Participant 9: F, 50: “It must come back—and if it do not, there is really nothing I can do about it.”

Participant 14: F, 66: “If I am expecting to be able to taste the meal, then it is going to feel like a
bummer. If I have already decided to focus on the texture, or the looks of it, it is not going to be
fantastic, but kind of like what I came for—it is living up to my expectations.”

Participant 14: F, 66: “I do not want to be negative about it, It is going to be some long days.”

Participant 18: M, 53: “It is what it is, just going to have to wait till things turn around.”

Participant 19: F, 34: “So you accept the circumstances (...) Oh well, it is what it is, you just got to
wait for it to return.”

Some participants found pleasure in foods they used to perceive as ‘highly palatable’
and ate according to what they previously liked, despite the inability to perceive the flavour.
The highly palatable foods were often unhealthy foods like chocolate and chips. For this
group, taste was secondary, and the feeling of giving themselves a treat was primary.

Participant 6: F, 54: “I have always had kind of a chocolate addiction. I could control it for a couple
of months at a time, but would always get a fall back, and regain control after a couple of months.
( . . . ) I would typically fall in at Christmas, and regain control around easter. It was the same every
year. When we were home sick (with COVID-19), we ate a lot of chocolate.”

Participant 16: M, 48: “I ate a lot of chips, pork crisps and chocolate. It got out of hand. The less I
was able to taste, the more I ate.”

Participant 22: F, 25: “Well, by making some palatable meals (you bring pleasure to the meal), and
not just something like a fried fish fillet on rye bread or something. That you make something a bit
more delicious—more tasty.”

Other participants cut down on all unhealthy foods and redirected their pleasure from
primarily being driven by the food’s flavour to focusing on the healthiness and the feeling
of eating nutrients, which are considered good for their body. This group particularly
focused on eating healthier, and cut down on all hyper caloric and unhealthy foods.

Participant 3: F, 29: “When you cannot tell the difference, you might as well just eat healthy.”

Participant 13: F, 43: “I have told myself: if you cannot taste it, there is no reason to fill yourself
with sugar, there is no reason for that anymore.”

Participant 15: F, 33: “I thought of eating mackerel in tomato with my oatmeal in the morning
because I could not taste anything. I did not get to try it though.”

Participant 16: M, 48: “And I think, in some way, I have been addicted to taste, because I have
significantly changed my eating habits since we found out that when we were not able to taste
anything, we might as well hire a dietician to help us eat a bit healthier.”

4. Discussion

Overall, the participants were able to reflect upon and describe how COVID-19 affected
their appetite, sensory perception and food-related pleasure. Conversely, participants in
general showed difficulties verbalizing the strategies applied. This could be related to
patients coping on a subconscious level and thereby not being capable of memorizing their
strategies up front when asked in an interview. Via questioning, and especially elaboration
of patients’ behaviour during meal preparation and intake, several strategies could be
identified and interpreted (see Section 3.2).
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4.1. COVID-19′s Effect on Sensory Perception

Chemosensory dysfunction is common when suffering from COVID-19 [2,4], and as
other studies indicate, the majority of COVID-19 patients suffered from chemosensory
dysfunction, either in the acute phase, or the sequelae thereof. Specifically, olfactory and
gustatory impairments are common among COVID-19 patients, both when reviewing
the literature [27,28], and when looking at the participants of the present study. In the
present study, the frequency of a combined olfactory and gustatory loss was more common,
than suffering from gustatory or olfactory loss separately, which was also the results of
a recent study [28]. Some participants experienced the condition worsening over time,
observed as anosmia and ageusia developing into parosmia and parageusia. Whether this
development in sensory dysfunction is a symptom of soon recovery or opposing long-term
effects, cannot be concluded based on the present study.

4.2. COVID-19′s Effect on Appetite

Most participants reported experiencing alterations in appetite sensations, and conse-
quently, food intake, due to COVID-19, but the quality of this change (higher versus lower
appetite and food intake) varied between the participants. The majority of participants
experienced a decreased appetite and consequently decreased food intake, whereas fewer
participants experienced a constant unsatisfied appetite, resulting in a constant search for
food and thus increased food intake. These results support results from previous studies
on patients with chemosensory disorders, where more patients reported to eat less than eat
more [21,29].

4.2.1. Decreased Appetite and Intake

Common flu and common cold often correlate with reduced appetite [30]. Further-
more, a study on patients suffering from chemosensory disorders showed that a sudden
onset of anosmia, as is the case with COVID-19, is related to weight loss due to lack of
appetite [21]. This was likewise reported in the present study, where the participants expe-
rienced a reduced appetite during the acute phase of COVID-19, along with the symptoms
fever, headache and throat pains (see Section 2.1). Specifically, participants expressed
that hunger sensations in general were absent, prior to the meals, and also that a satiated
state was reached faster during a meal compared to before COVID-19. Satiation, defined
as a feeling of fullness evolving during a meal [31], is linked to the palatability of the
food consumed based on perception of the sensory properties. During the early stages of
a meal, an ‘appetiser’ effect had previously been found, as a response to palatable food
experiences [32]. In line with this, models of appetite suggest a positive-feedback reward
mechanism underlying the sensory enhancement of appetite [33]. In several studies, in-
creases in hunger have been reported in the early stages of a meal as a response to palatable
foods [32,34,35]. In addition, palatability has also been liked to significant increases in food
intake in general [36–38]. At later stages during the meal, hunger sensations decline, and
the sensation of satiation takes over. As COVID-19 often causes a dysfunctional sensory
perception, the palatability of food is suffering. The subjective reports suggesting a faster
satiation during a meal could therefore likely be related to a decreased or omitted early
stage positive-feedback on appetite, resulting in a faster decrease of hunger sensations
and onset of satiation. Furthermore, sensory stimuli are linked to motivation to initiate
feeding [35], via value representation of the rewarding properties of food. The link between
sensory stimuli, hedonics and appetite has, for example, been observed via the effect of
odours on appetite stimulation, and especially via the focus on congruent foods [39–41].
As seen in the results from the present study, most of the participants suffered from ageusia
and anosmia, and several of them mentioned specifically how this affected their appetite.
The ability to perceive odours when cooking a meal was mentioned by several partici-
pants as a factor that, under normal circumstances, would induce appetite, but due to the
dysfunctional sensory perception, this motivation to eat was not stimulated.
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4.2.2. Increased Appetite and Intake

The second group of participants experienced a conditioned increase in appetite,
which was expressed as ‘unpleased senses’, and a constant search for foods to reach
satisfaction (see Section 3.1.1). This experience is related to the term ‘sensory satisfaction’,
which is regarded as a state of contentment where sensory desires are fulfilled [42–44].
Eating is both hedonically and homeostatically driven, and the underlying hypothesis
behind ‘sensory satisfaction’ propose that a faster hedonic fulfilment via the food’s sensory
properties is associated with a lower desire to continue eating, resulting in faster satiation
and potentially a reduced intake [45,46]. When suffering from ageusia and anosmia,
the sensory stimulation and resulting hedonic response is decreased, which can explain
why these participants’ search for sensory stimulation to experience the food-related
pleasure they normally experienced before COVID-19. A sensory satisfying meal has
previously been found to result in faster satiation, among subjects not suffering from
COVID-19 [42,46]. In these two studies, sensory satisfaction increased by altering the
trigeminal stimulation during the meal using cayenne pepper. Subjects exposed to the
slightly spicier meal felt significantly more sensory satisfied [42], which resulted in reaching
a satiated state significantly faster compared to when they ate the meal without added
cayenne pepper. This could indicate that a lack of sensory satisfaction could result in an
increased intake. The participants in the present study explicitly expressed their satiated
sensation as ‘unsatisfied’, as a result of the inability to perceive taste and flavour. although
the participants felt satiated, they kept eating, trying to satisfy their desire for sensory
stimulation. Similar results have been found among patients suffering from chemosensory
disorders [21]. Patients who ate more reported doing so in an effort to taste the food.
Therefore, it can be hypothesized that patients who are able to perceive (or sometimes
perceive) flavour sensations are the ones increasing their appetite and intake in order to
experience the pleasure from the flavour sensation. Future studies will have to clarify
this hypothesis.

Increased appetite, and consequently, increased intake, could further be related to the
emotional consequences of COVID-19. Though differences were found in the present study
with respect to how chemosensory dysfunction affected the participants’ emotional state, all
participants expressed negative emotions related to suffering from dysgeusia and dysosmia.
A previous study of the effect of COVID-19 on mental and emotional state focused on
the effect of quarantine and social isolation [46], but not explicitly related to sensory
perception. The study found frequent reports of mental and emotional implications, such
as anxiety, emotional distress, and fear during the COVID-19 pandemic [47,48]. Presence
of negative emotions such as anxiety, fear and emotional distress, and lack of positive
emotions such as happiness, relaxation and positive mood [49], as well as boredom [50],
are all emotional states associated with increased food intake. All of the above-mentioned
mental or emotional implications were either mentioned by the participants specifically,
or could be interpreted from their statements. Therefore, it cannot be ruled out that the
emotional effects of the COVID-19 pandemic in general also cause appetite altering effects.

4.3. COVID-19′s Effect on Food-Related Pleasure

Food-related pleasure was mentioned directly or indirectly by all participants. Dysgeu-
sia and dysosmia led to low food-related pleasure, and a lot of the participants expressed
being surprised to experience the impact of chemosensory dysfunction on well-being.

