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Abstract

Background: Severe obesity (body mass index >40 kg/m?) and non-communicable diseases, both influenced by diet,
have been associated with COVID-19. Genotype-based personalised nutrition advice may improve nutrition knowledge
and enhance behaviour change towards better diet quality compared with conventional recommendations. Aim: To
investigate the nutrition knowledge, food choices and diet quality in genotyped and non-genotyped individuals during the
COVID-19 pandemic. Methods: One hundred and twenty-three healthy UK adults were recruited using convenience
sampling through social networks. The online questionnaire consisted of the General Nutrition Knowledge Ques-
tionnaire, the Food Choices Questionnaire, and the EPIC-Norfolk Food Frequency Questionnaire (FFQ). FFQ was used
to calculate participant diet quality with the Diet Quality Index-International and socio-demographic and anthropometric
data. Results: Median general nutrition knowledge, diet variety and diet balance scores were higher in genotyped
compared with non-genotyped individuals (71.0 + 11.0vs. 61.0 + 15.0, p = <.001, 18.00 + 5.00 vs. 15.00 + 5.00, p =
.007 and 2.00 + 4.00 vs. 0.00 + 2.00, p = .025, respectively). Pooled sample multiple regression showed that health
motive positively influenced while familiarity motive negatively influenced diet quality index scores ( = .428,t = 4.822, p
=<.00l and B =—-.356,t =—4.021, p = .001, respectively). Conclusions: Nutrition knowledge and diet quality indices of
balance and variety were higher among genotyped compared with non-genotyped individuals; overall diet quality was
similar between groups. This may be due to pandemic-specific factors, such as altered motives of food choice and
availability.
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Introduction Worldwide authorities have responded to this crisis with
measures such as social distancing, wearing masks, thor-
ough hand sanitising and staying at home. However, while
lockdown measures are shown to contain the spread of the
virus, they have substantially changed individuals’ lives
and have caused psychological distress and loss of income
(Huizar et al., 2020; Jayawardena and Misra, 2020; Naja
and Hamadeh, 2020). Recent studies showed that motives

In December 2019, the first cases of COVID-19, an acute
respiratory syndrome caused by the novel coronavirus
2 (SARS-CoV-2) were reported in Wuhan, China (Zabe-
takis et al., 2020). Since the early stages of the pandemic,
severe obesity (body mass index (BMI) >40 kg/m?),
hypertension, cardiovascular disease and diabetes have
been associated with increased susceptibility to COVID-19
infection, symptom severity and increased mortality
(Palaiodimos et al., 2020; Zhou et al. 2020). With immune
capacity being the common denominator, chronic inflam- St Mary’s University Twickenham, London, UK
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of health, mood and weight control were more important
for individuals during lockdown compared with the pre-
lockdown period (Marty et al., 2020; Snuggs and McGre-
gor, 2020). Such investigations are particularly important
because a change in food choice motives may affect dietary
intakes (Rangel, 2013; Steptoe et al., 1995).

Several dietary compounds have been associated with
immunomodulatory properties, including vitamins (C, D and
E), minerals (zinc, copper), fibre, and bioactives such as
flavonoids and probiotics (Bhushan et al., 2021). Provided
that inflammation is the common denominator of disease, a
healthy diet may protect from both NCDs and viral infections
(Zabetakis et al., 2020). Indeed, malnutrition (i.e. under-
nutrition and overnutrition) has been associated with a higher
risk for COVID-19 infection, suggesting that too little or too
much are equally problematic (Huiza et al., 2020).

Nevertheless, diet has not been on the forefront of public
health messages to fight the current pandemic and there are
no evidence-based dietary strategies to attenuate COVID-19
severity. Accordingly, the World Health Organization sug-
gests any healthy diet that provides all nutrient reference
nutrient intakes (RNIs) and prevents nutritional deficiencies
to safeguard population health (Naja and Hamadeh, 2020;
Palaiodimos et al., 2020; Zabetakis et al., 2020).

Contrary to these recommendations, reports have shown
decreased consumption of fresh foods (Bracale and Vaccaro,
2020) and increased consumption of snacks and ‘junk’ food
(i.e. calorie-dense sweet and savoury meals) during lockdown
compared with the pre-lockdown period (Di Renzo et al.,
2020; Sidor and Rzymski, 2020). Indeed, systematic reviews
to date report a positive, yet weak, relationship between
nutrition knowledge and diet, suggesting that public health
actions to increase nutrition knowledge are likely insufficient
for promoting behaviour change towards healthy eating
(Spronk et al., 2014; Worsley, 2002). Indeed, validated
behavioural theories are used to predict the effectiveness of
such interventions, since factors such as subjective norms,
attitudes and perceived behavioural control are significant
determinants of one’s intention to engage in behaviour
change (Horne et al., 2020c).

