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Abstract: COVID-19 is highly linked with hyperinflammation and dysfunction of the immune
cells. Studies have shown that adequate nutrition, a modifiable factor affecting immunity and
limiting systemic inflammation, may play an adjunct role in combating the negative consequences
of SARS-CoV-2 infection. Due to the global lockdown conditions, the COVID-19 pandemic has
contributed, among others, to restrictions on fresh food availability and changes in lifestyle and
eating behaviors. The aim of this paper was to review the data regarding eating habits in European
countries within the general population of adults and some specific subpopulations, including obese,
diabetic, and psychiatric patients, during the COVID-19 pandemic. The PubMed database and the
official websites of medical organizations and associations were searched for the phrases “COVID”
and “eating habits”. Papers regarding the pediatric population, non-European countries, presenting
aggregated data from different countries worldwide, and reviews were excluded. During the COVID-
19 pandemic, unhealthy lifestyles and eating behaviors were commonly reported. These included
increased snacking, intake of caloric foods, such as sweets, pastries, and beverages, and a decline
in physical activity. Data suggest that poor eating habits that create a positive energy balance have
persisted over time as an additional post-COVID negative consequence.

Keywords: COVID-19; diet; eating behavior; eating habits; nutrition; pandemic; physical activity;
SARS-CoV-2

1. Introduction

The outbreak of the COVID-19 pandemic has unquestionably changed the world.
Rapidly, all the attention of the community was attracted to developing the most effective
strategy to restrict the spread of SARS-CoV-2. Beyond recommendations to wear masks,
use disinfectants, and keep their distance, many countries introduced lockdowns to flatten
the curve of new infections and gain time for healthcare systems [1]. In parallel, intensified
efforts were put into designing a specific vaccine and discovering drugs targeting SARS-
CoV-2 replication. Although a few types of vaccine and antiviral medications have been
invented [2-8], the COVID-19 pandemic has left an imprint on the global population. At the
moment of writing, nearly 650 million COVID-19 cases have been diagnosed worldwide,
while the total death toll has reached over 6.5 million people [9].

However, the impact of the COVID-19 pandemic goes much further and is not limited
to the people summarized in the abovementioned statistics. A myriad of lifestyle changes
referring to different areas of life have been observed. Increased levels of stress, social
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distancing, and household confinement are only a few of the contributing factors that
fueled alterations in eating habits [10]. Since a well-balanced diet plays a primary role in
the proper functioning of the immune system [11], particular attention has been paid to
introducing healthy nutritional habits during the COVID-19 pandemic. For instance, it
has been evidenced that only 10% of people consuming over 500 g of fruits and vegetables
and more than 10 g of nuts daily have contracted COVID-19 infection, compared to 45% of
those who ate less than 500 g of fruits and vegetables and less than 10 g of nuts daily [12].
As a poor diet is closely connected with increased inflammation and oxidative stress,
dietary compounds showing anti-inflammatory, anti-oxidative, and immunomodulatory
properties have been widely recommended during the COVID-19 pandemic (Table 1) [13].
Finally, the clinical significance of gut microbiota dysregulation in COVID-19 infection has
been recently emphasized [14,15]. Hence, many research groups aimed to establish dietary
guidelines to minimize the populational risk of acquiring COVID-19 infection or prevent
severe-course COVID-19 [16-19].

Table 1. Immunomodulatory effects of trace elements and vitamins.

Activity

Immune-Mechanism Dietary Source

Zinc

- prevents SARS-CoV-2
invasion and directly
suppresses viral replication

- zinc-finger protein ZCCHC3 binds RNA
and helps to recognize viral RNA

in the host cell by activating retinoic
acid-inducible gene-I [20]

- through RIG-1-like receptors, zinc
upregulates the interferon type 1 response,
which results in the synthesis of antiviral
proteins [21]

- inhibits Viral RNA-dependent RNA
polymerase (RdRp) [22]

- upregulates NK cell activity and IL-2
secretion, promoting antiviral immune
response [23,24]

- limits oxidative stress and
normalizes excessive cytokine

release

- stimulates the synthesis of glutathione [25]
- inhibits pro-inflammatory transcription
nuclear factor kB (NF-kB) [26]

- inhibits IL-6 production; Zn level correlates
positively with IFN-y [27]

- reduces TNF-«, IL-13, IL-6, MCP-1,
vascular cell adhesion molecule (VCAM),
and CRP [28]

Meat, liver, rennet cheese,
dark bread, buckwheat,
and eggs

- is required for B and Th cell
maturation, number, and
function

- facilitates antiapoptotic signaling and cell
survival in early B-cell development in the
bone marrow [29]

- activity of biologically active form of
thymulin, which mediates maturation of T
helper cells, requires the presence of Zn>* in
its molecule [30,31]

- regulates CD4+/CD8+ T cell count [32]

- reduces oxidative stress,
which limits uncontrolled
inflammatory response and
cytokine release

- maintains the redox balance via superoxide
dismutase that contains zinc and copper and
affects the expression of glutamate—cysteine
ligase [33]

- stimulates glutathione biosynthesis [34]
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Table 1. Cont.

Activity

Immune-Mechanism

Dietary Source

Iron

- iron overload and high
ferritin is associated with
iron toxicity

- pro-inflammatory IL-6 stimulates ferritin
and the synthesis of hepcidin, which leads to
intracellular iron excess, oxidative stress, and
ferroptosis [35,36]

- mild to moderate iron
deficiency mitigates
viral infection

- SARS-CoV-2 is highly dependent on iron,
and iron deficiency

might be protective from ferroptosis and
viral spread [37-39]

- iron deficiency negatively
affects cell-mediated
immunity in children

- iron deficiency in children is related to a
reduction in the CD4+ count, decreased
CD4:CDS8 ratio, and decreased maturation of
T cells [40]

Heme iron: giblets, meat,

and eggs;

nonheme iron: parsley, pulses,
and dark bread

Copper

- neutralizes RNA viruses

- causes RNA damage through the
generation of lethal hydroxyl radicals [41]

- exposure to copper destroys the viral
genome via premature virus uncoating and
degradation of the exposed VRNA [42,43]