A recent study including more than 8000 respondents across 14 countries investigated
associations between food, drinks and feeling good [51]. Respondents were instructed
to write down the first four words that came to mind when thinking about food and
beverages and feeling good. The sensory and hedonic value of food was mentioned by 34%
of the respondents, and the sub-category ‘taste good’ was mentioned by 24% of the respon-
dents [51]. This study, combined with the broad range of studies and models focusing on
sensory properties and acceptance, e.g., [7–9], sensory properties and preference [10], sen-
sory properties and food behaviour, e.g., [11–14], and liking as a determinant for intake [15]
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highlight the close relationship between sensory properties and pleasure, and when put in
the context of the present study, this explains the huge impact of sensory dysfunction on
subjective well-being.

4.4. Coping Strategies

A key result from the present study was the identification of four key themes when
studying the subjective strategies involved in maintaining appetite and food-related plea-
sure during the acute and post-acute phase of COVID-19: (1) A focus on well-functioning
senses, (2) a focus on familiarity, (3) a focus on the eating environment, and (4) a focus on
post-ingestive well-being.

4.4.1. A Focus on Well-Functioning Senses

The sensory food experience is related to the five sensory modalities: sight, smell,
hearing, taste and touch. The importance of sensory properties and their cross-modal
interactions for appetite and hedonic food appreciation is evident, but little has been done
to examine the relative importance of each of the five modalities, respectively, for hedonic
food appreciation; are all five modalities of equal importance, or does a single (or several)
modality/modalities stand out? The few studies conducted previously all point at ‘taste’
(to be understood as flavour, the combined perception of aroma and taste) as being the
most important sensory modality for hedonic food appreciation [52–54], indicating that
consumers do not pay equal attention to all modalities. The importance of flavour was
supported in the present study, but the importance of flavour per se in relation to the other
modalities differed among the participants and affected subjective food-related pleasure
and appetite.

Participants suffering from dysosmia and dysgeusia but who managed to shift their
focus from flavour primarily driving food-related pleasure towards focusing on the sense of
touch via perceptions of textures, temperatures and burning sensations, described a higher
degree of food-related pleasure than the participants maintaining their focus on (lack of) the
taste and odour sensations. Though the participants did not experience the same degree of
food-related pleasure, as before COVID-19, a focus on the well-functioning senses, or other
areas of the meal that brought pleasure, such as social eating (see Sections 3.2.3 and 4.4.3),
helped the participants to maintain some degree of food-related pleasure, as it would
increase the chance for the meal to meet their expectations. Inability to focus on the well-
functioning sense of touch resulted in increased frustration regarding food intake, and a
feeling of dissatisfaction. In studies on patients suffering from chemosensory disorders,
similar changes in food habits have been reported. Often, diets were enriched with hot
and spicy food [16,21,55]. Additionally, there was a trend towards choosing foods with a
crunchy, crispy, smooth and creamy texture [16,21].

The ability to shift focus toward well-functioning senses can be hypothesized to
depend on individual differences. The study by Andersen and colleagues [54] further
found that for 42% of consumers, the taste (flavour) was the most important sensory
modality for the hedonic food experience. For 19% of the subjects, appearance was most
important, and for 18%, odour and texture, respectively, were most important. For only
9% of the subjects was taste the least important modality. Therefore, it might be that the
participants in our study who managed to focus on the sense of touch were not primarily
driven by the flavour in their appreciation of food.

4.4.2. A Focus on Familiarity

Some participants showed reluctance to eat novel foods, especially while suffering
from ageusia. Being unable to perceive any tastes or flavours increased the importance
of recognizing the food. Eating unfamiliar foods was associated with disgust, and made
the participant incapable of continuing the meal. This reaction can be explained by the
evolutionary importance of sensory perception for surviving, where the sensory perception
guided humankind to avoid ingesting potential harmful foods [56]. The reaction of disgust
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could therefore be interpreted as an innate reaction, where unfamiliar food that has not
been learned to be safe to ingest is rejected, if the sensory properties cannot be perceived
and thereby help to determine, whether the meal is safe to eat [57].

4.4.3. A Focus on the Eating Situation

In the present study, many participants expressed having an increased food intake
when partaking in a social eating context, for example eating dinner with their family. The
participants described the increased food intake to be caused by the focus of the meal to be
shifted away from the food itself, and towards the joy of eating with family. No research
explains the effect of eating with others when suffering from chemosensory dysfunction,
but as discussed in Section 4.2.2, shifting focus away from the flavour and taste of food,
towards other aspects of eating still providing pleasure, could increase the food intake.
Eating with family and friends is generally known to increase food intake [58], and under
normal circumstances, the availability of food per se when eating in a social context can
cause an individual to overindulge [59]. Though none of the participants in the current
study overindulged while suffering from chemosensory dysfunction, this phenomenon of
social eating could still drive the increased food intake reported in the present study.

4.4.4. A Focus on Post-Ingestive Well-Being

Food-related pleasure (and reward) within the appetite space has primarily focused
on wanting and liking of food, prior to or during consumption, respectively. Though it has
been argued that food-derived reward also depends on the mental and bodily well-being
experienced after eating [44], this element has not been researched until recently [60–62].
‘Post-ingestive food pleasure’ is defined as a subjective conscious sensation of pleasure
and joy experienced after eating [62] and is driven by both mental and physical sensations,
which can be measured via interoception. Interoception functions as a basis for self-
awareness and subjective feelings, and can provide insights into the extended appetite
experience.

In the present study, it was found that the participants expressed both mental and
physical sensations involved in food-related pleasure, and appetite could be maintained by
focusing on these both in the relation to the prior to, during and post eating experience.

Specifically, it was found that some participants found pleasure in eating unhealthy
foods like chocolate and chips. For this group, the actual flavour was secondary (as it
was in many cases reported to be dysfunctional), and the memory of the flavour and the
feeling of giving themselves a treat was primary. Calorie-dense foods have previously
been proposed as ‘comfort foods’ [63], and when associated with prior experiences, can
hold a nostalgic or sentimental appeal [64], as in the present study. As discussed above,
suffering from ageusia can have a devastating effect on an individual’s well-being, and it
can be the root of several negative emotions. Among the triggers of comfort food eating is
the feeling of negative emotions [65], and/or the intent to remedy negative emotions [66].
Eating palatable food is in general known to release mood-enhancing chemicals in the
brain [67], which can explain the desire for unhealthy food reported by some participants.
Wagner et al. [63] found no difference in subjects’ (n = 100) emotional state after watching
an upsetting movie, as long as they were offered something to eat. The subjects were either
exposed to their favourite comfort food, popcorn, a neutral snack, or nothing to eat at
all [63]. Thereby, comfort eating can be interpreted as a subjective behaviour to relieve
negative emotions.

In the current study, another group of participants applied the opposite strategy and
focused on healthy eating as a source of pleasure. These participants lowered their expecta-
tions for the sensory experience, and focused on the holistic feeling of eating foods, which
were considered nutritionally ‘good for their body’. This group of participants specifically
stopped eating any type of unnecessary or unhealthy foods, as the hedonic aspect related
to the sensory properties could no longer be perceived. Interestingly, this group of people
reported a higher food-related pleasure and appetite than the group focusing on pleasure
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from unhealthy foods. The quantitative element of pleasure and the difference between
the participants applying a healthy versus unhealthy eating behavioural strategy can be
explained in terms of (dis)confirmed expectations. Satisfaction is experienced either when
expectations are confirmed, or when experiencing a positive disconfirmation (positive
surprise), whereas dissatisfaction is felt when expectations are negatively disconfirmed
(disappointment) [68]. Down-adjustment of expectations towards the sensory experience,
can thus cause a higher likelihood of expectation confirmation compared to maintaining a
focus on the flavour as it used to be perceived, which is more likely to cause a negative
disconfirmation with dysfunctional sensory perception as a result of COVID-19. Healthy
eating has many positive effects on the body, both mentally [69] and physically [70], and
previous studies have found that healthy eating was associated with post-ingestive food
satisfaction [71] and post-ingestive well-being [61].

4.5. Suggestions for Future Research

The present research increased our understanding of the subjective experience of
changes in appetite, sensory perception and food-related pleasure when suffering from
the long-term effects of COVID-19. Of potentially even greater importance, the research
highlighted potential strategies for coping with these changes to maintain appetite and
food-related pleasure. The findings are of relevance for health professionals (e.g., dieticians)
working with patients suffering from COVID-19 and chemosensory disorders. In addition,
the findings can potentially be extended to other patient groups showing decreased appetite
and anhedonia. Therefore, a future focus should be on how to apply the findings among
these patient groups.

Along with the application of the findings, the authors suggest that future research
focuses on treatments for restoring taste and odour perception. One potential treatment for
odour perception impairment is smell training, where patients sniff odours regularly to
relearn them. There is evidence from before the COVID-19 pandemic that smell training
can improve smell function in people with such impairments [72], but the effect on smell
function among COVID-19 patients suffering from anosmia is unknown. In addition to the
study of the effect of smell training, the wider applicability of the training procedure in
a COVID-19 situation needs to be addressed. For example, it is relevant to know whether
anosmic patients in all phases of the COVID-19 disease can benefit from the training, and
how to manage the training without the risk of infecting others.

4.6. Limitations

From the findings of the present study, it is evident that the sensory food experience
is very important for appetite; both for the motivation to engage in food intake and for
the continued consumption during a meal. However, as the participants also expressed
other symptoms related COVID-19 disease and long-term effects, we cannot conclude that
changes in appetite and food-related pleasure are due to sensory impairments only. To be
able to study this directly, it would be desirable to compare groups of COVID-19 patients
with and without sensory impairments, respectively, and study effects on appetite and
food-related pleasure.

A limitation when stating our findings from this qualitative study is that the outcome
was strongly dependent on the replies of the participants. A total of 19 people participated,
and the results might therefore not apply to the whole group of people suffering from long-
term appetite-related effects of COVID-19. Furthermore, the findings are from subjective
reports only, and are not backed-up by objective means.

