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IN MEMORIAM: PROFESSOR STANISEAW KAFEL (1927-2023)

Lucjan Szponar!, Ewa Rychlik"

"National Institute of Public Health NIH — National Research Institute,
24 Chocimska str., 00-791 Warsaw, Poland

Professor Stanistaw Kafel (1927-2023)

Professor of veterinary sciences Stanistaw Kafel
passed away on March 23, 2023 in Warsaw, Poland.
He was a distinguished employee of the Institute of
Food and Nutrition (IZZ) in Warsaw, incorporated in
2020 into the structures of the National Institute of
Public Health - National Institute of Hygiene.

Professor Stanistaw Kafel was born on July 1, 1927.
In 1952 he graduated from the Faculty of Veterinary
Medicine at the Maria Curie Sktodowska University
in Lublin and was awarded a diploma in veterinary
medicine. After graduation he started working at
the Department of Animal Products Hygiene of the
Institute of Veterinary Medicine in Putawy, obtaining
the following scientific degrees of assistant, doctor and
then doctor habilitated of veterinary sciences, where
he was a head of the Laboratory of Microbiology
of Animal Products. In addition, he worked at the
Laboratory of the Veterinary Sanitary Inspection in
Putawy acting as its manager. He was also a consultant

on food hygiene for the Veterinary Department of the
Ministry of Agriculture.

He has completed foreign fellowships at scientific
institutions in the USA and Canada. He has actively
participated in national and international congresses
and scientific conferences, including in the USA and
Canada, as well as in the meetings organised by FAO
and WHO.

In 1971, as an expert in animal product hygiene,
he was delegated to work for Food and Agriculture
Organisation (FAO) of the United Nations in Rome,
where he was involved in developing projects to
improve food hygiene conditions and actively
participated in their implementation in various regions
of the world. After the end of this mission in 1976 he
took a position at the Faculty of Veterinary Medicine
at the Agro-Technical Academy in Olsztyn, where
he was head of the Department of Animal Products
Hygiene. There he developed research work in the

Corresponding author: Ewa Rychlik, National Institute of Public Health NIH — National Research Institute, 24, Chocimska str.,
00-791 Warsaw, Poland tel +48 5509821, e-mail:erychlik@pzh.gov.pl

This article is available in Open Access model and licensed under a Creative Commons Attribution-Non Commercial 3.0.Poland License
(CC BY-NC) (http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en)
Publisher: National Institute of Public Health NIH - National Research Institute


http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
https://orcid.org/0000-0001-9981-6015

130

In memoriam: Professor Stanistaw Kafel (1927-2023)

No 2

field of food microbiology, enabling his assistants
to go on scientific fellowships to the USA, Canada,
England, Denmark and the Netherlands. In 1978 he
was awarded the title of associate professor and in
1989 full professor of veterinary sciences.

In 1983, he began working at the Institute of
Food and Nutrition in Warsaw, where he headed the
Microbiology Laboratory. After leaving the Institute
in 2001, he continued to maintain close relationships
with it, including being a member of its Scientific
Council.

Professor Stanistaw Kafel, as an outstanding
expert in meat hygiene, worked for many years in
international forums with the Food and Agriculture
Organisation (FAO) and the World Health Organisation
(WHO) in Geneva. On behalf of these organisations,
he participated in many missions abroad, including
Indonesia and India. He also participated in meetings
of FAO/WHO expert groups where he provided
opinions on food hygiene documents.

In his scientific work, he dealt with the issues of
food hygiene, especially meat and meat products,

laboratory testing methodology on food quality and
health evaluation of food products. He also conducted
scientific research on Helicobacter pylori and
Campylobacter jejuni bacteria and factors inhibiting
their growth. His scientific achievement include
about 100 publications in national and international
scientific journals. He supervised 6 completed doctoral
dissertations.

The most important scientific achievement of
Professor Stanistaw Kafel was the development,
together with a team of colleagues at the Institute
of Food and Nutrition, of a urease test to detect the
presence of Helicobacter pylori bacteria in the gastric
mucosa. This test allows early diagnosis of risk factors
for gastric cancer. The test was patented as the first
of this kind on the Polish market. This test is still
produced and used for diagnostic purposes to date,
reducing the risk of premature deaths from stomach
cancer.

Professor Stanistaw Kafel, an outstanding scientist,
will remain in the memory of his colleagues as a great
leader and a warm-hearted colleague.
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FOLIC ACID — IMPORTANCE FOR HUMAN HEALTH
AND ITS ROLE IN COVID-19 THERAPY

Katarzyna Kurowska"®, Milena Kobylinska"®, Katarzyna Antosik"

'Siedlce University of Natural Sciences and Humanities, Faculty of Medical and Health Sciences,
Siedlce, Poland

ABSTRACT

Folic acid (folacin, By) is a vitamin that performs many very important functions in the human body, and its inadequate
level - deficiency as well as excess, may contribute to an increased risk of developing many disease processes. The aim
of this study was to analyze the available scientific literature on folic acid and its impact on human health. A systematic
review of the studies, published until November 2022, was made on the basis of searching bibliographic databases such as:
PubMed, Elsevier and Google Scholar. The following keywords and combinations were used: folic acid, folate, folic acid
supplementation, folate deficiency. Folic acid, thanks to its high biological activity, has a direct and indirect effect on the
metabolism of the human body cells. It plays a very important role, among others in the prevention of neural tube defects
and megaloblastic anemia, the proper functioning of the nervous system, as well as reducing the risk of developing certain
cancers. Currently, the important role of folic acid in maintaining the proper functioning of the immune system is also
emphasized, which is of particular importance both in the prevention and in the situation of SARS-CoV-2 (COVID-19)
infection.

The effects of deficiency and excess of vitamin B, may turn out to be dangerous to health and even life. There is a need
for nutritional and health education of the society regarding the importance of folic acid for human health, due to the
presence of large deficiencies in the population, which is particularly important for some social groups, such as, for
example, women of procreation age, pregnant or breastfeeding, people with a nutrient malabsorption, and people who
smoke or abuse alcohol.

Key words: folic acid, folate, deficiency, supplementation, health

STRESZCZENIE

Kwas foliowy (folacyna, B,) to witamina, ktora pelni wiele bardzo waznych funkcji w organizmie cztowieka, a jej nie-
odpowiedni poziom — niedobor jak i nadmiar, moze przyczynic si¢ do zwickszonego ryzyka rozwoju wielu procesow
chorobowych. Celem niniejszej pracy byta analiza dostgpnej literatury naukowej dotyczacej kwasu foliowego 1 jego
wplywu na zdrowie cztowieka.

Systematycznego przegladu badan, opublikowanych do listopada 2022 r., dokonano na podstawie przeszukiwania bi-
bliograficznych baz danych takich jak: PubMed, Elsevier oraz Google Scholar. Uzyto nastepujacych stow kluczowych
i ich kombinacji: kwas foliowy, foliany, suplementacja kwasem foliowym, niedobor kwasu foliowego. Kwas foliowy,
dzigki swojej wysokiej aktywnosci biologicznej ma wpltyw bezposredni, jak i posredni na metabolizm komorek orga-
nizmu cztowieka. Pelni bardzo wazng rolg m.in. w zapobieganiu powstawania wad cewy nerwowej, niedokrwistosci
megaloblastycznej, prawidtowym funkcjonowaniu uktadu nerwowego, jak rowniez redukcji ryzyka rozwoju niektorych
nowotworow. Obecnie, podkresla si¢ rowniez istotna rolg kwasu foliowego w utrzymaniu prawidlowego funkcjonowania
uktadu immunologicznego, co ma szczegdlne znaczenie zaréwno w profilaktyce jak i w sytuacji zakazenia wirusem
SARS-CoV-2. Skutki niedoboru, jak i nadmiaru witaminy B, moga okazac¢ si¢ niebezpieczne dla zdrowia, a nawet zycia.
Istnieje potrzeba edukacji zywieniowo — zdrowotnej spoteczenstwa w zakresie znaczenia kwasu foliowego dla zdrowia
cztowieka, ze wzgledu na wystepowanie duzych niedoboréw w populacji, co jest szczeg6lnie wazne, dla niektorych grup
spolecznych takich jak np. kobiety w wieku prokreacyjnym, w cigzy czy tez karmigce piersig, osoby z uposledzeniem
wchtaniania sktadnikéw odzywczych oraz osoby palace papierosy lub naduzywajace alkohol.

Stowa kluczowe: kwas foliowy, foliany, niedobor, suplementacja, zdrowie
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INTRODUCTION

A well-balanced diet is a key factor for maintaining
good health. One of vitamin that performs many
very important functions in the human body is folic
acid (folacin, vitamin B, pteroylmonoglutamic
acid). Inadequate levels of this vitamin in the body
- deficiency as well as excess - can contribute to an
increased risk of developing many disease processes
[18, 28].

In terms of chemical structure, folic acid consists of
p-aminobenzoic acid, pteridine base, and glutamic acid
(Figure 1). The biologically active form of folic acid is
levomepholic acid, or L-5-methyl-tetrahydrofolate (5-
MTHF) [18].

pteridine ring

HN Y j\para -amino-benzoic acid
j‘/\[ (ONH

(H NH

HOOCCH (H,—-C--COOH
H

glutamic acid

Figure 1. The structural formula of folic acid [1].

Folic acid, naturally occurs in food in the form of
folates (salts of folic acid) - a group of compounds
that differ in the number of glutamic acid residues and
the oxidation state of the pteridine ring, which also
includes folic acid derivatives such as dihydrofolate
(DHF), tetrahydrofolate (THF) or methylfolate. It is
worth noting that folic acid has the highest stability
and bioavailability among the above-mentioned group
of compounds [16, 32, 68].

It should be mentioned that the human body is not
capable of synthesizing this vitamin, except in trace
amounts, which are formed with the participation
of the intestinal microbiota, mainly intestinal
microorganisms of the genus Bifidobacterium
(especially B. asoledcentis and B. pseudocatenulatum),
Lactobacillus, Bacterioidetes, Fusobacteria,
Proteobacteria and Actinobacteria [6]. Therefore, this
vitamin should be supplied from exogenous sources,
i.e. with food or appropriate supplementation [18, 23,
32, 39].

Sources of folate in the diet are both products of
plant and animal origin. High in their content, among
products of plant origin, are characterized by short-
cooked and raw green leafy vegetables (Brussels
sprouts, lettuce, broccoli, cabbage, spinach, asparagus,
parsley leaf and root), legumes (peas, soybeans,
beans), whole grain products, citrus fruits or nuts.
Among products of animal origin high content of

vitamin B, are: eggs, offal (mainly liver), soft ripened
cheeses (brie, camembert) and some species of fish
(e.g. salmon, tuna) [16, 51, 53, 41].

Folic acid, due to its high biological activity, has
a direct and indirect effect on the metabolism of cells
in the human body. It plays a very important role in,
among other things, preventing neural tube defects [9,
50], reducing the risk of megaloblastic anemia [33, 41],
proper functioning of the nervous system [9, 15, 41]
and reducing the risk of developing certain cancers [6,
13, 63].

The purpose of this study was to review the current
literature on the analysis of the impact of folic acid
deficiency on the risk of fetal developmental disorders,
megaloblastic anemia, neurodegenerative diseases,
cancer, as well as to assess the importance of folic acid
in maintaining the proper functioning of the immune
system, especially in terms of prevention as well as in
the situation of SARS-CoV-2 infection.

A systematic review of studies published up to
November 2022 was done by searching bibliographic
databases such as PubMed, Elsevier and Google
Scholar. The following keywords and their
combinations were used: folic acid, folate, folic acid
supplementation, folic acid deficiency.

CAUSES AND EFFECTS OF FOLIC ACID
DEFICIENCY IN THE ORGANISM

An important cause of folate deficiency in the
human body is the dietary mistakes made, especially
the insufficient intake of vegetables and fruits and
whole grain cereal products each day - they are
a valuable source of this vitamin [41, 78]. Low dietary
folate content may also be due to high losses of folate
during food processing and storage [17, 41]. Impaired
utilization, absorption, and storage of folacin in the
body’s body cells can also be caused by drinking large
amounts of tea or coffee [17], alcohol abuse [41], and
smoking [17].

The concentration in the body of such vitamins and
mineralsas vitamin B, ,, ascorbicacid, zinc, iron,among
others, as well as proper levels of methionine, can have
a significant impact on the human body’s utilization
of folate. Insufficient vitamin B,, in the body results
in decreased folate retention in cells. Ascorbic acid
deficiency, in turn, contributes to impairing the body’s
ability to maintain folate in a reduced, or metabolically
active, state. Impaired folate absorption can also be
caused by structural and functional disorders of the
small intestine and a deficiency of conjugases that
break down polyglutamine compounds [16].

Painkillers such as aspirin or ibuprofen,
antiepileptic drugs, antibiotics, cortisone, sulfamides,
as well as folic acid antagonists (e.g., trimethopim,
methotrexate) also have a lowering effect on folate.
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In addition, those at risk of folate deficiency include
cigarette smokers, women who use oral contraceptives
and alcohol abusers [55].

Folic acid deficiency in the human body leads to
an increased risk of developing a number of disease
processes, including megaloblastic anemia, which is
characterized by: impaired concentration, tachycardia,
chronic fatigue, headaches and dizziness, or pallor of
the skin and mucous membranes (although there may
also be foci of hyperpigmentation, especially of the
dorsal surfaces of the fingers). Folic acid deficiency
is also the cause of non-specific gastrointestinal
complaints, manifested by: diarrhea or constipation,
loss of appetite, burning tongue - the so-called “buffalo”
tongue, which is characterized by a dark red color
and smoothness. Symptoms of psychiatric disorders
such as depression, cognitive function abnormalities,
mood swings, delusions and dementia syndrome,
thrombosis are attributed to hyperhomocysteinemia,
which in turn is the result of folate inactivity [41, 58].
In the context of reproduction, folic acid deficiency
significantly correlates with a higher incidence of
neural tube defects. Deficiencies of this compound in
the diet of pregnant women may increase the risk of
cleft lip and palate in the child and the incidence of
Down syndrome [64].

There is also scientific evidence that indicates that
folic acid deficiencies may increase the risk of certain
cancers, i.e. uterine cancer, ovarian cancer, breast
cancer, colorectal cancer, lung cancer. What’s more,
there are also emerging scientific studies that confirm
that not only deficiencies, but also excessive folate
intake can contribute to accelerating the development
of cancers such as prostate cancer and laryngeal
cancer. However, the role and importance of folic acid
in the process of cancer formation requires further
research [60, 41].

Based on available scientific findings, it is indicated
that with folic acid deficiency, neuropsychiatric
symptoms may occur, including irritability, insomnia
cognitive decline, fatigue, depression and psychosis
[29, 41].

Folate deficiency can also affect genetic stability,
as it is involved in the synthesis of purines and
thymines. A reduction in the thymine pool needed
for polymerization and DNA (deoxyribonucleic acid)
repair is a consequence of folate deficiency. This can
be followed by the misattachment of uracil in place
of thiamine. The appearance of uracil, and on the
opposite side of adenine, can lead to the conversion of
base pairs during replication from a GC pair to an AT
pair in the newly formed molecule. There is a high risk
that such a disruption will have significant mutagenic
consequences. When there is too little folate (which is
also thymidine nucleotides) in the subsequent repair
processes, complete genetic destabilization can occur,

which is associated with chromosomal aberrations and
DNA strand breakage [38]. Research indicates that the
amount of defectively attached uracil to lymphocyte
DNA decreases in women of childbearing age,
which is related to the supply of 400 pg of folic acid
per day, and this in turn confirms the need for folic
acid supplementation during the procreative period.
The genetic stability of the cell is also influenced
by the level of methylation of the genome, where
this compound is known to play an important role
[26]. Thus, dietary folic acid deficiency contributes
to the disruption of many very important metabolic
processes, and can result in impaired cell growth and
development. Among the best known functions of folic
acid is the prevention of the development of neural tube
defects and complications of pregnancy. Prevention of
cardiovascular disease, neurodegenerative diseases,
cancer and megaloblastic anemia are also cited [7, 16,
41].

FOLIC ACID AND FETAL
DEVELOPMENT DISORDERS

Pregnant women are among those with a special
need for folic acid. Deficiency of this component can
cause many negative consequences. Folic acid is very
important for the growth of cells of the developing
fetus. The baby’s spinal cord and brain grow from
the neural tube - so the timing of its formation is very
important. Statistics show that defects of the central
nervous system (CNS) are one of the leading causes of
neonatal deaths [9, 24, 50].

During pregnancy, folic acid deficiency leads to
birth defects and complications such as miscarriage,
fetal demise, premature placental separation,
placenta previa, prematurity, low birth weight, and
megaloblastic anemia [41, 50].

During pregnancy, the need for folate increases
and can be met only partially through the supply of
appropriate foods that are sources of these nutrients.
It is estimated that the diet allows 50% of the daily
requirement for these nutrients. For this reason,
supplementation is recommended and plays a special
role during the planning period of pregnancy and in its
early stages. During pregnancy, the daily requirement
for folic acid is 600 pg. The recommendations
emphasize that all women of childbearing age should
include folate-rich products in their diets, as well
as fortified foods [71]. Women planning pregnancy
should additionally supplement folic acid for at least
12 weeks before conception at 400 pg/day. During the
first trimester of pregnancy - until the 12th week - folic
acid should be supplemented at 400-800 pg/day. After
the 12th week of pregnancy, women without additional
risk factors should take folic acid supplementation at
adose of 600-800 pg/day [75]. Adequate intake of folic
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acid prevents the development of neural tube defects.
These are congenital disorders that arise in embryonic
life and are very severe, affecting the child’s nervous
system. Neural tube defects manifest themselves as:
brainlessness, microcephaly, spina bifida or hernias
of the nervous system, causing, among other things,
paralysis of the legs, rectal and bladder dysfunction,
hydrocephalus, mental retardation, epilepsy, and in
extreme cases can contribute to death. The neural
tube is an organ that forms early in the pregnancy,
during the embryonic period, roughly around its 4th
week. Unfortunately, at this time very many women
are unaware that conception has occurred. Folate
deficiency during this period will adversely affect
the formation of the baby’s nervous system and the
closure of the neural tube [22]. Based on the study,
it was shown that women who gave birth to children
with CNS defects had low plasma folate and elevated
homocysteine levels [64].

All clinicians should remember that failure to
educate pregnant women about the importance of folic
acid can result in a medical malpractice lawsuit if the
baby is born with a neural tube defect [41].

It should be mentioned, however, that scientific
data suggest caution in the case of, for example, the
presence of megaloblastic anemia, where the supply of
folic acid may conceal the true cause of this condition,
which may be vitamin B, deficiency, and in the case of
reduced metabolism of folic acid in the liver, where it
is then recommended to supplement 5S-MTHF instead
of folic acid, since this compound does not require
activation and is immediately available to the mother
and fetus, not accumulating in the blood [24, 52].

A number of epidemiological studies have shown
that folic acid supplementation of the mother’s diet
before pregnancy, as well as during the first weeks of
pregnancy, can be an important element in the primary
prevention of congenital vascular and cardiac defects
in the child. Interpretations on selected types of these
defects have proven that taking folacin supplements
significantly reduces the risk of cardiac septal defects
(primarily ventricular septal defect), but also cone
defects, as well as vascular trunk defects (especially
Fallot Syndrome and transposition of the great vessels)
[78]. Women with obesity were found to have twice the
risk of fetal neural tube defects, compared to women
of normal weight. In addition, it was observed that
folic acid supplementation reduced the risk of neural
tube defects, which was particularly evident in women
with a BMI >25 kg/m? compared to women whose
BMI was <25 kg/m? [10]. In addition, it was found that
nervous system defects in the fetus, significantly more
often affect women who have type 1 or type 2 diabetes.
An analysis by Parker et al. [57] found a lower rate of
nervous system defects among a group of women with

diabetes who supplemented with folic acid at a dose of
more than 400 pg/day.

FOLIC ACID AND MEGALOBLASTIC
ANEMIA

Megaloblastic anemia (MBA), otherwise known as
macrocytic anemia, is a type of anemia characterized
by both reduced numbers and the presence of unusually
large and underdeveloped erythrocytes (megaloblasts)
and their mature forms (macrocytes and megalocytes)
[2, 69]. The underlying pathophysiology of this
condition includes abnormalities in DNA synthesis
and induction of apoptosis in pre-erythroblasts, which
ultimately leads to pancytopenia [21, 41]. As indicated
by the results of the study, the induction of apoptosis
in cells, is associated with increased expression of the
transcription factor - pS3 protein, which may be due
to low levels of vitamin B, as well as B, and high
plasma homocysteine levels [33, 65]. In a study by
Yadav et al. [79, 80], based on immunohistochemical
analysis, p53 protein expression levels were found
to be significantly higher in megaloblastic anemia
patients who also showed very low levels of vitamin
B,, and B,, compared to controls.

According to research results, anemia associated
with micronutrient deficiencies, including folic acid
deficiency, is very common among pregnant women
[30].

In infants as well as young children, megaloblastic
anemia can also be caused by folic acid deficiency.
Factors that cause this condition can be: increased
need for folic acid (increased hemolysis of red blood
cells, infections, rapid weight gain, prematurity);
inadequate supply in food (severe malnutrition, use
of goat’s milk, exclusively milk feeding); interference
with absorption from the gastrointestinal tract (cystic
fibrosis, celiac disease); increased loss of folic acid
(liver damage or abnormal tubular reabsorption in
the neonatal period); inborn abnormal metabolism
of folic acid; others (presence of parasites in the
gastrointestinal tract, taking anticonvulsant drugs)
[70].

Treatment of megaloblastic anemia caused by folic
acid deficiency includes the use of a properly balanced
diet, including the supply of foods rich in the folic acid
component, and/or the use of folic acid in the form of
oral, intravenous or subcutaneous preparations, usually
in a dose of 1 to 5 mg/day [19, 48]. This dose exceeds
the recommended daily supply of folic acid, which
is 400 pg, thus allowing adequate supplementation
of the deficiency of this component, even in the case
of malabsorption syndrome. Treatment continues
through the period of hematological recovery or until
the cause of the deficiency is eliminated. For patients
with malabsorption syndrome, treatment continues
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indefinitely [69]. As the results of the study indicate,
some foods, especially those intended for children, are
fortified with folic acid, making folic acid deficiency
extremely rare in children. In contrast, people who
consume foods without folic acid fortification and
with negligible amounts of vitamin B, have a higher
risk of megaloblastic anemia [2].

FOLIC ACID AND THE DEVELOPMENT
OF NEURODEGENERATIVE DISEASES

Folic acid plays an important role in the functioning
of the nervous system, by, among other things,
participating in the synthesis of neurotransmitters,
i.e. epinephrine, norepinephrine and dopamine. Its
deficiency in the body, can contribute to delayed
development of the nervous system, increased risk
of demyelination of the brain and peripheral nerves,
deterioration of motor and behavioral abilities, as well
as neurocognitive disorders [9, 15, 35, 42].

It should be mentioned that the occurrence of the
above-mentioned dysfunctions concerning the nervous
system, is primarily associated with high plasma levels
of homocysteine, which, under conditions of folic acid
deficiency, is not properly metabolized to methionine.
According to research findings, homocysteine is an
independent risk factor for both the development of
cardiovascular [34] and cerebrovascular diseases,
including Alzheimer’s disease, Parkinson’s disease
and vascular dementia [40, 49, 59].

Cheng et al. [14] conducted a study to analyze
the effects of oral supplementation with folic acid,
vitamin B, and B, on cognitive function and plasma
homocysteine levels, among the elderly. For this
purpose, study participants were divided into two
groups - an intervention group that received oral
supplementation with 800 pg of folic acid, 10 mg of
vitamin B, and 25 pg of vitamin B ,, for a period of
14 weeks, and a control group receiving a placebo.
Patients’ cognitive functions were assessed using the
Basic Cognitive Aptitude Tests (BCAT). Based on the
data obtained, an improvement in cognitive function
was observed, as well as a significant reduction in
homocysteine levels, with a concomitant increase in
serum levels of folic acid, vitamin B  and B, in subjects
taking supplementation with the aforementioned
vitamins.