- cold-sprayed copper coatings exhibit a
virucidal activity [44]

Wheat bran, oat flakes, offal
meat (liver), nuts, cocoa, and
sunflower seeds

Selenium

- stimulates cellular and
humoral immunity, and
innate immune cell functions

- stimulates proliferation of T cells and
increases antiviral cytokines like IFN-y [45]
- increases NK cell cytotoxic effects [45]

- increases the expression of IL-2 receptors on
B cells [46]

- exhibits antioxidant effects
and limits inflammation

- maintains the redox balance via
selenoproteins that contain selenium, mainly
glutathione peroxidases (GPx) and
thioredoxin reductases [47]

- modulates inflammatory responses, limits
pulmonary lipid peroxidation and lung
injury in patients with ARDS [48]

Offal meat (kidney),
shellfish, fish, legume seeds,
garlic, and mushrooms

Magnesium

- possibly prevents
SARS-CoV-2 invasion

- possibly inhibits transmembrane protease
serine protease 2 (TMPRSS2) and the
pre-protein convertase furin, the two
enzymes involved in the cleavage of S protein
and cellular invasion of SARS-CoV-2 [49]

- affects innate immunity by
preventing excessive release
of inflammatory mediators
and oxidative stress

- stabilizes the membranes of mast cells;
limits the production of

reactive oxygen species by neutrophils and
macrophages [50]

- inhibits the production of pro-inflammatory
cytokines and stimulates

anti-inflammatory cytokines secretion by
inducing the conversion of

macrophages from M0 to M2 phenotype [51]

- regulates adaptive immunity

- is necessary for the expression of the
natural killer

activating receptor (NKG2D) in NK and
CD8+ T cells [52]

Cereal products, legume
seeds, nuts, cocoa, dark
chocolate, rennet cheese, fish,
potatoes, bananas, and green
vegetables




Nutrients 2023, 15, 3451

4 0f22

Table 1. Cont.

Activity

Immune-Mechanism

Dietary Source

Vitamin A
(Retinol)

- plays a role in maintaining
first-line defense

- supports the formation and functional
maturation of epithelial cells [53]

- affects second-line defense
(inflammation) of the innate
immunity

- affects adaptive immunity

- retinoic acid (RA), a metabolite of Vitamin
A, decreases the production of IL-12 and
TNF-« by macrophages and increases the
level of anti-inflammatory IL-10 [54]

- RA modulates T cell phenotype and
mucosal-homing molecules on
lymphocytes [54]

- RA modulates the maturation and activity
of antigen-presenting cells (APCs) [54]

- RA promotes the generation of Treg cells
and suppresses Th17 cells [54]

- enhances Th2 and inhibits Th1
differentiation [54]

- RA promotes the generation of CD8+
effector memory T cells and inhibits central
memory CD8+ T cells [54]

- depending on type of antigen stimulation,
RA enhances IgG and IgA production [54]

- AMD580, a retinoid derivative,
demonstrates direct antiviral
activities

- AM580 directly inhibits SREBP-related
pathways and replication of coronaviruses in
host cells [55,56]

In the form of beta carotene:
carrot, parsley, pulses,
spinach, curly kale, broccoli,
apricots, peaches, milk, eggs,
and butter.

In the form of retinol: offal
meat (liver), butter, eggs, sea
fish, and rennet cheese

Vitamin Bl
(Thiamine)

- affects innate immunity as an
antioxidant and
anti-inflammatory vitamin

- limits mast cell degranulation [57]

- in macrophages and microglial cells, it
down-regulates the expression of
inflammatory prostaglandin E2,
thromboxane 2, prostacyclin, leukotrienes,
NEF-«B, iNOS, COX-2, IL-1, IL-6, TNF«, and
increases anti-inflammatory IL-10 [57,58]

- affects adaptive immunity

- as a cofactor for the tricarboxylic acid cycle
(TAC), thiamine controls

the activity and number of naive B cells in
the Peyer’s patches [59]

Pork, meat preparations,
legume seeds, wholegrain
products, and nuts

Vitamin B2
(Riboflavin)

- affects innate immunity as
an antioxidant and
anti-inflammatory vitamin

- in macrophages, it decreases the formation
of pro-inflammatory cytokines IL-1 and
TNF-«, high-mobility group box 1 (HMGB1)
protein, iNOS, NO, heat shock protein 72,
and monocyte chemoattractant protein-1
(MCP-1), and increases the expression of
anti-inflammatory IL-10 [57]

- inhibits viral replication

- together with UV radiation, damages viral
nucleoid acids in MERS-CoV (Middle East
Respiratory Syndrom Coronavirus) and
SARS-CoV-2 [60,61]

Milk, rennet cheese, cottage
cheese, eggs, and offal meat

Vitamin B3
(Niacin,
vitamin PP)

- affects innate immunity as
an anti-inflammatory and
antiviral vitamin

- activates nicotinic acid receptor (GPR10)
that is present in immune cells (e.g.,
macrophages), leading to decreased levels of
pro-inflammatory cytokines (IL-6, TNF-«),
MCP-1, and NF-«B and reduced monocyte
chemotaxis [57]

- regulates signaling pathways, including the
NEF-«B, p53, HIF-1 and IL-17, and Th17 cell
differentiation [62]

Liver, meat, meat
preparations, fish, wholegrain
products, and peanuts




Nutrients 2023, 15, 3451

50f22

Table 1. Cont.