Meanwhile, personalised nutrition is an approach that
combines individual phenotypic, genetic and lifestyle infor-
mation to develop tailored nutrition advice (Ordovas et al.,
2018). A recent systematic review showed that personalised
nutrition improves dietary intakes in healthy adults when
compared with conventional dietary advice and, thus, per-
sonalised nutrition interventions may be used in the future as
a strategy to improve healthy eating among populations
(Jinnette et al., 2020). Research has also proposed the
potential of personalised nutrition in the prevention of NCDs,
through predicting individuals’ variability in response to diet
(Franzago et al., 2020).

Currently there is lack of research exploring the food
choice motives and the diet quality in the UK during the
pandemic in the context of gene-based personalised nutrition
advice (i.e. nutrigenomics). Therefore, the present study aims
to investigate the nutrition knowledge, the motives of food

choice and the diet quality in a cohort of UK adults during the
COVID-19 pandemic and to compare between individuals
that have received gene-based personalised nutrition advice
and those that have received conventional diet recommen-
dations. It was hypothesised that individuals that have been
genotyped for their risk of NCDs and have received genotype-
based personalised nutrition advice would have greater
nutrition knowledge, are more motivated towards healthier
food choices and have a better diet quality compared with
those who are not aware of their genetic risk of NCDs and
have received conventional diet recommendations.

Methods

Participants

The survey was approved by St Mary’s University Ethics
Committee and conducted in agreement with the Declara-
tion of Helsinki (World Medical Association, 2013).
A sample size calculation was conducted to identify the
proportion of the population that has been genotyped.
A sample size of 122 participants was calculated based on a
significance level of 0.05, margin for random error +/— 4
and a standard deviation (SD) of 22.5. Recruitment was
conveyed through convenience sampling using social net-
works and institutional emails and participants completed
the questionnaire directly on Jisc online platform in full
anonymity. Participants included predominantly healthy
adults between 18 and 65 years old living in the UK that
provided written informed consent and were excluded in
the case that they: a) did not understand or write English, b)
had changed permanent home address in the past six
months, ¢) had tested positive for COVID-19 during the
past month, d) followed any type of restrictive diet, and e)
had any nutrition and/or dietetics background. Participants
were asked whether they had been genotyped and, among
those who had been genotyped, additional questions were
included regarding the reason for genotyping, whether they
were aware of their genetic risk of NCDs and whether they
had received any kind of counselling for their genetic test
results. All individuals who had received any type of
genetic information (with or without genetic-based nutri-
tion recommendations) were included in the analysis.
Respondents who stated that are aware of their non-genetic
risk of NCDs such as family history, were excluded from
the analysis.

Demographics

Demographic questions included gender, age and ethnic
origin. Socioeconomic status (SES) questions included
level of education, current employment, occupation,
income and whether employment status and income had
changed during the COVID-19 pandemic. A composite
SES score was calculated by adding all SES components.
Participant SES scores ranged between 6 and 24, with the
highest qualification, income et cetera being scored with
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the lowest number and the lowest qualification, income et
cetera with the highest number, thus the lower score indi-
cating higher SES (Oakes and Rossi, 2003). Questions were
also asked about weight, height, current diseases and
dietary pattern followed.

Nutrition knowledge

Nutrition knowledge was assessed using the validated revised
version of the General Nutrition Knowledge (GNK) Ques-
tionnaire. The questionnaire includes 88 items regarding
knowledge on expert dietary recommendations and the
associations between diet and disease (Kliemann et al., 2016).
To avoid response bias, participants were asked not to guess
the correct answers and respond to the best of their knowl-
edge. Participant GNK scores (GNKSs) were calculated by
adding all items: for every correct answer, the score was 1 and
for every wrong or ‘I don’t know’ answer, the score was 0,
with a total GNKS ranging between 0 and 88.

Food choices

Motives of food choices during the past month were
assessed using the validated Food Choices Questionnaire.
The questionnaire consists of 68 items regarding nine
factors that influence food selection (health, mood, con-
venience, sensory appeal, natural content, price, weight
control, familiarity, and ethical concern). The scores of
food choices were calculated for each factor: a) ‘Not
important at all’ = 1, b) ‘A little important’ = 2, c)
‘Moderately important’ = 3 and d) “Very important’ = 4.
The average values per factor were used for analysis
(Steptoe et al., 1995).