Interesting results were also presented by Ma et
al. [46], who analyzed the effects of 6 months of oral
supplementation with folic acid (800 pg/day) or vitamin
B,, (25 pg/day), or folic acid (800 pg/day) combined
with vitamin B, (25 pg/day), on cognitive function in
people 65 years of age and older. Based on the data
obtained, greater improvements in cognitive function,
as assessed by the Wechsler Adult Intelligence Scale
- Revised by China (WAIS-RC), were observed

with a combination of folic acid and vitamin B,
supplementation than with oral supplementation with
folic acid or vitamin B , alone. Identical results were
obtained for the improvement of pro-inflammatory
cytokines, i.e. IL-6, TNF-a and MCP-1.

Folate deficiency not only contributes to
an increase in plasma homocysteine levels,
but also leads to inhibition of the synthesis of
S-Adenosylmethionine (SAM), which plays an
important role in both the synthesis and catabolism of
catecholamines in the brain, resulting in a disruption
of neurotransmission, symptoms of which can include
cognitive decline and mood changes. Reduced levels
of S-Adenosylmethionine (SAM) have been found
both in depressed individuals and among those with
Alzheimer’s disease [18].

Alzheimer’s disease, referred to as “senile”
dementia, is the most common factor in dementia
disorders in the elderly. It is a degenerative disease
of the central nervous system that is characterized by
progressive deficits in cognitive functions, especially
memory, and behavioral disorders, such as apathy,
agitation or psychotic symptoms. The presence
of neurofibrillary degeneration and extracellular
amyloid deposits in the form of amyloid plaques are
neuropathological features of Alzheimer’s disease [27].

A meta-analysis of studies conducted by Wang et
al. [74] to evaluate the association between plasma
homocysteine and folic acid levels and the risk of
vascular dementia or Alzheimer’s disease observed
that a 5 pumol/L increase in plasma homocysteine
levels was associated with a 9% increase in the risk
of vascular dementia and a 12% increase in the risk of
developing Alzheimer’s disease.

A different conclusion was reached by Ford et al.
[25], who in their study found no improvement in
cognitive function, as assessed by the Alzheimer’s
Disease Assessment Scale - Cognitive Subscale (ADAS
- Cog), between a group of subjects who took folic acid,
vitamin B and vitamin B,, supplementation (at doses of
2 mg, 25 mg, 400 pg per day, respectively) and a control
group. Based on the results of a study by Bae et al. [§],
it was concluded that not only hyperhomocysteinemia,
but also hypohomocysteinemia can significantly
increase the risk of dementia and Alzheimer’s disease
in the elderly. During a follow-up period of 5.5 years,
both study participants with high serum homocysteine
levels >10.6 pmol/L and low levels <8.9 umol/L
had a 4-5 times higher risk of developing dementia
and Alzheimer’s disease than those with serum
homocysteine levels between 9.0 and 10.5 pmol/L.
The study’s authors suggest that the risk of dementia
from overuse or misuse of vitamin preparations,
including those containing folic acid, should be taken
into account.
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As already mentioned, too low levels of folic
acid, as well as vitamin B, , can result in increased
homocysteine levels [41], in effect contributing to
accelerated dopaminergic degeneration, a factor
in cognitive impairment in Parkinson’s disease.
Patients with Parkinson’s disease, with symptoms
of cognitive decline, and who are being treated with
levodopa should have their homocysteine levels
measured annually, and should consider folic acid
supplementation to lower their homocysteine levels if
they reach levels higher than 10 umol/L [31, 62].

Anamnart and Kitjarak [3], analyzing the effect of
folic acid and vitamin B,, supplementation on plasma
homocysteine levels in Parkinson’s disease patients
treated with levodopa, showed that supplementation
with the aforementioned vitamins was associated with
a significant decrease in plasma homocysteine in the
subjects.

Similar results were obtained by Dong and Wu [20],
who, in a meta-analysis of 26 clinical-control studies,
observed that patients with Parkinson’s disease, were
characterized by higher plasma homocysteine levels,
with low levels of folic acid, as well as vitamin B,
compared to control subjects. The results obtained by
the above-mentioned authors, testify to the significant
role of proper folic acid concentration in the body of
people with Parkinson’s disease.

FOLIC ACID AND CANCER RISK

Folate, plays an important role in the prevention
of cancer, by influencing the proper course of DNA
synthesis, transcription and repair. Deficiency of the
aforementioned nutrient, can promote an increased
risk of damage to genetic material, as well as
hypomethylation, which can consequently initiate the
process of carcinogenesis. Moreover, the results of
the study indicate that folic acid deficiency, indirectly
contributes to increased activity of protooncogenes,
thus promoting the process of tumorigenesis [56, 82].

A meta-analysis of 16 prospective studies and
26 case-control studies examining the association
between folic acid intake and breast cancer risk,
conducted by Chen et al. [13], found that a dietary
supply of folic acid at 153-400 pg per day was
associated with a significantly lower risk of breast
cancer among study participants than a dietary supply
of less than 153 pg per day.

Folate has also been shown to have a preventive
role in the early stages of colorectal carcinogenesis;
however, concerns have been raised over its excessive
consumption, which would in turn be a potential
pro-cancer factor [47]. Wang et al. [73] conducted
a study to analyze the association between increased
folate intake and colorectal cancer risk among 86,320
women. Based on the data obtained, it was concluded

that a high intake of folic acid, expressed as dietary
folate equivalents, was not associated with an
increased risk of colorectal cancer among the study
population of women. The same results were also
obtained by Australian researchers van der Pols et
al. [71]. In contrast, a 2022 meta-analysis of studies,
including randomized controlled trials, which aimed
to evaluate the effect of folic acid supplementation
on atrophic gastritis, intestinal metaplasia and
endothelial neoplasia, which are referred to as gastric
precancerous conditions (GPC), showed that a folic acid
supplementation dose of 20-30 mg/day for 6 months
was associated with a reduction and even a reversal
of the progression of gastric precancerous conditions,
which may have potential clinical application in the
treatment of the above-mentioned abnormalities [44].

An interesting study was also conducted by Yan et
al. (2022), who showed that maternal supplementation
with folic acid and/or multivitamins, during pregnancy,
was associated with a statistically lower risk of
childhood and adolescent nasopharyngeal carcinoma
in the offspring compared to the control group [81].

Depending on the type of cancer, various factors
are distinguished that increase the risk of the disease.
Increasing attention is being paid to disorders of the
oxidation-antioxidation balance of the body. Oxidative
stress is an important factor in the pathogenesis of
many diseases including cardiovascular, pulmonary,
neurodegenerative diseases, but also cancer. ROS
(reactive oxygen species) significantly contribute to
the acceleration of aging processes, the accumulation
of oxidative damage products, which play an important
role in the processes of carcinogenesis [36].

A systematic review and meta-analysis of
studies aimed at evaluating the effects of folic acid
supplementation on markers of oxidative stress
showed that folic acid supplementation at a dose
of 0.4-10 mg/day (mean 5.1 mg/day), applied over
a period of 8 to 25 weeks, can significantly improve
markers within the antioxidant defense system by
increasing serum glutathione and total antioxidant
capacity, and by reducing serum malondialdehyde
(MDA) levels, which exhibit cytotoxic, mutagenic and
carcinogenic properties [6]. In addition, as shown in
a study by Asbaghi et al. [5], supplementation at doses
ranging from 0.8-10 mg/day promoted a reduction in
C-reactive protein (CRP) levels. Although the study
did not show any side effects of high doses of folic acid
supplementation, the authors of the study suggested
caution when supplementing this nutrient at doses
above 1 mg/day [5]. Li et al., in a recently published
study in an animal model, found that a high-folate
diet can significantly promote the development of
hepatocellular carcinoma [45].
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IMPORTANCE OF FOLIC ACID
IN THE PREVENTION
AND TREATMENT OF COVID-19

The processes affecting the body’s effective immune
response to infectious agents, such as respiratory
viruses, among others, are extremely complex and
still not entirely clear. However, it is known that the
rate of innate immune responses, regulatory processes
that prevent damage to the body’s tissues, and the
development of acquired adaptive responses are
influenced by both environmental and lifestyle factors.
Among lifestyle-related factors, the important role of
dietary factors is particularly emphasized [11, 54].

Voelkle et al. [72] conducted a study in which
they analyzed the prevalence of vitamin and mineral
deficiencies, such as vitamin A, B, D, E, zinc,
selenium, copper and folic acid, among 57 hospitalized
patients with COVID-19, and analyzed the impact
of deficiencies in the aforementioned components
on the severity of the disease course. Based on the
data obtained, it was found that higher serum levels
of vitamin A, zinc, and folic acid were associated
with a lower risk of severe progression of COVID-19
disease among the subjects.

Based on two, independent studies, conducted
using computer simulations, it has been shown that
folic acid can limit the replication of SARS-CoV-2.
In one of these studies, Sheybani et al. [67], showed
that folic acid can contribute to the inactivation of the
furin endoprotease, which facilitates virus entry into
the host cell, while in the second study, Serseg et al.
[66], observed that folic acid inactivates the 3CLpro
protease, which in turn has been shown to be essential
in the replication of all coronavirus strains. Acosta-
Elias et al. [1], summarizing the two aforementioned
studies in their paper, however, believe that it is
unlikely that folic acid can simultaneously inhibit two
different proteases; nevertheless, they do not rule out
a potential effect of folic acid on the inactivation of
SARS-CoV-2, especially in pregnant women, who are
mandatorily recommended to supplement the nutrient
discussed in this paper. An increased supply of folic
acid, the researchers noted, may have an impact on the
lower rate of hospitalization of pregnant women for
COVID-19 infections.

The results of another study to analyze the impact
of nutraceutical compounds to achieve therapeutic
targets against SARS-CoV-2, conducted by molecular
docking, showed that folic acid alone or in combination
with derivatives, i.e. tetrahydrofolic acid and
5-methylhydrofolic acid may be potential molecules
against COVID-19 infection. This study, conducted by
Kumar et al. [43], however, indicates a strong need to
investigate the effects of folic acid and its derivatives
against SARS-CoV-2 in in vitro and in vivo assays.

A complication of severe pneumonia is pulmonary
hypertension, which studies have reported can
also be a complication of severe pneumonia in
COVID-19 infection. The primary mechanism
underlying pulmonary hypertension is impaired
function of the enzyme endothelial nitric oxide
synthase (eNOS), thereby reducing local nitric
oxide (NO) production [37]. It should be mentioned
that folate supplementation has a direct effect on
vascular endothelial function, eNOS (by increasing
the availability of the tetrahydrobiopterin cofactor
BH4), as well as increasing NO bioavailability. Based
on available data, significantly lower serum folic
acid levels have been reported among patients with
severe COVID-19, which may significantly affect the
increased risk of complications [12, 77].

The above-mentioned studies suggest that folic
acid may be a potential prophylactic factor as well as
an adjunct to the treatment of COVID-19 infection, as
well as its complications, i.e. pulmonary hypertension.
However, as this is a new issue, it requires further
research to clarify the exact mechanism of the effect
of folic acid and/or its derivatives on the reduced risk
of SARS-CoV-2 infection [4].

CONCLUSION

In conclusion, based on the collected data, it can
be said that folic acid has multidirectional biological
effects and is an essential compound for maintaining
the proper functioning of the body [68]. Both deficiency
and excess of folic acid in the diet, is a factor that
can promote an increased risk of cardiovascular
disease, diseases of the central nervous system or
certain cancers, among others [7, 9, 15, 16]. In order
to reduce the risk of the aforementioned diseases,
one should follow a well-balanced diet that includes
foods that are rich sources of folic acid, such as green
leafy vegetables, legumes, whole grains, citrus fruits
and nuts, among others. If it is not possible to ensure
a sufficient supply of folic acid with the diet, one should
consider supplementation of the nutrient discussed in
this paper [51].

According to the results of the study, folate
supplementation, in particular, is recommended for
people with megaloblastic anemia, neurodegenerative
diseases, women in the preconception period, pregnant
and breastfeeding women, people with elevated plasma
homocysteine levels, as well as those taking certain
medications (e.g. oral contraceptives, methotrexate). It
should be emphasized that there is a need for further
research to clarify both the optimal dose and length of
supplementation that will provide measurable benefits
[61].

Undoubtedly, there is a need for nutrition and
health education of the public on the importance
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of folic acid for human health, which would bring
significant benefits not only for individuals, but also
for the general public, contributing to improving
public health.
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ENERGY EXPENDITURE DURING TRAINING AND OFFICIAL LEAGUE
MATCH IN PROFESSIONAL FEMALE SOCCER PLAYERS
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ABSTRACT

Background. The most important component of a well-balanced diet is the proper energetic value. However, adequate
estimation of the body’s energy needs is difficult for professional athletes, including soccer players. There is little research
showing energy expenditure during training and lack of studies on the energy expenditure of professional female soccer
players during a match.

Objective. The aim of our study was to estimate energy expenditure during training and official league match in female
soccer players and comparing it.

Material and methods. Seven Polish professionally practicing soccer females (23.4+6,6 years old; 63.5+£7.8 kg; 168.5+5.8
cm; 46+4.4 kg fat-free mass) participated in the study. The participants had their height and body mass measured. Energy
expenditure during activities was measured by means of a SenseWear Pro3 Armband device. Body composition was
assessed with Akern BIA 101 Anniversary Sport Edition device.

Results. Statistically higher energy expenditure was achieved in the study group during the match hour (452+55 kcal/
hour) compared to the training hour (353+£28 kcal/ hour) as well as in the case of energy expenditure per hour of activity
per kg of fat-free mass (match: 9.94+1.75 kcal/kg fat-free mass/hour; training: 7.71+0.8 kcal/kg fat-free mass/hour). During
one hour of training, more time was spent on sedentary, light, and moderate activities, but the difference was statistically
significant only for light activities. More time during the match hour than during the training hour was spent on vigorous
and very vigorous activities.

Conclusions. In conclusion, the energy expenditure of the players during the match was greater than in the case of the
planned intensive training, which was caused by the timeshare of more intense physical activities and going a longer
distance during match.

Key words: training, soccer match, league match, intensity of activities, physical activity, athletes

STRESZCZENIE

Wprowadzenie. Najwazniejszym elementem dobrze zbilansowanej diety jest jej odpowiednia warto$¢ energetyczna.
Jednakze odpowiednie oszacowanie potrzeb energetycznych zawodowych sportowcow, w tym pitkarzy noznych, jest
niezwykle trudne. Niewiele jest badan wskazujacych na wydatek energetyczny w trakcie treningu oraz brak jest badan
wskazujacych na wydatek energetyczny w trakcie meczu wsrdd pitkarek noznych.

Cel. Celem naszych badan byto oszacowanie wydatku energetycznego w trakcie treningu i oficjalnego meczu pitkarskie-
go w grupie kobiet trenujacych pitke nozng oraz poréwnanie tych wartosci.

Material i metody. W badaniu wzi¢to udziat siedem polskich profesjonalnych pitkarek noznych (23,4+6,6 lat; 63,5+7.8
kg; 168,5+5,8 cm; 46+4,4 kg beztluszczowej masy ciala) Zmierzono mase i wysoko$¢ ciala. Wydatek energetyczny
w trakcie aktywno$ci mierzono za pomoca opasek naramiennych SenseWear Pro3. Sktad ciala oceniono przy uzyciu
analizatora Akern BIA 101 Anniversary Sport Edition.

Wyniki. Statystycznie wyzszy wydatek energetyczny obserwowany byl w trakcie godziny meczowej (452455 kcal/go-
dzing) w poréwnaniu do godziny treningowej (353428 kcal/godzing) podobnie jak miato to miejsce w przypadku wy-
datku energetycznego w trakcie godziny aktywnosci w przeliczeniu na bezttuszczowg masg ciala (mecz: 9,94+1,75 keal/
kg bezttuszczowej masy ciata/godzing; trening: 7,71+0,8 kcal/kg beztluszczowej masy ciata/godzing). W trakcie godziny
treningu wigcej czasu poswigcone byto na odpoczynek, aktywnosci lekkie i o umiarkowanym natgzeniu, ale réznica byta
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istotna statystycznie jedynie w przypadku aktywnosci lekkich. Wigcej czasu w trakcie godziny meczowej, niz w przy-
padku godziny treningowej, byto po$wigcone na aktywnosci o wysokim i bardzo wysokim natezeniu.

Whioski. Wydatek energetyczny w trakcie meczu byt wyzszy niz podczas intensywnego treningu, co byto skutkiem
wigkszej ilosci czasu poswigconego na aktywnosci o wysokim nat¢zeniu oraz dtuzsze dystanse pokonywane w trakcie

meczu.

Stowa kluczowe: trening, mecz pitkarski, mecz ligowy, intensywnosc aktywnosci, aktywnos¢ fizyczna; sportowcy

INTRODUCTION

Diet is undoubtedly an element affecting the
athlete’s exercise capacity. Adequate food and fluid
supply before, during and after physical performance
may help maximise exercise performance and
accelerate recovery time [26].

The most crucial component of a well-balanced
diet is the proper energetic value. An adequate
energy supply increases the probability of appropriate
macro- and micronutrient amounts in the diet. This
can have an influence both on health aspects and the
optimisation of exercise capacity. Therefore, correctly
estimated energy needs are crucial for proper diet
preparation. Deficient energy intake may lead to the
development of the Relative Energy Deficiency in Sport
syndrome (RED-S), which may cause serious health
problems (impairment of immunological functions,
menstrual-function disorder, osteoporosis, disorders
of the growth, as well as endocrine, metabolic,
hematological, psychological, gastrointestinal, and
cardiovascular systems) and affect exercise capacities
(increased injury risk, decreased training response,
impaired judgment, decreased motor coordination
and concentration, irritability, depression, decreased
glycogen supplies, and decreased muscle strength and
stamina) [21].

However, adequate estimation of the body’s energy
needs is difficult for professional athletes, including
soccer players. Research shows that soccer players
can perform 726 different actions, moves, and turns
during a match, while time spent on individual
activities varies considerably between players in
various field positions [5]. Other studies also show
differences in physical activity between players in
different positions on the field — midfielders covered
greater distances (even by 15%) than players playing
in other positions [25]. Factors crucial to success in
soccer are agility, strength, the ability to perform
repetitive sprinting and stamina [24], which increase
individual players' energy needs. Therefore, a unique
approach to energy needs assessment is a crucial
component of setting proper personal nutritional
strategies for soccer players. These athletes should
adjust their energy intake from diet to their activity
level and aims, which are individual for every player
[6]. Also, the energy supply adjustment depends on the
training type, activities performed during it, and the
training macro- and micro-cycle. Training to improve

exercise capacity and prepare for matches may be full
of activities with various loads. Helgerud et al. [11]
showed that training with very high intensity (4 x 4
minutes of running at the level of 90-95% VO2max)
resulted in improved performance, increased distance,
increased number of sprints and contact with the ball
during the match compared to control group, but did
not adversely affect parameters such as jump height,
strength, speed or precision of passing the ball. Hoff
and Helgerud [13] indicated that the participation of
soccer players in strength training with high loads
improved their efficiency during a sprint and better
jumping ability, with a simultaneous improvement in
aerobic capacity, thanks to the progress of the economy
of physical exertion . Even tactical training can be very
strenuous. As Hoff et al. [14] demonstrated, specific
football training with ball dribbling and mini-team
games can be performed as interval aerobic training,
the intensity of which can be as high as 91.7% and
84.5% VO2max, respectively. Therefore, knowing
how to translate training into matches is crucial to
planning appropriate nutritional strategies for soccer
practitioners.

In addition, it should be pointed out that the number
of women practising soccer continues to increase.
In its plans, FIFA (fr. Fédération Internationale
de Football Association) has set itself the task of
increasing the number of women soccer players to 60
million by 2026 and doubling the number of affiliated
members by that year [9]. Despite the growing
number of female footballers and affiliated clubs,
interest in women’s soccer is already huge. In 2015,
the Women’s World Cup was watched via media by
750 million users, while 1.35 million fans watched the
struggles on the pitch [9]. Despite the interest in the
topic of women’s soccer and development strategies
indicating the need for interest in the topic from
professional player care, the topic of women’s soccer
is still marginalised in research. Appropriate energy
intake is essential because it supports optimal body
function, determines the capacity for the information
of macronutrients and micronutrients, and assists
in manipulating body composition [l]. Energy
deficiencies are often observed in athletes, especially
women, resulting in reduced physical performance
and growth and adversely affecting health [16]. Some
studies examined the fulfilment of energy needs
in a group of women training soccer. In their study,
Martin et al. [20] showed the daily energy expenditure
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of female soccer players at the level of 2154+596
kcal/day while the daily energy intake with a diet
was 19044366 kcal/day. Gibson et al. [10], in turn, in
their study group, noted the energy value of the food
ration of soccer players at the level of 2079+460 kcal/
day, with the daily energy needs averaging 2546+190
kcal/day. Mullinix et al. [22] also reported insufficient
energy intake with the diet (2014 kcal/day) compared
to the needs of the study group (2716 kcal/day). Proper
energy supply on training and match days is, therefore,
a key to covering the energy needs of soccer players.
However, the studies have generally observed too low
energy intake from the diet in this group of athletes.

Considering the above, our study aimed to estimate
the female soccer players’ energy expenditure
generated during regular training and official
league matches and then compare the analysis of
these expenses between activities and players’ field
positions. The aim of our research was also to examine
whether it was necessary to carry out research during
the start-up period (during official soccer matches)
on a wider group and to test the applicability of the
research tools described further on.

MATERIAL AND METHODS

Seven professionally practicing soccer females
participated in this pilot study (23.4+6.6 years old).
In the study participated: 4 defenders, 2 midfielders
and one striker. All the female soccer players were
players from one of the teams from the highest Polish
women’s league (extra league). Also, all the players
had many years of training experience. Therefore,
they are one of the best Polish female soccer players
and should be considered professional. Additionally,
it should be emphasised that such a group size, given
the nature of the study and the measurement during
official competitions, is a representative sample
(especially given the pilot nature of the study), looking
at the number of female players playing at this league
level. The approval of participation in the research and
conducting any measurements and tests used during
the study was obtained from each participant or their
legal guardians (if participants were underage). The
study and all procedures used in it were accepted,
and permission from the local Ethics and Scientific
Research on Humans Commission was obtained
(approval number: 24/2017, 19 June 2017).

Inclusion criteria include being under 35 years
old, registered in the local Soccer Association and
actively participating in training sessions. Exclusion
criteria were long-term injuries (without permitting to
train within the last six months), those who underwent
metal implants operation or were diagnosed with any
long-term disease.

Participants’ body mass and height were measured
twice by means. Height measurement was measured
using a standard stadiometer (accurate to within
0.1 cm), and weight was measured using a standard
scale, accurate to within 0.1 kg. During body-mass
measurements, participants were asked only to wear
underwear; during height measurements, no footwear
or socks were allowed. From obtained data, a Body
Mass Index was calculated.

The fat mass and fat-free mass content were
measured by the bioelectrical impedance method (BIA),
using the Akern BIA 101 Anniversary Sport Edition
(Akern Srl., Italy) device. During the measurement, the
participants were not during their period and did not
suffer from any mental or physical stress. The analysis
was carried out in a tetrapolar system. Before placing
the electrodes, the contact points were cleaned with
alcohol to remove the stratum corneum and dried. The
participants were also asked to remove all metal items
and jewellery. During the analysis, all the conditions
of measurement correctness recommended by the
manufacturer were used. BIA is a simple, reliable,
valid body composition assessment tool [17, 18]. This
method has a low predictive or standard error [17] and
is a non-invasive and accurate [27].

After taking anthropometric and body composition
measurements, the participants were put on armbands
measuring energy expenditure. Participants wore
the armbands for at least one hour before and after
training and before and after an official league match.
The training structure was not interfered with to avoid
disturbing the naturally occurring exercises. However,
it was agreed with the trainer that the monitored
training would be filled with strenuous exercises
of considerable intensity, intended to increase the
motor skills and endurance of the players. According
to the arrangements with the team’s coach, this type
of training is the most strenuous and intense for the
players.