Activity

Immune-Mechanism

Dietary Source

- affects innate and
adaptive immunity

- stabilizes the membranes of mast cells and
controls the number of macrophages [63]

- promotes the generation of INFy and IL-17
by CD4+ [63]

Vitamin B5 - inhibits the production of pro-inflammatory ~ Food of animal origin,
(Pantothenic IL-6 and TNF-« in acute lung injury [64] wholegrain products, dry
acid) - inhibits neutrophils in producing legume seeds, and milk
- exhibits paradoxical effect anti-inflammatory cytokines in early
on cytokines bacterial infection and stimulates them in
late infection [63]
- limits cytokine storm and - upregulates IL-10 production that inhibits
inflammation cytokine release by macrophages [65] Fish, meat (poultry and pork),
Vitamin B6 ~ defi 56 rod thod offal me.at (liver), seeds,. nuts,
(Pyridoxine) ed1c1e'ncy (I)L ) lre ;.ICES antibody brown rice, bananas, dried
- affects Band T cell function P’ 1.1ct10n, evel . apricots, potatoes, red pepper,
inhibits T cell proliferation, and increases and tomato juice
IL-4 levels [57]
- inhibits furin activity and prevents
sequence-specific cleavage of the spike
- prevents .. .
SARS-CoV-2 invasion p.rotem into S1 and S2 domains [66]
- inhibits S1-glycoprotein/NRP-1 complex
formation [67]
Vjtamin .B9 - normalizes excessive - inhibits pro-inflammatory transcription Legume seeds, kale, spinach,
(Folic acid, cytokine release nuclear fac.tc?r kB (NF-«B) [68] . . lettuce, eggs, offal meat (liver),
folate) - affects the number and - folgte deficiency reduces T cell prphferatlon and rennet cheese
function of T cells ar.ld increases the CD4+/ CD8+ ratio [68]
- affects humoral immunity - is necessary for the survival and
differentiation of Treg cells [68]
- deficiency of folic acid indirectly affects the
proper formation of antibodies [68]
- inhibits furin activity [69]
- prevents - possibly inhibits viral replication by
SARS-CoV-2 invasion and suppression of the RNA-dependent-RNA
replication polymerase activity of the SCV2-nsp12
enzyme [70]
- deficiency of B12 upregulates the synthesis
Vitamin B12 - regulates cytokine release of TNF-« by macrophages and Meat, fish, eggs, offal meat,
(Cobalamin) - affects innate immunity downregulates IL-6 levels [68] and shellfish

- affects humoral immunity

- supports NK-cell activity [71]
- supports antibody production [71]

- affects T cell count and
function

- increases CD8+ cell count, reduces
CD4+/CD8+ ratio,
and stimulates NK cell activity [72]
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Table 1. Cont.

Activity

Immune-Mechanism

Dietary Source

- affects innate and

Vitamin C adaptive immunity

(Ascorbic acid)

- potentiates differentiation and proliferation
of phagocytes and B and T cells [73]

- supports antibody production [73]

- supports the development of NK cells and
stimulates their activity [73,74]

- increases the production of IFN-a/ 3 in
viral infections [73]

- inhibits pro-inflammatory NF«B pathway
and modulates cytokine production [73]

- reduces IFN-y, TNF-«, and IL-6, and
increases anti-inflammatory

IL-10 production [73]

- limits oxidative stress

- scavenges reactive oxygen species
(superoxide and peroxyl radicals, hydrogen
peroxide, and hypochlorous acid) [73]

Parsley, black currant, kiwi,
red pepper, cabbage
vegetables, strawberries, and
citrus fruits

- plays a role in maintaining
first-line defense

- upregulates genes that encode proteins
maintaining membrane integrity [75]

- stimulates maturation of monocytes and
phagocytosis [75]

Vitamin D - affects second-line defense

(inflammation) of the innate
immunity and limits
cytokine storm

- affects B and T cells and
limits inflammation

- inhibits monocytes to produce
pro-inflammatory IL-1c, IL-1f3, IL-6, IL-8,
IL-12, and TNF« [76]

- suppresses proliferation of B cells and
antibody production [77]

- inhibits proliferation of T cells and supports a
shift from Th1 to Th2 development, which
results in reduced pro-inflammatory cytokines
production (IFN-y, TNF-«, IL-2, and IL-12),
and increased formation of anti-inflammatory
cytokines (IL-10, IL-4, and IL-5) [77]

- inhibits Th17 cells and formation of IL-6,
IL-17, and IL-23 [77,78]

- induces Treg cells [77]

Only 20% of vitamin D in the
organism comes from the diet,
mainly from fatty fish

and eggs

- directly suppresses
SARS-CoV-2 replication

- water-soluble derivatives of x-tocopherol
inhibit SARS-CoV-2 RNA-dependent RNA
polymerase [79]

- affects effector cells of
innate immunity

Vitamin E
(Tocopherol)

- inhibits COX2 activity and PGE2
production by macrophages [80,81]

- increases the cytotoxicity of NK cells,
possibly by modulating NO levels [80,81]

- inhibits klotho sensitive NF-kB-mediated
dendritic cell maturation, migration, and
function [82]

- stimulates proliferation of naive T cells and
their secretion of IL-2 [82]

- affects adaptive immunity

- enhances Th1 response [82]

- limits oxidative stress and
normalizes excessive
cytokine release

- decreases the production of reactive oxygen
species by monocytes and dendritic cells [83]
- downregulates IL1, IL-6, and TNF secretion
by monocytes and macrophages [81]

- inhibits pro-inflammatory eicosanoids (PGE2,
LTB4, and 8-isoprostane) formation [81]

Vegetable oils, grain products,
nuts, vegetables, meat
products, and dairy products
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Recommendations for the general population during the COVID-19 pandemic high-
light the magnitude of a regular, well-balanced diet and encourage the consumption of a
varied diet rich in fresh, unprocessed food, vegetables and fruits (at least four to five serv-
ings a day), wholegrain products, and healthy fats (linseed oil, olive oil, and fish oil), and
drinking enough water, according to water requirements depending on age, sex, level of
physical activity, diet, body composition, pregnancy, and environmental conditions [17,18].
It is also advised to limit intakes of red meat, sweet drinks, and food high in calories and
salt. Supplements use is recommended for individuals with vitamin and/or micronutrient
deficiencies [17,18]. Further studies and clinical trials are needed to prove the significance
of vitamins and trace element supplementation in high-risk groups for COVID-19.

The aim of this narrative review is to provide a synthesis of the data regarding changes
in eating habits during the COVID-19 pandemic reported in distinct European countries.
In addition, we presented alterations in physical activity and sleep duration included in
the cited research to show a broader context of lifestyle changes affecting body weight and
populational health.