Dietary assessment

The food intakes of participants during the past month were
assessed using the validated EPIC-Norfolk Food Frequency
Questionnaire (FFQ). The FETA software was used to
calculate participant intakes (Mulligan et al., 2014) and the
output was then used to calculate the Diet Quality Index-
International (DQI-I) of individuals (Kim et al., 2003). This
index uses a scoring from four components of diet quality:
a) variety (0-20) (five food groups: fruits, vegetables,
meat; poultry; fish; egg, dairy; beans, grains (0—15) and six
sources of protein: dairy, eggs, meat, poultry, fish, beans
(0-5)), b) adequacy (0—40) (eight groups: fruits, vegetables,
fibre, grain, protein, vitamin C, iron, calcium), ¢) mod-
eration (0-30) (five groups: sodium, empty calorie foods,
total fat, saturated fat and cholesterol) and d) balance (0—
10) (macronutrient and fatty acid ratio). Total diet quality
index (DQI) was then calculated by compiling the indi-
vidual scores, producing a number between 0 and 100. For
further analyses, total DQI scores were dichotomised into
‘good’ and ‘poor’ categories, using the cut-off point of 60%
of full DQI scores (Kim et al., 2003).

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics 26.0. Data are shown as means + SD or medians +
interquartile range for normally and non-normally dis-
tributed data, respectively. The differences in GNKS, food
choices and DQI scores between genotyped and non-
genotyped individuals were assessed using Independent
samples #-test or Wilcoxon—-Mann—Whitney U test, for
normally and non-normally distributed data, respectively.
Differences in categorical data between groups were
assessed using the chi square test of independence or
Fisher’s exact test, for expected cell counts > 5 and < 5,
respectively. Association between total DQI scores and
GNKSs of the total sample were evaluated using Spear-
man’s correlation coefficient. Multiple regression was used
to explore the factors influencing total DQI within the total
sample and adjusted for age, gender and SES score. Sta-
tistical significance was assumed at the 5% level.

Results

Participant characteristics

Main participant characteristics after excluding individuals
who were aware of their non-genetic risk of NCDs (n=35),
are shown in Table 1. In a predominantly healthy sample,
five participants reported to have high or low blood pres-
sure (4%), six reported to have high cholesterol (5%), while
two reported to have diabetes (2%). While 71% (n = 87) of
the sample did not follow a specific dietary pattern, the
most-followed diet among respondents was the Medi-
terranean (n = 19, 15%). During the lockdown, 50% (n =
61) of the participants did not experience any change in
their employment status, while 21% (rn = 26) were in fur-
lough and 29% (n = 36) worked from home. During the
same period, 63% (n = 77) of the participants did not
experience any change in their income, while in 31% (n =
38) of the participants their income decreased and in a
small portion of them (6%, n = 8), it increased.

Twenty-two of the respondents (18%) reported to have
been genotyped, while 101 respondents had not (82%).
There were no differences in the median age, BMI, SES
score, or gender and ethnicity distribution between groups
(Table 1). Most of the genotyped individuals were geno-
typed by 23andMe (n = 9, 41%), while the most popular
reason for genotyping was diet (n = 16, 73%). Among the
genotyped individuals, 54.5% (n = 12) had received an
online report for their genetic results, 33.5% (n = 6) had
received no report or counselling, while 12% (n = 4) had
received an online or a face-to-face counselling session
with a professional.

Survey results

Participant scores on nutrition knowledge, food choice
motives and diet quality are shown in Table 2.
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Table I. Participant characteristics (N=123).

All N=123 Non-genotyped n=101 Genotyped n=22 p value®
Males® 36 (29) 26 (26) 10 (46) .066
Females® 87 (71) 75 (74) 12 (54)
Age® (years) 3,0+ 11.0 295 + 100 350 + 11.0 071
BMIP (kg/m?) 233 + 55 232 + 56 234 + 4.6 531
SES score® 13+ 4 12 + 4 14 + 4 .050
Ethnic group
White® 100 (81.3) 85 (84.2) 15 (68.2)
Asian® 12 (9.7) 8(7.9) 4 (18.2)
Latino/Hispanic® 6 (4.9) 4 (3.9) 2 (9.1)
Mixed® 4 (3.3) 3(29) I (4.5)
Black® 1 (0.8) I (1.1) 0 (0.0 259
*Values represent n (%).
®Values represent medians + interquartile range.
“p value represents differences between genotyped and non-genotyped individuals.
BMI: body mass index; SES: socioeconomic status
Table 2. Participant scores on nutrition knowledge, food choices and diet quality.