To measure energy expenditure, the SenseWear
Pro3 Armband device was used (Body Media Inc.,
Pittsburgh, PA, USA). The armband is equipped
with five sensors: two skin galvanometers (which
measure the electrical conductance of skin), a skin
temperature sensor, a heat-flux sensor (that measures
the rate at which the body dissipates heat relative to air
temperature), and a 3-axial accelerometer (to calculate
the motion and intensity of physical activity and the
output of total energy expenditure resulting from the
intensity of the physical activity). The structure of
the device enables measurement reading, including
total energy expenditure (TEE), activity energy
expenditure (AEE), the average physical-activity level
(PAL), the average METs (METs; one MET is the
equivalent of aspirated oxygen in 3.5 mL O2/kg body
mass/min), the time expenditure of different intensity
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activities (divided into five categories: <l1.5, 1.5-3.0,
3.0-6.0, 6.0-9.0, and >9.0 METs), and many others.
Research conducted by using this method is marked
by high-accuracy measurements [15, 28], repeatability
[15] and a low mean error rate [4]. After collecting
the armband results, data on the training unit and the
match were separated. The data contained in this way
was analysed and compared with each other. Analysis
of the records was completed using SenseWear 8.1.
software (Body Media Inc., Pittsburgh, PA, USA).

This study omitted the discussion of meeting
the nutritional and energy needs of the study group.
The intake of energy and other nutrients by study
participants has been the subject of other studies and
has been published elsewhere [8]. However, it is worth
highlighting in the light of these data that the majority
of the group studied did not cover their energy needs.

Statistical analysis was conducted using the
SPSS v. 20 software (IBM Corp., USA). To verify
the normality of distribution, the Shapiro—Wilk test
was used. For comparison of data collected during
training and a league match, in the case of the normal
distribution, we used the Student’s t-test. In the case of
a distribution deviating from normality, the Wilcoxon
test was used. Correlations were tested using the
Spearman test. The study’s defined significance level
was set to a=0,05.

RESULTS

The mean body mass in the study group was 63.5+7.8
kg. The mean height in the study group was 168.5+5.8
cm. The average BMI in the study group was 22.34+1.7
kg/m?. Body composition analysis showed an average
body fat content of 27.3+4.3% (17.5+4.4 kg). This meant
the lean body mass was 73+3.9% (46+4.4 kg).

Table 1 presents the results obtained during the
measurement of energy expenditure. Due to the
different amounts of time spent on the pitch during
training and a soccer match among other players, the
energy expenditure [kcal] was converted into an hour
of physical activity. The average energy expenditure
during the match was 628+101 kcal, and the average
energy expenditure during training was 534443
kcal. However, no statistically significant difference
was observed (p>0.05). Energy expenditure per
kilogram of body mass per hour of activity for the
match and training was 6.54+0.8 kcal/kg bm/h and
5.6£0.66 kcal/kg bm/h, respectively, and did not differ
significantly (p>0.05, Wilcoxon test). Statistically,
substantially higher energy expenditure was achieved
in the study group during the match hour (452+55
kcal/h) compared to the training hour (353428 kcal/h)
(p=<0.05). Significant differences were also found in the
case of energy expenditure per hour of activity per kg

Table 1. Energy expenditure during training and a league match

Energy expenditure

[kcal] over time

[kcal/h]

Energy expenditure

Energy expenditure
depending on body
mass [kecal/kgbm/h]

Energy expenditure
depending on fat free
mass [keal/kgffm/h]

Mean£SD (median)

Match 6284101 (657) 452455 (453) 6.54+0.8 (6.25) 9.94:£1.75 (9.83)
Training 534+43 (540) 353428 (354) 5.6+0.66 (5.34) 771£0.8 (7.36)
p* 0.063 0.018 0.063 0.018

kgbm — kg of body mass; kgffm — kg fat-free mass
* Wilcoxon test

Table 2. Number of steps and activity time of varying intensity during training and league match per hour

Steps S L M v \'A%
Mean+SD (median)
Match 5953+588 0+0 0.14+0.37 18.53+15.42 29.2149.8 13.12+17.0
(5914) ©0) 0) (14.68) (32.17) (0.61)
Trainin 42134363 1.21+1.56 6.42+5.38 27.7849.95 20.24+8.08 5.01+3.62
£ (4263) 0) (3.33) (22.89) (19.33) 4.33)
p* 0.018 0.109 0.023%* 0.128 0.091 0.345

S — Sedentary; L — Light; M — Moderate; V — Vigorous; VV — Very vigorous

All values are based on the hour of activity.

* Wilcoxon test

** Due to the normal distribution of the data, the Student’s t-test was used instead of the Wilcoxon test
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of fat-free mass (9.94+1.75 kcal/kg FFM/h vs 7.71+0.8
kcal/kg FFM/h, for match and training, respectively).

The time spent on physical activity of varying
intensity and the number of steps taken during the
match and training per hour is shown in Table 2.
Significantly more (p=0.018, Wilcoxon test) steps were
taken during the match hour (5953+588) compared
to the training hour (4213+363). During one hour of
training, more time was spent on sedentary, light,
and moderate activities (1.21+1.56, 6.42+5.38 and
27784995, respectively) compared to the match
hour (0+0, 0.14+0.37 and 18.53£15.42, respectively).
However, the difference was statistically significant
only for light activities (p=0.023, t-test). In turn,
more time during the match hour than during the
training hour was spent on vigorous and very vigorous
activities. Still, the observed difference was not
statistically significant (p>0.05, Wilcoxon’s test).

A correlation was found between the energy
expenditure during the match hour and the number
of steps during the match hour (p<0.001, rtho=0.964,
Spearman’s test), which was not observed during
the training hour and the number of steps during
the hour (p=0.180, rho=0.571, Spearman’s test). The
number of steps performed per hour of activity also
correlated with the energy expenditure per kilogram
of fat-free mass per hour of physical activity during
the match (p=0.003, rho=0.929, Spearman’s test) as
well as training (p=0.007, rho=0.893, Spearman’s
test). However, these relationships were not observed
compared to the expenditure per kg of body mass per
hour of activity (p>0.05, Spearman’s test).

Energy expenditure during the match hour was
strongly correlated with the time devoted to very
vigorous activities (p<0.001, rho=0.964, Spearman’s
test) and inversely correlated with moderate intensity
activities (p=0.036, rho=-0.786, Spearman’s test).
Similar relationships were observed in the expenditure
per kilogram of fat-free mass per hour of activity (for
vigorous activities: p=0.003, rho=0.927; for moderate
intensity activities (p=0.036, rho=-0.786). The
expenditure per kilogram of fat-free mass during
training was, in turn, correlated with vigorous activities
(p=0.007, rho=0.893, Spearman’s test). Energy
expenditure during the training hour, regardless of
body mass, was inversely correlated with the activities
of sedentary (p=0.028, rho=-0.808, Spearman’s test)
and light (p=0.039, rho=-0.778, Spearman’s test)
intensities.

DISCUSSION

According to our knowledge, this is the first study of
this type to compare energy expenditure and intensity
of activities during training and an official league
match among women practicing soccer professionally.

It is also the first study that uses measuring equipment
to classify activity and measure energy expenditure
during an official league match.

The energy expenditure during the match was
higher than during the training. This applies to
absolute values and time (per hour of activity) or
per competitor’s body mass (total and fat-free mass).
However, statistical significance was demonstrated
when calculating the energy expenditure per hour of
exercise and depending on the athlete’s fat-free mass.
Energy expenditure per hour of activity is a better
indicator for observing differences in expenditure than
energy expenditure in absolute terms. This is due to
the different periods of participation in the match and
training. A comparison of a player who played only
45 minutes during the match and who participated
90 minutes in the training session with a player
who played 85 minutes during the match and who
participated 80 minutes in the training session would
be inadequate. It could give false beliefs about activity
intensity during the match and training. Therefore, it
should be assumed that the energy expenditure during
the match was significantly higher than in the case of
training. This raises questions about the fulfilment
of nutritional needs by the female participants in the
study. As previous studies [8] have shown, female
soccer players did not cover their energy needs on
training days, when energy expenditure has been
shown to be lower. Thus, even more so on a match day,
energy shortages can be expected to be even greater
than on training days. This, in turn, will result in an
increased likelihood of negative health effects, as well
as impaired performance.

Many factors may cause a higher energy
expenditure during match activity. As indicated by
Olthof et al. (2019) [23], the energy expenditure will
be greater during the match due to the awareness of
the need to win and the efforts that go with it, as well
as technical and tactical interactions between teams.
A study of physical activity and energy expenditure
of male soccer players conducted by Anderson et al.
[2] showed that each of the players covered a longer
distance and had higher speed on match days compared
to training days, which expressed as higher energy
expenditure on match days. Also, the results of studies
by Djaoui et al. [7] suggest higher energy expenditure
during the match. Comparing the maximum sprint
speed, the players achieved higher values during the
match compared to training in the form of Small Sided
Games. However, this study did not evaluate players’
total distance travelled. Also, neither of these studies
measured energy expenditure. Naturally, the energy
expenditure is an individual matter, depending, for
example, on the player’s position on the pitch, as
shown by studies involving men and women training
soccer. To create nutritional recommendations for



148

Energy expenditure during training and official league match in professional female soccer players — a pilot study

No 2

soccer practitioners, knowing the energy expenditure
during training and match is essential to cover their
needs and ensure optimal physical performance [3].

It is clear that the amount of the energy expenditure
of individual players in our study was a derivative of
the amount of physical activity. It was shown that it
depended on the number of steps taken during training
and the match. Naturally, with the increase in the
number of steps, the work of the muscles increases,
and thus the energy expenditure associated with it is
on the rise too. The more significant number of steps
taken during the match compared to training for the
same amount of time is not surprising. However, no
correlation was found between the number of actions
taken and the energy expenditure per kilogram of
body mass per hour of activity. This may indicate
a similar level of involvement in the game between
players, regardless of their body weight, which proves
a uniform method of preparation for the match and
training. The other research showed greater distances
during the match compared to training, which had to
be connected to a more significant number of steps [2].
According to our knowledge, however, no studies are
comparing the number of actions taken during a match
and training among female soccer players.

The present study found that female soccer players
had much more time during training on low-intensity
activities than during a match, and high-intensity
activity lasted longer during a match. Awareness of
the result’s significance during the match and the
necessity to win could be a mobilising factor for
the players, resulting in greater involvement and
increased physical effort, intensity, frequent sprints,
sudden turns, and very intense short ball plays.
Compared to these activities, the intense training had
to be full of breaks between individual exercises. High
involvement in the game during the match will result
in more time devoted to vigorous or very vigorous
activities compared to training, which will include
breaks of several minutes between exercises, breaks
for hydration, discussing mistakes with the coach
between exercises, and consequently - more time
devoted to low-intensity physical activity. It was also
observed that there was a positive correlation between
the amount of energy expenditure during the match and
the time of very vigorous physical activity (the more
significant amount of which increased the spending)
and a negative correlation with the time of moderate
intensity physical activity (the more significant amount
of which decreased it). The analysis of soccer players’
energy expenditure showed higher spending during
the match hour compared to the training hour due to
the differences in the intensity of physical exertion.

However, it is worth paying attention at this point
to the lack of correlation between the number of
steps during the hour of the match and training and

the energy expenditure per kg of body mass and the
significant correlation between the number of steps
during the hour of the match and training and the
energy expenditure per kg of fat-free mass among the
players. Total body weight comprises all components,
not only the amount of muscle tissue but also the
amount of adipose tissue. While the content of muscle
tissue causes a higher amount of effort performed, and
thus the amount of energy expenditure, the amount of
adipose tissue, to a lesser extent. Naturally, the content
of adipose tissue can translate into energy expenditure
because greater body weight is associated with the
need to perform more effort and greater involvement
of muscle tissue in this effort. However, fat-free mass
is the most metabolically active tissue and primarily
affects the amount of energy expenditure, in particular
resting metabolism rate [12]. It can be concluded
from the observed relationship that while the energy
expenditure incurred by each kilogram of body mass
was not related to the activity - in this case, the number
of steps - it could have been related to the presence
of adipose tissue, which is less metabolically active
and had not as much effect on the performance. On the
other hand, the energy expenditure incurred by each
kilogram of fat-free mass - as a metabolically active
tissue, which is, i.a., responsible for the performance
of activities - was related to the number of steps taken.
The greater number of steps taken forced the muscle
tissue to expend more energy so that the tissue could
perform specific work and activity. Physical activity
can have an impact on energy expenditure, for example
by modulating body composition. The greater content
of an athlete’s lean body mass will result in higher
energy expenditure than a person with similar body
weight. In this study, however, no relationship was
found between fat free mass and energy expenditure
during the hour of training and the hour of the match
(p>0.05, Spearman test). However, this may result
from a small study group, making it difficult to
observe such relationships. There are also hypotheses
that training exercise directly influences resting
metabolic rate [19]. This research indicates, however,
that this will be more related to the energy expenditure
done by fat-free mass rather than the overall energy
expenditure. It emphasises how important it is to take
care of the proper body composition in athletes.

Our study has both strengths and weaknesses.
Undoubtedly, the strength is the direct measurement of
energy expenditure during the match and training on
the same people using the same method. This allows
the comparison of various factors influencing energy
expenditure and physical activity parameters between
the two key forms of physical activity for athletes -
competition and preparation. The direct measurement
of physical activity and energy expenditure is a solid
study point. Due to the nature of the competition



No 2

H. Dobrowolski, D. Wtodarek

149

and the consent of the referee, coach and players,
such measurements are extremely rare and have
a significant cognitive value. Taking measures with
the same players during training and the match is also
essential. However, despite these strengths, limitations
should also be highlighted. The small study group
is undoubtedly a limitation. Too small a group does
not allow for complete observation and statistical
comparison of some parameters, which will prevent
specific dependencies from being often observed. The
small group, however, is the result of the nature of
the study. Frequent changes in the pitch, injuries, and
tactics, as well as the consent of the coaches to perform
the measurement, severely limit the possibility of
conducting the study on a larger, more representative
group. The second limitation is the length of the study.
The research was conducted only during a single
match and training session. Matches differ by the
necessity to involve players in particular activities and
the game itself. A more demanding opponent will also
result in a higher involvement of players in specific
football positions compared to an opponent who will
be dominated in a particular phase of the game. Also,
the expenditure during training will depend on the
training cycle. Although the measurements were taken
during one of the more demanding training sessions
to relate the results to a match, training of a different
nature could provide different results. Long-term
research would undoubtedly give more reliable results.

CONCLUSIONS

In conclusion, the energy expenditure of the
players during the match was more significant than in
the case of the planned intensive training. This was
mainly due to the timeshare of more intense physical
activities and taking more steps, which was associated
with going a longer distance during the match than
during training. More high-intensity actions resulted
in higher energy expenditure during the match. In
contrast, the time spent on vigorous activities during
training was shorter in favour of moderate-intensity
activities, reducing energy expenditure. In addition,
the number of steps performed was related to energy
expenditure per kilogram of fat-free mass, suggesting
body composition’s influence in shaping the body’s
energy expenditure. More studies involving more
players and lasting longer are needed to accurately
determine the energy expenditure during training
and matches and the factors influencing this. This
knowledge will help meet athletes’ nutritional needs
and thus may contribute to better results.

Given the pilot nature of the study, it is important
to point out the need to conduct research on a larger
group of women soccer professionals at different
levels of training and on different levels of the league

ladder. The methodology used allows for an adequate
comparison of energy expenditure during the key
activities for professional athletes - training and
competition - and conducting a full study will allow
clear conclusions to be drawn. Conducting further
research is therefore strongly recommended.

Acknowledgements
This research was funded by Polish Ministry of Science
and Higher Education within funds of Institute of

Human Nutrition Sciences, Warsaw University of Life
Sciences (WULS), for scientific research.

Conflict of interest
The authors declare no conflict of interest.

REFERENCES

1. Academy of Nutrition and Dietetics, American College
of Sports Medicine, Dietitians of Canada: Position of
the Academy of Nutrition and Dietetics, Dietitians of
Canada, and the American College of Sports Medicine:
Nutrition and Athletic Performance. J Acad Nutr Diet,
2016;116(3):501-528, DOI: 10.1016/j.jand.2015.12.006

2. Anderson, L., Orme, P., Di Michele, R., Close, G. L.,
Morgans, R., Drust, B., & Morton, J. P.: Quantification
of training load during one-, two- and three-game
week schedules in professional soccer players
from the English Premier League: implications for
carbohydrate periodisation. Journal of Sports Sciences,
2016;34(13):1250-1259, https://doi.org/10.1080/0264041
4.2015.1106574

3. Bangsbo, J., Mohr, M., & Krustrup, P.. Physical
and metabolic demands of training and match-
play in the elite football player. Journal of Sports
Sciences, 2006;24(7):665—-674, https://doi.
org/10.1080/02640410500482529

4. Berntsen, S., Hageberg, R., Aandstad, A., Mowinckel,
P., Anderssen, S. A., Carlsen, K. H, & Andersen,
L. B.: Validity of physical activity monitors in adults
participating in free-living activities. Br. J. Sports
Med., 2010;44:657-664, https://doi.org/10.1136/
bjsm.2008.048868

5. Bloomfield, J., Polman, R., & O’Donoghue, P.: Physical
demands of different positions in FA Premier League
soccer. J. Sports Sci. Med., 2007; 6(1): 63-70

6. Burke, L. M., Loucks, A. B., & Broad, N.: Energy
and carbohydrate for training and recovery. Journal
of Sports Sciences, 2006;24(7):675-685, https://doi.
org/10.4324/9780203967430

7. Djaoui, L., Chamari, K., Owen, A. L., & Dellal, A..
Maximal Sprinting Speed of Elite Soccer Players
During Training and Matches. J. Strength Cond.
Res., 2017;31(6):1509—-1517.  https://doi.org/10.1519/
JSC.0000000000001642

8. Dobrowolski, H. & Wlodarek, D.: Dietary Intake of
Polish Female Soccer Players. Int. J. Environ. Res.
Public Health 2019; 16(7): 1134. https://doi.org/10.3390/
jjerph16071134


https://doi.org/10.1519/JSC.0000000000001642
https://doi.org/10.1519/JSC.0000000000001642

150

Energy expenditure during training and official league match in professional female soccer players — a pilot study

No 2

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Fédération Internationale de Football Association
(FIFA): Women's football strategy. Available:https:/
www.fifa.com/about-fifa/official-documents?filterld=34
EnUsHdgRdtsiouywwlJtx (Accessed 13.02.2023)
Gibson, J. C., Stuart-Hill, L., Martin, S., & Gaul, C.
Nutrition status of junior elite canadian female soccer
athletes. Int J Sport Nutr Exerc Metab, 2011;21(6):507—
514, https://doi.org/10.1123/ijsnem.21.6.507
Helgerud, J., Engen, L. C., Wisloff, U., & Hoff, J.: Aerobic
endurance training improves soccer performance. Med
Sci Sports Exerc, 2001;33(11):1925-1931, https://doi.
org/10.1097/00005768-200111000-00019

Henry, C. J. K. Mechanisms of changes in basal
metabolism during ageing. Eur. J. Clin. Nutr., 2000;54:
S77-S91, https://doi.org/10.1038/sj.ejcn.1601029

Hoff, J., & Helgerud, J.: Endurance and strength training
for soccer players: Physiological considerations.
Sports  Med.,  2004;34(3):165-180,  https://doi.
org/10.2165/00007256-200434030-00003

Hoff, J, Wisloff, U, Engen, L. C, Kemi, O. J, &
Helgerud, J.: Soccer specific aerobic endurance
training. Br. J. Sports Med. 2002;36(3):218-221, https://
doi.org/10.1136/bjsm.36.3.218

Liden C.B., Wolowicz M., Stivoric J., Teller A.,
Vishnubhatla S., Pelletier R., Farringdon J.: Accuracy
and Reliability of the SenseWear TM Armband as an
Energy Expenditure Assessment Device. BodyMedia,
2002;1-15

Loucks, A. B.. Energy balance and body
composition in sports and exercise. Journal of
Sports  Sciences,  2004;22(1):1-14,  https:/doi.

org/10.1080/0264041031000140518

Lukaski, H. C., Bolonchuk, W. W., Hall, C. B., & Siders,
W. A.: Validation of tetrapolar bioelectrical impedance
method to assess human body composition. J. Appl.
Physiol., 1986;60:1327-1332.

Lukaski, H. C., Johnson, P. E., Bolonchuk, W. W,
& Lykken, G. I: Assessment of fat-free mass using
bioelectrical impedance measurements of the human
body. Am. J. Clin. Nutr., 1985;41:810—817, https://doi.
org/10.1093/ajcn/41.4.810

Manore, M. M., & Thompson, J. L.: Energy requirements
of the athlete: assessment and evidence of energy
efficiency. In: Burke L. & Deakin V. eds. Clinical Sports
Nutrition (Sth ed., pp. 115-139). Australia, McGraw-
Hill Education Pty Ltd., 2015.

Martin, L., Lambeth, A., & Scott, D.. Nutritional
practices of national female soccer players: Analysis
and recommendations. J. Sports Sci. Med., 2006;5:130—
137.

21.

22.

23.

24,

25.

26.

27.

28.

Mountjoy, M., Sundgot-Borgen, J., Burke, L., Carter,
S., Constantini, N., Lebrun, C., Meyer, N., Sherman,
R., Steffen, K., Budgett, R., & Ljungqvist, A.: The
IOC consensus statement: Beyond the Female Athlete
Triad—Relative Energy Deficiency in Sport (RED-S).
Br J Sports Med, 2014; 48: 491-497, https:/doi.
org/10.1136/bjsports-2014-093502

Mullinix, M. C., Jonnalagadda, S. S., Rosenbloom, C. A.,
Thompson, W. R., & Kicklighter, J. R.: Dietary intake of
female U.S. soccer players. Nutr Res., 2003;23(5):585—
593, https://doi.org/10.1016/S0271-5317(03)00003-4
Olthof, S. B. H., Frencken, W. G. P., & Lemmink, K. A. P.
M.: When Something Is at Stake: Differences in Soccer
Performance in 11 vs. 11 during Official Matches and
Training Games. J. Strength Cond. Res., 2019;33(1):167—
173, https://doi.org/10.1519/JSC.0000000000002936
Owen, A. L., Wong, D. P., Dunlop, G., Groussard,
C., Kebsi, W, Dellal, A., Morgans, R., & Zouhal, H.:
High-intensity training and salivary immunoglobulin
a responses in professional top-level soccer players:
Effect of training intensity. J. Strength Cond. Res.,
2016;30(9):2460—-2469. https://doi.org/10.1519/
JSC.0000000000000380

Rampinini, E., Coutts, A. J.,, Castagna, C., Sassi, R., &
Impellizzeri, F. M.: Variation in top level soccer match
performance. Int. J. Sports Med. 2007;28(12):1018—
1024, https://doi.org/10.1055/s-2007-965158

Rodriguez, N. R., DiMarco, N. M., & Langley, S.:
Position of the American Dietetic Association,
Dietitians of Canada, and the American College of
Sports Medicine: Nutrition and athletic performance.
J. Am. Diet. Assoc. 2009;109(3):509-527, https://doi.
org/10.1016/j.jada.2009.01.005

Sun, S. S., Chumlea, W. C., Heymsfield, S. B., Lukaski,
H. C., Schoeller, D., Friedl, K., Kuczmarski, R. J.,
Flegal, K. M., Johnson, C. L., & Hubbard, V. S.
Development of bioelectrical impedance analysis
prediction equations for body composition with the use
of a multicomponent model for use in epidemiologic
surveys. Am. J. Clin. Nutr. 2003;77(2):331-340. https:/
doi.org/10.1093/ajen/77.2.331

Teller, A.: A platform for wearable physiological
computing. Interact. Comput., 2004;16:917-937. https://
doi.org/10.1016/j.intcom.2004.08.004

Received: 22.12.2022
Revised: 09.03.2023
Accepted: 15.03.2023

This article is available in Open Access model and licensed under a Creative Commons Attribution-Non Commercial 3.0.Poland License (CC-BY-NC)
(http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en)


https://doi.org/10.1016/j.intcom.2004.08.004
https://doi.org/10.1016/j.intcom.2004.08.004
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

S0 38 Emmm

o G
N pz = Rocz Panstw Zakl Hig 2023;74(2):151-158
- )
;o/ < / 5 http://wydawnictwa.pzh.gov.pl/roczniki _pzh/ https://doi.org/10.32394/rpzh.2023.0254
RTIR
ORIGINAL ARTICLE

SELECTED PERSONAL RESOURCES AND NUTRITIONAL BEHAVIOURS
OF POLISH HANDBALL PLAYERS

Maria Gacek”

"Department of Sports Medicine and Human Nutrition, University of Physical Education, Krakéw, Poland

ABSTRACT

Background. Diet, as one of the factors influencing exercise capacity depends, among others, on individual conditions.
Objective. The aim of the study was to analyse the nutritional behaviours of Polish handball players depending on their
level of generalised self-efficacy as well as disposable optimism and satisfaction with life.