2. Methods

On 1 August 2022, the PubMed database was searched with the term “COVID AND
eating habits”, which translated to the far-reaching query (“COVID-19” [Supplementary
Concept] OR “COVID-19” [All Fields] OR “COVID” [All Fields] OR “SARS-CoV-2” [MeSH
Terms] OR “SARS-CoV-2” [All Fields] OR “COVID-19” [MeSH Terms]) AND (“feeding
behavior” [MeSH Terms] OR (“feeding” [All Fields] AND “behavior” [All Fields]) OR
“feeding behavior” [All Fields] OR (“eating” [All Fields] AND “habits” [All Fields]) OR
“eating habits” [All Fields]”). In addition, we explored several websites of medical organi-
zations and associations, e.g., the British Nutrition Foundation, which helped to identify
one of the relevant publications. Initially, 1194 articles were found. In the next step, the
whole list of 1194 publications was carefully screened by two independent researchers,
who decided if the paper was relevant to include in our review based on the titles. By com-
paring their results, a list of 422 articles for further evaluation was created. One doubled
record was deleted when checking the correctness of the list. Since the number of papers
significantly exceeded the capacity of one review manuscript, we decided to focus on
publications from European countries. Thus, we first excluded articles from non-European
countries, presenting aggregated data and reviews from different countries worldwide. As
a result, 188 studies were subjected to further assessment. Due to there still being a lot
of studies, publications regarding the pediatric population were also excluded. Then, the
remaining 154 papers were assessed for eligibility. By analyzing abstracts and full texts,
17 publications were found irrelevant to the topic of this review. Moreover, ten articles
were excluded since they presented aggregated data from different European countries.
Since the associations between COVID-19 and eating habits have already been extensively
studied in numerous Mediterranean countries and summarized in a recent systematic
review by Mignogna et al. [84], we also decided not to include the 64 papers from this
region in our analysis of the general population. Thus, our review compiles the results of
49 observational studies performed in 14 European countries within the general population
of adults, as well as 14 research papers focusing on specific subpopulations, including
obese, diabetic, and psychiatric patients (Table 2).
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Table 2. Summary of the included studies.

Type of Dates of the Pandemic Mean Age Type of
Ref. Study Study Restrictions N =+ SD [Years] Country Survey
[85] Cross” 17.04-01.05.2020 lockdown 1097 27.7 £9.0 Poland online
sectional
Cross- .
[86] . 03-04.2020 lockdown 183 33 +11 Poland online
sectional
longitudinal pre-lockdown 421 +120M .
[871 retrospective 29.04-19.05.2020 and lockdown 312 40.6 £13.7F Poland online
[88] Cross” 30.04-23.05.2020 lockdown 2381 not reported Poland online
sectional
Cross- . . .
[89] . 14.04-28.04.2020 lockdown 2447 not reported Lithuania online
sectional
[90] cross” 03.05-06.06.2021 post-lockdown 2040 not reported Romania online
sectional
[91] Cross” 29.04-19.05.2020 lockdown 312 41.12 £+ 13.05 Poland online
sectional
longitudinal 03.2020 lockdown and .
921 prospective and 10.2020 post-lockdown 200 19506 Poland online
[93] longitudinal ) 43 17 (4 90p9 ~ Pre-lockdown 506 24,67+ 423 Poland online
retrospective and lockdown
[94] Cross” 10-11.02.2021 post-lockdown 108 46.3 £10.5 Poland paper
sectional
[95] longitudinal =) 56 1082020 post-lockdown 171 22,53 4 2.48 Serbia online
retrospective and paper
[96] Cross- 05.05-30.06.2020 lockdown 689 not reported Kosovo online
sectional
cross- 10.2019-06.2020 pre-lockdown 6369 379 £11.8
[97] sectional and and and and Lithuania online
11.2020-03.2021 post-lockdown 2392 384 £ 12.6
[98] Cross” 20.03-30.05.2020 lockdown 926 not reported Poland online
sectional
Cross- .
[99] . 04-05.2020 lockdown 1082 31.6 +11.98 Poland online
sectional
[100] cross” 01.01-20.06.2021  post-lockdown 1022 33184+ 11.86  Poland online
sectional
[101] Cross” 01.05-15.05.2021 post-lockdown 145 not reported Poland online
sectional
Cross- . .
[102] . 04-12.2020 lockdown 9936 31.0 £ 12.16 Russia online
sectional
Cross- 04-05.2020 lockdown and .
[10] sectional and 11.2020 post-lockdown 78 not reported Poland online
Cross- 01.11.2020- .
[104] sectional 31.01.2021 post-lockdown 1101 not reported Poland online
[105] cross” 01-03.2021 post-lockdown 1447 31.344+11.05  Poland online
sectional
Cross- .
[106] . 22.02-03.04.2021 post-lockdown 1323 22 +4 Poland online
sectional
[107] Cross- 20.03-15.12.2021  post-lockdown 894 20.73 + 1.81 Poland paper

sectional
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Type of Dates of the Pandemic Mean Age Type of
Ref. Study Study Restrictions N =+ SD [Years] Country Survey
[108] longitudinal 1 5050 1 2001 pre- and 435 not reported Poland online
retrospective post-lockdown
08.2019-03.2020, pre-lockdown,
[109] cohort 03-06.2020, lockdown, and 1877 265+ 6.8 Sweden online
and 06-08.2020 post-lockdown
[110] Cross- 24.04-05.05.2020 lockdown 2462 not reported Denmark online
sectional
Cross- .
[111] - 15-30.04.2020 lockdown 24,968 not reported Norway online
sectional
Cross- .
[112] . 03-04.2020 lockdown 1964 23.3+4.0 Germany online
sectional
Cross- .
[113] . 12.03-03.05.2020 lockdown 827 not reported Germany online
sectional
Cross- .
[114] . 12.04-03.05.2020 lockdown 2103 40 £ 14 Germany online
sectional
[115] longitudinal 11.2020 lockdown and 1694 47.6 +14.8 France online
retrospective post-lockdown
[116] Cross- 25-30.03.2020 lockdown 11,391 4747 +17.28 France online
sectional
[ri7]  lomgitudinal 550 ) g500p0 - Prelockdown 938 387 £ 116 France online
retrospective and lockdown
[118] Cross- 09-30.06.2020 lockdown 2422 not reported France online
sectional
Cross- 2009, 2012, 2015, pre- and .
[119] sectional 2018, and 05.2021 post-lockdown 8981 204+18 France online
[120] cross” 22-28.04.2020 lockdown 1030 4994170  Netherlands  online
sectional
Cross- . .
[121] . 9-22.04.2020 lockdown 1129 349+ 143 Belgium online
sectional
Cross- . .
[122] . 16-23.04.2020 lockdown 28,029 not reported Belgium online
sectional
) paper,
[123] Cross 08.06-08.102020 ~ lockdownand 1119 74+7 Netherlands ~ online, and
sectional post-lockdown
phone
Cross- . .
[124] - 03-05.2020 lockdown 8122 not reported Belgium online
sectional
[125] longitudinal =, 7 14 11 5000 post-lockdown 246 496 £172  Netherlands online
prospective
[o6]  lomsitudinal o9 4 13 05200 lockdown 818 47 +13 England online
retrospective
Cross- .
[127] - 11-12.2020 lockdown 792 not reported England online
sectional
[128] Cross- 15.05-27.06.2020 lockdown 588 334+ 126 United online
sectional Kingdom
[129] Cross- 28.04-22.05.2020 lockdown 2002 34.74 +12.3 United online
sectional Kingdom
[130] cross” 01-15.09.2020 post-lockdown 352 not reported Umted online
sectional Kingdom