All N=123 Non-genotyped n=101 Genotyped n=22 p value®

GNKS (1-88)* 655 + 16.0 61.0 + 15.0 710 + 11.0 <.001
Diet quality
Good“* 56 (48.3) 44 (46.3) 12 (57.2)
Poor“? 60 (51.7) 51 (53.7) 9 (42.8) 369
DQI, total (0-100)°f 59.09 + 7.75 58.73 + 7.66 60.71 + 8.26 .290
Variety (0-20)*" 15.00 + 5.00 15.00 + 5.00 18.00 + 5.00 .007
Adequacy (0-40)°F 2781 + 6.19 27.54 + 5.89 29.05 + 747 314
Moderation (0-30)°"° 15.00 + 6.00 18.00 + 6.00 15.00 + 11.00 137
Balance (0-10)>" 0.00 + 2.00 0.00 + 2.00 2.00 + 4.00 .025
Food choice scores (1-4)
Health® 3.00 + 0.96 3.00 + 0.83 3.67 + 1.17 .003
Mood"® 2.67 + 1.00 2.50 + 1.00 3.07 + 1.09 .003
Convenience® 2.80 + 1.00 2.80 + 1.00 3.20 + 1.00 216
Sensory appeal® 325 + 0.75 3.00 + 0.75 3.50 + 0.8l .010
Natural ingredients® 3.00 + 1.00 3.00 + 1.00 3.33 + 1.00 125
Price® 267 + 1.00 267 + 1.00 3.00 + 1.42 532
Weight control® 267 + 1.33 267 + 1.33 3.00 + 1.09 .007
Familiarity® 1.75 + 0.75 1.75 + 0.75 2.13 + 0.75 .006
Ethical concern® 2.00 + 1.34 2.00 + 1.34 2.00 + 0.75 .544
*GNKS.

®Values represent median + interquartile range.

“Good’ represents > 60 and ‘Poor’ represents < 60 total DQI scores.

4Values represent n (%).

°DQl.

Values represent mean + SD.

8p value represents differences between genotyped and non-genotyped individuals.
GNKS: General Nutrition Knowledge score; DQI: diet quality index

Nutrition knowledge Food choice motives

The median GNKS of the whole sample was 65.5 + 16.0. Motives of health, mood, sensory appeal, weight control
Distributions of the GNKSs significantly differed between and familiarity differed among groups, as shown by
groups, with genotyped individuals having significantly Mann—Whitney U test. Motives of convenience, natural
higher median GNKS than non-genotyped individuals ingredients, price and ethical concern were scored similarly

(71.0 + 11.0 vs. 61.0 £+ 15.0, p <.001). between groups (p > .05) (Table 2).
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Within the genotyped group, 81.8% (n = 18) reported to
consider their genetic predisposition to NCDs when
choosing food, while 18.2% (n = 4) reported not to con-
sider it. The reported reasons for not considering genetic
risk were ‘habit’ (n = 1) and ‘results do not take into
account my lifestyle’ (n = 1).

Diet quality

FFQ data were excluded from the DQI analysis if they
reported an abnormally low (< 800 kcal for men, < 600 kcal
for women) or high (> 5000 kcal for men, > 4000 kcal for
women) energy intake (n = 7) (Kim et al., 2003). The mean
DQI of the whole sample was 59.09 + 7.75, with 51.7% of
respondents (n = 60) having a poor diet quality and 48.3%
of respondents (n = 56) having a good diet quality.

Total DQI scores were similar in both groups, as shown
by independent samples #-test (p > .05). Regarding indi-
vidual diet quality scores, genotyped individuals had sig-
nificantly higher median diet variety and balance scores than
non-genotyped individuals (18.00 + 5.00 vs. 15.00 + 5.00,
p = .007 and 2.00 + 4.00 vs. 0.00 + 2.00, p = .025,
respectively). Scores of diet adequacy and moderation were
similar between groups (p > .05) (Table 2).

Nutrition knowledge, food choice motives
and diet quality

A Spearman’s rank-order correlation showed a statistically
significant, weak positive correlation between GNKS and
total DQI scores of the whole sample (s = .235, p = .011).
Multiple regression analyses after controlling for age,
gender and SES score were performed to investigate the
significant contributors of the sample’s diet quality. Results
showed that food choices of health and familiarity
accounted for 20.6% of the variance observed in total DQI
scores (adjusted R* = 206, F = 6.962, p = <.001). Health
motive positively influenced DQI (B = .428, t = 4.822,
p = <.001), while familiarity motive negatively influenced
DQI scores (B = —.356, t = —4.021, p = <.001).