Material and methods. The study was carried out among a group of 142 men, aged 20-34, professionally training handball,
using the author’s original nutritional behaviour questionnaire and the Generalised Self-Efficacy Scale (GSES), the Life
Orientation Scale (LOT-R) and Satisfaction with Life Scale (SWLS). Statistical analysis of the results was conducted by
estimating Spearman’s signed rank correlation coefficients, assuming the significance level of p<0.05.

Results. To the highest degree, the handball players fulfilled recommendations regarding the regular consumption of at
least 3 meals a day, adequate fluid supplementation in conditions of physical exercise and eating the most caloric meal
before or after main training sessions. Along with the increase in sense of efficacy (GSES), the scale of reducing sweet and
salty snacks increased (p<0.05). Increasing optimism was conducive to proper hydration (p<0.05) and avoidance of sweet
and salty snacks (p<0.05). With the increase in sense of satisfaction with life, the implementation of recommendations
regarding the consumption of dairy products and vegetable fats, as well as adequate fluid supplementation in conditions
of physical exercise, increased (p<0.05).

Conclusion. In the studied group of handball players, a limited scale of implementing qualitative nutritional
recommendations for athletes was demonstrated. Moreover, positive correlations were noted between the analysed personal
resources and some rational nutritional behaviours of the athletes, especially in terms of avoiding non-recommended
products and correct fluid replenishment.

Key words: nutritional behaviours, handball players, feeling of generalised self-efficacy, dispositional optimism,
satisfaction with life

STRESZCZENIE

Wstep. Sposob zywienia, jako jeden z czynnikow wptywajacych na zdolno$ci wysitkowe, zalezy m.in. od cech osobniczych.
Cel. Celem badan byta analiza zwigzkow pomi¢dzy nasileniem poczucia uogoélnionej skutecznosci, dyspozycyjnego op-
tymizmu i satysfakcji z zycia a zachowaniami zywieniowymi polskich pitkarzy recznych.

Material i metody. Badania przeprowadzono w grupie 142 mezczyzn w wieku 20-34 lata, wyczynowo trenujacych
pitke rgczna, z zastosowaniem autorskiego kwestionariusza zachowan zywieniowych oraz Skali Uogolnionej Wtasnej
Skutecznosci (GSES), Skali Orientacji Zyciowej (LOT-R) oraz Skali Satysfakcji z Zycia (SWLS). Analize statystyczng
przeprowadzono poprzez oszacowanie wspolczynnikow korelacji rang Spearmana, na poziomie istotnosci p<0,05.
Wyniki. Pitkarze r¢czni w najwyzszym odsetku realizowali zalecenia dotyczace regularnego spozywania przynajmniej
3 positkow dziennie, odpowiedniej podazy ptynéw w warunkach wysitku fizycznego oraz spozywania najbardziej kalo-
rycznego positku przed lub po gtéwnym treningu. Wraz z nasilaniem si¢ poczucia uogdlnionej skutecznosci zwigkszata
si¢ skala ograniczania stodkich i stonych przekasek (p<0,05). Wyzsze nasilenie optymizmu bylo zwigzane z prawidto-
wym uzupetnianiem pltynéw (p<0,05) oraz unikaniem stodkich i stonych przekasek (p<0,05). Wraz z nasilaniem si¢
poczucia satysfakcji z zycia zwigkszata si¢ realizacja zalecen dotyczacych spozywania produktow mlecznych i ttuszczow
ro$linnych oraz prawidtlowego uzupetniania ptynéw w czasie wysitku fizycznego (p<0,05).

Whioski. Wsrod badanych pitkarzy r¢cznych wykazano ograniczong skalg realizacji jakosciowych zalecen zywienio-
wych dla sportowcdéw oraz pozytywne zwiazki pomiedzy analizowanymi zasobami osobistymi a racjonalnymi zacho-
waniami zywieniowymi, szczegolnie w zakresie ograniczania produktow o niskiej gestosci odzywcezej i prawidlowego
uzupelniania ptynéw.

Stowa kluczowe: zachowania Zywieniowe, pitkarze reczni, poczucie wlasnej uogolnionej skutecznosci, dyspozycyjny
optymizm, satysfakcja z Zycia
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INTRODUCTION

One of the current models of sports nutrition is
the Swiss Pyramid, which recommends adequate
hydration and daily consumption of vegetables and
fruits, whole grains, dairy products and vegetable fats.
It also indicates other sources of complete proteins
for consumption, including fish, as well as limiting
animal fats and salty and sweet snacks [3].

A group with increased and specific nutritional
needs comprises professional handball players, whose
training effectiveness depends on the level of various
motor characteristics, including speed, agility, strength
and physical endurance [41, 42]. In handball, interval
efforts and body contact occur, requiring players to,
e.g. acquire high muscle strength [10]. Emotional state
and coping with stress also play significant roles in the
sports performance [25] and intellectual abilities of the
athletes [46]. The significance of personal resources
has also been confirmed, including a high level of
disposable optimism, which increases the motivation
to achieve success is sports [39].

Vigorous exercise during handball games
necessitates meeting increased nutritional demands
[24]. A rational diet (possibly enriched with
supplementation) increases exercise capacity, and thus,
the effectiveness of training and rate of post-exercise
regeneration, while reducing the risk of injury [36].
Meanwhile, in a new systematic literature review, it
was found that athletes performing team sports do
not meet nutritional recommendations, especially in
terms of energy and carbohydrate supply [5, 26].

Health behaviours, including those related to
nutrition, are conditioned by numerous environmental
and personality factors [37]. Among the psychological
features essential in shaping health culture, personal
resources occupy an important place, including sense
of generalised self-efficacy and level of disposable
optimism, as well as satisfaction with life. The
construct of self-efficacy, developed as part of
Bandura’s social learning theory, expresses the belief
in the ability to achieve intended goals, including those
concerning health and sports, which are achieved,
e.g. by rational eating behaviours [2, 8, 9, 28]. It is
worth adding that the achieved success, including
those sport-related, significantly strengthen sense of
generalised self-efficacy [2]. Dispositional optimism is
an expression of generalised expectations concerning
the positive effects of an individual’s activity [4, 43].
Therefore, it is an important individual resource that
stimulates motivation, perseverance and determination
in achieving goals, including sports objectives.
Satisfaction with life, in turn, is a subjective measure
of well-being related to the cognitive assessment
of quality of life [11, 28]. Within this context, the
above-mentioned personal resources are important

personality traits with a potentially predictive role for
the quality of health behaviours, including nutritional
ones, important for the optimisation of sports
training. In previous studies, relationships have been
demonstrated between the various personal resources
and eating habits of competitive athletes [13-17,
20], football referees [18] and physical education
students [19]. Research in the field of psychological
determinants of athletes’ nutrition also concerned
personality traits [21, 22].

Nutritional choices are important for the health
and exercise capacity of handball players. The
available studies concern nutrition of handball players
competing at the Super -league level [7], the influence
of nutritional education on the nutritional status
indices and eating habits of these athletes [35], the
use of sports supplements in professional handball
depending on gender and level of competition [36],
assessment of energy and nutrient supply in the diet
of Slovenian semi-professional handball players [47],
the relationships between diet and physical activity
performance of juniors training handball [30] and
determinants of knowledge level regarding nutrition
among Turkish handball players [23]. The latest
works of Spanish authors concern the relationship
between adherence to the recommendations of the
Mediterranean diet and the body composition and
physical capacity of beach handball players [32, 40],
between nutrient intake and body composition and
physical capacity of female beach handball players
[31] and eating disorders among elite beach handball
players [33].

Due to the fact that a relationship between personal
resources and nutritional behaviour of athletes who
train professionally in team sports has been show in
previous studies [13, 14, 15, 16, 20], research has been
undertaken on selected individual determinants of
food choices among handball players, who are a group
under-researched in this area.

The aim of the study was to assess the nutritional
behaviours of Polish handball players depending on
basic personal resources (level of generalised self-
efficacy, dispositional optimism and satisfaction with
life) in relation to the recommendations of the Swiss
Food Pyramid for athletes.

MATERIAL AND METHODS

The study was carried among a group of 142
men, aged 20-34 (22.9+4.2) and, training handball
competitively (1%, 2", 37 ]eague and Super-league). The
basic criterion for the open selection of participants
was playing sports professionally for at least 3 years.
The participants’ professional sports experience was
between 3 and 23 years (9.6+4.4). The studied players,
in relation to the current classification of the level of
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activity and sports abilities [34], can be assigned to
Tier 3 (Highly Trained/National Level).

In the study, an author-created, validated
nutritional behaviour questionnaire was used. It refers
to the qualitative recommendations of the Swiss
Food Pyramid for people demonstrating increased
physical activity, presented in the literature [3]. The
questionnaire consists of 22 items on rational eating
behaviours, with a S-point Likert response scale
(1 to 5, from ‘definitely not’, ‘rather not’, ‘difficult
to say’, ‘rather yes’ to ‘definitely yes’). The scale is
constructed in such a way that the higher the score,
the more intense the rational eating behaviour.
The questionnaire enquiries concerned: regular
consumption of at least 3 meals a day, recommended
frequency of consuming vegetables and fruits, whole
grains, dairy products, other nutritional sources of
protein, adequate hydration before, during and after
training, preferred fats and limiting non-recommended
products (sweets, fast-food products, carbonated and
non-carbonated sweetened beverages and energy
drinks). The questionnaire is a reliable research tool,
which was confirmed via the validation procedure
(high internal consistency, Cronbach’s o coefficient
totalling 0.79).

Sense of efficacy was measured using the
Generalised Self-Efficacy Scale (GSES) by Schwarzer,
Jerusalem and Juczynski [28]. The GSES, containing
10 items, is constructed in such a way that the higher the
test result (within the range of 10-40 points), the higher
the sense of generalised self-efficacy. The median
of raw scores on the GSES scale of the examined
handball players was 32 (M=31.6, SD=3.27). The level
of disposable optimism was measured using the Life
Orientation Test (LOT-R) by Scheier, Carver and
Bridges, in the adaptation by Poprawa and Juczynski
[28]. On the LOT-R scale, consisting of 10 statements
(6 diagnostic), the higher the result (within the range
of 0-24), the higher the level of optimism. The median
of raw scores on the LOT-R scale for the studied
handball players totalled 16 (M=16.12; SD=3.35).
Satisfaction with life was measured via the Satisfaction
with Life Scale (SWLS) by Diener, Emmons, Larsen
and Griffin, in the adaptation by Juczynski [28]. On
the SWLS scale consisting of 5 items, the higher the
score (within the range of 5-35), the higher the level of
satisfaction with life. The median of raw SWLS scores
among the assessed handball players was 29 (M=28.6,
SD=1.85).

Research has been conducted in accordance with
the principles found in the Declaration of Helsinki,
after obtaining informed consent from the participants.

Statistical analysis of the results was performed
using the PQStat ver. 1.8.0.444. The relationships
between the level of generalised self-efficacy,
dispositional optimism as well as satisfaction with life

and the level of rational food choices were analysed
by estimating the Spearman’s signed rank correlation
coefficients. The test probability at the level of p<0.05
was considered significant, while p<0.01, highly
significant.

RESULTS

The assessment of intensity regarding rational
eating behaviours (on a scale of 1-5), according to the
median value, allowed to confirm that the handball
players under study fulfilled recommendations
concerning the consumption of at least 3 meals
a day, adequate fluid replenishment during exercise
and the preference of water for hydration (Me=5.00
i.e. ‘definitely yes’). They also largely complied with
the recommendations for regularity of meals and the
consumption of the most caloric meal before or after
the main training (Me=4.00, i.e. ‘rather yes’). Other
recommendations were implemented to a lesser extent
(Me=3.00, i.e. ‘difficult to say’) (Table 1).

Statistical —analysis demonstrated significant
correlations between the intensity of the analysed
personality dimensions and some nutritional
behaviours of athletes. It has been shown that along
with the increase in sense of efficacy (GSES), the scale
of rational food choices in terms of reducing sweet and
salty snack consumption increased (R=0.21, p<0.05).
It has also been indicated that with the increase
in the level of disposable optimism (LOT-R), the
implementation of recommendations on correct fluid
replenishment during exercise also increased (R=0.17,
p<0.05), as well as avoiding sweet and salty snacks
(R=0.14, p<0.05). There was also a positive correlation
between the intensity of the sense of satisfaction with
life (SWLS) and the consumption of milk and dairy
products at least twice a day (R=0.14, p<0.05), daily
consumption of vegetable fats (R=0.16, p<0.05) and
adequate hydration during exercise (R=0.21, p<0.05)
(Table 2).

DISCUSSION

The discussed research allowed to demonstrated
improper nutritional behaviours as well as correlations
between the analysed personal resources and some
aspects of nutritional behaviours among professional
athletes training handball.

Therevealed abnormalities concerned, in particular,
the low implementation of the recommendations
regarding the consumption of highly nutritional
products (vegetables and fruit, cereals, including
wholemeal products, dairy products, fish), restriction
of products with low nutritional value (sweet and
salty snacks) and the implementation of a varied diet.
Also noteworthy is the limited level of implementing
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Table 1. Implementing recommendations of the Swiss pyramid among athletes training handball (descriptive statistics)

Nutritional behaviours Min Max Me Q25 Q75
Consuming at least 3 meals a day 3.00 5.00 5.00 5.00 5.00
Regular meal consumption (every 3-5 hours) 1.00 5.00 4.00 3.00 4.00
Most caloric meal before or after main training 1.00 5.00 4.00 3.00 4.00
200 ml of vegetable or fruit juice every day 1.00 5.00 3.00 3.00 4.00
Vegetables with at least 2 meals a day 1.00 5.00 3.00 2.00 4.00
Raw vegetables at least once a day 1.00 5.00 3.00 2.00 3.00
2-3 servings of vegetables every day 1.00 5.00 3.00 2.00 3.00
1-2 servings of fruit every day 1.00 5.00 3.00 3.00 4.00
Cereal products with every main meal 1.00 5.00 3.00 3.00 3.00
Whole-grain cereal products at least twice a day 1.00 5.00 3.00 3.00 4.00
Milk or dairy products at least twice a day 1.00 5.00 3.00 2.00 3.00
Fish consumption 1-2 times a week 1.00 5.00 3.00 3.00 4.00
Limiting animal fats in diet 1.00 5.00 3.00 3.00 4.00
Vegetable fats every day (almost every day) 1.00 5.00 3.00 2.00 3.00
Adequate hydration during exercise 3.00 5.00 5.00 5.00 5.00
Adequate hydration after exercise 3.00 5.00 5.00 4.00 5.00
Preference of water for hydration 2.00 5.00 5.00 5.00 5.00
bAE\:/\?;l;ggssxe;te:arbonated and non-carbonated 1.00 500 5.00 4.00 5.00
Avoiding energy drinks in diet 2.00 5.00 5.00 4.00 5.00
Avoiding fast-food products in diet 2.00 5.00 5.00 4.00 5.00
Limiting consumption of sweet and salty snacks 2.00 5.00 3.00 3.00 4.00
Varied diet 1.00 5.00 3.00 2.00 4.00

Scale: 1 — ‘definitely not’, 2 — ‘rather not’, 3 — ‘difficult to say’, 4 — ‘rather yes’, 5 — ‘definitely not’

recommendations regarding the reduction of animal
fats in favour of vegetable oils and nuts. On the
other hand, positive trends were found in hydration
behaviours during and after exercise, which is an
important area of sports nutrition, directly related
to health and exercise capacity. Among others, the
preference of water and other unsweetened beverages
was confirmed, as well as limiting hypertonic
beverages (sweet carbonated and non-carbonated
beverages and energy drinks), which indicates the
correct selection of fluids for hydration.

Assessment of the described choices within the
context of nutritional recommendations and nutritional
value of individual product groups may indicate
apotentially low supply of antioxidants, potassium and
magnesium (low daily level of consuming vegetables
and fruits), which is negative with regard to antioxidant
status, in which a diet rich in, i.e. vegetables and fruits,
is important for its regulations [12]. Excessively low
compliance with the recommendations regarding the
consumption of wholemeal cereal and dairy products
may limit the supply of dietary fibres and calcium.
The risk of the low intake of probiotic products (e.g.
fermented milk) in the diet should also be emphasised
because it creates a risk of developing dysbiosis in

athletes [6]. In turn, a too low frequency of consuming
sea fish, oils and nuts may reduce the supply of
unsaturated acids, including omega 3, which positively
regulate the blood lipid profile [44].

Improper nutritional decisions found in the studied
group of handball players correspond with the trends
described by other authors. Similar nutritional
mistakes, related to the insufficient consumption of
certain groups of food products with high nutritional
density, including whole grain cereal and dairy
products, as well as fish, have also been described
among athletes training team sports [1, 13, 27, 38].
The obtained results can also be related to the study
among handball players. In a trial on professional
Spanish handball players (N=14), excessively low
energy levels were also found, as well as low energy
from carbohydrates but high from fats [35]. In another
study on 2 Slovenian semi-professional handball
teams (17 men and 9 women) from the 1% league,
insufficient energy and carbohydrate intake as well as
excessive fat intake were also found [47]. Similarly,
in a study among handball players at the Superleague
level, positive eating behaviours were noted with
regard to the number and frequency of consuming
meals, however, their diet was not balanced, as deficits



No 2

M. Gacek

155

Table 2. Correlations between intensity of personal resources and national nutritional behaviours among handball players

(Spearman’s signed rank correlation coefficient value)

Nutritional behaviours GSES LOT-R SWLS
Consuming at least 3 meals a day 0.02 0.13 0.10
Regular meal consumption (every 3-5 hours) 0.03 0.13 0.01
Most caloric meal before or after main training 0.04 0.13 0.09
200 ml of vegetable or fruit juice every day 0.12 0.01 0.01
Vegetables with at least 2 meals a day 0.03 0.02 0.03
Raw vegetables at least once a day 0.02 0.07 0.01
2-3 servings of vegetables every day 0.06 0.05 0.09
1-2 servings of fruit every day 0.02 0.01 0.01
Cereal products with every main meal 0.01 0.01 0.09
Whole-grain cereal products at least twice a day 0.07 0.02 0.09
Milk or dairy products at least twice a day 0.05 0.02 0.14*
Fish 1-2 times a week 0.09 0.06 0.01
Limiting animal fats in diet 0.06 0.12 0.12
Vegetable fats every day (almost every day) 0.09 0.12 0.16*
Adequate hydration during exercise 0.11 0.17* 0.21*
Adequate hydration after exercise 0.01 0.09 0.03
Preferring water for hydration 0.06 0.02 0.12
bA;?;S;gfssxe;te:arbonated and non-carbonated 0.04 0.02 0.03
Avoiding energy drinks in diet 0.04 0.11 0.12
Avoiding fast-food products in diet 0.01 0.07 0.05
Limiting consumption of sweet and salty snacks 0.21* 0.14* 0.05
Varied diet 0.01 0.01 0.05

*- statistical significance at the level of p<0.05

GSES - Generalised Self-Efficacy Scale, LOT-R - Life Orientation Scale, SWLS - Satisfaction with Life Scale

in energy, protein, calcium, iron and potassium were
found, as well as an excess of fat, phosphorus and
sodium intake [7]. In another study regarding the
relationships between diet and training effectiveness
of junior handball players (N=57) from Targu
Mures, a correlation was confirmed between food
consumption and exercise effectiveness. It has been
noted that for young athletes, diet quality is crucial
for achieving a high level of training [30]. Nutritional
abnormalities associated with incomplete adherence
to the Mediterranean diet have also been described
among Spanish beach handball players [31, 32, 40].
Thus, the results of the author’s study, as well as
research carried out by other authors, allow to indicate
qualitative and quantitative improper nutritional
behaviours among athletes training handball,
regardless of gender and sports level. The described
incorrect nutritional behaviours noted among the
examined handball players, which could reduce the
nutritional value of their diets, confirmed the validity
of monitoring and rationalising the diets of athletes,
as a rational diet is one of the factors contributing to
achieving professional success. Other authors also

drew attention to the need for nutritional education in
handball players [23, 35].

The discussed research conducted among handball
players also allowed to show a relationship between
the sense of self-efficacy and the level of optimism, as
well as satisfaction with life, and the implementation
of certain nutritional recommendations. The observed
statistically significant positive correlations concerned
the tendency towards more severe reduction of sweet
and salty snacks along with an increase in self-efficacy
and optimism, proper fluid replenishment with an
increase in optimism and life satisfaction, and also
the implementation of recommendations regarding
the consumption of dairy products and vegetable fats
with increasing life satisfaction. The demonstrated
correlations indicate the predictive importance of the
analysed personality dimensions for the diet quality
of handball players and, in particular, the relationship
between a high level of self-efficiency, optimism and
life satisfaction with more correct nutritional choices
of athletes. This correlation can be explained by
psychological characteristics. A high level of self-
efficiency, disposable optimism and satisfaction
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with life increases the belief in the possibility of
achieving the set goals, increasing motivation and
determination to achieve objectives. Therefore, these
features constitute important individual resources
that stimulate pro-health behaviours, including those
related to rational eating practices [2, 4, 28, 43]. In
athletes, a rational model of nutrition is a key factor
in maintaining health and optimising the effects of
training [3].

Similar tendencies towards more rational nutritional
choices among people with a higher intensity of the
analysed personal resources (self-efficacy, optimism
and satisfaction with life) were also obtained in other
studies among athletes, both in Poland and in other
countries. For example, the relationship between sense
of self-efficacy and more rational eating behaviours
has been described among Polish football (American
football) players [13]. Also, research among Polish
basketball players showed a correlation between higher
level of self-efficacy and rational eating behaviours in
terms of regularity of consuming meals, preferring
non-sweetened beverages, the daily consumption
of fruit and vegetables, and avoiding fast food and
confectionery products [20]. Overall, the meta-
analysis allowed to confirm the predictive significance
of a high level of self-efficacy for promoting health-
related behaviours, including those nutrition-related
[45]. On the other hand, among Polish athletes training
team sports (252 women and 266 men, 19-34 years
old), it was shown that players with a high level of
optimism and satisfaction with life, consumed fruit
and vegetables significantly more often, and people
with a high level of optimism consumed vegetable
oils and other vegetable fats at a significantly higher
frequency. The statistical analysis also allowed to
confirm a significant positive relationship between
the level of disposable optimism and the general
index of rational eating behaviours among athletes
[15]. Furthermore, in research among football
players, a positive correlation was noted between the
level of dispositional optimism and the frequency
of consuming recommended products (fruit, whole
grains, nuts), and a negative correlation with the
frequency of consuming non-recommended products
(e.g. sweets and confectionery products, energy
drinks) [14]. Similarly, in the research by Lipowski
[29], a positive correlation was demonstrated between
the level of optimism and some pro-health behaviours
of women practicing sports.

The significance of the presented work is related to
addressingtheunderexploitedresearchissuesregarding
selected determinants of food choices among handball
players. The author is aware of the limitations of the
work (questionnaire research, limitations of author-
designed questionnaire on nutrition, small number of
analysed factors), hence, referring to them, it should be

noted that in subsequent research, a greater number of
analysed variables (wider nutritional analysis, broader
spectrum of psychological and environmental factors)
should be taken into account.

CONCLUSIONS

In the studied group of handball players, a limited
scale of implementing qualitative nutritional
recommendations for athletes was demonstrated,
particularly, in terms of the frequency of consuming
high-nutritional products (vegetables and fruit, cereal
products, including wholemeal and dairy products,
fish) and applying a varied diet, which could have
reduced the nutritional value of the diet.