Nutrients 2023, 15, 3451 10 of 22
Table 2. Cont.
Type of Dates of the Pandemic Mean Age Type of
Ref. Study Study Restrictions N =+ SD [Years] Country Survey
longitudinal 10.2019 and pre-lockdown . . .
[131] prospective 02.2021 and lockdown 230 239+ 54 Lithuania online
[132] 10ng1tud1'n al 28.03-29.05.2020 lockdown 22,374 not reported Umted online
prospective Kingdom
Cross- lockdown and United not
[133] sectional 16.03-30.11.2020 post-lockdown 37,988 57.36 +8.23 Kingdom reported
[134] Cross” 03-05.2020 lockdown 442 45 £12.7 Turkey online
sectional
[135]  lonsitudinal 06-22.07.2020 post-lockdown 124 23 Poland online
retrospective
Cross- .
[136] - 08.04-20.05.2020 lockdown 72 63 Spain phone
sectional
Cross- .
[137] - 04-07.05.2020 lockdown 284 60.4 £10.8 Spain phone
sectional
Cross- 27.04-27.05.2020 phone and
[138] sectional  and 07-15.122020 ~ \ockdown 420 50.3 £12.0 France online
longitudinal pre-lockdown 66 50.06 £ 10.68 phone and
[139] prospective not reported and lockdown 35 50.80 £+ 12.40 Portugal online
[140] Cross” 08-09.2020 lockdown 1626 30 £ 11 Turkey online
sectional
[141] Cross- 11-25.05.2020 post-lockdown 254 358241182  Portugal online
sectional
Cross- United .
[142] . 07.2020 post-lockdown 158 32 +11.88 . online
sectional Kingdom
Cross- .
[143] . 05.2021 post-lockdown 3058 20.7 £ 2.3 France online
sectional
[144]  longitudinal 14-19.05.2020 lockdown and 365 35.09 + 13.59 Ttaly online
retrospective post-lockdown
[145] CI‘C.)SS- 17.04-15.05.2020 lockdown 511 not reported  Netherlands online
sectional
longitudinal 01-09.2019 re-lockdown online,
[146] rogs octive 11.2019-01.2020, e}:n d lockdown 171 31.74 +£12.76 Italy phone, and
prosp 22.04-03.05.2020 direct
[147] Cross” 07.05-12.06.2020 lockdown 32 35.2 £ 10.3 United online
sectional Kingdom

F—females; M—males; Ref.—reference; and SD—standard deviation.

3. General Population of Adults

3.1. Central and Eastern European Countries

Among 24 relevant papers from the region, the vast majority (18) referred to the
Polish population. Most studies evidenced that about 40-50% of the participants ate more
during the COVID-19 pandemic and admitted more frequent snacking [85-89]. This pattern
was even better expressed in overweight and obese subpopulations, indicating that fixed
unhealthy behavior is easier to aggravate [85,89,90]. Similarly, a higher increase in alcohol
consumption was observed in alcohol addicts than in the general population (64% vs. 14%),
and over 45% of smokers reported smoking more [85]. Thus, special attention should
be paid to lifestyle changes in the most susceptible groups characterized by sustained
unhealthy habits.
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Furthermore, the daily number of meals was significantly elevated during the first
wave of the COVID-19 pandemic [87,91], while no alterations were found six months
after the pandemic outbreak [92]. As for dietary composition, most studies revealed that
consumption of fast-food products, instant soups, sweet beverages, and energy drinks
decreased, while a concomitant increase in sweets, eggs, potatoes, canned meat, and alcohol
was noted [87,89,91,93]. Contrarily, reduced or unchanged alcohol use was reported in
a few studies [89,94-97]. Moreover, elevated consumption of water, fruits, vegetables,
and nuts was reported in a group of Polish primary school teachers [94] and Serbian
students [95]. Notably, the most profound changes in the structure of consumed food
were observed in the individuals who feared COVID-19 infection and strictly followed the
isolation rules [98]. Interestingly, the vast majority of the respondents did not notice limited
food availability, while it affected over 40% of those who changed their diet to be more
unhealthy during the COVID-19 pandemic [88]. Furthermore, dietary guideline adherence
appeared to be the lowest in people not coping well with stress and mental load, showing
that this subgroup is the most predisposed to nutritional behavior deterioration during
the COVID-19 pandemic [99]. Problematic eating behavior was diagnosed in over 14%
of Polish adults, according to the Yale Food Addiction Scale 2.0 [100]. In addition, a few
changes associated with education level were observed. Approximately one-third of the
participants with higher education diplomas surveyed over a year after the first COVID-19
case in Poland reported eating more sweets than before the pandemic outbreak, indicating
that dietary changes described during the first lockdown were mostly maintained [101].