For a total of five participants in the present study, the diagnosis with COVID-19 relied
on a subjective assessment, as they were not eligible for a test through the Danish health
care system at the time, when they were in the acute phase of COVID-19. Therefore, they
do not hold concrete documentation for a diagnosis with COVID-19. However, all five
participants mentioned having suffered from symptoms regarded common for COVID-19
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during the acute phase of the disease, and were suffering from the common symptoms of
long-term consequences of COVID-19, when they were enrolled in the study.

Finally, as the participants were in the post-acute phase of COVID-19 when enrolled
in the study, findings regarding the acute phase rely on the memory of the participants. We
know from previous studies that retrospection is not necessarily accurate. Therefore, the
results regarding the acute phase of COVID-19 should preferably be confirmed in studies
in which subjects are not relying on their memory to provide replies.

5. Conclusions

Changes in sensory perception, appetite and food-related pleasure are common, both
in the acute and post-acute phases of COVID-19. This qualitative in-depth interview study
brought a deeper understanding of the subjective experience of these changes, the effect
on eating behaviour, and how to cope with the changes to maintain appetite and pleasure
when recovering from COVID-19.

The study provides confirmatory evidence for an effect of COVID-19 on chemosensory
functions, which include ageusia, anosmia, and parosmia as the most common during the
post-acute phase of COVID-19. Chemosensory function was, via the study of dysfunction,
found to be the most influential driver for food-related pleasure.

Though all participants suffered from lowered enjoyment of food-related experiences,
this study points at new strategies to maintain appetite and food-related pleasure via a
focus on other pleasure giving factors when suffering from chemosensory dysfunction.
Four key themes were identified; a focus on well-functioning senses, a focus on familiar
foods, a focus on the eating environment, and a focus on post-ingestive well-being. The
wider applicability of these strategies could be advantageously applied in future studies
focusing on day-to-day living with COVID-19 and diseases likewise affecting sensory
perception.
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Abstract: Data about self-perceived food choice (FC) changes and their determinants during COVID-
19 lockdowns are limited. This study investigated how the Italian lockdown affected self-perceived
food purchases (FP), occurrence of impulse buying (IB), household food waste production (HFWP)
and their determinants. A web-based cross-sectional survey was distributed in May 2020, collecting
an opportunistic sample of the Italian population. A total of 1865 (70% females) people were enrolled,
the median age was 29 (IQR 16.0). Most of the sample increased overall FP (53.4%), food consumption
(43.4%), reduced HFWP (53.7%) and halved the prevalence of IB (20.9%) compared to the period
before the lockdown (42.5%). Baking ingredients, fresh vegetables, fresh fruit and chocolate had the
largest sales increase by individuals, while bakery products, fresh fish and salted snacks purchases
highly decreased. Increased FP was associated with the occurrence of IB (adjOR 2.48, p < 0.001) and
inversely associated with not having worked during lockdown (adjOR 0.71, p = 0.003). Multivariable
logistic regressions revealed occurrence of IB was associated with low perceived dietary quality
(adjOR 2.22, p < 0.001), resulting at risk, according to the Emotional Overeating Questionnaire
(EOQ, adjOR 1.68, p < 0.001), and inversely associated with decreased HFWP (adjOR 0.73, p < 0.012).
Reduced HFWP was associated with higher perceived dietary quality (adjOR 2.27, p < 0.001) and
negatively associated with low score at WHO-5 Well-Being Index (adjOR 0.72, p = 0.002). The Italian
lockdown highly affected FC behaviours, leading to positive and sustainable habits towards food
purchase and consumption. Public health interventions are needed to keep these new positive effects
and avoid negative consequences in case of future lockdowns.

Keywords: lockdown; COVID-19; coronavirus; food choice; food purchase; food waste; impulse
buying; food consumption; mental health; emotional eating

1. Introduction

On 21 February 2020, the first case of indigenous SARS-CoV2 infection in Italy was
reported. A few days later, the lockdown was established in some provinces of northern
Italy [1,2]. On 9 March 2020, the Italian Government decided for a stringent containment
measure of lockdown on the entire national territory [3]. This measure was effective
in flattening the epidemic curve and bought valuable time, allowing for the number
of intensive care beds to be nearly doubled before the National Health System reached
maximum capacity [4]. During lockdown, people could leave their homes only for primary
activities such as work in key sectors of industry, care and services, physical exercise,
medical care or food shopping. On 3 May, the government declared the end of the first
phase of the lockdown by introducing a series of less restrictive anti-contagion rules [5].

The global pandemic of COVID-19 has caused radical changes in the structure of
people’s daily routines in most of the countries around the world, including the way
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people buy food, that has changed dramatically [6]. In the weeks immediately preceding
the Italian lockdown, people began to panic-buy and stockpile essential and non-perishable
products such as water, gloves, carbohydrate-rich staples (e.g., bread, pasta), canned food,
hand sanitisers, and even toilet paper [6]. On a national scale, in March, during the acute
phase of the lockdown, a +17% of grocery sales was reported, reaching almost EUR 6 billion,
EUR 860 million more than the same period during the previous year. Purchase choices
were mostly directed toward the stocking of non-perishable foods, in order to face potential
scarcity situations. The increase in purchases affected moreover pasta, UHT (ultra-high
temperature) milk, canned fish, flours and eggs, frozen foods, cold cuts and parmesan, and
water [7]. Neighbourhood shops were preferred over hypermarkets, due to large queues
and proximity [8]. A similar trend affected online shopping, reaching virtual overcrowding
and service outages [9]. The major increase in purchases occurred in South Italy, despite
being the least affected territory by COVID-19 [8].

These data are not surprising. In the literature, indeed, it is well known that during
home confinement people tend to increase their food intake [10,11]. A quarter of the
Italian population consumed more food and one third increased time spent cooking at
home [12], while an Italian study showed that half of the sample felt anxious about their
eating habits, consumed comfort food and were inclined to increase food intake to feel
better [13]. Furthermore, during lockdown the perception of weight gain was observed
in almost half of an Italian sample and young people resulted having a higher adherence
to the Mediterranean diet [14]. Another study, conducted in Poland, reported that during
quarantine people ate more snacks [15]. In particular, those with a high BMI (body mass
index) tended to introduce less vegetables, fruit and beans in their diet, while a greater
amount of alcohol and tobacco consumption was reported [15]. The reported big changes
in food purchase and consumption habits, such as the increased reuse of leftovers, could
have affected the production of household food waste, as reported in a Tunisian study [16].

However, evidence about changes of food choice, household food waste production
and their associated factors during lockdown in Italy is poor. Existing studies have been
carried out on limited samples or have collected data for short periods, in the primeval
phase of the lockdown. Hence, it is important to increase our knowledge on the self-
reported change of habits that occurred during home confinement, to encourage proactive
strategies in view of potential future lockdown measures and to keep any new positive
behaviours toward maintaining a sustainable and healthy lifestyle in the future.

The aim of this study was to investigate, during lockdown, how Italian people have
perceived the change of their food purchases and eating habits and what are the factors
associated with the self-perceived increase in food purchases, occurrence of impulse buying
and household food waste production. To date, this is the first study investigating the
impact of the lockdown on these habits in a national sample.

2. Materials and Methods

2.1. Study Design and Questionnaire

The QuarantEat study investigated how a sample of Italian inhabitants was affected
by the lockdown in terms of self-perceived variations of food purchase, food consumption
habits, physical activity levels and how home confinement impacted on mental well-being
as well as on the presence of emotional overeating.

An online survey was developed using the Uniquest (LimeSurvey) platform, which
was made available by the University of Turin. Our questionnaire was spread among the
Italian population through a web link shared by institutional social media pages and the
personal accounts of researchers. This procedure led to the enrolment of an opportunistic
sample of citizens. The survey was spread a few days after the end of the Italian lockdown,
starting from May 6th, in order to highlight the effects of the whole home confinement
experience on people’s habits and behaviours. The enrolment ended on the 31 of May,
some weeks after the end of the lockdown.
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The research protocol was approved by the Ethical Commission of University of Turin
(prot. no. 197989). Inclusion criteria were: age equal or older than 18 years, living in Italy
during lockdown period, being able to give informed consent to enrolment in the study
in Italian. Before starting the questionnaire, each participant was shown a brief written
summary including the aims of the research project, and finally each of them confirmed
the enrolment to the study declaring their informed consent.

The questionnaire consisted of 40 questions, divided into 6 sections: socio-demographic
assessment, physical activity, food purchase habits, food consumption behaviours, mental
well-being evaluation and occurrence of emotional overeating. Two validated tests were
included: the 5-item World Health Organization Well-Being Index (WHO-5) question-
naire and the Emotional Overeating Questionnaire-5 (EOQ-5). The full version of the
questionnaire, translated into English, is available as a Supplementary Materials.

The socio-demographic section included personal data (age, gender, smoking status,
relationship status, offspring) and a variety of items regarding the living environment,
such as housing place, the presence of a backyard, cohabitation, geographical context
(region of Italy) and the working condition during home confinement. Self-reported height
and weight were included to calculate BMI. Regions of Italy were later gathered in three
geographical areas as advised by National Institute of Statistics (ISTAT): North, Centre,
South and Isles. Physical activity (PH) habit was investigated by asking if exercises were
practiced during and before lockdown.

Overall self-perceived food consumption changes during lockdown were assessed, as
well as the quality of diet and food waste, in terms of subjective increased, decreased or un-
varied during lockdown compared to the period before. In addition, diet was investigated,
intended as every eating regime with the purpose of body control (weight loss or gain,
high protein diets), or medical reasons (due to allergies and food intolerance). Finally, we
asked if, during lockdown, on an everyday basis, time spent cooking increased, decreased,
or remained unchanged.