In the studied group of handball players, the
relationship between the analysed personal resources
and some eating behaviours was demonstrated, with
an indication of a tendency towards more rational
choices along with the increase in level of self-efficacy,
optimism and satisfaction with life. The positive trends
concerned, in particular, limiting non-recommended
products (sweet and salty snacks), consumption of
recommended products (dairy and vegetable fats) and
proper fluid replacement in conditions of physical
exercise.

The results allow to suggest validity of the analysis
concerning determinants of nutritional behaviour, as
well as monitoring and rationalisation of the handball
players’ diet so that they could be supportive of the
health and physical fitness of athletes.
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ABSTRACT

Background. The consumption of food supplements is increasing. This evolution is due to several factors, including
nutritional deficiencies in the population, a sedentary lifestyle, and a decrease in physical activity. In addition, stress and
an active lifestyle led to several dysfunctions (fatigue, deconcentration) that food supplements can help to overcome.
Objective. This study aimed to determine the profiles of food supplement consumers in the Fes-Meknes region (Morocco),
distribution, and production of these products. In addition, this survey aimed to evaluate consumers’ knowledge of food
supplements as part of their self-medication.

Material and methods. The present study was conducted in the form of a survey using a questionnaire composed of two
parts. The first part provides information on the socio-demographic status of respondents, including gender, age, and level
of education. The second part concerned various information on the consumption of food supplements.

Results. The results obtained showed that of the 498 subjects, 68.88% declared that they had already consumed the food
supplements. The study revealed the predominance of the female gender at 69.68% and the age group 21-30 years (80.32%).
Among the reasons for consumption, improving general health comes first with 56.29%. Our results also showed high
consumption of vitamins (44.04%) and minerals (24.79%), next come proteins and plant extracts at 16.62% and 14.54%
respectively. The consumption of food supplements is most often done on the advice of a doctor or dietician with 43.60%,
and the pharmacy and para-pharmacy remains the main distribution channel at 75.78%.

Conclusion. The present survey allowed us to update the current situation of food supplement consumption and a way of

regulatory monitoring and more control for an organization of the sector.

Key words: consumption, food supplements, health, minerals, vitamins, self~-medication

INTRODUCTION

The concept of nutrition is now part of our daily
lives. Faced with the rise of sedentary lifestyles, the
growth of food, and the emergence of alternative
medicines, the food supplements (FS) market is
booming in many developed countries [1]. The
pharmaceutical and food industries offer a wide range
of food supplements that include several products
of various forms and uses. As these forms are very
similar to drugs in their galenic form, the difference
between a drug and dietary supplements is becoming
less and less obvious. These forms represent today
a real challenge to satisfy and retain the consumer.

The consumption of food supplements continues
to grow both nationally and internationaly. This
is due to several factors including the awareness of
the need for these products for people who follow

specific nutritional diets, as well as the development
of the sports sector (gyms and fitness) that make their
customers aware of the body discipline sometimes
requiring the intake of food supplements [2]. Finally,
stress and an active lifestyle led to several dysfunctions
(fatigue, deconcentration) that nutritional supplements
can help to overcome.

The COVID-19 pandemic has created widespread
psychosis and anxiety. The consumption of FS increased
(Vitamin C, A, and Zinc) due to the supposed role of
micronutrients in strengthening immunity to cope
with this pandemic. The purchase and consumption of
aromatic and medicinal plants also increased during
this period [3]. Faced with this situation, the practice
of self-medication has increased. For this, many
substances have been used without medical advice.
Indeed, a recent study in Togo showed that about one
out of three people had used this practice to prevent

Corresponding author: Hamza El Finou, Bioactives, Health and Environment Laboratory, Moulay Ismail University of
Meknes, Faculty of Sciences, Department of Biological Sciences, 11201- Meknes, Morocco. Tel: + 212 6 26 51 66 46,
e-mail: h.elfinou@edu.umi.ac.ma

This article is available in Open Access model and licensed under a Creative Commons Attribution-Non Commercial 3.0.Poland License
(CC BY-NC) (http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en)
Publisher: National Institute of Public Health NIH - National Research Institute


http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
https://orcid.org/0000-0003-2180-4684

160

Consumption of food supplements in the Fes-Meknes Region, Morocco. Profiles and typology

No 2

COVID-19 [4]. Another study in Bangladesh found that
the prevalence of self-medication during the COVID-19
epidemic was 88.3% [5]. In Kenya, the prevalence
of self-medication increased from 36.2% before the
pandemic to 60.4% during the pandemic [6]. that the
use of dietary supplements is part of self-medication
worldwide. In our study, we focused on the population
of the Fes-Meknes region (Morocco), but according to
previous studies, it is evident that the world population
has the same tendency to practice self-medication.

FS are typically healthy compounds that present
no potential danger. This indicates that consumers
can use them without risk. However, some studies of
their physiological effects, have reported their potential
risks on body functioning, especially in the absence of
nutritional deficiencies [7]. Thus, the consumption of FS
must not exceed the maximum recommended levels. As
a result, excess consumption can be harmful to health
in the long term. Any supplementation must be under
the supervision of a health professional and any intake
without supervision may present health risks [§].

Since food supplements are potential sources
of nutrients and other bioactive compounds, it is
important from a public health perspective to know
who is consuming them, what types, and under what
circumstances. For this, the main aim of this survey
is to evaluate the profiles of FS consumers, and the
production and distribution of FS, to update the
current situation of FS consumption, and provide new
data concerning this sector, particularly in the Fes-
Meknes region in Morocco.

MATERIAL AND METHODS

Study context

The survey was carried out in the Fez-Meknes
region during the 2020-2021 academic year. A network
of students allowed us to distribute the questionnaire
in the different cities of the region via the Internet and
in the field, which allowed us to interview 498 subjects
in 4 months. In addition, the second phase of our
survey was carried out with 70 pharmacists to have
information related to the production and distribution
of food supplements.

The inclusion criteria for this study were the
consumption of FS (343 subjects). While the non-
consumers of FS were excluded from the analysis
process (155 subjects).

SURVEY PROCEDURE
From February to May 2021, a cross-sectional,
anonymous, and descriptive study was conducted
online and in the field with 498 citizens from different
cities in the Fez-Meknes region (Morocco). All
participants accepted the use of their responses for
publication and scientific studies. An email invitation

to participate in the survey containing a link to the
online questionnaire was sent to students, teachers,
health professionals, and others. The first page of the
questionnaire contained an implied consent statement,
although participants were free to accept or decline
participation as they saw fit. The survey gathered
information on:

e General information on the socio-demographic
status of participants, including gender, age, level
of education, etc.

» The age has been classified into 4 classes: under 20
years; 21-30 years old; 31-40 years old; 41-50 years
old and over 50 years old.

e The FS consumption mode section consisted of
10 questions. It discussed the different types of FS
consumed by participants. These types have been
grouped into standardized categories (Vitamins/
minerals/proteins and FS from plants/plant extracts).

* In addition, the participants who previously or
currently used food supplements (even a few years
ago) are considered consumers, while those who
answered never are considered non-users.

» For the variables that concerned the consumption of
the FS, the analysis concerned only the consumers.

e It also included questions on the method of
consumption (frequently (many times), occasionally
(accidentally), and regularly (on an exact prescribed
diet), the purchase recommendation (advised by
a friend, medical prescription), places of purchase
(Pharmacy/Para pharmacy, specialized surfaces,
supermarkets, Internet), and consumer expectations
(improve general health, filling a deficiency, coping
with a disease).

Data collection

“Google Forms” was used to design and develop
the questionnaire form. The answers that were added
were automatically collected, arranged in a file, and
then converted to Excel format. Preliminary to the
survey’s administration, a pilot study was conducted
on a sample of 60 participants to confirm the reliability
and validity of the questionnaire. As a result, changes
were made to several of the survey questions to make
it easier for respondents to understand the questions.

Statistical analysis

The Statistical Package for the Social Sciences
(SPSS) Version 20 was used to conduct the statistical
analysis. While qualitative variables were expressed
as percentages (number of people that used the
study modality/total population), quantitative data
were expressed as means. The Chi-square test was
conducted to see if any categorical differences merited
further investigation, such as the association between
FS consumption and certain variables. Statistical
significance is defined as a p-value <0.05.
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RESULTS

Socio-demographic data of consumers

The sociodemographic data of the participants
and the mode of FS consumption data are presented
in Table 1. Of the 498 participants, 68.88% reported
consuming FS (343 subjects). Regarding the gender
and age of consumers, we obtained a dominance
of the female gender at 69.68% against 30.32% of
men and the age group 21-30 years old at 61.81%. In
addition, 69.97% of consumers had a university level
of education.

Circumstances for buying food supplements

The consumption of food supplements is most
often done on the advice of a doctor, dietician, or
psychologist with a percentage of 43.60%, then the
consumption of food supplements by own initiative
of the consumer at 29.94%. While the consumption
following recommendations from relatives presents
only 16.57%, and the consumption after reading
articles or television programs presents a percentage
of 9.88% (Figure 1).

On the recommendation of a relative 4 6.57%

Under the guidance of |
a physician/psychologist/dietician

43.60%

By your own initiative A 9.94%

After reading an article / |
watching a TV show

Percentage (%)

Figure 1. Circumstances for buying food supplements

Currently, the free sale in pharmacies/para-
pharmacies, in specialized supermarkets, and on the
Internet, has greatly facilitated consumers’ access
to food supplements. The results obtained showed
that 75.78 % of consumers buy food supplements in
pharmacies.

Most consumed components of food supplements.

The results obtained showed high consumption
of vitamins (44.04%) and minerals (24.79%). Next,
come proteins and plant extracts at 16.62% and
14.54% respectively (Figure 2). Among the consumer
participants, 125 of them (36.44%), were able to give
the exact names of the supplements they use. Table
2 shows a descriptive analysis of the composition
and functions of some food supplements cited by
consumers.

Table 1. Summary of the socio-demographic and FS
consumption data

Variables Percgntage
%
Gender
— Male 30.32
— Female 69.68
Age
— Under 20 years 02.92
—21-30 years 61.81
—31-40 years 18.95
—41-50 years 04.37
— Over 50 years 11.95
Level of education
— Hliterate 07.87
— Primary school 04.66
— High school 17.49
— University 69.97
Frequency of consumption
— Frequently 13.31
— Occasionally 71.67
— Regularly 15.01
Food supplements acquisition places
— Pharmacy/Para pharmacy 75.78
— Specialized surfaces 07.69
— Supermarkets 05.41
— Internet 05.41
— Stores 05.70
Reasons given for taking food supplements
— Improve general health 56.29
— Filling a deficiency 25.89
— Coping with a disease 17.81
Symptoms treated with food supplements
— Blood circulation 04.47
— Digestion and intestinal transit 14.78
— Reinforcing natural defences 16.84
— Weight loss and/or gain 20.27
— General tiredness 43.64

Consumer satisfaction after consuming food
supplements

— Satisfied 57.10

— Partially satisfied 32.24

— Unsatisfied 10.66
Average price of food supplements

— Between 100 and 200 MAD 61.43

— Between 50 and 100 MAD 31.43

— More than 200 MAD 07.14

Evolution of the demand for food supplements in the last
5 years

—No idea 07.14
— Growing 70.00
— Descending 04.29
— Almost stable 18.57
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Table 2. Descriptive analysis* of some food supplements cited by consumers

Food Supplement Category Composition Function
Vitamins (A, B,, B¢, B,,, C, D, E, K)
Supradine Multi-vitamin Minerals (Zn, Mg, Cu, Ca). Energizer
Coenzyme Q10
.. . Soften the throat, soothe the
. Natural active ingredients .
Docivox Natural syrup . respiratory tract and strengthen
(Thyme fluid extract)
the natural defences.
Iron . .
. . Treatment of anaemia and iron
Tardyferon Micro-nutrients Ferrous Sulphate .
. deficiency
Folic acid
Whey Source of proteins Amino acids Protein for athletes
Fenugreek, dry extract
Nurax Appetite stimulant of gentian, Iron, Appetite stimulant
Wheat germ,12 vitamins
.. C Vitamins (A, B,, B,, B, B,»,) o
Additiva Multi-vitamin . P e e I Vitamin suppl
v W Minerals, Pantothenic acid upply
. . . Zinc, Vitamin B . .
Forcapil Micro-nutrients L § Hair and nail care
Vitamin B,
Nuravit Appetite stimulant Vitamins (B,, B,, B, C) Appetite stimulant
Development and function of
Omega-3 Fatty acids Omega-3 the retina, brain, and nervous
system
Non-path ic mi ic fungi . . .
. o O1"pATIOECRIC THICTOSCOPIC TUNEL Regulators of intestinal transit
Levure de biere | Appetite stimulant | (Saccharomyces cerevisiae and Candida .
Y and loss of appetite
utilis)
. . . M i . .
Relaxium Micro-nutrients aghesium Micro-nutrients
Vitamin B,

*: The descriptive analysis was based on the notices of each food supplements (consulted in pharmacies).

Plant extracts -

O D S P & S

Percentage (%)

Figure 2. Most consumed components of food supplements

Production and distribution of food supplements
During the second phase of the survey, conducted
among 70 pharmacies and para pharmacies in the
Meknes region, the distribution and production of
dietary supplements were identified. The results
showed that the most marketed food supplements
were intended for cosmetic and wellness use (32.2%)
and skin care (46.6%). Then comes hair care at

21.2%. According to the producers interviewed, the
food supplement market has developed over the past
5 years. The results show that the average prices of
these products are between MAD 100 and MAD 200
at 61.43%, between MAD 50 and MAD 100 (31.43%),
and 7.14% for products above 200 MAD (Table 2).

The raw material used for the production of
these products is of both Moroccan and foreign
origin. Supplier markets are European (56.23%),
American (22.14%), Asian (16.72%), and African
(4.91%). The growth in demand for food supplements
has been observed over the past 5 years by 70% of
producers interviewed. Interviews conducted at
the pharmacy level showed that 82.9% of clients
are young, confirming the results obtained with
consumers (Table 2).

Association of F'S consumption with some variables.
The Chi-square test was performed to reveal any
association between the consumption of FS and other
variables (Table 3). The results obtained showed that
the consumption of FS varies depending on the age of
participants (Chi*=9.48; p=0.002), the education level
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Table 3. Summary of the association of FS consumption
with some parameters studied

Variables Percg/f)ltage Chi? |P-value
Gender
— Male 30.32
— Female 69.68 384 1 0.441
Age
—under 20 years 02.92
—21-30 years 61.81
— 31-40 years 18.95 9.48 | 0.002
—41-50 years 04.37
— Over 50 years 11.95
Level of education
— Illiterate 07.87
— Primary school 04.66
— High SC}I’IOOI 17.49 781 | 0.000
— University 69.97
Frequency of consumption
— Frequently 13.31
— Occasionally 71.67 599 | 0.147
— Regularly 15.01
Food supplements acquisition places
— Pharmacy/Para pharmacy| 75.78
— Specialized surfaces 07.69
— Supermarkets 05.41 948 | 0.976
— Internet 05.41
— Stores 05.70
Consumer satisfaction after consuming food supplements
— Satisfied 57.10
— Partially satisfied 32.24 5.991 | 0.000
— Unsatisfied 10.66

(Chi*=1.81; p<0.001), and the satisfaction of consumers

(Chi>=5.991; p<0.001). It was also observed that no

significant association between the FS consumption

and gender (Chi*=3.84; p=0.441), the FS acquisition

places (Chi*=9.48; p=0.976), and the frequency of
consumption (Chi*=5.99; p=0.147).

Oral suspension (Drops, Syrups, Ampoules)

Pastilles

Capsules

Tablets

Flavoured drinks, Infusions

Figure 3. The preferred design of the FS for consumers

The preferred design of the F'S for consumers

Consumers preferred tablets first at 37.2% followed
by capsules at 28.5%. In addition, some consumers
preferred drinkable suspensions (15.6%), flavored
drinks, and infusions (12.8%). While pastilles were
the least used at 5.9% (Figure 3).

DISCUSSION

Considering all the results obtained in this study, it
is obvious that the consumption of dietary supplements
is widespread in Morocco. Our results showed that
of 498 participants, 68.88% were FS consumers. In
addition, the dominance of females at 69.68% against
30.32% of men’s gender and the age group 21-30 years
old at 61.81%. In this context, Jamal [9] conducted
a survey in 2015 in Morocco with 504 volunteers
and found that 46% of the subjects were consumers
[9]. Other studies have also confirmed this trend [10,
11]. Contrary to the results obtained by Nagvi et al.
[12], who analyzed the food supplement intake in the
public and private sector at the pharmacy teaching
universities of Karachi (Pakistan), and found that 51%
were male, and 47.3% were female. By age groups,
the highest figure was reported in the age group 27-
30 years [12]. The consumption of food supplements
also varies according to region. Thus, it is in the
northern and central regions (Casablanca, Rabat,
Marrakech, and Tangier) that we have the largest
number of consumers [9]. On the other hand, in the
South, the demand is almost non-existent. Our study
also confirmed this hypothesis by the large number of
consumers found in the Fez-Meknes region. From the
point of view of consumer satisfaction after taking food
supplements, we obtained that only 32.24% proved
great satisfaction; while the study of Jamal [9], showed
that about 90% of subjects said that the consumption
of food supplements met their expectations [9].

For the circumstances of purchases, our study
revealed that the consumption of food supplements is
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often done under the advice of a doctor or dietician
with a rate of 43.60%, the taking of supplements by
the consumer’s initiative comes in second place at
29.94%. Another study conducted by Pouchieu et al.
[13], showed an important part of self-medication, and
nearly one consumer out of two took food supplements
as self-medication, 21% bought supplements under
medical advice, and 33% under medical prescription.
A health professional generally recommends the use
of food supplements [14].

According to the data obtained from the Syndicate
of Dietetics and Supplements [15], the pharmacy
remains the leading sales channel for food supplements
in France, compared with direct sales on the internet,
specialized stores, large and medium-sized retailers,
and Para pharmacies. Our results also confirmed this
tendency, from which we obtained that 75.78 % of
consumers buy food supplements in pharmacies.

According to the results obtained in this study,
it is most often a high consumption of vitamins,
micronutrients, energizers, and minerals. Vitamins
and minerals have a great variability in their
complementary intakes, with the highest contributions
concerning vitamin D, vitamin B,, and vitamin C. In
this context, several studies have also shown that the
most commonly consumed nutrients in the form of
supplements were magnesium, vitamin B, vitamin
C, zinc, and iron, whereas omega-3 fatty acids and
herbal supplements were consumed quite lowly [16].
Thus, according to Nakhal et al. [17], fish oil (omega
3) was the highest food supplement used at 18.02%,
followed by Glucosamine, Chondroitin, Cranberry,
and fiber with percentages at 12.11%, 11.83%, 9.29%,
and 8.45%, respectively. In addition, 76% of the
participants indicated that they recommend herbal
food supplements to their friends/families, and
patients [17].

The importance of applying rigorous regulations
concerning the sale and purchase of FS is essential,
because, As opposed to popular belief, excessive
consumption of protein and amino acids can be
potentially very harmful to our health as they can
cause disorders of the bone system, impaired kidney
function, increased risk of cancer and impaired liver
function and can lead to coronary heart disease [18]. In
addition, Rutkowski and Grzegorczyk[19] also reported
the deleterious effects of excessive supplementation
with antioxidants especially synthetic ones (Vitamin
A, E, C, and f-carotene) which are often used in
many preventive and curative medical treatments.
However, they can cause hypervitaminosis and even
a potentially toxic effect [19].

CONCLUSION

The present survey allowed us to bring new data
concerning the food supplements sector in Morocco,
in particularly the Fez-Meknes region, by studying
several parameters related to the consumption,
production, and distribution of these products. The
FS supports a healthy diet and helps prevent disease,
but uncontrolled consumption can be harmful and
ineffectual in the absence of vitamin or mineral
deficiencies. In this approach, the health professional
remains a key player and must educate consumers on
the benefits as well as the risks associated with taking
food supplements. In this sense, the provision of clear
and validated information is a very effective tool.
In this study, the restrictions and sanitary measures
concerning COVID-19 were a limit in front of the
conduct of our survey. Thus, the participant’s personal
life was sometimes a major obstacle to access to
complete information.
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SOCIODEMOGRAPHIC, NUTRITIONAL AND HEALTH STATUS FACTORS
ASSOCIATED WITH ADHERENCE TO MEDITERRANEAN DIET
IN AN AGRICULTURAL MOROCCAN ADULT’S POPULATION
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ABSTRACT

Background. Numerous studies have demonstrated beneficial effects of adherence to the Mediterranean diet (MD) on
many chronic diseases, including chronic kidney disease (CKD).

Objective. The aim of this study was to assess the adherence of a rural population to the Mediterranean diet, to identify
the sociodemographic and lifestyle determinants and to analyze the association between adherence to MD and CKD.
Material and Methods. In a cross-sectional study, data on sociodemographic, lifestyle factors, clinical, biochemical
parameters and diet were collected on a sample of 154 subjects. Adherence to MD was assessed according to a simplified
MD score based on the daily frequency of intake of eight food groups (vegetables, legumes, fruits, cereal or potatoes,
fish, red meat, dairy products and MUFA/SFA), using the sex specific sample medians as cut-offs. A value of 0 or 1 was
assigned to consumption of each component according to its presumed detrimental or beneficial effect on health.
Results. According to the simplified MD score, the study data show that high adherence (44.2%) to MD was characterized
by intakes high in vegetables, fruits, fish, cereals, olive oil, and low in meat and moderate in dairy. Furthermore, several
factors such as age, marital status, education level, and hypertension status were associated with the adherence to MD in
the study population. The majority of subjects with CKD have poor adherence to the MD compared to non-CKD with a
statistically insignificant difference.

Conclusions. In Morocco, maintaining the traditional MD pattern play crucial role for public health. More research is

needed in this area to precisely measure this association.

Key words: Mediterranean diet, chronic kidney disease, simplified MD score, Morocco

INTRODUCTION

The Mediterranean diet (MD), the diet of the
populations residing along the Mediterranean Basin,
is widely considered a healthy dietary model whose
adherence presumed to have a beneficial effect on
health and nutritional status of the individual [1, 2,
3] as well as on the environment [4]. The traditional
Mediterranean diet is characterized by a high intake
of vegetables, fruits, legumes, nuts, wholegrain and
unrefined cereals, and a high intake of olive oil as the
main source of dietary lipids, a moderate intake of fish
and seafood, a low to moderate consumption of dairy
products, and finally a low intake of red and processed
meat [5, 6].

Numerous  epidemiological  studies  have
demonstrated the protective effect of Mediterranean

diet against many chronic diseases, particularly
diabetes mellitus, kidney disease, cardiovascular
disease and metabolic syndrome [7, 8, 9, 10, 11, 12, 13].
In addition, several meta-analyses of cohort studies
that examined the effect of MD on non-communicable
diseases (NCDs) underlined that people with the
highest levels of adherence to MD have decreased
risk of developing diabetes by a 13-23% and that
of developing cardiovascular disease (CVD) by
19-27% [14,15] compared those with low adherence
levels.

Chronic kidney disease (CKD) is recognized as
a serious public health problem around the world. It
is associated with high cardiovascular morbidity and
mortality and low quality of life [16, 17, 18, 19]. These
metabolic and cardiovascular disease (CVD) factors,
include obesity, diabetes, hypertension, and metabolic
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syndrome and are in continuous increase worldwide
and in Morocco [20, 21, 22]. On the other hand, diet
is thought to play a major role in the development
of these diseases including CKD risks [23] and the
adoption of a healthy diet is reported to protect against
all forms of malnutrition and as well as NCDs [24].
One of diets recognized as healthy and of sustainable
is Mediterranean diet [24].