Moreover, decreased physical activity reported by around 40-50% of the participants
was a common finding [85,88,96,100,101]. Quantitatively, the mean metabolic equiva-
lent of tasks (MET) declined by 30% during the first lockdown, while the mean value
of sitting time elevated by 25% [93]. As a result, 30-50% of the individuals gained
weight [85-87,89,90,92,96,100,101]. A mean increase in body weight varied from 0.5 kg
to 6.5 kg [85-87,91,100], depending on the published paper. In addition, sleep quality
diminished significantly [93,102]. Intriguingly, contrasting results were obtained in a broad
Lithuanian research in which no changes in BMI and shortening of sleep time only in
women aged 26 or more were noted [97]. However, a stable BMI has to be interpreted along
with the fact that, during the COVID-19 pandemic, people tended to overeat less, according
to the study, despite a significant decline in total MET observed.

Interestingly, the outbreak of the COVID-19 pandemic resulted in an increase in the
consumption of foods that are believed to modulate immune responses, such as garlic,
ginger, honey, lemon, raspberry syrup, turmeric, and fermented fruits and vegetables [103].
Additionally, the intake of dietary supplements containing vitamins C and D, zinc, and
omega-3 fatty acids was elevated during the first two waves of the pandemic, as nearly
35% of Polish adults started taking at least one new dietary supplement [103] and an
increase in spending on supplements was declared by almost 23% of the participants [104].
Correspondingly, over 40% of Serbian medical students declared higher supplement use
in general, especially vitamin C, D, and zinc-containing products [95]. However, the
opposite results were disclosed over a year after the COVID-19 pandemic outbreak in
Poland, when no changes in the intake of vitamin C, D, and magnesium supplements were
reported [101]. The possible explanation may be that the first fear of COVID-19 induced
higher supplementation of immune modulators and receded over time, which was partially
evidenced by Hamulka et al. [103], or that people felt safer after the vaccination program
had started and reduced supplement use. Tangentially, people with appropriate nutritional
knowledge were characterized by a higher pro-health diet index in March 2020, at the
beginning of the pandemic, whereas no statistically significant association was found in
October 2020, suggesting that people lacked the perseverance to uphold beneficial dietary
habits introduced just after the first COVID-19 cases in Poland [92]. In this context, the
fact that healthy eating apps were evidenced to encourage favorable behavior and healthy
eating motives during the COVID-19 pandemic should not be underestimated [105].
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Of note, the reported impact of the COVID-19 pandemic was even more expressed
among university students. Over 50% of undergraduates declared that the pandemic
changed their dietary habits adversely [106], while 72-76% stated it had a negative influ-
ence on their physical activity [106,107]. On the other hand, beneficial aftermaths of the
COVID-19 pandemic involved 30% of university students for nutrition behavior and 20%
for physical activity [106]. More optimistic data were unveiled by Hoffmann et al., who
noted that nearly 20% of the surveyed (mostly young adults) reported a more healthy
diet during the second wave of the COVID-19 pandemic in Poland, and 3% even ceased
stimulants, whereas only 11% admitted a less healthy dietary pattern [104]. Similar results
concerning an expanded population of Polish adults were observed by Gérnicka et al., who
showed that 27.6% changed their dietary regimen into a healthier one, while 19.4% turned
to detrimental behaviors [88]. Additionally, a smaller percentage of the respondents (ca.
30%) decreased their physical activity than in other papers [104]. Furthermore, Szczepariska
et al. revealed that not only did university students reduce the consumption of sweets,
fast food, salty snacks, and energy drinks during the COVID-19 pandemic, but a slight
tendency in improved breakfast regularity was also described [108].

3.2. Scandinavian Countries

Data from Scandinavian countries are rather scarce; only three relevant papers have
been published so far [109-111]. Results from the Danish study confirmed that the lock-
down policy led to increased food intake, and both more frequent snacking and cooking
at home were responsible for the raised consumption [110]. Additionally, dietary habits
changed negatively as lower intake of fruits and vegetables with a concomitant surge
in pastries and alcohol consumption were noted. As a result of lockdown limitations,
nearly 50% of individuals reduced their physical activity. Consequently, almost 30% of
Danish participants declared weight gain. Furthermore, the Norway research endorsed
that elevated use of high-sugar products during the COVID-19 pandemic may be partially
explained by emotional eating, since the groups presenting with substantial worries or
psychological distress reported consuming high-sugar foods and beverages much more
frequently [111]. In addition, emotional eating, defined as eating more in response to
feeling down or unsatisfied, was observed in up to 54% of Norwegian adults, affecting
mainly women (62% females vs. 43% males). On the other hand, a Swedish study involving
university students showed significant improvements in dietary habits, albeit the outcomes
should be carefully analyzed in the context of the less restricted anti-COVID-19 policy
compared to other countries [109]. Nonetheless, after three months of the pandemic (first
follow-up), more students declared eating breakfast more frequently, while the intake of
morning and afternoon snacks decreased. Moreover, a significant hike in daily physical ac-
tivity and a decline in sitting hours took place. All these positive changes were additionally
strengthened after the summer holidays (second follow-up).

3.3. Western European Countries

The negative influence of the COVID-19 pandemic was also observed in Western
European countries. Approximately 25-30% of the participants from Germany admitted
weight gain after the national lockdown, while only about 15-20% of the studied population
lost weight concurrently [112-114]. Moreover, a significant increase in the consumption of
sweets, pastries, bread, coffee, and alcohol was noted [112-114]. Contrarily, the amount
of meat, fast food, and ready-made meals consumed declined substantially [112,113].
Interestingly, the elevated intake of confectioneries was recognized as the most associated
with putting on weight [112,113]. Weight gain appeared more likely in women as well as
in individuals with a higher baseline BMI and experiencing elevated mental stress [112].
Furthermore, decreased levels of general physical activity and more deteriorated sleep
quality predominated during the lockdown and might have affected body weight [113].
Importantly, the introduction of lockdown policies contributed widely to eating behavior
alterations, including eating culture and philosophy. Over 40% of German adults surveyed



Nutrients 2023, 15, 3451

13 of 22

by Bithlmeier et al. indicated higher awareness of their diet composition and the significance
of nutrition in maintaining health [114]. Furthermore, the majority of the participants
confessed to trying new food or recipes, and almost 45% of them ate in a company or
relished their favorite dishes more frequently [114]. Similarly, French studies evidenced
that nearly half of the individuals paid attention to a healthy diet and changed their dietary
habits [115]. Of note, reducing the intake of unhealthy food was slightly more prevalent
than increasing the intake of wholesome products. Importantly, around two-thirds of
people maintained dietary modifications established during lockdown for at least a few
months after lockdown withdrawal [115]. Thus, changes in nutritional patterns initiated
during the COVID-19 pandemic may still affect populational health, which is the best
rationale for creating analyses like our paper.