The place of food purchase was investigated (supermarket, discount, market, neigh-
bourhood shop, online shop, home delivery), along with shopping frequency in terms of
overall times leaving home for buying food per week (the Italian government suggested to
go shopping no more than once per week) [17]. Impulse buying behaviour was assessed
by asking if any sense of guilt or unnecessary purchase occurred after grocery shopping
during lockdown, and if it ever happened before the lockdown. Finally, we proposed a
list of 50 foods asking whether their purchase increased, decreased or unchanged during
lockdown, as well as if it has never been bought.

To evaluate the impact of home confinement on mental health and psychological
well-being in people living in Italy immediately after the lockdown, a section of the survey
included the WHO-5 questionnaire, validated in Italian language and used worldwide in
research [18]. It can be used as a sensitive and specific screening tool for risk of depres-
sion. This questionnaire contains five non-invasive statements about feelings during the
last 14 days. A WHO-5 cut-off score of ≤50 is recommendable for screening for clinical
depression [18].

To evaluate the occurrence of Emotional Overeating during lockdown as a coping
mechanism, a section of the survey included the EOQ-5 questionnaire, validated in Italian
language [19]. The EOQ-5 is a brief, valid and reliable 5-item self-report that measures the
frequency of overeating behaviour in response to five negative emotions (anxiety, sadness,
loneliness, tiredness and anger) during the last 28 days. A cut-off score of 2 points identifies
individuals at risk for binge eating disorders. Higher EOQ-5 scores are associated with
higher risk of binge eating, lower mental well-being, and lower mindful eating [19].

2.2. Statistical Analysis

Overall descriptive analyses were performed for the most prominent variables, show-
ing frequencies for categorical variables and medians and interquartile range (IQR) for
scalar variables since the normality Shapiro–Wilk test proved a non-normal distribution for
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age and shopping frequency. Data were also shown divided in a geographical fashion; Chi-
squared test or nonparametric Mann–Whitney or Kruskal–Wallis Tests were performed.

Logistic regression analysis was performed to evaluate determinants of three promi-
nent phenomena, highlighted by collected data and supported by evidence: increased food
purchase, occurrence of impulse buying and reduction in household food waste production.

While the vast majority of variables were included in the models unchanged, for
analytical purposes some of them were aggregated: for example, education level was
dichotomised, aggregating university degree and post-doc studies into high level and the
remaining values as middle-low level. WHO-5 and EOQ-5 scores were also dichotomised
based on validated threshold values.

The selection of independent variables included into the regression models was
achieved with a stepwise backwards method, in which three covariates were protected
from exclusion: age, gender and education, since their potential exclusion in the final
models could have led to highly biased outcomes. Results were expressed as adjusted odds
ratios (AdjOR) and their 95% confidence intervals (95% CI). The statistical significance
threshold was set at p < 0.05. The software employed for the analysis was IBM SPSS
Statistics (Version 25.0). Cases with missing values were excluded from logistic regressions
(listwise deletion) and retained in the descriptive analysis (pairwise deletion).

3. Results

3.1. Participant Characteristics

A total of 2524 individuals began the online survey, and 1923 of them completed every
item displayed. Fifty-eight records were excluded due to inclusion/exclusion criteria: 26 of
them revealed to be aged 17 years old or younger, while 32 people spent the lockdown
period outside the country, reducing the number of eligible records to 1865. An analysis of
completion time revealed median duration was 9:25 min (IQR 4:05); since no record could
be highlighted as an outlier, none of them were discarded.

Among the sample, 69.9% of participants were female, and the median age was 29
(IQR 16.0), and almost half of them lived in northern Italy (49.7%). People in our sample
living in the northern regions most commonly resulted in being women (p-value = 0.021)
and older (p-value < 0.001). Almost an equal number of responders stated having reached
the educational level of high school (43.1%) and university degree (42.1%), but with an
important geographical variability (p-value = 0.006).

The majority of our sample resulted in living with a partner or family (81.8%), with
11.7% living alone and 6.5% with one or more roommate(s). In addition, this variable
resulted in an uneven geographical distribution, with fewer people living alone or with
cohabitants in the south (p-value = 0.002)

Regarding housing, 60.8% of respondents live in a flat or apartment, and 32.9% in
an independent house. Living in an independent house was more common in the south
(p-value = 0.005). One third of our sample, regardless of housing, stated to have in use a
private yard or garden.

Only 56.7% of our sample actually worked during lockdown, with a maximum of
62.6% in the north and a minimum of 44.4 in south (p-value<0.001). There was a similar ge-
ographical distribution for healthcare workers, with a 20.3% in the northern regions, 17.7%
in the centre and 14.2% in southern ones (p-value = 0.040), and an overall representation of
18.3%. Approximately one-fifth (21.9%) of the sample stated to regularly smoke, slightly
more in the south (22.3%, p-value = 0.033).

The WHO-5 survey revealed a significant number of respondents (42.4%) potentially
at risk of depression development, and 50.7% displayed the occurrence of a significant
number of episodes of emotional overeating. None of these scores show asymmetric
geographical distribution.

In addition, more than half of our sample claimed to have practiced physical activity
during lockdown and as many as 76.2% of participants followed some kind of dietary
regimen. Additional descriptive data are provided in Table 1.
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Table 1. Participant characteristics stratified by geographical area: Descriptive and Chi-square analysis.

Median [IQR] or n (%)

Variables
All North Centre South and Isles

p-Value
(n = 1865) (n = 927) (n = 593) (n = 345)

Geographical area
North 927 (49.7)
Centre 593 (31.8)

South and Isles 345 (18.5)

Age 29 [16.0] 29 [17.0] 29 [15.0] 27 [16.0] <0.001

Gender
Female 1304 (69.9) 679 (73.2) 394 (66.4) 231 (67.0)

0.021Male 558 (29.2) 246 (26.5) 199 (33.6) 113 (32.8)
Non-Binary 3 (0.2) 2 (0.2) 0 (0.0) 1 (0.3)

Relationship
status

Missing = 5

Into stable relationship
or married 1194 (64.2) 600 (64.9) 387 (65.5) 207 (60.0) 0.193

Single/divorced/widow 666 (35.8) 324 (35.1) 204 (34.5) 138 (40.0)

Education level

Primary/Middle Sch. 87 (4.6) 45 (4.9) 16 (2.7) 26 (7.5)

0.008
High School 803 (43.1) 397 (42.8) 246 (41.5) 160 (46.4)

University degree 785 (42.1) 387 (41.7) 265 (44.7) 133 (38.6)
Post-graduate ed. 190 (10.2) 98 (10.6) 66 (11.1) 26 (7.5)

Living condition Not alone 1647 (88.3) 794 (85.7) 538 (90.7) 315 (91.3)
0.002Alone 218 (11.7) 133 (14.3) 55 (9.3) 30 (8.7)

Offspring No 1441 (77.3) 709 (76.5) 468 (78.9) 264 (76.5)
0.508Yes 424 (22.7) 218 (23.5) 125 (21.1) 81 (23.5)

Housing
Missing = 1

Room 117 (6.3) 45 (4.9) 55 (9.3) 17 (4.9)
0.005Flat 1133 (60.8) 572 (61.7) 359 (60.5) 202 (58.6)

Independent house 615 (32.9) 308 (33.2) 179 (30.2) 123 (35.7)

Yard/garden Yes 618 (33.1) 313 (33.8) 181 (30.5) 124 (35.9)
0.200No 1247 (66.9) 614 (66.2) 412 (69.5) 221 (64.1)

Working during
lockdown

Working 773 (41.4) 431 (46.5) 237 (40.0) 104 (30.1)
<0.001Not working 1093 (58.6) 496 (53.5) 356 (60.0) 241 (69.9)

Healthcare worker
Yes 342 (18.3) 188 (20.3) 105 (17.7) 49 (14.2)

0.040No 1523 (81.7) 739 (79.7) 488 (82.3) 296 (85.8)

Smoke habit
Yes 409 (21.9) 182 (19.6) 150 (25.3) 77 (22.3)

0.033No 1456 (78.1) 745 (80.4) 443 (74.7) 268 (77.7)

WHO-5
Well-being

≤50 1074 (57.6) 512 (55.2) 348 (58.7) 214 (62.0)
0.075>50 791 (42.4) 415 (44.8) 245 (41.3) 131 (38.0)

EOQ-5
At risk 920 (49.3) 435 (46.9) 299 (50.4) 186 (53.9)

0.070Not at risk 945 (50.7) 492 (53.1) 294 (49.6) 159 (46.1)

BMI
Missing = 10

Underweight 118 (6.4) 65 (7.0) 39 (6.6) 14 (4.1)

0.203
Normal 1273 (68.6) 638 (69.0) 391 (66.5) 244 (71.3)

Overweight 366 (19.7) 173 (18.7) 131 (22.3) 62 (19.2)
Obese 98 (5.3) 49 (5.3) 27 (4.6) 22 (6.4)

Sport during
lockdown

Yes 1220 (65.4) 612 (66.0) 391 (65.9) 217 (62.9)
0.553No 645 (34.6) 315 (34.0) 202 (34.1) 128 (37.1)

Being on a diet
during lockdown

Yes 444 (23.8) 218 (23.5) 143 (24.1) 83 (24.1)
0.958No 1421 (76.2) 709 (76.5) 450 (75.9) 262 (75.9)

Abbreviations: IQR, interquartile range; N, number; Who-5, 5-item World Health Organization Well-Being Index (WHO-5) questionnaire;
EOQ-5, Emotional Overeating Questionnaire-5 (EOQ-5); BMI, body mass index. In order to enhance readability, p-values < 0.05 are
shown bolded.