The Mediterranean diet is indeed, a traditional
reference model of healthy and balanced diet [3, 6,
25]. However, Morocco, like several other developing
and Mediterranean countries, is undergoing
a demographic, epidemiological and nutritional
transition and therefore a deviation from MD model
switching to westernized diet [26, 27]. The nutrition
transition linked to the profound and rapid changes in
eating habits is associated to increased urbanization,
improvement of the economy and development of
the food industry associated with globalization
[28]. Several indexes or scores have been developed
to evaluate adherence to MD. Among these, the
Mediterranean diet score (MDS) is the most frequently
used score to assess the degree of adherence to the
traditional Mediterranean diet. It was first defined
by Trichopoulou et al [3, 29], then expanded and
updated later in 2003 with the addition of the fish
component [30]. It is also a diet quality score based
on heritage recommendations related to the traditional
Mediterranean diet. The food components of this
score include cereals, vegetables, fruits and nuts,
pulses, milk and dairy products, meat and meat
products, fish, and the ratio of monounsaturated fats to
saturated fats. A high consumption of Mediterranean
foods (favourable foods): cereals, legumes, fruits and
nuts, vegetables, olive oil and fish was marked by
a positive value «1» and a high consumption of non-
Mediterranean foods (unfavourable foods): milk and
dairy products and meat was marked with a negative
or nul value «O». The total score varies therefore,
from 0 (minimum adherence to MD) to 8 (maximum
adherence to MD) and subjects with a higher score
are considered more compliant with the traditional
Mediterranean diet [3].

To our knowledge, no study has examined the
relationship between compliance with MD and chronic
kidney disease. The objective of the present study was
therefore, on the one hand to examine the relationship
between adherence to MD with sociodemographic and
socioeconomic status and other lifestyle parameters,
and on the other hand to evaluate the association of MD
and CKD membership in a sample of the Moroccan
adult population.

MATERIAL AND METHODS

Sample

The current study was carried out between January
and December 2017 on a sample of 210 subjects aged
18 years and over, living in the agricultural province
of Sidi Bennour in Morocco, and randomly selected
from primary health care. The study was supported
by the Moroccan ministry of higher education and
research and the ministry of health of Morocco. Only
people aged 18 years and older, with normal mental
health were included. Pregnant women, patients with
paralysis and persons with antecedent of kidney
disease were excluded from this investigation.

Data collection

A questionnaire was used to collect data on
sociodemographic and socioeconomic status (age,
sex, marital status, area of residence, profession,
monthly income and education level), personal and
family health history (hypertension, diabetes and
kidney disease) and lifestyle indicators (smoking,
alcohol consumption, physical activity) and dietary
habits. Blood pressure and anthropometric parameters
(weight, height, waist and hip circumferences) were
likewise carefully measured. All anthropometric and
clinical measurements were performed by the same
well-trained nurse in order to reduce subjective errors.

Anthropometric measurement

Weight was measured in light clothing and without
shoes to the nearest 0.1 kg on a mechanical scale,
and height was recorded to the nearest of 0.1 cm with
a stadiometer with the subjects in a standing position,
not wearing shoes and with shoulders in normal
position. Body Mass Index (BMI) was calculated
by dividing weight (kg) by the square of height
(m?), according to the World Health Organization
(WHO) criteria, normal weight was defined as
18<BMI<25 Kg/m? overweight as 25<BMI<30 Kg/m?
and overall obesity was defined as BMI>30 Kg/m?
Waist circumference (WC) in (cm) was measured at
midway between the lowest rib and the iliac crest and
the hip circumference (HC) at the level of the greater
trochanter using a flexible tape and expressed in (cm)
and the waist to hip ratio (WHR) was calculated as
WC divided by HC. WC is a marker for central obesity
and WHR for body fat distribution. According to the
NCEP-ATP III reference, WC values larger than 88
cm for females and 102 cm for males are considered to
be high and indicate abdominal obesity.

Laboratory measurements

Blood samples were collected by venipuncture after
an overnight fast of at least 12 hr and all analyses were
made on the day of blood collection. Serum creatinine
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was measured according to the standard colorimetric
Jaffe-Kinetic reaction method.

Chronic kidney disease

Estimated glomerular filtration rate (¢GFR) was
calculated using the Modification of diet in renal
disease (MDRD) formula as follows [31-33]:

eGFR = 186x(serum creatinine)—1.154%(age)—0.203
x(0.742 if female)x(1.210 if African-American)

According to the national kidney foundation
guidelines, the subjects were classified based
on their eGFR levels, as without CKD when
eGFR>60 ml/min/1.73 m? and with CKD if
eGFR<60 ml/min/1.73 m?.

Mediterranean diet score

The food frequency questionnaire (FFQ) was
completed for a sub sample of 154 participants in
a face-to-face interview. The MDS is used to assess
the degree of adherence to the MD. The calculation
of this score was based on the frequency of the daily
intake of each food group; the score is made up of eight
components or food groups (vegetables, legumes,
fruits, cereals, fish, meat and dairy products). To
calculate the total frequency of each component, the
frequency of the food items that belong to it is added,
dairy products (milk, yogurt and cheese), cereals
(bread, cereals, potatoes, rice, pasta and couscous)
meats (meat red, white meat and processed meat),
and the monounsaturated fatty acid to the saturated
fatty acid ratio is computed for a fat intake. A value
of 0 or 1 was contributed for each of the components
with the use of the sex-specific median as the cut-off.
For the beneficial components (vegetables, legumes,
fruits, cereals, and fish), persons whose consumption
was below the median were assigned a value of 0, and
those with a consumption at or above the median were
assigned a value of 1. For components presumed to
be detrimental (meat and dairy products), persons that
have a consumption below the median were assigned
a value of 1, and those having a consumption at or
above the median were assigned a value of 0. Thus,
the total simplified MD score ranged from 0 (minimal
adherence) to 8 (maximal adherence). This index is
then used to classify subjects into two groups according
to their adherence to the MD, “low” adherence to the
MD (0 to 4 points), and “high” adherence to the MD (5
to 8 points) [26, 34].

Ethical consideration

The authorities were previously informed by
the delegation of the Ministry of Health about the
realization of the study, its objectives and terms. Also,
the procedures and objectives of the study were clearly

explained to the participants who provided written
informed consent.

Statistical analyses

All calculations were performed using the SPSS
statistics program version 24.0. Continuous variables
were expressed by mean + SD and categorical variables
were reported by frequency and proportions. Student’s
t-test was used to compare differences in means and
Chi-square test was used to compare differences in
proportions. Analysis of variance (ANOVA) was
used to determine the relationship between MDS
categories and quantitative variables. In all statistical
tests, p-value less than 0.05 is considered statistically
significant.

RESULTS

Table 1 shows the mean values of the MDS
according to the participants’ characteristics. The
mean MDS was 4.44 = 1.56 with an interval of 1 to 8.
The comparison of the mean MDS values according to
the gender, area of residence, SES, anthropometrical
status and prevalence of CKD did not show any
significant difference. On the other hand, the
comparison of this score according to the age groups,
level of education and the incidence of hypertension
indicated statistically significant differences.

Table 2 shows the association between all the
sociodemographic and clinical characteristics of
the population with the degree of adherence to
Mediterranean diet. The table shows no significant
difference in the degree of adherence to the MD
between categories of gender, area of residence, SES,
anthropometrical status, and prevalence of CKD.
On the other hand, this adherence was significantly
associated with age, marital status, level of education
and the incidence of hypertension, and a negative
correlation between MDS and hypertension has been
noted (r =-0.268; p=0.001).

The consumption of food groups by gender is
described in Table 3. Our results showed that the
differences of medians of food groups consumption
between the two gender were statistically significant
except for meats and the MUFA/SFA fat ratio which
were more frequently consumed by women. Otherwise,
in our population 44.2% had high MDS while 55.8%
had low MDS. The prevalence of adherence to the MD
is relatively higher in men compared to women 47.7%
vs. 42.7%.

Food groups’ consumption according to the
categories of adherence to the Mediterranean Diet is
shown in the Table 4. According to table results, high
adherence to the MD was characterized by high intakes
of vegetables, fruits, legumes, fish, cereals, olive oil,
and low meat and dairy consumption, whereas, a low
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Table 1. Comparison of MDS values according to the study participants’ characteristics

Characteristics n (%) MDS (mean + SD) P-value

Gender
Male 44 (28.6) 443 +£1.45 0.987
Female 110 (71.4) 444 +1.61

Age categories (years)
[18-29] 10 (6.5) 440+ 1.83 0.011
[30-59] 86 (55.8) 476 £ 145 )
>60 58 (37.7) 3.97 £ 1.58

Area of residence
Urban 47 (30.5) 449 +1.33 0.777
Rural 107 (69.5) 441 +£1.66

Socio economic status
Low 91 (59.1) 443 +£1.52 0777
Medium 45 (29.2) 436 +1.59 '
High 18 (11.7) 4.67+1.78

Level of education
Never attended 118 (76.6) 426 +1.53 0.013
Attended School 36 (23.4) 5.00 + 1.54

BMI categories
Underweight 3 (1.9 3.00 + 1.00
Normal weight 39 (25.3) 426+ 1.71 0.298
Overweight 52 (33.8) 446+ 148
Obesity 60 (39.0) 4.60 £+ 1.56

Chronic kidney disease
With CKD 6 (4.0) 3.67 +1.63 0.211
Without CKD 143 (96.0) 449 £ 1.56

HTA
Yes 48 (31.2) 3.81 £1.62 0.001
No 106 (68.8) 472+ 1.46

HTA: hypertension; MDS: Mediterranean diet score; CKD: Chronic kidney disease
The t test and 1-way ANOVA were used to compare the means of the MDS score according to the classes of the different

characteristics studied.

Table 2. Characteristics of the population according to the degree of adherence to the Mediterranean diet

Low MDS (1-4)

High MDS (5-8)

Characetristics n=86 (55.8%) =68 (44.2%) p-value

Gender
Male 23 (52.3) 21 (47.7) 0.572
Female 63 (57.3) 47 (42.7)

Age groups (years)
18-29 6 (60.0) 4 (40.0) 0.028
30-59 40 (46.5) 46 (53.5) )
>60 40 (69) 18 (31.0)

Marital status
Married 51 (51.0) 49 (49.0) 0.099
Not married 35 (64.8) 19 (35.2)

Area of residence
Urban 28 (59.6) 19 (40.4) 0.537
Rural 58 (54.2) 49 (45.8)

SES
Low 52 (57.1) 39 (42.9) 0915
Medium 24 (53.3) 21 (46.7) '
High 10 (55.6) 8 (44.4)

Education attainment
Never attended 72 (61.0) 46 (39.0) 0.019
Attended school 14 (38.9) 22 (61.1)
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BMI categories
Underweight 3 (100) 0(0.0)
Normal weight 22 (56.4) 17 (43.6) 0.470
Overweight 29 (55.8) 23 (44.2)
Obesity 32 (53.3) 28 (46.7)

CKD
Yes 5(83.3) 1(16.7) 0.164
No 78 (54.5) 65 (45.5)

HTA
Yes 34 (70.8) 14 (29.2) 0.012
No 52 (49.1) 54 (50.9)

The results are presented as n (%).
Chi* test was used to compare the distribution of the degree of adherence to the Mediterranean diet according to the

different characteristics studied.

Table 3. Distribution of the daily consumption of the different food groups according to the degree of MD adherence

(MDS)
Men n=44 Women n=110
Food variables Total Low 1;/[3])8 High MDS | p-value Total Low MDS |High MDS | p-value
n: = = =,
(52.3) n=21 (47.7) n=63 (57.3) |In=47 (42.7)
Vegetables
Median
> Median 1011 7 (30.4) 15 (71.4) 0.007 10.01 16 (25.4) | 39 (83.0) 0.000
< Median 16 (69.6) 6 (28.6) 47 (74.6) 8 (17.0)
Legumes
Median
> Median 0.31 5(21.7) 18 (85.7) 0.000 0.17 18 (28.6) | 41 (87.2) 0.000
< Median 18 (78.3) 3 (14.3) 45 (71.4) 6 (12.8)
Fruits
Median
> Median 335 7 (30.4) 15 (71.4) 0.007 4.84 15(23.8) | 40(85.1) 0.000
< Median 16 (69.6) 6 (28.6) 48 (76.2) 7 (14.9)
Fish
Median
> Median 0.19 5(21.7) 18 (85.7) 0.000 0.17 23 (36.5) | 37 (78.7) 0.000
< Median 18 (78.3) 3 (14.3) 40 (63.5) 10 (21.3)
Cereals
Median
> Median 459 7 (30.4) 15 (71.4) 0.007 4.40 21 (33.3) | 35(74.5) 0.000
< Median 16 (69.6) 6 (28.6) 42 (66.7) | 12 (25.5)
MUFA/SFA
Median
> Median 144 12 (52.2) 10 (47.6) 0.500 1.59 29 (46.0) | 28 (59.6) 0.112
< Median 11 (47.8) 11 (52.4) 34 (54.0) 19 (40.4)
Meat
Median
> Median 1.3l 11 (47.8) 10 (47.6) 0.613 L17 28 (44.4) | 24 (51.1) 0.310
< Median 12 (52.2) 11 (52.4) 35(55.6) | 23 (48.9)
Dairy products
Median
> Median 0.62 13 (56.5) | 22 (50.0) 0.273 0.70 34 (54.0) | 20 42.6) 0.161
< Median 10 (43.5) | 22 (50.0) 29 (46.0) | 27 (57.4)

MDS: Mediterranean diet score; MUFA/SFA: Mono Unsaturated Fatty Acid/Saturated Fatty Acid ratio. The results are

presented as n (%).

The Chi® test was used to compare the distribution of the daily consumption of different food groups according to the
degree of adherence to MD for both sexes.
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Table 4. Food groups’consumption according to the categories of adherence to the MD

Adherence to MD Low ai];;:.rgeor/:c):e n=36 High ac(irj'rzeozc;e n=68 p-value
Food groups

Vegetables 8.75 (6.94 — 10.26) 11.94 (10.44 — 14.65) 0.000
Meat 1.23 (1.00 — 1.45) 1.17 (0.98 — 1.87) 0.484
Legumes 0.10 (0.00 — 0.18) 0.35 (0.20 - 0.53) 0.000
Fish 0.12 (0.06 — 0.20) 0.31 (0.20 - 0.53) 0.000
Cereals 4.01 3.47-4.62) 497 (4.46 —5.62) 0.000
Milk and dairy products 0.62 (0.23 - 1.24) 0.99 (0.39-2.19) 0.004
Fruits 3.60 (2.70 — 5.35) 6.71 (5.38 —9.24) 0.000
MUFA/SFA 1.47 (1.05 — 1.84) 1.63 (1.25 - 2.16) 0.095

MD: Mediterranean diet; MUFA/SFA: Mono Unsaturated Fatty Acid/Saturated Fatty Acid ratio. The results are presented

as the median (percentiles).

The Mann-Whitney test was used to compare the median daily consumption frequencies of the different food groups
according to the degree of adherence to the Mediterranean diet.

adherence to MD was characterized by low intakes
of vegetables, fruits, legumes, fish, cereals, olive oil,
and high meat and dairy consumption. There were
significant differences in the consumption of each
food group according to the categories of adherence
to Mediterranean diet (P<0.05), except for meats food
group and the MUFA/SFA fat ratio.

DISCUSSION

The diet in Morocco is of the Mediterranean type.
This diet has demonstrated a protective effect against
the incidence of cardiovascular diseases as well as other
chronic diseases such as diabetes, obesity, cancer or
other metabolic disorders by numerous studies [7, 8, 14,
34-37]. Adherence to this diet has also been shown to
play a key role in preventing several morbid conditions
related to NCDs and cognitive health [7, 22, 37, 38—41].
However, the composition of the traditional Moroccan
Mediterranean diet has actually undergone some
variations over time, linked to a «westernization» of
eating habits in addition to a sedentary lifestyle [26].
Few studies reported about the factors of adherence
to the MD in the south of mediterranecan basin
populations. In Morocco, except the study by £l Rhazi
et al. [34], the present study revealed an association
between the degree of adherence to the Mediterranean
diet with some sociodemographic factors, such as
age, the level of education and the marital status in
Moroccan population. Indeed, a low adherence to MD
was observed much more in the elderly individuals
with a high level of education, and in no married
persons. This can be explained by the fact that single
person and those with a good level of education
are more likely to adopt Western dietary patterns
characterized by ready to take away and ready-to-eat
foods. It reveals also the lack of nutritional education

in the population. Whilst contradictory to observations
of Mohtadi et al. and that of O’Connor et al [26, 37],
this explanation is in line with that of other studies [34,
42, 43]. This highlights also the influence of the family
potential on eating behavior, which is characterized by
the preparation and sharing of cooked meals between
different family members. However, no significant
difference was recorded in this study concerning
the other sociodemographic characteristics, namely:
marital status, area of residence and socioeconomic
status.

On the other hand, adherence to the Mediterranean
diet is considered a protective factor against the risk of
incidence of chronic kidney disease according to the
literature data [7]. In the present study, The majority
of subjects with CKD have poor adherence to the MD
compared to non-CKD with a statistically insignificant
difference (p>0.05). However, the association of
MD adherence scores with hypertension, considered
a cardiovascular risk factor of CKD in the study
population, revealed a statistically significant
difference. This result demonstrating that hypertension
is inevitably associated with low adherence to the
Mediterranean diet, is in agreement with that found by
many other studies conducted on the Greek population
[30, 44, 45]. Moreover, even if the association between
CKD and the MD has not yet been extensively
studied and more studies are required in this field,
it is demonstrated that the high fiber content in MD
improve GFR levels by decreasing nephron workload.
Also, the antioxidant components of MD protect
kidney function by improving endothelial function
and protecting against major risk factors for CKD
such as obesity and diabetes mellitus [7].

The findings showed that adherence to MD in the
study population, was characterized by high intake of
cereals, vegetables, fruits, legumes and fish, moderate
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intake of milk and dairy products and low intake of
meat. Other Moroccan studies have demonstrated
similar results [26, 34]. Comparing the different food
groups consumption according to gender and category
of adherence to the MD, the results reported here,
showed that men were more compliant than women
with the MD, this finding was comparable to that
obtained by other studies fulfilled in Morocco and
Spain [26,42]. However, this finding is different from
that obtained by the study of EI/ Rhazi et al [34]. Also,
in accordance with other studies carried out before
on samples of the Moroccan and Italian populations,
the analysis of the obtained results showed that there
is no statistically significant association between the
MDS and the anthropometrical status [26, 34, 46].
Furthermore, regarding the socio with economic status
and even if not statistically significant, the present
results showed that people belonging to households
with a medium and a high socioeconomic status have
relatively higher adherence to MD compared to those
from disadvantaged households with a low socio-
economic status. This result is similar to that found by
El Rhazi et al and Tong et al [34, 47].

This current study has few limitations. Firstly, the
dietary data was based on FFQ. Food consumption was
not assessed with high accuracy and people might have
overestimated the consumption of healthy nutrients
and food items like vegetables, fruits or cereals,
typical components of the MD and underestimated the
consumption of unhealthy nutrients and food items like
red meat and some fats. Secondly, like all other cross-
sectional studies, we could not determine the causal-
effect relationship between adherence to the MD and
CKD. Despite these limitations, this seems to be the
first study to evaluate the link between adherence to
the MD and CKD among this Morroccan population.

CONCLUSIONS

The present study has focused on the Mediterranean
diet which constitutes a culinary heritage and original
diet of Morocco and other Mediterranean countries ;
the diet tends to be abandoned in favor of a modern diet
rich in saturated fats, salt and sugar. The study data
found that high adherence to MD was characterized
by high intakes of vegetables, fruits, fish, cereals, olive
oil, low meats, and moderate milk and dairy products
according to the used simplified MD score. Higher
adherence to the MD in the surveyed adult sample was
associated with several factors such as age, education
level, and hypertension status. Finaly, although no
significant difference was observed in the relationship
between MD and the occurrence of CKD, maintaining
the traditional MD model plays an essential role for
public health and therefore, further research is needed
to accurately measure and assess these associations.
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ABSTRACT

Background. The construction of the consumer’s identity is dependent on how they prepare their meals.

Objective. Study the cooking methods, frequency, and duration of meal preparation in Moroccan households as well as
the associated factors.

Materials and methods. This work is a part of a study with a validated conceptual and methodological framework that
was conducted in 507 households in the region of Rabat-Salé-Kenitra in Morocco. The characteristics of the population
and data on the cooking methods, frequency, and duration of meal preparation were collected by a survey. Associations
between variables were studied by univariate logistic regression with a significance level of p<0.05.

Results. The majority of the population was aged between 35 and 65 years (76%) and lived in urban areas (70%). The
univariate analysis showed that the urban area was a factor that hindered stewing (p=0.009), while the work status (p=0.04)
and the marital status “Married” (p=0.04) were favorable factors; the household size (p=0.02) is a factor favoring steaming
method; urban area (p=0.04), work status (p 0.03), nuclear family type (p<0.001), and household size (p=0.02) are factors
hindering the use of oven cooking; urban area (p=0.02) and higher education level (p=0.04) are factors favoring the use
of fried food, age category [20-34] years (p=0.04), higher education level (p=0.01) and work status (p=0.01) were factors
that favored the use of grilling; nuclear family type, (p=0.04) and household size (p=0.03) were factors that hindered the
preparation of breakfast; urban area (p=0.03) and Arab ethnicity (p=0.04) are factors hindering snack preparation; urban
area (p<0.001) is a factor favoring dinner preparation; household size (p=0.01) and use of stewing at least four times a
week (p=0.002) are factors hindering meal preparation time, while use of baking (p=0.01) is a favoring factor.
Conclusion. The study results point towards the implementation of a nutritional education strategy based on combining
habits, preferences, and good cooking practices.
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INTRODUCTION

The culinary environment, a phenomenon even
necessary for human evolution, is a factor in the
construction of consumer identity [1]. The change of
this environment by different factors and to different
degrees shapes the culinary pattern of traditional
populations. These factors specific to a population
can in turn impact its state of health. This is the
case of the traditional Mediterranean food model,
the evolution of which has led to the emergence of
diseases that have hitherto characterized modern
societies. The abandonment as well as the beneficial
effects of traditional food models of populations health
and the environment are impacted by changes in the

food system and the acceleration of the pace of life [2].
The culinary environment encompasses, among other
things, cooking methods, the frequency and duration
of meal preparation.

Cooking is, technically a process consisting in
irreversible transformation of raw food to their cooked
shape [3], allowing the digestibility of food nutrients
such as starch, plant proteins, collagen in meat, and
cellulose and woody structures in plants and leading
at the same time to a composition different from
that of the initial food items and thus promoting the
diversification of available foods [4, 5, 6]. Cooking
uses several traditional or modern methods, that may
improve or alter the food quality and respectively be
beneficial or detrimental to the food and therefore
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to health [7, 8]. Among these methods, one can cite
cooking in water, in a pressure cooker, steaming,
baking, grilling, and frying [9, 10].

In addition, the frequent home meal preparation
promotes appropriate dietary intake and weight status
[11] with long-term health benefits [12]. Indeed, a high
frequency of home meal preparation has already
been reported to be associated with higher intakes of
vegetables, fruits, dietary fiber, folic acid and vitamins,
and low-fat intake [13]. This is also a characteristic
demonstrated in populations that are still adhering
to traditional healthy diets such as Mediterranean
dietary model [2]. Furthermore, scientific evidence
has shown that meals require different amounts
of time to be prepared, depending on the cooking
method and the number of guests, and that spending
more time preparing meals is associated with better
nutritional quality [14, 15]. It is the case of a study on
middle-aged women showing that spending more time
on meal preparation had a lesser cardiovascular and
metabolic risk profile [16].

The current work aimed, therefore to study the
cooking methods, frequency, and duration of meal
preparation and the associated factors. As such, it has
a theoretical scope, as it contributes to the construction
of a culinary identity for the Moroccan population;
and an empirical scope, as it opens up perspectives
for both quantitative and qualitative research on meal
preparation methods.

MATERIAL AND METHODS

This work is a part of a study with a validated
conceptual and methodological framework [17] that
involved 507 households in the region of Rabat, Salé,
Kenitra (RSK) in Morocco.

Data Collection

One member per household with a primary role
in meal preparation was included in this study as
a household representative (HR). Thus, data were
collected from 507 HR through a survey on socio-
demographic characteristics, cooking methods used,
the frequency, and the duration of (time spent on) meal
preparation within the households.

Variables of the study

(1) Socio-demographic characteristics: age, area of
residence, education level, work status, marital status,
family type (nuclear or extended), household size, and
ethnicity.

(2) Frequency of use of cooking methods, including
stewing, steaming, baking, frying, and grilling. This
frequency is categorized as 1) <4 times per week;
2) >4 times per week.