Tangentially, almost 30% of French adults declared elevated daily food intake, and
over 12% of them mentioned difficulties in controlling eating [116]. Correspondingly,
nearly 30% of participants confirmed increased consumption of salty and caloric foods.
Moreover, raised use of alcohol, cannabis, and tobacco was found in 25-30% of the surveyed
patients. Augmented levels of stress and a decline in well-being were acknowledged as
the principles for the introduction of unhealthy habits, and women were found to be
more prone to such modifications [116]. Interestingly, the outcomes presented by Marty
et al. showed that approximately half of the respondents were more susceptible to making
their food choices depending on their current mood, which was closely connected with a
declined nutritional quality [117]. Lowering the value of meals consumed was observed in
the French population in general, with a higher intake of confectioneries, processed meat,
and alcohol. On the other hand, over one-fourth of French adults paid more attention to
health and weight control during the national lockdown, resulting in an increased nutrition
value of the regular diet [117]. Additionally, more positive changes were reported by
Sarda et al., who evidenced that the group of French adults undertaking beneficial diet
modifications slightly predominated in the society [118]. More frequent home cooking
and increased intake of fruits, vegetables, and fresh products, driven by the willingness to
maintain health and weight, led to a more balanced diet. Contrarily, the rise in snacking,
comfort food consumption, and difficulties in food availability were recognized as the
causes of lowering the diet quality [118]. Finally, the percentage of university students
suffering from eating disorders expanded substantially since the COVID-19 pandemic [119].

Surprisingly, data from the neighboring Benelux countries, including Belgium and the
Netherlands, reveal that inhabitants were the most invulnerable to changing their dietary
patterns during the COVID-19 pandemic. Approximately 80% of Dutch adults did not alter
their nutritional habits and diet composition [120,121]. In addition, the negative impact
of the pandemic may be principally observed throughout other papers. Drieskens et al.
demonstrated that almost 30% of the surveyed gained weight as soon as after six weeks
of household confinement [122]. An even higher percentage of participants putting on
weight was reported in both overweight and obese subgroups, reaching nearly 40% in the
latter [122]. Correspondingly, obese individuals were more likely to worsen their dietary
choices during the lockdown than people with a normal BMI [120]. Increased snacking
was associated the most with weight gain, apart from elevated alcohol and sweet beverage
consumption and restricted physical activity [122]. Interestingly, unfavorable dietary acts
were caused mainly by unhealthy food temptations at home, boredom, and having more
spare time [120]. Similar remarks adhere also to the population of Dutch seniors. Up to one
in three reported snacking more, and nearly 50% admitted a decline in physical activity,
which resulted in weight gain in over 30% of the participants [123]. Of note, eating less
than usual, skipping warm meals, or losing weight were confessed to by about 10% of
the elderly respondents, also showing an increased risk of malnutrition and frailty due to
the COVID-19 pandemic [123]. Intriguingly, 10% of Belgians worried about food shortage
issues and decreased the consumption of fresh fruits and vegetables [124]. Finally, an
overall decline in self-assessed mental health status was evidenced in the population of
Belgian adults [125].
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Comparable observations were noted in the United Kingdom. Most of the research
revealed a higher food consumption by approximately 40-50% of the patients [126-128].
Increased use of sugary drinks and intensified snacking (chocolate, cakes, biscuits, and
crisps) were widely reported [126,129,130]. Almost one-third of the studied group gained
weight [126]. Decreased physical activity was reported by ca. 50% of individuals and
associated with low income [129]. Interestingly, 35% of adults confessed to elevated alcohol
consumption associated with anxiety, stress, and tiredness during the first pandemic
lockdown [130]. According to the other study, over half of the respondents declared eating
control difficulties [131], while Robinson et al. disclosed that 49% of surveyed people
fell into unhealthy eating habits, although 88% of them confirmed they had time to eat
healthily and 79% could afford wholesome food [129]. In the study by Herle et al., 16%
of participants presented persistently eating more, and loneliness was recognized as a
risk factor [132]. Importantly, people with a higher BMI were much more vulnerable
to introducing detrimental lifestyle changes due to the pandemic [129,132]. However,
several beneficial alterations were also described in the literature. Coffee, vegetables, and
bread appeared to be consumed more often during the COVID-19 pandemic, while a
concomitant reduction in the intake of meat was observed, which was associated with
lowering the risk of acquiring SARS-CoV-2 infection [133]. In addition, an increase in
vegetable consumption was reported by 12% of British adults, particularly when bored,
anxious, stressed, or tired [130]. Moreover, almost 20% of adults started eating more
fruits [130]. Interestingly, over 85% of respondents acknowledged the importance of
taking immune system-boosting supplements during the COVID-19 pandemic [127]. In
addition, almost 80% of Britons declared they considered buying healthier food during the
second wave of the COVID-19 pandemic and that the pandemic affected the amount of
food purchased [127]. Additionally, Baceviciene et al. evidenced a significant decline in
unhealthy eating habits and a lengthened sleep duration among university students during
the lockdown period [131].

4. Specific Populations

Apart from the general population of adults, several studies regarding specific groups
of patients have been published so far, including those suffering from obesity, diabetes mel-
litus, and psychiatric disorders. Due to their high prevalence, the insight into dietary habits
alterations provoked by the COVID-19 pandemic may help to establish more personalized
dietary recommendations and improve community health in the future.