3.2. Food Purchase Habits

Regarding food purchase habits (Table 2), the majority of our sample increased food
purchases (53.4%), while 7.2% reduced them. Food consumption increased in 43.4% of
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the respondents. A similar size of the sample (46.5%) improved the perceived nutrition
quality, while one quarter (26.6%) worsened it. More than half respondents (53.4%) reduced
household food waste production. A similar amount of people (55.1%) increased time
spent cooking at home, but with smaller increments in the south (p-value < 0.001).

People went shopping once or less per week in 68.9% of cases, and the mean was 1.51
(SD 1.31) occasions. A significant geographical difference was found for this behaviour,
reaching its peak in southern Italy and Islands (p-value = 0.003). Most grocery shopping
was made directly by the respondents (81%), showing significant geographical differences:
83.3% in the north, 81.5% in the centre and 74.8% in the south (p-value = 0.003).

Impulse buying before the lockdown occurred in 42.5% of the sample, while a strong
reduction happened during lockdown; just the 20.9% of respondents occurred in this
behaviour, halving its prevalence by 51%.

Delivered food was chosen by 16.6% of the sample, showing a strong North–South
geographical gradient, from 18.8% to 11.9% (p-value = 0.011). 0.001).

Table 2. Food purchase and consumption habits stratified by geographical area: Descriptive and Chi-square analysis.

Median (IQR) or n (%)

Variables
All

(n = 1865)
North

(n = 927)
Centre

(n = 593)
South and Isles

(n = 345)
p-Value

Food purchase
Decreased 134 (7.2) 54 (5.8) 50 (8.4) 30 (8.7)

0.090Unvaried 735 (39.4) 359 (38.7) 229 (38.6) 147 (42.6)
Increased 996 (53.4) 514 (55.4) 314 (53.0) 168 (48.7)

Food consumption
Decreased 237 (12.7) 132 (14.2) 65 (11.0) 40 (11.6)

0.130Unvaried 818 (43.9) 402 (43.4) 270 (45.5) 138 (40.0)
Increased 810 (43.4) 393 (42.4) 258 (43.5) 167 (48.4)

Perceived nutrition
quality

Less healthy 502 (26.9) 230 (24.8) 161 (27.2) 111 (32.2)
0.079Unvaried 495 (26.6) 441 (47.6) 270 (45.5) 157 (45.5)

Healthier 868 (46.5) 256 (27.6) 162 (27.3) 77 (22.3)

Household food waste
production

Decreased 1002 (53.7) 500 (53.9) 315 (53.1) 187 (54.2)
0.933Unvaried 800 (42.9) 399 (43.0) 256 (43.2) 145 (42.0)

Increased 63 (3.4) 28 (3.0) 22 (3.7) 13 (3.8)

Time spent cooking
Decreased 184 (9.9) 82 (8.8) 53 (8.9) 49 (14.2)

<0.001Unvaried 654 (35.0) 305 (32.9) 206 (34.7) 143 (41.4)
Increased 1027 (55.1) 540 (58.3) 334 (56.3) 153 (44.3)

Grocery shopping Personally 1513 (81.1) 772 (83.3) 483 (81.5) 258 (74.8)
0.003Someone for me 352 (18.9) 155 (16.7) 110 (18.5) 87 (25.2)

N◦ trips for shopping
1/week or less 1285 (68.9) 669 (72.2) 400 (67.5) 216 (62.6)

0.003>1 per week 580 (31.1) 258 (27.8) 193 (32.5) 129 (37.4)
mean (SD) 1.51 (1.3) 1.42 (1.2) 1.55 (1.3) 1.65 (1.4) 0.001

Impulse buying
during lockdown

No 1476 (79.1) 740 (79.8) 464 (78.2) 272 (78.8)
0.752Yes 389 (20.9) 187 (20.2) 129 (21.8) 73 (21.2)

Impulse buying
before lockdown

No 1073 (57.5) 554 (59.8) 326 (55.0) 193 (55.9)
0.147Yes 792 (42.5) 373 (40.2) 267 (45.0) 152 (44.1)

Delivery food No 1556 (83.4) 753 (81.2) 499 (84.1) 304 (88.1)
0.011Yes 309 (16.6) 174 (18.8) 94 (15.9) 41 (11.9)

Food shops *

Supermarket 1635 (87.7) 806 (86.9) 543 (91.6) 297 (86.1) 0.171
Small shops 711 (38.1) 452 (48.8) 231 (39.0) 128 (37.1) 0.846

Discount market 306 (16.4) 133 (14.3) 110 (18.5) 63 (18.3) 0.057
Online shops 277 (14.9) 172 (18.6) 74 (12.5) 31 (9.0) <0.001

Market 162 (8.7) 100 (10.8) 55 (9.3) 7 (2.0) <0.001

* For this question, multiple answers were allowed. In order to enhance readability, p-values < 0.05 are shown bolded.
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Finally, a majority of purchases were made in supermarkets (86.7%), while 14.9% of
the respondents used online shopping, with great geographical diversities (p-value < 0.001),
as well as for market purchases, occurring in 8.7% of the sample and being largely more
common in the north (p-value <

3.3. Food Purchase Trends

Regarding food purchase trends, a selection of the most increased and decreased foods
is shown in Figure 1. Baking products and fresh healthy food had the largest sales increase
by individuals (flour and yeast +63.2%, eggs +48.4% fresh vegetables +41.2%, fresh fruits
+39.0%) as well as chocolate (+26.4%) as indulgence food. Large increases affected pasta
and UHT milk, too. The largest individual purchase decreases affected bakery products
(pizza delivery −29.4%, ice-cream and cakes −21.7%, bread −18.3%), highly perishable
foods (fresh fish −28.2%) and salted snacks (−18.4%). The complete list of purchases is
available as a Supplementary Materials.

Figure 1. Top five increased (light grey) and top five decreased (dark grey) foods purchased.

3.4. Determinants of Changes of Food Purchase, Household Food Waste Production and
Occurrence of Impulse Buying

Multivariable analysis final models are shown on Table 3. Due to only a small number
of participants identifying themselves as “Non-binary” gender (n = 3), this category was
unable to be analysed and eventually removed for logistic regression model.

The first model was designed to find associated factors of increased food purchase
among population, and the strongest one resulted to be the occurrence of impulse buy-
ing (adjOR 2.48, p-value < 0.001) followed by increased time spent cooking (adjOR 2.12,
p-value < 0.001), presence of offspring (adjOR 1.76, p-value = 0.0101), perceived nutrition
quality (less healthy adjOR 1.66, p-value < 0.001; healthier adjOR 1.29, p-value = 0.033),
while protective factors were being single (adjOR 0.78, p-value = 0.028), not having
worked during lockdown (adjOR 0.71, p-value = 0.003) and younger age (adjOR 0.98,
p-value = 0.002).

The occurrence of impulse buying during lockdown was positively associated with
increased food purchase (adjOR 2.72, p-value < 0.001), low perceived quality of diet (adjOR
2.22, p-value < 0.001), living alone (adjOR 1.89, p-value = 0.002), resulting overweight
(adjOR 1.44, p-value = 0.024), time spent cooking (decreased adjOR 1.58, p-value = 0.039; in-
creased adjOR 1.36, p-value = 0.034) high score in EOQ-5 survey (adjOR 1.68, p-value < 0.001)
and a low score in WHO-5 questionnaire (adjOR 1.73, p-value < 0.001), while the only
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protective covariate resulted to be a decrease in household food waste production (adjOR
0.73, p-value = 0.012).

Table 3. Multivariable analysis: determinants of self-perceived changes of food purchase, household food waste production
and occurrence of impulse buying.

Variables Increased Food Purchase Impulse Buying
Decreased Household

Food Waste Production

p-Value
OR

(IC 95%)
p-Value

OR
(IC 95%)

p-Value
OR

(IC 95%)

Age 0.002 0.98 (0.97–0.99) 0.115 0.99 (0.98–1) 0.006 1.01 (1–1.02)

Gender
Female Ref Ref Ref
Male 0.055 0.81 (0.65–1) 0.219 0.83 (0.63–1.11) 0.002 0.59 (0.47–0.74)

Education
High Ref Ref Ref

Med-Low 0.644 1.05 (0.85–1.31) 0.302 0.88 (0.68–1.13) 0.602 0.94 (0.76–1.17)

Sentimental status
Not single Ref Ref

Single 0.028 0.78 (0.62–0.97) 0.074 0.82 (0.66–1.02)

Offspring No Ref
Yes 0.001 1.76 (1.25–2.47)

Cohabitation
Yes Ref
No <0.002 1.89 (1.32–2.71)

Working during
lockdown

Yes Ref Ref
No 0.003 0.71 (0.57–0.89) 0.024 1.3 (1.03–1.62)

Smoking habit No Ref Ref
Yes 0.069 1.25 (0.98–1.58) <0.001 1.8 (1.42–2.29)

BMI score

Normal Ref Ref
Underw. 0.318 0.76 (0.44–1.3) 0.009 0.71 (0.48–1.06)
Overw. 0.024 1.44 (1.05–1.96) 0.017 1.37 (1.06–1.77)
Obese 0.367 1.27 (0.75–2.15) 0.034 1.63 (1.04–2.57)

Time spent
cooking

Unvaried Ref Ref Ref
Decreased 0.192 0.79 (0.55–1.13) 0.039 1.58 (1.02–2.45) 0.056 1.41 (0.99–2)
Increased <0.001 2.12 (1.71–2.61) 0.034 1.36 (1.02–1.8) <0.001 1.52 (1.23–1.88)