(3) The frequency of preparation of meals and
snacks is categorized as 1) <5 times per week; 2) >5
times per week.

(4) Daily preparation time for all meals and
snacks is categorized as 1) <3 hours per day, 2) >3
hours per day; breakfast and snack preparation time
is categorized as 1) <30 min, 2) >30 min; lunch
preparation time is categorized as 1) <2 hours, 2) >2
hours; and dinner preparation time is categorized as
1) <1 hour, 2) >1 hour.

Statistical analysis

Statistical analysis was performed by SPSS
software for Windows (Statistical Package for the
Social Sciences) version 21 and Microsoft Office Excel
2007. The univariate analysis was used to investigate
the factors associated with the type of cooking
methods, frequency, and duration of meal preparation
with a statistical significance level of p<0.05.

RESULTS

Characteristics of the population
Socio-demographic characteristics

Table 1 shows that 70% of the households are urban,
51.5% are composed of 5 to 12 members, 62% of the
families are nuclear, 76% of the HR are aged between
35 and 65 years, 13% have a higher education, 76%
are inactive, 80% are married, and 80% are of Arab
ethnic origin.

Frequency of use of different cooking methods

The households surveyed use stewing (88%), frying
(49%), steaming (41%), baking (27%), and grilling
(18%) at least 4 times per week (Figure 1).

Frequency of preparing meals and snacks

The majority of surveyed households prepare
breakfast (78%), lunch (84%), and afternoon snacks
(87%) at least five times per week, while just 45%
prepare dinner at this frequency (Figure 2).

Duration of meal preparation

72% of households spend a minimum of three
hours per day in preparing meals. Figure 4 shows that
64% of the households surveyed spent less than 30
minutes preparing breakfast, 78% spent two hours or
more preparing lunch, 57% spent less than 30 minutes
preparing snacks, and 62% spent less than one hour
preparing dinner (Figure 3).

Factors associated with meal preparation

Factors associated with the cooking method used
Table 2 shows that based on univariate analysis,

urban area (OR=0.4; CI [0.18-0.7], p=0.009) is a factor
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Table 1. Characteristics of households and their 100% T
representatives (n=507) g;’z 7 " 82%
Characteristics * | Values (%) | CI 95% 70% - i
Age groups (years) % gg:; ' " 51% 499
[20-34] 122 (24) [20.1-27.8] % :ﬁ o
[35-65] 385 (76) [72.2-79.9] & - 18%
Area of residence 10% -
Urban 355 (70) [66-74] o% : ‘ ' ' '
STEWING ~ STREAMING  BAKING FRYING  GRILLING
Rural 152 (30) [26-33] cibk
ng methods
High education level M <4 times per week 24 times per week
Yes 67 (13) [10.7-16.4] . o
No 440 (87) [83.6-89.3] Flgur.e 1. Distribution of households by frequency of use of
- - cooking methods (n=507)
Professional occupation
Active 122 (24) [20.3-27.6] 100% | 100 100%
Inactive 385 (76) [72.4-79.7] o
Marital status ,married’ g gg::
Yes 405 (80) [76.6-83] f; 33: 1
No 102 (20) [17-23.7] ;5 30%
Family type ol
Nuclear 316 (62) [58-67] % _ _
Breakfast Lunch Dinner Morning
Composed 191 (38) [33-42] snack
Household size Meals
2-4 members 246 (48.5) [43.8-53.1] Vealand snack
ealandsnack preparation
5-12 members 261 (51.5) [46.9-56.2] _ oree
H < 5times per week M 25 times per week
Ethnic origin
Arabic 403 (80) [76-83] Figdure Z.kDistribut%on of hoOuseholds by frequency of meal
Berber 104 (20) [17-24] and snack preparation (n=507)

* = Expressed in size (%); CI = Confidence interval

hindering stewing at least four times a week, while
work status (OR=2.2; CI [1.02-4.8]; p=0.04) and the
Marital status “Married” (OR=1.8; CI [1.02-3.4];
p=0.04) are factors promoting it. The same table
also shows that a household size of 2 to 4 members
(OR=1.5; CI [1.05-2.1]; p=0.02) is a factor favoring
steaming at least four times a week. In addition, the
urban area (OR=0.6; CI [0.43-0.9]; p=0.04), work
status (OR=0.5; CI [0.43-0.9]; p=0.03), nuclear family
type (OR=0.3; CI [0. 21-0.5]; p<0.001), and household
size of 2-4 members (OR=0.6; CI [0.42-0.9], p=0.02)
are factors hindering the use of baking at least four
times a week. Further, urban area (OR=1.6; CI [1.43-
1.93], p=0.02) and higher education level (OR=1.6;
CI [1.1-2.8]; p=0.04) are factors favoring the use of
fried food at least four times a week. Finally, the age
category of [20-34] years (OR=1.6; CI [1-2.7]; p=0.04),
higher education level (OR=2.1; CI [1.2-3.75]; p=0.01)
and work status (OR=1.8; CI [1.1-3.01], p=0.01) were
factors that favored the use of fried food at least four
times a week.

Meal and snack
preparation time

& <3 hours per day

72% >3 hours per day

Figure 3. Distribution of households according to daily
meal and snack preparation time (n=507)

Meal and snack preparation times

H <30 minutes M > 30 minutes

i <1 hour M >1 hour
M <2 hours M =2 hours
78%
64% 62%
57%
43% 38%
36%
22%
Breakfast Lunch Snacks Dinner

Figure 4. Distribution of households by meal preparation
time (n=507)
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factors that hindered the preparation of snacks at least

Factors associated with meal preparation frequency

2 [CI 1.4-

5 times a week. Finally, the urban area (OR;
0.04) 3]; p<0.001) is a factor that favors the preparation of

Table 3 shows that based on univariate analysis,

=0.7; CI [0.35-0.95]; p=

nuclear family type (OR:

lunch at least 5 times a week.

and household size of 2-4 members (OR= 0.6; CI [0.45-

931];p

0.03) are factors hindering the preparation of

Factors associated with meal preparation time

breakfast at least 5 times a week. This table also shows

Table 4 shows that based on univariate analysis,

0.03) and
0.04) were

=0.5; CI [0.3-0.9]; p=

that urban area (OR:

0.6; CI [0.4-

household size of 2-4 members (OR:

=0.5; CI [0.23-0.91]; p=

Arab ethnicity (OR:
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Table 4. Factors associated with meal preparation time >3
hours per day (n=507)

Meal preparation time >3 h/d

Characteristics
OR | 1COO5%) | P*

Age groups (years)

20-34 0.7 | [0.48-1.2] | 0.2NS

35-65 - - -

Area of residence

Urban 0.6 | [0.43-1.05] | 0.08 NS

Rural - - -

High education level

Yes 07 | [043-1.3] | 03NS

No - - -

Professional occupation

Active 0.7 [0.46-1.1] | O.I NS

Inactive - - -

Marital status «married»

Yes 13 | [0.8-2.13] | 0.2NS

No - - -

Family type

Nuclear 09 | [0.62-14] | 0.7NS

Composed - - -

Household size

2 - 4 members 0.6 | [0.4-0.88] | 0.01**

5 - 12 members - - -

Ethnic origin

Arabic 0.9 | [0.58-1.55] | 0.8 NS

Berber - - -

Stewing

<4 times/week - - -

>4 times/week

0.5 | [0.35-0.79] | 0.002%**

Steaming

<4 times/week - - -

>4 times/week 0.8 [0.55-1.2] | 0.3 NS

Baking

<4 times/week - - -

>4 times/week 1.8 [1.14-2.9] 0.01%*

Frying

<4 times/week - - -

>4 times/week 0.9 [0.5-1.7] 0.8 NS

Grilling

<4 times/week - - -

>4 times/week 0.8 | [0.53-1.43] | 0.6 NS

* = Univariate analysis with significance level p<0.05;
** = Significant; NS = Not Significant. OR = Odds Ratio;
CI = 95% confidence interval; h/d= hours per day.

0.88], p=0.01) and use of stewing at least four times
per week (OR=0.5; CI [0.35-0.79], p=0.002) were
factors hindering meal preparation time greater than
or equal to three hours per day, whereas the use of
baking at least four times per week (OR=1.8; CI [1.14-
2.9], p=0.01) was a contributing factor.

DISCUSSION

There is no single national cuisine of a country as
a whole. Traditional cuisine, for example, is actually
made up of many regional cuisines depending on
several factors including the climate, history and
customs of a region, while having characteristics
common to all the cuisine of a country. This includes
the basic ingredients and cooking methods used in the
preparation of regional recipes [18].

In this study, the stew is the frequently used method
of cooking in the majority of the investigated population
while almost half of it uses fried food frequently
(at least 4 times a week). This result corroborates
a previous study conducted in the province of El
Jadida [19]. In fact, the food consumption pattern in
Morocco is largely dominated by basic dishes, notably
vegetable and/or legume-based stews, prepared with
or without meat, and by fried potatoes, which become
very popular among young people [20]. Regarding the
frequency of meals and snacks preparation, breakfast
and lunch are the main meals prepared at least 5
times a week by the population surveyed, while only
aminority prepares dinner at this same rate. The snack
most frequently prepared by the studied population is
the afternoon snack. Snacks have an important part in
Moroccan dietary habits and tend to replace dinner in
some households given their frequency as well as the
diet and nutritional composition.

Moreover, the beneficial implications of the
frequency of meal preparation on the health status of
individuals have been the subject of several studies
[11, 12]. In addition, home meals preparation have
been correlated with less frequent consumption of fast
food, less fat use, and adequate intake of calcium, and
whole grain vegetables, all of which promote healthy
eating [21]. Furthermore, spending a significant
amount of time preparing meals has been associated
with better diet quality, including significantly higher
consumption of vegetables, salads, fruits, and fruit
juices [22]. On the other hand, the majority of the
present study population spent three or more hours
per day preparing meals and snacks, including less
than 30 minutes for breakfast and snacks, two or more
hours for lunch, and less than one hour for dinner.
These durations are longer than those reported in
a consumer survey conducted in Belgium, which
found that the average time for the preparation of
breakfast is 7 minutes, 15 minutes for lunch, and 33
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minutes for dinner [23]. In this regard, a correlation
of high cooking time with low cardiovascular and
metabolic risks has been reported [16]. This could
be related to the fact that home food preparation
involves the use of primary foods that are beneficial
in terms of nutritional value and quality far superior
to processed foods known for their high contents in
calories, saturated fatty acids, and sodium associated
with health problems [14, 24].

Statistical analysis showed that the frequency of
stewing method use is related to the urban area, work
status, and married status. Among the many factors
likely to influence the use of stewing as a method of
cooking, includes indeed the lack of availability due
to other social occupations including work. Similarly,
marital status generally results in food choices that
are appropriate for the entire family. In the Moroccan
context, stew whether prepared in a tagine, in a pot,
or in a pressure cooker, represents generally a dish
that suits the dietary habits of the family. Further,
the area of residence was also revealed as a factor
associated with this cooking method. In this respect,
the urban areas would be a hindering factor and the
rural areas would be a factor favoring the use of this
cooking method. The study also revealed that urban
areas and high education level were associated with
the use of fried foods, while another study showed
that, further to urban areas, young age was associated
with the use of this cooking method [19]. These last
two factors have been recognized as associated
with the modernization of food practices [25, 26].
Taking into account the frequency of different used
cooking methods, it appears that generally, despite
urbanization and work status, the study population
adopts heterogeneous cooking methods, marked by
a return to the traditional.

The statistical analysis also showed that urban
area, household size, nuclear family type, and ethnic
origin are factors associated with the frequency of
meal preparation. Urban residency could have an
impact on the frequency of meal preparation, given
the specific living and working conditions that may
lead to certain unavailability and lack of time, which
may reduce the frequency of meals preparation. One of
the most common obstacles to meal preparation is the
lack of time. The type of family and the household size
represent factors favoring the preparation of meals at
home, on the one hand. This is related to the convivial
aspect of this practice, which will be further promoted
by the number of participating people. On the other
hand, it is related to the low economic cost that this
practice generates compared to out-of-home dining. In
addition, ethnicity could promote food of good quality
in households. Accordingly, a previous study, reported
that participants declared that home-cooked meals
were often prepared using traditional ingredients and

that food preparation behavior is learned from family
[27]. Furthermore, it has been reported that societies’
choice of food practices may be influenced by their
culture and identity [28].

In addition, statistical analysis has shown that
among the factors associated with daily meal
preparation time; there are household size, use of
stewing, and use of baking. Indeed, the larger is the
size of a household, the more food will be prepared,
and the more time will be required for cooking.
Baking is also a time-consuming process, especially
for certain protein foods and vegetables that are rich
in cellulose. It should be noted that the cooking time
depends on the desired effect of the temperature on the
different components of the food such as the increase
of their digestibility [29, 30], the softening of the
cellulosic and woody structures of the plants [31], or
the guarantee of the hygienic aspects [32].

Although subjects with less education level and
lower incomes have been reported to spend more
time in preparing meals daily than those with more
education and higher incomes [33], the present study
did not reveal any association between education level
and standard of living with meal preparation time.
Likewise, while not in accordance with previous
research data reporting that spending the least amount
of time on meal preparation are generally working
individuals who value convenience [22], the present
study data did not find any association between work
status and meal preparation time.

CONCLUSION

This work investigated factors influencing the
cooking method, frequency, and duration of meal
preparation in Moroccan households. The findings
point to the necessity of the implementation of
a nutritional education strategy based on combining
habits, preferences, and good cooking practices.
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BENEFITS OF SEA BUCKTHORN JUICE CONSUMPTION IN WOMEN
OF PRODUCTIVE AGE WITH HYPERCHOLESTEROLEMIA

Jana Kopcekova"®, Jana Mrdzovd"®, Katarina Fatrcova-Sramkovd"®, Marta Habdanova"®,
Martina Gazarova"®, Petra Lendrtova"

ISlovak University of Agriculture in Nitra, Faculty of Agrobiology and Food Resources, Institute of Nutrition
and Genomics, Nitra, Slovak Republic

ABSTRACT

Background. Sea buckthorn contains almost 200 nutrients and bioactive substances, including phenolic compounds
such as flavonoids, vitamins, proteins, amino acids, minerals, alkaloids, chlorophyll derivatives, amines, organic acids,
fatty acids and phytosterols. Human and animal studies suggest that sea buckthorn may have a variety of beneficial
effects: cardioprotective, antiatherogenic, antioxidant, anticancer, immunomodulatory, antibacterial, antiviral and anti-
inflammatory.

Objective. The aim of this study was to evaluate the effect of regular consumption of 100% sea buckthorn juice on the
risk factors of cardiovascular diseases in women of productive age with hypercholesterolemia.

Material and Methods. A clinical study involved 19 women with a mean age of 54.06 +2.97 years who consumed 50 mL
of sea buckthorn juice daily for 8 weeks. Anthropometric and biochemical parameters in blood serum were monitored
before the start of sea buckthorn consumption and after 8 weeks of consumption. Body composition was determined
using an multifrequency analyzer InBody720. Routine biochemical analyzes were performed by standard methods in
an accredited laboratory of the University Hospital by automatic biochemical analyzer BioMajesty JCA-BM6010/C.
Statistical comparison between individual measurements was performed using a paired t-test, using Statistica Cz version
10 (TIBCO Software, Inc., Palo Alto, CA, USA).

Results. We observed significant decrease of body weight, body mass index (P<0.05), body fat and visceral fat (P<0.001)
after 8 weeks of consumption of 100% sea buckthorn juice. In this intervention study, we observed a significant decrease
in low-density cholesterol (P<0.05) and a significant increase in high-density cholesterol (P<0.001). The level of
triglycerides was similar at the end of the study (P>0.05). After the intervention, we observed decrease of orosomucoid,
immunoglobulin A, immunoglobulin G, immunoglobulin M (P<0.001) and C-reactive protein (P<0.01).

Conclusions. The obtained results support the hypothesis that the daily consumption of sea buckthorn juice for eight
weeks could contribute to the beneficial effects of reducing the risk of cardiovascular diseases, such as the reduction of
body and visceral fat, LDL-C, CRP and the increase of HDL-C.

Key words: sea buckthorn juice, cardiovascular diseases, hypercholesterolemia, obesity, cholesterol

INTRODUCTION Many studies demonstrate that the fruits and leaves

of some berry plants biosynthesize phytochemicals

Cardiovascular diseases (CVD) have emerged as
a major cause of mortality and morbidity worldwide
[47]. Dyslipidemia is a major modifiable contributor
to cardiovascular diseases [31], eclevated blood
cholesterol accounts for nearly one third of ischemic
heart diseases [13, 47]. Reduction in excess calories
and improvement in dietary composition may prevent
many primary and secondary cardiovascular events
[56]. In recent years, research has focused primarily on
natural products with beneficial effects, and increased
attention is being paid to foods with demonstrable and
effective antioxidant activity [41].

with antioxidant activity and can be used as a natural
source of free radical scavenging compounds [26, 27,
40]. A dietrich in berries is thought to play an important
role in preventing metabolic diseases associated with
obesity [42]. The beneficial effects of berries may be
mediated by the antioxidant and anti-inflammatory
properties of polyphenols [23].

Sea buckthorn (Hippophae in Latin) belongs to
the Elaeagnaceae family [54]. Around 150 species,
subspecies and varieties of sea buckthorn have been
identified within Europe and Asia. They differed in
the habitat of the bush, the appearance of the berries
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and their utility value [7]. The most important and
widespread in Europe is the sea buckthorn Hippophae
rhamnoides [55)]. Hippophae fruits are called third
generation fruits [18]. Sea buckthorn fruits, leaves,
oil and other products are a source of many bioactive
substances, including phenolic compounds, such
as flavonoids, i.e. rutin, quercetin, kaempferol, or
myricetin [6], vitamins (tocopherols, carotenoids,
ascorbic acid, folate, vitamins B,, B, and K), proteins,
amino acids and minerals (Fe, Ca, P and K) [2, 14,
24, 59]. In addition, the plant contains organic acids
(quinic acid, malic acid, oxalic acid and tartaric
acid) [5, 20], fatty acids, especially unsaturated fatty
acids (oleic acid, linoleic acid, linolenic acid) and
phytosterols [5, 32]. The main group of phenolic
compounds are flavonols, a group of flavonoids that
have been identified in fruits, with an average content
of 311.5 mg/100 g fresh weight [46]. One of the most
interesting features is that sea buckthorn contains
high concentrations of vitamin C [50]. The content
of vitamin C per 100 g of sea buckthorn fruit is 600
mg, which is significantly more than in rose hips (250-
800 mg), black currants (120-215 mg) or raspberries
(15-30 mg) [24]. Chemical compounds in different
parts of Hippophae rhamnoides may vary depending
on climatic conditions, their origin and extraction
methods [35]. Sea buckthorn fruits are interesting
not only from a chemical point of view, but also
from a biological and therapeutic point of view for
their antioxidant, antitumor, hepato-protective and
immunological properties [59]. Human and animal
studies suggest that sea buckthorn may have a variety
of beneficial effects: cardioprotective, antiatherogenic,
antioxidant, anticancer, immunomodulatory,
antibacterial, antiviral, and anti-inflammatory [4, 51].
The antioxidants present in sea buckthorn activate
the transcription factor nuclear factor E2 (Nrf-2) and
inhibit the nuclear factor kappa B (NF-kB) redox
signaling pathway, which in turn activates antioxidant
enzymes that are responsible for antioxidant activity
and are considered one of the mechanisms of action
antioxidant activity of sea buckthorn [19]. The anti-
inflammatory activity of sea buckthorn can be
attributed to ursolic acid, oleanolic acid, citric acid
derivatives and flavonoids. Its anti-inflammatory
mechanism of action may be related to the inhibition
of the expression of pro-inflammatory cytokines and
the reduction of the production of pro-inflammatory
mediators [51]. Jasniewska and Diowksz [17] report that
sea buckthorn flavonoids help lower cholesterol levels,
improve cardiac function, and protect endothelial
cells from damage caused by oxidized low-density
lipoproteins. Sea buckthorn polyphenols suppress the
expression of cyclins, thereby arresting the cell cycle in
the G1 phase and affecting the further proliferation of
colon cancer [53]. Biochemical and histopathological

studies have shown that sea buckthorn flavonoid
extract significantly improves biomarkers including
triglycerides aspartate aminotransferase and alanine
aminotransferase in serum and liver [51]. Recent
attention has focused on the use of fruit juices as
a concentrated source of antioxidants. Drinking juice
is an effective way to promote fruit and vegetable
consumption and is very popular in many countries
[3, 10, 43, 45]. A high amount of evidence shows
that juice, as part of a balanced diet, contributes to
a significant reduction in the risk of many diseases,
such as cancer, neurodegenerative diseases and
cardiovascular diseases [3, 33, 38].

The aim of this study was to evaluate the effect
of regular consumption of 100% sea buckthorn juice
(SBJ) on the risk factors of cardiovascular diseases in
women of productive age with hypercholesterolemia.

MATERIAL AND METHODS

The study included 19 hypercholesterolemic
women of productive age from 50 to 61 years old, with
a mean age of 54.06 £ 2.97 years, who participated
in an 8-week intervention program. Body composition
(body weight — BW, body fat mass — BFM, body
mass index — BMI, visceral fat area — VFA, skeletal
muscle mass — SMM, fat-free mass — FFM, waist
to hip ratio — WHR, intracellular water — ICW,
extracellular water — ECW and total body water —
TBW), blood pressure (systolic blood pressure — SBP
and diastolic blood pressure — DBP), lipid profile (total
cholesterol — T-C, low density cholesterol — LDL-C,
high density cholesterol — HDL-C, triglycerides —
TG), inflammation markers (C-reactive protein —
CRP, interleukin-6 — IL-6, orosomucoid — ORM,
immunoglobulin A — IgA, immunoglobulin G — IgG
and immunoglobulin M — IgM), kidney and liver
markers (alanine aminotransferase — ALT, aspartate
aminotransferase — AST, gamma glutamyl transferase
— GGT, urea, creatinine and uric acid) were monitored
before the start of SBJ consumption and after 8 weeks
of consumption.

Ethical aspects

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee at the Specialized Hospital St. Zoerardus
Zobor, NPO Nitra, Slovak Republic (protocol number
3/101921/2021).

Dietary intervention

Volunteers consumed 50 mL of commercial 100%
SBJ as recommended by the manufacturer for 8 weeks
as part of their regular diet. The juice was provided by
ZAMIO Ltd., Trhoviste, Slovakia. Juice composition
(g/100 mL): fats — 3.2; of which saturated fatty acids —
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0.7; carbohydrates — 5.1; of which sugars —4.7; proteins
— 1.0. Total phenolic content — 1.56 mg gallic acid
equivalents (GAE)/g, vitamin C — 385 mg/100 g and
total carotenoid — 64.79 mg/100 g. The participants
were instructed to maintain their normal eating habits
during the study, to refrain from consuming dietary
supplements and not to modify their physical activity.

Anthropometric parameters

Body height was measured on a Tanita WB-300
ambulatory electronic scale in an upright position,
without shoes. We used multi-frequency bioelectrical
impedance analysis (MFBIA) — InBody 720 (Biospace
Co. Ltd., Seoul, Korea) to diagnose body composition.
Blood pressure was determined with a digital
electronic sphygmomanometer Omron M7 Intelli IT,
HEM-7361T-EBK (Omron Healthcare, Tokyo, Japan).

Biochemical parameters

Venous blood was collected in the morning after
8 hours of fasting in a standard way. After blood
serum separation, routine biochemical analyzes were
performed in an accredited laboratory of the University
Hospital with a BioMajesty JCA-BM6010/C automatic
biochemical analyzer using commercial DiaSys Kkits
(Diagnostic Systems GmbH, Holzheim, Germany)
according to the manufacturer’s instructions.

Statistical analysis

Statistica Cz version 10 (TIBCO Software, Inc.,
Palo Alto, CA, USA) and MS Excel 2007 (Microsoft
Corporation, Redmond, WA, USA) were used for
statistical analysis. All data were expressed as mean
+ standard deviation (SD). Statistical comparison
between individual measurements was performed
using a paired t-test, a value of P <0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Characteristics of study participants

The observed group consisted of 19 women
of productive age from 50 to 61 years, with an
average age of 54.06 + 2.97 years. All women had
an elevated level of total cholesterol, the average
6.41 £ 1.08 mmol.L"". From the individual values
the basic statistical characteristics of the probands
were calculated (Table 1).