Similar results were obtained in both obese and diabetic patients. All the cited papers
reported elevated consumption of snacks, sugary, and packaged foods during the pandemic
in both subpopulations [134-137]. Moreover, a higher number of daily meals and decreased
physical activity were noted [134,135,137]. On the other hand, a few positive features have
been observed, as the regularity of meals improved and people tended to prepare meals by
themselves much more frequently [135]. Furthermore, a raised consumption of vegetables,
nuts, and water was described [137]. Nevertheless, statistically significant weight gain was
evidenced in all the studies, affecting 39% to almost 55% of the individuals [134,135], albeit
some people also managed to lose weight, according to both Grabia et al. [135] and Yazici
et al. [134]. Interestingly, a substantial increase in sleep duration was disclosed, which
might be associated with enhanced stress levels, fear, and disturbed mental health [134].

In addition, significant changes have been observed in morbidly obese patients who
underwent bariatric surgery [138,139]. Although 55% of the individuals had managed
to maintain body weight a year after the surgery and had lost a mean of 30% of body
weight, which indicates a good adherence, COVID-19 pandemic lockdowns resulted in
approximately a 1.5% increase in body weight reported by almost 75% of patients [138].
This hike was expressed to an even greater degree in the subgroup that had contracted
COVID-19 infection and women [138]. Similarly, a higher regain of body weight in the most
vulnerable period after bariatric surgery was observed during the COVID-19 pandemic
than before [139]. Additionally, lowered quality of consumed food, elevated snacking, and
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worsening of at least one eating behavior were shown [138,139]. Emotional eating due
to anxiety and depression have been proposed as the potential causes, as they correlated
with diet quality as well as snacking and craving at night-time frequency [138]. Moreover,
almost two-thirds of participants limited their physical activity, especially those with a
lower BMI loss after surgery or of older age. Furthermore, 45% of the patients complained
about increased fatigue, which might be partially associated with shortened sleep duration
reported by 30% of the individuals [138].

Several studies aimed directly at the assessment of emotional eating disorders asso-
ciated with the COVID-19 pandemic have been published so far. In the study by Madali
et al., a tremendous number of patients (over 75%) were recognized with eating disorders,
likely propelled by the anxiety of contracting SARS-CoV-2 infection and an increased
stress level [140]. The prevalence of emotional eating was much higher in obese and over-
weight individuals than in normal or underweight adults. Almost 80% of the participants
reported elevated intake of food [140]. In addition, about one-third affirmed enhanced
appetite and weight gain, although no statistically significant increment in BMI values
was disclosed [140,141]. Of note, nearly 30% of the individuals declared a more balanced
diet, while over 20% admitted unhealthy changes in their nutrition [140]. Interestingly,
analogous outcomes were observed in a group of patients with alexithymia characterized
by an impaired ability to recognize emotions [142]. Furthermore, over half of the women
attending French universities and more than 30% of men were diagnosed with eating
disorders [143]. Moreover, Cecchetto et al. revealed a higher prevalence of binge and emo-
tional eating due to pandemic-related emotional distress [144]. Tangentially, psychological
distress was suggested as the primary cause of more frequent disordered eating behaviors
by Ramalho et al., who showed that 40-50% of adults experienced binge eating episodes
or loss of control over eating, while over 80% conceded overeating and grazing eating be-
havior [141]. Additionally, patients struggling with eating disorders voiced their concerns
about being unable to stick with their meal plan and the worsening of eating disorders in
general [145]. In the groups of anorexic and bulimic patients, symptoms of eating disor-
ders exacerbated or resurfaced, and isolation, depression, increased anxiety, and media
coverage related to weight were the factors associated with the deterioration [146,147]. In
addition, a lowering of physical activity was reported during the COVID-19 pandemic
among eating-disordered patients, especially those suffering from a hyperphagic eating
disorder [140,143]. Furthermore, reduced physical activity elevated the risk of hyperphagic
and bulimic eating disorders, creating a vicious circle [143]. On the other hand, compulsive
physical activity was reported as a coping strategy, which helped to manage depressive
symptoms in anorexic patients, but worsened the underlying disease [147]. Interestingly,
sleep duration extension was observed in over 30% of participants reporting emotional
eating [140], though this finding was not recapitulated in other research [141].

5. Limitations and Biases

Our narrative review has several limitations. First of all, the vast majority of the cited
research was based on online surveys. Thus, they were not randomized and were limited to
the younger population with high internet skills. Only four articles were characterized by a
mean age of over 50 years. Furthermore, several longitudinal papers have been performed
until the day of the literature search, and merely a few of them were prospective. Also, most
of the studies were conducted during the lockdown periods. In addition, comparing the
results from different countries is inherently associated with biases resulting from distinct
lockdown policies, dynamics of the COVID-19 pandemic, and cultural diversity. Moreover,
the questionnaires used in various studies were not uniform, and many papers present
results in their own way, which makes them harder to compare and synthesize. Finally, our
review does not include articles published after 1 August 2022, and the PubMed database
was the only hefty collection analyzed.
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6. Conclusions

Unhealthy eating behaviors were a common finding during the COVID-19 pandemic
in numerous European countries, albeit differing results were evidenced in a few papers.
Increased snacking, intake of caloric foods, such as sweets, pastries, and beverages, and
a decline in physical activity were widely reported. Consequently, up to 50% of Euro-
pean adults put on several kilograms. Elevated mental stress and emotional eating were
identified as the principal causes of weight gain. Of note, unfavorable alterations in nu-
trition were more profound in the populations with obesity and overweight. Although
only a few follow-up research studies were performed, it seems that unhealthy dietary
patterns initiated during COVID-19 lockdowns were mostly maintained over time, while
a positive attitude towards immunomodulatory foods and supplements receded. Thus,
adverse outcomes of the COVID-19 pandemic may still affect populational health and
should constantly attract the attention of public health efforts.

The concluding remarks of our review stay in line with the outcomes of the meta-
analysis by Mignogna et al., who also revealed the rise in food intake, snacking, and sweet
product use [84]. However, increased consumption of fruits and vegetables was reported
much more frequently in the Mediterranean countries than in the rest of Europe, as well as
an elevated adherence to the Mediterranean diet and improved overall diet quality [84].
Further meta-analyses, including the weight gain measure and changes in physical activity,
not covered by Mignogna et al. [84], need to be performed.
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