Perceived nutrition
quality

Unvaried Ref Ref Ref
Less Healthy <0.001 1.66 (1.3–2.12) <0.001 2.22 (1.68–2.93) 0.001 1.37 (1.08–1.75)

Healthier 0.033 1.29 (1.02–1.63) 0.196 0.8 (0.57–1.12) <0.001 2.27 (1.77–2.9)

EOQ Score
Not at risk Ref

At risk <0.001 1.68 (1.29–2.19)

Dietary regimen
during lockdown

No Ref
Yes 0.043 0.79 (0.62–0.99)

WHO-5 Score
> 50 Ref Ref
≤ 50 <0.001 1.73 (1.32–2.27) 0.002 0.72 (0.59–0.89)

Household food
waste production

Unvar. or
increased Ref

Decreased 0.012 0.73 (0.57–0.93)

Impulse buying No Ref Ref
Yes <0.001 2.48 (1.91–3.22) 0.013 0.73 (0.57–0.94)

Food purchase
Unvaried Ref Ref
Decreased 0.223 1.4 (0.82–2.4) 0.011 1.69 (1.13–2.53)
Increased <0.001 2.72 (2.05–3.62) 0.221 1.14 (0.92–1.41)

Each column refers to a binary logistic regression model. Empty boxes refer to variables excluded using stepwise backward selection.
Abbreviations: IQR, interquartile range; N, number; Who-5, 5-item World Health Organization Well-Being Index (WHO-5) questionnaire;
EOQ-5, Emotional Overeating Questionnaire-5 (EOQ-5); BMI, body mass in-dex. In order to enhance readability, p-values < 0.05 are
shown bolded.
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The last model estimates the determinants of decreased household food waste pro-
duction, finding in healthier perceived nutrition quality the strongest positive predictor
(adjOR 2.27, p-value < 0.001) and in male gender the strongest negative predictor (0.59,
p-value = 0.002). Additionally age (adjOR 1.01 per year, p-value = 0.006), not working
during lockdown (adjOR 1.30, p-value = 0.024), smoking (adjOR 1.80, p-value < 0.001),
BMI different than normal (underweight adjOR 0.71, p-value = 0.009; overweight adjOR
1.37, p-value = 0.017, obese adjOR1.63, p-value = 0.034), time spent cooking (adjOR 1.52,
p-value < 0.001), WHO-5 score below 50 points (adjOR 0.72, p-value = 0.002), impulse buy-
ing (adjOR 0.73, p-value = 0.013), decreased food purchased (adjOR 1.69, p-value = 0.011)
had statistically significant results.

4. Discussion

Home confinement during lockdown caused strong self-perceived changes in the
food purchasing habits and behaviours of Italian residents. The majority of our sample
perceived to have increased overall food purchase, food consumption and improved diet
quality, reducing household food waste production, increasing time spent cooking at home
and halving the prevalence of impulse buying.

Most of our sample followed Italian government suggestions about shopping fre-
quency [17], limiting it to once or less per week, as found in other studies [16,20]. The
lowering of shopping frequency was possible by concentrating most purchases in one time
and at one place. Indeed, most food purchases occurred in supermarkets, as shown in other
studies (64.3% and 75.8%, main frequencies) [16,20]. A big group of purchases were made
in neighbourhood shops, where a +40% of sales was registered in April 2020, compared to
last year, as well as a +23% compared to March 2020 [21], whilst a remarkable percentage
of purchases were made online. The severe restrictions to movements and the presence of
long queues out of supermarkets could have discouraged many customers, causing a shift
of choice from hyper/supermarkets toward online or small neighbourhood shops. For
these reasons, 27.6% of the customers changed their trusted store during lockdown [22].
Expectedly, a minimum number of purchases was performed in street markets, due to
strong limitation of them or closure during lockdown.

The large increase in baking products purchases (flour/yeast, eggs, butter and fresh
cheese) reflected the increase in self-production and consumption of foods such as pizza,
homemade desserts and bread [14] that many people experimented with during lock-
down [20,21,23]. Moreover, there was an increase in Google searches for recipes and
baking [20]. Conversely, among the most decreased food purchases in our sample were
delivered pizza, bread, ice cream and cakes. These foods could have been prepared at
home instead of being bought. Actually, most of the sample increased time spent cooking,
as an attempt to face boredom for the interruption of the work routine [14], less availability
of out-of-home food, up to entertainment of children at home [24], resulting in a positive
effect of home confinement. Indeed, home cooking is a healthy habit, related to better
dietary quality, lower adiposity and greater adherence to Dietary Approaches to Stop
Hypertension (DASH) and Mediterranean diets [25].

The recourse to foods for coping with stress and anxiety could have caused the increase
in purchases of chocolate and biscuits [20,23,26]. Indeed, chocolate is also consumed as a
stress relief, causing improvement of mood, but at the same time is related with emotional
eating [27]. Furthermore, during lockdown there was an augmented prevalence of sleeping
disturbances, depressive and anxiety symptoms in Italy [28]. Our results confirmed this
trend, indeed the lockdown impacted on the mental health of a critically high portion of our
sample. Almost half had a score of ≤50 in the WHO-5 questionnaire, resulting in low mental
well-being and being at high risk of depression development [18]. Moreover, there was a
high occurrence of emotional overeating in most of our sample during home confinement
period, leading to a pathologic relation with nutrition, as an enormous palliative response
to negative feelings. Our findings raise the need for public health interventions to take care
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of these people and to block the development of heavier mental health issues that can last
after the pandemic as psychological aftermaths.

The rise of purchases of shelf-stable foods is typically associated with emergencies
and uncertain times, even suggested by the government in the USA [29]. High increases of
UHT long shelf-life milk and pasta purchases were reported in our samples and, in several
articles [8,21,26], giving witness to their purchase was heavily affected by the psychological
impact of the pandemic on the occurrence of “panic buying” during lockdown [30].

Interestingly, cheap price and the large amount of spare time to be spent cooking at
home could have contributed to the high increase in purchases of fresh vegetables and
fruits, flour and eggs, confirming similar upward trends for basic ingredients found in
the literature [20,24,31]. By contrast, we observed a decrease in purchases of ready-to-eat
vegetables, as already found [8,21], suggesting increased attention was spent transforming
raw food into dishes, therefore limiting the purchase of ready-made products. This trend
could have improved the diet quality of our sample, since the daily consumption of fruits
and vegetables has become the main tool for prevention of cardiovascular disease, from
the public health viewpoint worldwide [32]. Moreover, a high consumption of fruit and
vegetables, if kept over time, could be related to lower frailty risk [33] and inversely
associated with the risk of cardiovascular disease [34] and mortality [35].

However, a strong decrease in fresh fish purchases occurred in our sample, since it is
one of the most perishable foods, characterised by a short shelf life and usually sold in street
markets, which were mostly limited or closed during lockdown. Taken together, these
factors could have led to this decrease, as shown in Spain [20]. The Italian annual per capita
consumption of fish was estimated by European Commission at about 30.9 kg in 2017 [36].
We expect a reduction trend by 2020 that could have health consequences, if maintained
in the future. Indeed, evidence confirms the salutary effects of fish consumption on the
prevention of coronary artery disease, stroke and dementia [32] while showing an inverse
association with the risk of all-cause mortality [37].

During lockdown, most people increased the overall amount of food purchases, while
an increase in food sales during lockdown was reported in April 2020 (+18% compared
to the same period in 2019, +3% compared to the previous month) [21] and during the
entire lockdown [23]. Panic buying and the increase in purchases occurred also during
past epidemics such as severe acute respiratory syndrome (SARS) [38]. During lockdown,
stockpiling and sudden increases in purchases of food and even toilet paper have caused
several problems to the retail sector all around the world, increasing concerns about
shortages of non-perishable food products, contributing to the indirect, socioeconomic
strong impact of coronavirus on sane people [30]. Indeed, the occurrence of impulse
buying was related to an increase in food purchase in our sample, as well as having worked
during lockdown or having children. Workers usually ate food cooked out of home in their
workplace, but during lockdown bars and restaurants were closed, so they had to face new
habits, increasing the amount of food purchases accounting for the introduction of their
work meals. On the counterpart, similar mechanisms occurred in families with children,
resulting in an increase in food consumed (and previously purchased) at home instead of
school canteens, which were closed during the lockdown period. Finally, we observed a
relation between a perceived change in diet quality and increased food purchase, resulting
in an increased consumption of healthier or unhealthier foods. A study found that, during
lockdown, both healthy and unhealthy foods recorded an increase in buying: unhealthy
foods were purchased more often to cope with stress and improve the mood, whereas
healthy foods were purchased extensively considering the aim of keeping healthy and
in shape despite the lockdown-related restrictions, resulting in both cases in a change of
perception of diet quality [20].

Most of the sample reduced household food waste production, confirming recent
findings [14,16] about decrease in food waste production and increased use of the leftover
food during lockdown. Similar behaviours in different samples toward food waste pro-
duction indicate that their drivers are likely to be similar in many cultures [39], thereby
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the suitability of adopting means to reduce food waste from one country to another can
be explored, as it is possible to learn from the experience of other countries. The rising
leftover-use routines have shown to be strong contributors to food waste reduction [39]
closely followed by shopping routines. During lockdown, shopping frequency in Italy
strongly decreased [40], confirming our findings, and potentially affecting household food
waste production. Indeed, a negative impact of frequency of food shopping on household
food waste quantities was found [41], even in an Italian sample [42]. We found a relation
between not working during lockdown and reduction in household food waste production
that could be explained by the lack of out-of-home meals (that before lockdown were typi-
cally some form of gatherings in restaurants, pubs or cafes) by students and an increased
attention towards the economic impact of waste by general population having lost their
job during this period. A relation between out-of-home meals frequency and food waste
production was found in the literature [43,44]. Interestingly, the occurrence of impulse
buying was related to a non-reduction in household food waste production, confirming that
impulsive purchases and buying foods that are not intended to be bought can affect food
waste behaviours [45,46]. The relation between being on a diet and food waste reduction
confirmed the negative impact of unplanned meals shopping on household food waste
production [45,46]. Indeed, people on a diet follow a planned meals routine, resulting in a
precise and well-organised shopping list and behaviour.