Discussion

The aim of the present study was to explore and compare
the nutrition knowledge, food choices and diet quality
between genotyped and non-genotyped individuals during
the COVID-19 pandemic in the UK. The results indicate
that, while nutrition knowledge and diet quality indicators
of variety and balance were higher among genotyped
compared with non-genotyped individuals, overall diet
quality was similar between groups.

Nutrition knowledge and diet quality

In view of the established association between diet and
health, numerous public health initiatives in the past
decades have been aiming at increasing knowledge around

nutrition to improve dietary intakes at a population level
(Spronk et al., 2014). The present study demonstrates
that nutrition knowledge among genotyped individuals
was significantly higher compared with non-genotyped
individuals. This finding can be explained, at least in
part, by the fact that genotyped individuals are usually
health-conscious individuals, they might be more interested
in expert recommendations and nutrition knowledge may
have preceded genotyping (Floris et al., 2020; Ordovas
et al., 2018). In support of this, the majority of genotyped
individuals reported diet as the main reason for genotyping.
Another possible explanation is the relevance of nutrition
advice personalised to the individuals’ needs. Previous
reports have suggested that lack of relevance of nutrition
information, for example, delivering information on diet
and blood cholesterol to younger individuals, does not
enhance retention of information among those individuals
because it is not relevant to them (Worsley, 2002). On the
other hand, the study design does not allow conclusions as
to whether genotyped individuals were more health-
conscious to begin with or whether the intervention
(genotype-based dietary advice) increased their nutrition
knowledge. Therefore, the present findings highlight the
need for more tailored dietary advice to improve nutrition
knowledge.

Regarding diet quality, the present study demonstrates a
positive weak correlation with nutrition knowledge, which
is in line with previous research (Spronk et al., 2014;
Worsley, 2002). Indeed, whereas nutrition knowledge is a
central component of health literacy, other factors may
influence the ability to interpret knowledge into a healthy
diet, including an individual’s subjective norms and atti-
tudes (Horne et al., 2020; Spronk et al., 2014; Steptoe et al.,
1995). During the pandemic, a major factor that might have
influenced this association would be the reduction in food
availability in the market caused by the lockdown mea-
sures, such as decreased supply of fresh and imported
products (Jayawardena and Misra, 2020; Naja and Hama-
deh, 2020). As good diet quality improves cardio-metabolic
and overall health, aiming at nutrition education strategies
that would effectively improve individuals’ diet quality
may protect them against severe illness due to infection
(Naja and Hamadeh, 2020; Zabetakis et al., 2020).

Risk of NCDs and diet quality

Considering the identified burden of NCDs on COVID-19
infection (Palaiodimos et al., 2020; Zhou et al., 2020), it
was hypothesised that genotyped individuals with known
genetic risk for NCDs would have a better diet quality
compared with non-genotyped individuals. Despite the fact
that genotype-based dietary advice may have contributed to
higher scores of balance and variety, it did not appear to
affect the diet in terms of adequacy, moderation and overall
quality (Supplemental Figure S1 online). Although most
genotyped individuals reported to consider their predis-
position to NCDs when choosing food, it was not
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investigated whether these individuals were at high or low
risk. In effect, studies on behaviour change based on pro-
vision of information on the apolipoprotein E (APOE) gene
are conflicting, with some showing that knowledge of
genetic risk enhances health behaviour change (Chao et al.,
2008), while others did not show an effect (Fallaize et al.,
2016), depending on the risk communicated. Indeed, it is
plausible that individuals who do not carry the risk variant
of the APOE gene for hypercholesterolaemia and Alzhei-
mer’s disease were not motivated to change dietary
behaviour.

Moreover, personalised nutrition advice has been shown
more effective in improving diet compared with general
population-based recommendations, provided that it is
not based solely on genetic but also on phenotype and
lifestyle information (Anderson et al., 2018; Nielsen and
El-Sohemy, 2014). In the present sample, 54.5% of geno-
typed individuals had received online reports, which are
usually based solely on genotype, thereby compromising
the relevance and effectiveness of personalised nutrition
advice to facilitate dietary changes (Celis-Morales et al.,
2017). Nevertheless, genetic reports provide a detailed
nutrition guide for health-conscious individuals who are
interested in improving their diet (Floris et al., 2020). This
might explain why the diets of genotyped individuals had a
greater variety of foods from all food groups and protein
sources in their diet and better balance in macronutrient and
fatty acid intakes compared with non-genotyped individu-
als. If genetic testing was provided by registered dietitians
with training in nutritional genomics to provide evidence-
based advice, as suggested in a recent critical examination
of legal and ethical considerations for nutrigenetic testing,
it may have resulted in improved behaviour change and
perhaps a greater diet quality in the genotyped group
(Horne et al., 2020a, 2020b). Indeed, the Academy of
Nutrition and Dietetics states that registered dietitians can
be viewed as the only objective experts in utilising nutri-
tional genomics to individualise care (Braakhuis et al.,
2020).