Shopping experience has deeply changed during lockdown. Supermarkets set a
maximum number of inside customers, causing big queues up to 2 h [47]. Supermarkets
reduced their opening hours and working days, closing “non-essential goods” sectors [48].
Therefore, customers might have felt less time available and pressure to shop quickly [6].
These factors are thought to have a role in enhancing impulse buying [49]. Interestingly, the
occurrence of impulse buying during lockdown in our sample halved its prevalence, com-
pared to the period before. The Italian government advice to reduce shopping frequency
and to buy only necessary goods might have encouraged the extensive use of shopping lists
among the population. Moreover, lockdown-related job insecurity may have played a role
in restricting unnecessary purchases. People with worsened diet quality, low psychological
well-being or occurrence of emotional overeating could have bought and consumed more
indulgence and junk food as a coping strategy for the stressful situation, feeling then guilty.
The purchase and consumption of these foods (rich in fats, sugars and calories) could
explain the relation of these conditions with the occurrence of impulse buying and sense of
guilt after purchase.

5. Strengths and Limitations

To date, this is the first study investigating both food choice and factors associated
with increased food purchase, occurrence of impulse buying and reduction in household
food waste production during lockdown among the Italian general population. Moreover,
the investigation was performed a few days after the end of lockdown, in order to high-
light well-established effects of the whole confinement period on our sample, instead of
partial investigations on different lockdown phases, potentially underestimating different
behaviours that could have come out in the last weeks. Our sample was large and com-
posed of people from every region of the country, leading the extensive data to take into
account the national perspective. Finally, validated tests were adopted to assess mental
well-being and the occurrence of emotional overeating, resulting in a valuable occasion
of investigation of mental health and nutrition issues during the COVID-19 pandemic in
Italy. However, our study has some limitations. The online spread of the survey led to an
opportunistic sampling. Moreover, females accounted for 70% of our sample. Nevertheless,
similar gender prevalence was observed in different studies conducted online during the
lockdown period [11,14]. Food purchases and perceived change of habits were assessed
in a qualitative fashion, without being given the opportunity to further explore their con-
nections. In addition, the self-reporting of items could have represented itself a limitation
in terms of quality of data (e.g., lack of memory, over/under-reporting). Finally, due to
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the cross-sectional design of the study, it was not possible to infer causal relationships
between variables.

6. Implications and Conclusions

Overall, the effects of lockdown on population appeared to be both positive and
negative, depending on the context. Food purchase, consumption and household food
waste production in our sample were affected mostly in a desirable way, as evidenced by
results. More efforts for public health interventions are needed to keep these new habits
in the future, leading to positive behaviours toward achieving a sustainable and healthy
lifestyle. Conversely, the lockdown appeared to affect heavily on mental health among a
critically high portion of our sample, resulting in low psychological well-being, higher risk
of depression and occurrence of emotional overeating as a possible coping strategy. Since
the adoption of new lockdowns in the future cannot be excluded, policymakers should take
into consideration this public health perspective, since for these people, a new containment
measure could cause further negative effects on their physical and mental health. Moreover,
our results can suggest strategies to the food retail sector about food categories that should
be primarily provided in the case of new confinements, such as starchy foods, eggs, fresh
fruits and vegetables, dairy products, considering that many issues occurred during the first
lockdown regarding stockpiling and scarce food supplies in shops. Finally, the pandemic
encouraged the adoption of online grocery purchase to the Italian population, offering a
modern and low-risk shopping method. These services should be strengthened, especially
in the southern regions of Italy, in order to make providers more resilient and prepared
to satisfy an increased demand for service in the critical period to come, characterised by
social distancing and home working.
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Abstract: Over the last two years, many countries have enforced confinement to limit both the spread
of COVID-19 and the demand for medical care. Confinement has resulted in a disruption of work
routines, boredom, depression, and changes in eating habits, among them consumption of coffee
and tea. Following six databases, we examined articles tracking consumption of these beverages.
Out of 472 articles, including 23 beverage entries, 13 matched our criteria. While no clear trend in
coffee consumption during the coronavirus pandemic emerged (7 of 13 studies indicated an increase,
accounting for 53.8%), tea consumption clearly increased (70% versus 30%). Considering the global
health emergency continuum, more research is needed to better understand the paths underlying
food choices and the ways those changes may influence health outcomes, including those related to
COVID-19 disease.

Keywords: dietary behavior; COVID-19; beverage consumption; coffee; tea

1. Introduction

The coronavirus pandemic still poses a worldwide public health challenge, with
216,229,741 cases confirmed since the World Health Organization (WHO) declared a state
of global emergency in March 2020 [1]. At present, Europe is experiencing increased infec-
tions due to social mixing, summer travel, family reunions, and looser social restrictions.
Set against this backdrop, a recent report by the WHO director for Europe warns of three
conditions that could contribute to a new wave of hospitalizations and excess deaths before
the fall: new variants, incomplete vaccine adherence (63% of people are still reluctant to
undergo vaccination), and increased social mixing. By way of prevention, most govern-
ments have imposed varying degrees of self-isolation and nationwide lockdowns to curb
spread of the virus. Staying-at-home has meant digital education, smart working, social
isolation, job insecurity, and limited outdoor and gym activity-in short, a dramatic change
in lifestyles [2]. Moreover, quarantine and distancing from families have led to a cluster
of negative psychological implications, including confusion, anger, and depression due
to frustration, boredom, inadequate information, and financial loss [3,4]. This burden of
unpleasant feelings, combined with limitations at multiple levels, has prompted substantial
changes in lifestyle, triggering a shift in eating habits in terms of a reduced control over
food intake and quality. These changes include escalations in carbohydrate intake, the
frequency of snacking, and home cooking during confinement [5]. Often home cooking
entails a higher consumption of homemade cakes, bread, and pizza, all sharing a critical

Foods 2021, 10, 2458. https://doi.org/10.3390/foods10102458 https://www.mdpi.com/journal/foods197
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glycemic load, which could affect weight. In most cases, people ate “comfort” foods to
reduce accumulated stress, relying on the biological effect of serotonin on mood.

Beverage choices also contribute to daily calorie intake and hydration, particularly
nervine beverages such as coffee and tea, in view of their known potential to promote psy-
chological well-being beyond the mere nutritional aspect [6]. Tea affects psychopathological
condition (e.g., reduced anxiety), cognition (e.g., benefits in memory and attention), and
brain function (e.g., activation of working memory). Yet such benefits are not attributable
to a single constituent, and better gains yielded by the synergy of caffeine and L-theanine
are reported as compared to their separate administration [7]. As for coffee, much scientific
attention has been paid to its association with mood and emotion. One cup of coffee
every four hours improves mood. Low to moderate doses of caffeine (two to five cups of
coffee per day) have been shown to improve hedonic tone (the degree of pleasantness or
unpleasantness associated with a given state) and reduce anxiety [8,9].

Against this background, it seemed useful to further probe the influence of COVID-19
confinement on consumption of these beverages in order to consider possible health
implications, related not only to mental well-being but to overall health.

2. Methods

The present work is a narrative review article. We searched the US National Library of
Medicine (PubMed), Medical Literature Analysis and Retrieval System Online (MEDLINE),
EMBASE, Scopus, Ovid, and Google Scholar to find original articles covering dietary vari-
ables during the COVID-19 pandemic, selecting studies examining changes in coffee and
tea consumption (see Table 1). Given the novelty of the topic and the short timeframe sur-
rounding COVID-19 pandemic research, no skimming was applied to the study population,
design, or setting. For the same reason, no age range was applied to the study population.
Two investigators (RZ, SD), independently and in duplicate, searched for papers, screened
titles and abstracts of the retrieved articles, reviewed entire texts, and identified articles for
inclusion in this study. Of particular interest were original articles investigating dietary
habits, particularly coffee and tea consumption, during COVID-19 via online or telephone
questionnaires and those utilizing accounts of weekly or monthly food intake. Of note,
reports offering a snapshot of coffee and tea consumption during the period of COVID-19
confinement were excluded in favor of studies comparing the consumption of the two
beverages before and after the COVID-19 pandemic. The investigators tracked (1) such
general information as study design, setting, sample size and demographics (age and gen-
der), country, method of dietary assessment, and dietary exposure; and (2) principal results
of nutritional surveys (changes in trends and frequency of coffee and tea consumption).
Data were reported separately for coffee and tea consumption with respect to increase or
decrease. Data were cross-checked by a third researcher (FC) to remove discrepancies and
resolve disagreements.

Table 1. Search strategy to be used in the US National Library of Medicine (PubMed) and Medical Literature Analysis and
Retrieval System Online (MEDLINE) and adapted to the other sources, according to selected descriptors.

Strategy Descriptors Used

# 1
(diet*[tiab]) OR (feeding*[tiab])) OR (habit*[tiab]) OR (dietary lifestyle*[tiab]) OR (drinking habit*[tiab]) OR

(beverage*[tiab]) OR (dietary habit*[tiab]) OR (dietary [tiab]) OR (dietary pattern*[tiab]) OR (dietary
behavior*[tiab]) OR (food*[tiab]) OR (food habit*[tiab]) OR (eating habit*[tiab]) OR (coffee[tiab]) OR (tea[tiab])

# 2 (change*[tiab]) OR (modification*[tiab]) OR (alteration*[tiab]) (different*[tiab]) OR (difference*[tiab])
# 3 (SARS-CoV 2[tiab]) OR (COVID 19[tiab]) OR (severe acute respiratory syndrome coronavirus 2[tiab])
# 4 (Review) or (systematic review) or (narrative review) or (meta-analysis)
# 5 #1 AND #2 AND #3 NOT #4
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3. Results

The search strategy was updated to 31 August 2021, and yielded 472 results. Of
these, 13 were found pertinent to our objective and selected for analysis [10–22]. Figure 1
shows a flowchart of the literature screening process. Each of these 13 reports utilized
online or telephone questionnaires about dietary habits covering a cross-section of the
population. All studies were based on community sampling, and respondents were older
than eighteen years. Overall, these studies included 435,616 subjects, more prevalently
female (70.2%, n = 305,802 versus 29.8%, n = 129,816). The majority of the studies were
European (9/13, 70%), with a minority of American and Asian (2/13, 15% each). Only one
report had a multicenter setting [18], reporting data from Poland, Austria, and the UK.
Table 2 covers details of the design (cohort or cross-sectional), sample size (n) and gender
ratio (%), minimum age and mean (SD) or age range, setting (community or hospital),
and country.

Though only 10 of the 13 selected studies investigated both coffee and tea as beverages,
we analyzed a total of 23 beverage entries. It should be noted that 7 of these 10 studies
considered the combined consumption of both tea and coffee, rather than treating each
individually. Of the 23 entries, 13 considered coffee consumption (7/13, n = 54%) and the
remaining 9, tea (9/13, n = 46%). As regards coffee, 54% of studies indicated an increase,
while the remaining 46% reported a decrease in consumption. By contrast, in 70% of studies
(7 or 10) tea consumption was reported as having increased while in 30% of studies (3 of 10)
is was reported as having decressed. Only one report analyzed coffee consumption by
variety, i.e., whether American or Arabic [11].
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Figure 1. Flow diagram of literature screening process.

200



Fo
od

s
2

0
2

1
,1

0,
24

58

T
a

b
le

2
.

D
es

cr
ip

ti
ve

ch
ar

ac
te

ri
st

ic
s

of
in

cl
ud

ed
st

ud
ie

s.

A
u

th
o

rs
,

Y
e

a
r

[R
e

f.
]

D
ie

t
E

x
p

o
su

re

D
ie

t
A

ss
e

ss
m

e
n

t
T

o
o

l
D

e
si

g
n

n
S

e
x

A
g

e
S

e
tt

in
g

C
o

u
n

tr
y

R
e

su
lt

s
S

u
m

m
a

ry
o

f
F

in
d

in
g

s

Bi
n

Z
ar

ah
A

et
al

.,
20

20
[1

0]
C

of
fe

e,
Te

a

Questionnaire

Cross-sectional

31
33

19
.8

%
M

79
.4

%
F

18
+

ye
ar

s

Community

A
m

er
ic

a
(U

SA
)

A
bo

ut
10

%
de

cl
ar

ed
a

re
du

ct
io

n
in

fr
eq

ue
nc

y
of

co
ns

um
pt

io
n,

w
he

re
as

31
.1

%
an

in
cr

ea
se

.

Pa
rt

ic
ip

an
ts

re
po

rt
ed

a
hi

gh
er

co
ns

um
pt

io
n

of
co

ff
ee

an
d

te
a

dr
in

ks
.

H
us

ai
n

W
et

al
.,

20
20

[1
1]

C
of

fe
e,

Te
a

41
5

31
.3

%
M

68
.7

%
F

18
+

ye
ar

s
A

si
a

(K
uw

ai
t)

1–
2

cu
ps

/d
ay

of
A

m
er

ic
an

co
ff

ee
:4

1.
4%

(b
ef

or
e)

vs
.3

3%
(d

ur
in

g)
3–

4
cu

ps
/d

ay
of

A
m

er
ic

an
co

ff
ee

:8
.7

%
(b

ef
or

e)
vs

.5
.5

%
(d

ur
in

g)
1–

2
cu

ps
/d

ay
of

ar
ab

ic
co

ff
ee

:1
5.

4%
(b

ef
or

e)
vs

.1
5.

5%
(d

ur
in

g)
5–

6
cu

ps
/d

ay
of

ar
ab

ic
co

ff
ee

:1
0.

6%
(b

ef
or

e)
vs

.7
.7

%
(d

ur
in

g)
1–

2
cu

ps
/d

ay
of

te
a:

31
.6

%
(b

ef
or

e)
vs

.
33

%
(d

ur
in

g)
5–

6
cu

ps
/d

ay
of

te
a:

1.
7%

(b
ef

or
e)

vs
.

2.
9%

(d
ur

in
g)

D
ec

re
as

ed
co

ns
um

pt
io

n
of

A
m

er
ic

an
an

d
A

ra
bi

c
co

ff
ee

du
ri

ng
th

e
co

nfi
ne

m
en

t,
ve

rs
us

in
cr

ea
se

in
te

a
co

ns
um

pt
io

n.

Bł
as

zc
zy

k-
Bę
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4. Discussion

We reviewed existing literature on changes in coffee and tea consumption driven by
confinement during the COVID-19 pandemic with respect to coffee and tea consumption,
in view of their known impact on psychological well-being. We found no clear trend
in coffee consumption, while there was a clear increase in tea consumption. However,
looking at coffee consumption, it should be considered that our methodological setting
only included original reports comparing the period of confinement to the previous time.
However, based on the literature search, we found a survey from Poland reporting the
highest frequency of coffee consumption (88.9%) among adults aged 45+ but referring only
to COVID-19 confinement, with no comparison to previous habits [23]. The high frequency
of coffee consumption recorded in this study suggests an increasing consumption of this
beverage during the pandemic.

The unclear findings on increased coffee consumption may be understood from both
social and psychological perspectives. On the one hand, people who are used to drinking
coffee in family contexts on a daily basisalso enjoy coffee in social situations. Especially
among adolescents, drinking coffee is a way to spend time with friends and improve one’s
mood [24,25]. Moreover, compared to adults, adolescents are particularly oriented toward
the upgraded social image they can project by consuming caffeinated beverages. Such
an aspect, if read in a pandemic key, would imply a drop in consumption, as social and
community events were curtailed during COVID-19 confinement. On the other hand, from
a purely psychological and emotional point of view, coffee is a good source of energy and
may be used to improve mood, fight drowsiness, and enhance cognitive function [26–28].
This second point, read in a pandemic key, could explain increased coffee consumption, in
light of the widespread smart working scenario and the distressed mood caused by the
pandemic itself.

As for consumption of tea, findings suggest a clear increase in consumption compared
to tea drinking before COVID-19.Tea is usually linked to routine and ritualized household
consumption. Tea is historically instrumental in bringing the family closer together and
provides a platform for sharing. In contrast, coffee consumption needed to be considered
in a social, aesthetic and emotional context. Setting aside the social context, therefore,
the increased consumption of tea should be understood in emotional and family-related
settings. From this perspective, this beverage It has long been associated with mood and
performance enhancements, such as a greater relaxation and concentration. Though tea con-
tains many bioactive compounds, but its benefits with respect to attention, mood, and the
cognitive sphere have generally been attributed to two of its components, namely, caffeine
and theanine [29]. A cup of tea provides 35–61 mg of caffeine and 4.5–22.5 mg of theanine.
A substantial body of research suggests that L-theanine exerts anti-stress effects in response
to acute stress challenges via the inhibition of cortical neuron excitation. On the other hand,
caffeine found in coffee has been reported to improve performance and memory, reduce
errors in performing tasks, accelerate cognitive processing, and improve mood [30,31].
Moreover, caffeine improves concentration and attention by eliminating distractors and
improving focus, which is the reason why it has the potential to improve vigilance and
reaction time [8]. Yet, in pandemic settings, this feature may be read as a driver of increased
tea consumption, driven by higher levels of stress and confusion induced by the epidemic
situation and the dissemination of home-based smart working [32].

5. Conclusions

The lack of a clear trend in coffee consumption as the result of the COVID-19 pan-
demic calls for further investigation. Moreover, potential health implications should not be
overlooked, especially since caffeine consumption may directly or indirectly promote bron-
chodilation, interfere in the process of immunomodulation, and hinder viral intracellular
transcription while undergoing COVID-19 infection [33]. Furthermore, reflecting a discom-
fited mood and socially confining setting, we found a marked increase in tea consumption.
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6. Limitations

More studies are needed to expand on these findings and examine coffee and tea
consumption separately. The limited number of studies included is a major limitation of
the present review, weakening the completeness and generality of findings, despite their
being quite representative of the European population. Secondly, some of the selected
studies examined the combined consumption of tea and coffee, rather than taking each
individually. Nevertheless, this preliminary research provides food for thought. Lastly,
though coffee and tea stand out as the most popular beverages worldwide, we know the
cluster of nervine beverages is much wider, including cocoa, cola drinks, guarana, and
maté, all of which have a tonic and stimulating effect on the central nervous system, due to
the presence of natural alkaloids (for example caffeine, theophylline, theobromine, etc.)
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K.; Socha, K. The Nutritional and Health Effects of the COVID-19 Pandemic on Patients with Diabetes Mellitus. Nutrients 2020,
12, 3013. [CrossRef] [PubMed]

14. Sánchez-Sánchez, E.; Ramírez-Vargas, G.; Avellaneda-López, Y.; Orellana-Pecino, J.I.; García-Marín, E.; Díaz-Jimenez, J. Eating
Habits and Physical Activity of the Spanish Population during the COVID-19 Pandemic Period. Nutrients 2020, 12, 2826.
[CrossRef]
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