Food choice motives and diet quality

Multiple regression showed that food choices of health and
familiarity accounted for 20.6% of the variance observed in
total DQI scores. Health motive had a positive influence on
DQI, indicating that health motive may be a facilitator of
good diet quality, which is consistent with previous find-
ings (Steptoe et al., 1995). On the other hand, familiarity
had a negative influence on DQI, indicating that motive of
familiarity may be a barrier of good diet quality. Famil-
iarity tends to be associated with tradition and a healthy diet
may not be adopted if advice deviates from the usual diets
of individuals (Rankin et al., 2018). On the other hand, it
has been previously shown that in those who are health
driven, the least important factor when choosing food was
familiarity (Marsola et al., 2020).

Regarding the motives of food choice between the
groups, motives of health, weight control, mood, sensory
appeal and familiarity were ranked higher among geno-
typed than non-genotyped individuals (Supplemental
Figure S2). Indeed, individuals highly motivated to choose
food based on health and weight control hold positive
attitudes towards personalised nutrition (Rankin et al.,
2018) and those motives are shown to be positively
associated with diet quality during the lockdown (Marty
et al., 2020).

Inconsistent with the present findings, previous research
has shown that motives of mood and sensory appeal, which
are negatively associated with diet quality, are not impor-
tant among individuals that have adopted personalised
nutrition advice (Rankin et al., 2018). Moreover, it has been
shown that personalised nutrition advice may not be
adopted if advice is different from the usual diets of indi-
viduals, especially if they are highly motivated by famil-
iarity when choosing food (Rankin et al., 2018). Such
inconsistencies may be due to changes during the pandemic
which may have altered the food choice motives of indi-
viduals (Snuggs and McGregor, 2020). These motives
being higher in genotyped individuals may also explain
why diet quality was not higher in this group compared
with non-genotyped individuals.

Strengths and limitations

To the authors’ knowledge, this is the first study investi-
gating individuals’ diet quality during the COVID-19
pandemic in the UK. The use of DQI-I in evaluating diet
quality instead of single nutrients is a more holistic
approach to explore diet, given that it integrates diet quality
components such as adequacy rather than individual
nutrient RNIs. Furthermore, the use of validated ques-
tionnaires to investigate nutrition knowledge, motives of
food choice and dietary intakes of individuals provided
robustness in study design.

A major limitation was that the nature of the study
design precluded the ability to determine whether perso-
nalised nutrition motivated dietary change, or whether
personalised nutrition consumers were more health-
conscious and health literate before they received perso-
nalised nutrition advice. Moreover, the cross-sectional
design of the study did not allow for comparisons
between nutrition knowledge, food choice motives and diet
quality pre- and post-pandemic and the data provided by
participants were self-reported. In addition, large differ-
ences in sample sizes may have reduced the statistical
power and therefore ability to detect actual significant
differences between groups. Since eating behaviours and
subsequent diet quality are often shared amongst household
members, another limitation is that the present study did
not consider household size (Fulkerson et al., 2014). Last,
although participants were asked whether they are aware of
their risk for NCDs, it was not investigated whether the risk
was higher or lower. Since lower risk would not promote
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behaviour change towards better diet quality (Fallaize
et al., 2016), this may have affected the results and future
studies should ensure that this is taken into account.

Conclusion

In a time of a global pandemic, balanced diets among
individuals are a necessity. While nutrition knowledge and
indicators of diet quality of balance and variety were higher
among genotyped than non-genotyped individuals, overall
diet quality was similar between groups, and this may be
due to influences by pandemic-specific factors, such as
altered motives of food choice and food availability.
Interventions that would promote motives of healthy food
choices to improve diet quality are warranted to effectively
reduce the burden of NCDs and safeguard populations from
this novel virus.

Acknowledgements

We are grateful to the EPIC-Norfolk Study team for the use
of the EPICFFQ software. EPIC-Norfolk is supported by
programme grants from the Medical Research Council UK
(G9502233, G0300128) and Cancer Research UK
(C865/A2883).

Author contribution

AK, GS and LP conceived the study question. AK and GB
drafted the study protocol with input from LP and YM. AK
and GS completed data extraction and analysis, with LP
overseeing the procedure. AK prepared a first draft of the
manuscript with input from all authors. All authors criti-
cally reviewed, edited and approved the final manuscript.

Consent for publication

All the authors consent to the publication of the present
paper.

Declaration of conflicting interests

The authors declared following potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article: Angeliki Kapellou works for iDNA Geno-
mics, a lifestyle genotyping company. Gabriela Silva works
for DNANudge. Leta Pilic serves as advisor for DNAFuel
Ltd.

Ethical approval

The participants provided informed consent. The study was
further approved by the Institutional Ethics Committee and
was performed in accordance with the Declaration of
Helsinki.

Funding

The authors received no financial support for the research,
authorship, and/or publication of this article.

7
ORCID iDs
Angeliki Kapellou © https://orcid.org/0000-0003-4545-
2257
Yiannis Mavrommatis © https://orcid.org/0000-0003-
2717-6324

Supplemental material
Supplemental material for this article is available online.

References

Anderson A, Dunlop J, Gallant S, et al. (2018) Feasibility study to
assess the impact of a lifestyle intervention (‘LivingWELL’)
in people having an assessment of their family history of
colorectal or breast cancer. BMJ Open 8(2): €019410.

Bhushan I, Sharma M, Mehta M, et al. (2021) Bioactive
compounds and probiotics — a ray of hope in COVID-19 man-
agement. Food Science and Human Wellness 10(2): 131-140.

Braakhuis A, Monnard C, Ellis A, et al. (2020) Consensus Report
of the Academy of Nutrition and Dietetics: Incorporating
genetic testing into nutrition care. Journal of the Academy of
Nutrition and Dietetics 121(3): 545-552.

Bracale R and Vaccaro C (2020) Changes in food choice
following restrictive measures due to Covid-19. Nutrition,
Metabolism and Cardiovascular Diseases 30(9): 1423—-1426.

Celis-Morales C, Livingstone K, Marsaux C, et al. (2017) Effect
of personalized nutrition on health-related behaviour change:
Evidence from the Food4me European randomized controlled
trial. International Journal of Epidemiology 46(2): 578-588.

Chao S, Roberts J, Marteau T, et al. (2008) Health behavior changes
after genetic risk assessment for Alzheimer disease: The
REVEAL Study. Alzheimer Disease & Associated Disorders
22(1): 94-97.

Di Renzo L, Gualtieri P, Pivari F, et al. (2020) Eating habits and
lifestyle changes during COVID-19 lockdown: An Italian
survey. Journal of Translational Medicine 18(229).

Fallaize R, Celis-Morales C, Macready A, et al. (2016) The effect
of the apolipoprotein E genotype on response to personalized
dietary advice intervention: Findings from the Food4Me
randomized controlled trial. The American Journal of Clinical
Nutrition 104(3): 827-836.

Floris M, Cano A, Porru L, et al. (2020) Direct-to-consumer
nutrigenetics testing: An overview. Nutrients 12(2): 566.

Franzago M, Santurbano D, Vitacolonna E, et al. (2020) Genes
and diet in the prevention of chronic diseases in future gen-
erations. International Journal of Molecular Sciences 21(7):
2633.

Fulkerson J, Larson N, and Horning M, et al. (2014) A Review of
Associations Between Family or Shared Meal Frequency and
Dietary and Weight Status Outcomes Across the Lifespan.
Journal of Nutrition Education and Behavior, 46(1), 2—19.

Horne J, Gilliland J, Madill J, et al. (2020a) A critical examination of
legal and ethical considerations for nutrigenetic testing with
recommendations for improving regulation in Canada: From
science to consumer. Journal of Law and the Biosciences, 7(1),
1-20.

Horne J, Gilliland J, O’Connor C, et al. (2020b) Enhanced long-
term dietary change and adherence in a nutrigenomics-guided
lifestyle intervention compared to a population-based
(GLB/DPP) lifestyle intervention for weight management:
Results from the NOW randomised controlled trial. BMJ
Nutrition, Prevention & Health 3(1): 49-59.


https://orcid.org/0000-0003-4545-2257
https://orcid.org/0000-0003-4545-2257
https://orcid.org/0000-0003-4545-2257
https://orcid.org/0000-0003-4545-2257
https://orcid.org/0000-0003-2717-6324
https://orcid.org/0000-0003-2717-6324
https://orcid.org/0000-0003-2717-6324
https://orcid.org/0000-0003-2717-6324

Nutrition and Health XX(X)

Horne J, Gilliland J, Vohl M, et al. (2020c) Exploring attitudes,
subjective norms and perceived behavioural control in a
genetic-based and a population-based weight management
intervention: A one-year randomized controlled trial. Nutrients
12: 3768.

Huizar M, Arena R and Laddu D (2020) The global food
syndemic: The impact of food insecurity, malnutrition and
obesity on the healthspan amid the COVID-19 pandemic.
Progress in Cardiovascular Diseases. Epub ahead of print
10 July 2020. DOTI: 10.1016%2Fj.pcad.2020.07.002.

Jayawardena R and Misra A (2020) Balanced diet is a major
casualty in COVID-19. Diabetes & Metabolic Syndrome:
Clinical Research & Reviews 14(5): 1085-1086.

Jinnette R, Narita A, Manning B, et al. (2020) Does personalized
nutrition advice improve dietary intake in healthy adults?
A systematic review of randomized controlled trials. Advances
in Nutrition, 12(3), 657-669.

Kim S, Haines P, Siega-Riz A, et al. (2003) The Diet Quality
Index-International (DQI-I) provides an effective tool for
cross-national comparison of diet quality as illustrated by
China and the United States. The Journal of Nutrition
133(11): 3476-3484.

Kliemann N, Wardle J, Johnson F, et al. (2016) Reliability and
validity of a revised version of the General Nutrition Knowl-
edge Questionnaire. European Journal of Clinical Nutrition
70(10): 1174-1180.

Marsola C, Cunha L, Carvalho-Ferreira J, et al. (2020) Factors
underlying food choice motives in a Brazilian sample: The
association with socioeconomic factors and risk perceptions
about chronic diseases. Foods 9(8): 1114.

Marty L, de Lauzon-Guillain B, Labesse M, et al. (2020) Food
choice motives and the nutritional quality of diet during the
COVID-19 lockdown in France. Appetite. Epub ahead of print
15 October 2020. DOI: 10.1016/j.appet.2020.105005.

Mulligan A, Luben R, Bhaniani A, et al. (2014) A new tool for
converting food frequency questionnaire data into nutrient and
food group values: FETA research methods and availability.
BMJ Open 4(3): €004503.

Naja F and Hamadeh R (2020) Nutrition amid the COVID-19
pandemic: A multi-level framework for action. European
Journal of Clinical Nutrition 74(8): 1117-1121.

Nielsen D and El-Sohemy A (2014) Disclosure of genetic infor-
mation and change in dietary intake: A randomized controlled
trial. PLoS One 9(11): e112665.

Oakes J and Rossi P (2003) The measurement of SES in health
research: Current practice and steps toward a new approach.
Social Science & Medicine 56(4): 769—784.

Ordovas J, Ferguson L, Tai E, et al. (2018) Personalised nutrition
and health. BMJ 2018(361): bmj.k2173.

Palaiodimos L, Kokkinidis D, Li W, et al. (2020) Severe obesity,
increasing age and male sex are independently associated with
worse in-hospital outcomes, and higher in-hospital mortality,
in a cohort of patients with COVID-19 in the Bronx, New
York. Metabolism 108(2020): 154262.

Rangel A (2013) Regulation of dietary choice by the decision-
making circuitry. Nature Neuroscience 16(12): 1717-1724.
Rankin A, Bunting B, Poinhos R, et al. (2018) Food choice
motives, attitude towards and intention to adopt personalised

nutrition. Public Health Nutrition 21(14): 2606-2616.

Sidor A and Rzymski P (2020) Dietary choices and habits during
COVID-19 lockdown: Experience from Poland. Nutrients
12(6): 1657.

Snuggs S and McGregor S (2020) Food & meal decision making
in lockdown: How and who has Covid-19 affected? Food
Quality and Preference 89(2021): 104145.

Spronk I, Kullen C, Burdon C, et al. (2014) Relationship between
nutrition knowledge and dietary intake. British Journal of
Nutrition 111(10): 1713-1726.

Steptoe A, Pollard T and Wardle J (1995) Development of a
measure of the motives underlying the selection of food:
The Food Choice Questionnaire. Appetite 25(3): 267-284.

World Medical Association (2013) World Medical Association
Declaration of Helsinki: Ethical principles for medical
research involving human subjects. JAMA 310(20): 2191.

Worsley A (2002) Nutrition knowledge and food consumption:
Can nutrition knowledge change food behaviour? 4sia Pacific
Journal of Clinical Nutrition 11: S579—-S585.

Zabetakis I, Lordan R, Norton C, et al. (2020) COVID-19:
The inflammation link and the role of nutrition in potential
mitigation. Nutrients 12(5): 1466.

Zhou F, Yu T, Du R, et al. (2020) Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan,
China: A retrospective cohort study. The Lancet 395(10229):
1054-1062.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