Effect of SBJ consumption on anthropometric and
biochemical parameters

Anthropometric measurements

Worldwide, the burden of morbidity and mortality
from diet-related chronic diseases is increasing,
driven by poor diet quality and overconsumption of

calories. Fortunately, shifting current global dietary
patterns towards high-quality, plant-based diets could
alleviate these health and environmental burdens [15,
37] not only because of the low content of saturated fat
and cholesterol, but also because of the considerable
amount of micronutrients and bioactive compounds
[12, 48]. Obesity is induced by chronic low-grade
inflammation, which can act synergistically with
oxidative stress. Thus, intake of fruits and plant
extracts high in antioxidant phytochemicals has
important anti-obesity activity [48]. Huang et al. [16]
found that a vegetarian diet can be of considerable
importance in weight reduction. The results of
anthropometric characteristics and body structure
after consumption of SBJ are shown in Table 2. Body
weight and BMI of women significantly decreased
during the study (P<0.05). The body mass index

Table 1. Basic characteristics of study participants

Characteristic Average + SD Min. — max.
Age (yrs) 54.06 £2.97 50 -6l
BW (kg) 72.44 +14.59 49.2 -100.8

BMI (kg.m?) 26.13 +5.27 19.96 — 38.41
WC (cm) 93.10 + 14.57 72.40 — 120.60

T-C (mmol.L") 6.41 +£1.08 5.06 - 8.33

GLU (mmol.L") 492+0.34 4.30-5.40

Data are expressed as average + standard deviation (SD),
min. — max.; BW, body weight; BMI, body mass index; WC,
waist circumference; T-C, total cholesterol; GLU, glucose

Table 2. Anthropometric characteristics and blood pressure
of study participants

Parameter Baseline Week 8 p-value
BW (kg) 72.43 £14.59 | 71.95+14.72 | 0.0450
BFM (kg) 2517+ 11.08 | 24.26 = 11.07 | <0.001
BMI (kg.m?) | 26.13£527 | 2596+5.32 | 0.0400
VFA (cm?) |103.08 +39.90 | 99.46 +40.25 | <0.001
SMM (kg) 2589+2.51 | 26.17+2.63 | 0.0080
FFM (kg) 4726 +4,33 | 47.69+4,52 | 0.0130
ICW (kg) 21.39+191 | 21.59+2.03 | 0.0139
ECW (kg) 1326 +1.29 | 13.36+129 | >0.05
TBW (kg) 34.65+3.18 | 3496+3.31 | 0.0140
WHR 0.94 £ 0.08 0.93 £0.08 >0.05
SBP (mmHg) | 130.60 + 14.01 | 130.87 + 14.40| >0.05
DBP (mmHg) | 85.33+9.62 | 85.80+9.50 | >0.05

Data are expressed as average + standard deviation (SD);
SBJ, sea buckthorn juice; BW, body weight; BFM, body
fat mass; BMI, body mass index; VFA, visceral fat area;
SMM, skeletal muscle mass; FFM, fat-free mass; ICW,
intracellular water; ECW, extracellular water; TBW, total
body water; WHR, waist to hip ratio; SBP, systolic blood
pressure; DBP, diastolic blood pressure
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does not express the distribution of fat in the body.
In the assessment of anthropometric indicators, we
also focused on the assessment of visceral fat (VFA).
We consider VFA as another indicator of health and
obesity status. It is one of the important factors in the
assessment of cardiometabolic risk, which correlates
with the components of the metabolic syndrome in
men and women, even with a normal BMI indicating
the absence of obesity [1]. Abdominal obesity was
observed in 7 women (36.8%) in the monitored group.
In the whole group, after consumption of SBJ there
was a significant decrease of VFA (P<0.001). Likewise,
a WHR index higher than 0.85 reflects a risk for the
development of metabolic diseases. In our monitored
group, the WHR index was similar after 8 weeks of
nutritional intervention (P>0.05). Weight reduction is
necessary for the treatment of obesity. However, some
treatments may cause a reduction on the muscular
mass, reducing metabolic waste, and compromising
weight loss and/or maintenance of the lost weight
[29]. The current study demonstrated that taking SBJ
for 8 weeks caused a significant increase of SMM
and FFM (P<0.05). From the results of Lehtonen et
al. [22], who observed the effect of consumption of
different sea buckthorn fractions (equivalent to 100
g of fresh berries/day), showed that sea buckthorn
supplementation for 33-35 days had a positive effect
on the occurrence of metabolic diseases in overweight
and obese women. Larmo et al. [21] also reported
a significant effect of sea buckthorn fruit consumption
on the metabolic profiles of overweight women.
Recent studies have classified high systolic blood
pressure (SBP) as the leading risk factors for death
and disability worldwide, as well as hypertension
being the largest risk factor for cardiovascular disease
[44, 57]. The phytochemical and bioactive compounds
of berries such as flavonoids, ellagitannins, and
anthocyanins are potentially showing better effects
in the risk reduction of various CVD such as reduce
blood pressure, decreased endothelial dysfunction,
which ultimately increases cardiovascular and brain
health in an individual [50]. In our study, consumption
of SBJ resulted in similar SBP and DBP values at the
end of the study (P>0.05).

Kidney and liver markers

In this intervention study, volunteers consumed
50 mL of 100% bio commercial SBJ every day for
8-week period. In general, despite its bitter and sour
nature, the juice was well accepted. SBJ consumption
was well tolerated by participants and did not show
changes (P>0.05) in liver and kidney function in
serum following 8 weeks of SBJ intake (Table 3).

Lipid profile

The effect of 100% SBJ consumption on the lipid
profile is shown in Table 4. Although there was no
significant decrease in T-C in this intervention study,
on the other hand there was a significant decrease in
LDL-C (P<0.05) and a significant increase in HDL-C
(P<0.001). The level of TG was similar at the end of
the study (P>0.05). Eccleston et al. [11] found that
SBJ with a flavonoid concentration of 1180 mg.L"!
had protective properties against hypertension and
coronary heart disease. The results of a study with 229
volunteers consuming 28 g of sea buckthorn berries
for 3 months indicated increased blood concentrations
of quercetin and isohamnetin, but consumption of sea
buckthorn berries did not affect T-C, LDL-C, HDL-C
and TG [21].

Inflammation markers

Increasing evidence demonstrates that
inflammation plays an important role in the
development of atherosclerosis [9, 34, 39]. Mainly,
the crucial role of inflammation in atherosclerosis
is particularly reflected by the overexpression of
nuclear factor kappa B, C-reactive protein (CRP),

Table 3. Kidney and liver markers of study participants

Parameter Baseline Week 8 p-value
ALT (pkatL")| 028+0.10 | 032+015 | >0.05
AST (pkatL")| 032+0.06 | 0344006 | >0.05
GGT (ukatL')| 036+0.16 | 043+027 | >0.05
Urea (mmol.L")| 4.88+145 | 4.98+139 | >0.05

Creatinine | o) 754 966 | 67.63+9.63 | >0.05

(umol.L )

Uricacid a5 00 + 63.04|302.67 £ 72.07| >0.05

(umol.L")

Data are expressed as average + standard deviation (SD),
SBJ, sea buckthorn juice; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; GGT, gamma glutamyl
transferase

Table 4. Lipid profile of study participants

Parameter Baseline Week 8 p-value
T-C (mmol.L")| 6.49 +1.07 6.45+1.06 | 0.6894
HDL'Q 170 +£0.24 | 1.82+0.27 | <0.001
(mmol.L")
LDL_C_] 391 +£1.32 3.38£0.58 0.0257
(mmol.L")
TG (mmol.L) | 1.29+0.70 1.27 £ 0.69 0.1857

Data are expressed as average + standard deviation (SD);
SBJ, sea buckthorn juice; T-C, total cholesterol; HDL-C,
high density cholesterol; LDL-C, low density cholesterol;
TG, triglycerides
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interleukin-6 (IL-6), IL-18, tumor necrosis factor-
alpha (TNF-a), and other inflammatory mediators
[30]. The CRP is a nonspecific positive acute-phase
protein that immediately rises after initiating an
inflammatory state [8] and it could be an indicator of
endothelial dysfunction that is also linked to a higher
risk of CVD [58]. Our results (Table 5) show, that
regular 8 week-long consumption of 50 mL of SBJ per
day resulted significant reduction of CRP, IgA, IgG,
IgM, orosomucoid (P<0.001) and similar values of
IL-6 (P>0.05). In the study of Larmo et al. [21] the
participants daily took 28 g of frozen sea buckthorn
puree or placebo product similar in appearance, taste
and smell to the active product and consumption of
sea buckthorn berries reduced serum concentrations
of CRP. Flavonoids and vitamin C are likely to be
among the bioactive compounds responsible for the
anti-inflammatory effect of fruit, possibly through
synergetic mechanisms [25, 28, 36, 52].

Table 5. Inflammation markers of study participants

Parameter Baseline Week 8 p-value
CRP (mg.LY) | 572+2.39 475 £ 1.60 0.0038
IL-6 (ng.L") | 7.88 £0.93 7.32 £0.78 >0.05
ORM (g.L") | 0.89 £0.22 0.56£0.17 | <0.001

IgA (g.L) 1.71 £ 0.68 1.57+0.69 | <0.001

IgG (g.L ) 10.52 £2.65 9.99 +2.66 | <0.001

IgM (g.LY) 1.25 +£0.63 1.15+0.60 | <0.001

Data are expressed as average + standard deviation (SD);
SBJ, sea buckthorn juice; CRP, C-reactive protein; 1L-6,
interleukin-6;

ORM, orosomucoid; IgA, immunoglobulin A;

IgG, immunoglobulin G; IgM, immunoglobulin M

CONCLUSION

Sea buckthorn fruits are called fruits of the third
generation. One of the most interesting properties is
that sea buckthorn contains high concentrations of
vitamin C, carotenoids, tocopherols and other bioactive
compounds. The aim of this study was to evaluate the
effect of regular consumption of 100% sea buckthorn
juice on the risk factors of cardiovascular diseases in
women of productive age with hypercholesterolemia.
The obtained results support the hypothesis that the
daily consumption of SBJ could contribute to the
beneficial effects of reducing the risk of cardiovascular
diseases, such as the reduction of body and visceral
fat, LDL-C, inflammation markers and the increase
of HDL-C. However, longer studies with a larger
number of volunteers are needed to more thoroughly
investigate the consumption of SBJ in the prevention
and treatment of cardiovascular diseases.
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ABSTRACT

Background. The number of vegans in the world is growing and in Slovakia and the Czech Republic they make up 1%
of the population. Vegan diet excludes all foods of animal origin and vegans who do not use vitamin B,, supplements are
at risk of the vitamin B,, deficiency.

Objective. The aim of this study was to determine what proportion of Czech and Slovak vegans use vitamin B,
supplements regularly, irregularly or not at all and what is their supplemental cobalamin intake.

Materials and methods. The research involved 1337 self-identified vegans from Slovakia and the Czech Republic who
were interviewed using the CAWI (Computer-Assisted Web Interview) method. Participants were recruited by posts in
veganism-themed social media groups.

Results. Out of 1337 vegans 55.5% supplemented cobalamin regularly, 32.54% irregularly and 11.97% were not
supplementing. Rate of not supplementing individuals was 5.04% higher in Slovaks than in Czechs. Short-term vegans had
a significantly higher rate of not supplementing individuals (17.99%) compared to medium-term (8.37%) and long-term
vegans (7.50%). Mean weekly cobalamin intake from supplements was 2938.34+2566.60 ng in regularly supplementing
vegans compared to 1630.31+1949.27 ug in irregularly supplementing vegans, particularly due to the lower weekly
supplementation frequency among irregularly (2.93) compared to regularly supplementing vegans (5.27).

Conclusions. The rate of supplementation in Slovak and particularly Czech vegans was higher than in other countries.
The number of not supplementing individuals was significantly higher among short-term vegans, indicating that there
is still a need for education on the importance of adequate and regular cobalamin supplementation, especially in new
vegans. Our results support the hypothesis that the reason for higher rate of cobalamin deficiency in irregularly compared
to regularly supplementing vegans is the lower cobalamin intake caused by lower supplementation frequency.

Key words: veganism, vegan, vitamin B,,, vitamin B,, deficiency, vitamin B,, supplementation, vitamin B,, intake, Czech
vegan, Slovak vegan

INTRODUCTION the vitamin B,,. Due to the exclusion of all products

of animal origin, such as meat, dairy, eggs and fish,

The number of vegans and the popularity of plant-
based diets in the world are increasing [1, 2] and with
them also the need to study and recognize nutritional
challenges of these dietary patterns. Despite not being
on the forefront of the trend, Slovakia and the Czech
Republic already have a small vegan population [3].
Vegans comprise approximately 1% of all Slovaks
and Czechs, with the highest rates being among young
people. As the growing body of literature indicates,
even exclusively plantbased diets can be healthful and
nutritionally adequate, provided they are appropriately
planned [4, 5]. This includes also supplementation of

the only remaining reliable non-prescription sources
of vitamin B, for vegans are B,, fortified foods and
supplements. Despite growing availability of the
fortified foods and limited evidence supporting their
use as a vitamin B, , source [6], regular supplementation
is still recognized as the most reliable way to ensure
sufficient vitamin B,, intake in vegans [7].

Current data on the vitamin B,, supplementation
status in vegans from Slovakia are missing. Latest
available data are from the year 2000, when researchers
evaluated vitamin B,, status of 32 Slovak vegans and
62 Slovak lacto- and lacto-ovo vegetarians, with the
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result of 78% of vegans being deficient [8]. Czech
vegans were studied in the 2019 study, which involved
151 vegan participants. This research has demonstrated
that the cobalamin deficiency was associated with
the supplementation status of vegans and not with
the duration of the vegan diet. By measuring the
serum methylmalonic acid, holo-trans-cobalamin
and homocysteine, researchers have found that the
incidence of the cobalamin deficiency in the regularly
supplementing vegans was only 5.56%, compared to
17.9% in irregularly supplementing vegans and 52.9%
in not supplementing vegans [7]. We hypothesized that
the reason for a higher rate of cobalamin deficiency
in irregularly supplementing vegans compared to
regularly supplementing vegans in the study by
Selinger et al. has been the insufficient supplemental
cobalamin intake. The aim of our study was therefore
to: (i) identify, how prevalent is the regular and
irregular supplementation in Slovak and Czech vegans
(i1) identify their supplemental doses, frequency of
supplementation and total supplemental cobalamin
intake.

MATERIAL AND METHODS

Study design and participants

The study was designed as a cross-sectional study
among self-reported vegans from Slovakia and Czech
Republic. The sample was recruited through the social
media posts in veganism-themed groups in February
2021. Data about their vitamin B, supplementation
habits were collected using the CAWI (Computer-
Assisted Web Interview) method. Participants received

Total population of
vegans from Slovakia
and Czech Republic

Inclusion criteria:

« Interested in participation in the study
+ Self-reported vegan

+ Slovak or Czech nationality

Y

Responses received
n=1356

Exclusion criteria
+ Not a Slovak or Czech nationality (n = 9)
* Incomplete or defective questionnaire (n=8) ———=
+ Obtained vitamin B12 from animal-based
sources (n = 2)

Y
Final data set

n=1337

Figure 1. The inclusion and exclusion criteria and
completion of participant selection

information about the anonymity of the study, the
voluntary nature and the possibility to stop their
participation at any study stage.

The inclusion criteria were willingness to participate
in the study and being Czech or Slovak self-identified
vegan. Exclusion criteria were reported animal-based
foods among vitamin B,, sources and submission of
the incomplete or defective questionnaire. From the
total number of 1356 respondents, 1337 were included
in the study. Total 19 questionnaires were excluded
from the study for the reasons highlighted in Figure 1.

Questionnaire

Questionnaire consisted of 23 questions, covering
basic demographic details, vitamin B,, sources,
supplement use and information sources. Detailed
questionnaire can be found in the Annex. Questions
1. to 6. inquired participants about the duration of
their vegan diet, age, education level, nationality, sex
and in the case of women also about pregnancy and
breastfeeding.

The main question of the research was question
number 7., asking whether participants used vitamin
B,, supplements regularly, irregularly or not at all.
This question was modeled after the research of
Selinger et al. [ 7], in order to follow-up on their results.
Respondents, who have selected regular or irregular
use of vitamin B, supplements, were further led to the
series of questions 8. - 11., focused on the type of the
supplement, supplementation frequency, used dose and
the cobalamin form.

Respondents who indicated that they did not use
vitamin B, supplements, were instead led to the
questions 12. and 13. Here they were asked about their
reasons for not taking the vitamin B, supplements
and if they relied on any other sources instead. All
participants then answered questions 14. and 15,
inquiring about medication and medical conditions,
which may interfere with the vitamin B,, absorption
or status.

Questions 16. asked all participants if they
informed their doctor about being vegan, followed
up by questions 17. and 18., asking if they were ever
tested for cobalamin deficiency and results of the test.
Questions 19. to 23. were focused on what information
sources vegans used to learn about vegan nutrition
and availability and quality of information sources in
Slovak and Czech languages.

Statistical analysis

We have divided participants by the duration of
their veganism and their supplement use using the same
methods as Selinger et al. Respondents were therefore
classified as “short-term vegans” for those who were
vegan for <3 years; “medium-term vegans” for 3—7
years and “long-term vegans” for >7 years. A Chi*
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test and Cramér’s V were used to assess the statistical
significance and intercorrelation between the nominal
variables, including supplementation status and
duration of veganism, sex, pregnancy/breastfeeding
status, nationality, education level and other factors.
To assess statistical significance between nominal
and metric variables, two-tailed t-test for independent
samples was used. For all analyses, a p-value <0.05
was considered statistically significant.

Supplemental doses were evaluated using mean
with standard deviation (SD), median, minimum,
maximum and quartiles. Supplemental doses of daily
and weekly supplementing participants were compared
to the recommendations for the daily and weekly
intake respectively in separate tables. Supplemental
doses of remaining participants, who supplemented 2
— 6x times a week, were converted to the cumulative
weekly intake and compared to the recommendations
for weekly intake in a separate table. Cumulative
weekly intake was calculated by multiplying the dose
by weekly frequency. For example, supplementation of
100 pg of cobalamin three times a week would result
in cumulative weekly intake of 300 pg. Basic data
processing and descriptive statistics were performed
using MS Excel (MS Office Professional Plus 2019).
Further statistical analysis, including hypothesis
testing by two tailed t-test, Chi? test and Cramér’s
V, were performed using DATAtab online statistics
calculator https://datatab.net/.

RESULTS

Participants were on the vegan diet on average for
4.0543.57 years, with the median value of 3 years.
Men were on the vegan diet on average longer than
women, 4.743.64 and 3.8+3.53 years respectively. As
identified by the two-tailed t-test for the independent
samples (equal variances assumed), this relation was
statistically significant (p<0.001, 95% CI [-1.35, -0.45]).

Women comprised 76.59% (n = 1024) of all
respondents and 9.75% (n = 98) of them were currently
pregnant or breastfeeding. Proportion of the male
vegans was increasing with the duration of the vegan
diet, up to 31.88% in the group on vegan diet for over
7 years. Most vegans in the study were from the age
group of 25-34-year-olds, who comprised 46.45% of all
respondents. Oldest and youngest participants were 13
and 70 years old respectively. Of all participants, 53.7%
had bachelor’s or higher degree. Full demographic data
are shown in the Table 1.

Vitamin B,, supplementation

Of all 1337 participants, 55.5% were using vitamin
B,, supplements regularly and 32.54% irregularly.
There was a statistically significant relationship
between vitamin B, supplementation and the duration

of vegan diet (y*4) = 33.09, p<0.001, Cramér’s
V = 0.11). The highest rate of vegans, who did not use
vitamin B,, supplements (17.45%), was identified in the
group, who followed the vegan diet “short-term” (<3
years). In contrast only 8.31% of “medium-term” and
7.50% of “long-term” vegans were not supplementing
at all.

Compared to women, men were more likely to use
vitamin B, supplements and supplement regularly, with
the exception of the pregnant or breastfeeding women,
who had the highest rates of supplementation of all
groups. We have identified that there was a statistically
significant relationship between the vitamin B,,
supplementation and pregnancy or breastfeeding status
(¥*(2) = 18.82, p<0.001, Cramér’s V = (.14).

Table 1. Demographic data

Sex (n=1337)

Male 313 76.59%
Female 1024 23.41%
Pregnancy or breastfeeding (n = 1005)!

Yes 98 9.75%
No 907 90.25%
Nationality (n = 1337)

Czech 518 38.74%
Slovak 819 61.26%
Duration of veganism (n = 1337)

Under 3 yrs 556 41.59%
3-7 yrs 621 46.45%
Over 7 yrs 160 11.97%
Age (n=1337)

0-14 3 0.22%
15-24 319 23.86%
25-34 621 46.45%
35-44 265 19.82%
45-54 99 7.40%
55-64 26 1.94%
65+ 4 0.30%
Education level (n = 1337)

{;(\):\::r secondary education or 39 2.92%
E};Efrri f;iﬁgfd;;}; education without 55 411%
ngjrri ts;c;(;;fdozﬁl}; education with 575 39.27%
Bachelor’s degree or equivalent 256 19.15%
Master’s degree 436 32.61%
Doctorate 26 1.94%

' 19 out of 1024 female participants have not answered this question
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There was a statistically significant difference in
the vitamin B,, supplementation between Czech and
Slovak vegans (¥*(2) = 6.23, p=0.044, Cramér’s V =
0.07). Among Slovak vegans there was 5.04% higher
rate of not supplementing individuals compared to
Czech vegans. Supplementation rate was also higher in
the group of participants with the bachelor’s or higher
degree, than in the group of those with high school
diploma or lower education, but this result did not
reach statistical significance. Supplementation rates for
all groups can be found in the Table 2.

Supplemental doses

Out of 1173 respondents, who regularly or
irregularly used vitamin B,, supplements, 690 provided
valid details on both supplementation frequency and
used dose and were supplementing on at least weekly
basis. The mean dose taken by these participants was
616.53+536.82 pg and the most common frequency of

supplementation was daily (40.72%). Doses used by
vegans in specific frequencies are visualized in Figure
2 and the full data are available in Table 3.

Mean cobalamin intake in regularly supplementing
vegans was 55.48% higher than in irregularly
supplementing vegans, as shown in the Table 4. A two-
tailed t-test for independent samples (equal variances
not assumed) showed that this result was statistically
significant, t(340.92)=6.88, p=<0.001, 95% confidence
interval [931.78, 1684.26].

Cobalamin intakes were compared to the
recommended daily intake by EFSA for general
population [9] and cobalamin intake targets for vegans
proposed by different authors [10, 11, 12] in the Tables 5,
6 and 7. Out of 690 participants who used supplements
on at least a weekly basis and provided a supplemental
dose 42 (6.09%) reported one or more risk factors for
the cobalamin malabsorption.

Table 2. Supplementation rates among Slovak and Czech vegans

Supplement regularly Supplement irregularly Do not supplement
Total p-Value
739 | 5527% B4 | 3246% 164 | 1227%
Q1 How long have you been vegan? (n = 1337)
Under 3 years 303 54.50% 153 27.52% 100 17.99% <0.001
3-7 years 349 56.20% 220 35.43% 52 8.37%
Over 7 years 87 54.38% 61 38.13% 12 7.50%
Q3 What is your highest level of education? (n = 1337)
No college 318 51.37% 216 34.89% 85 13.73% 0.026
Some college 421 58.64% 218 30.36% 79 11.00%
Q4 Nationality (n = 1337)
Czech 297 57.34% 172 33.20% 49 9.46% 0.044
Slovak 442 53.97% 262 31.99% 115 14.04%
Q5 Sex (n=1337)
Women 553 54.00% 338 33.01% 133 12.99% 0.171
Men 186 59.42% 96 30.67% 31 9.90%
Q6 Are you currently pregnant or breastfeeding? (n = 1005)
Yes 73 74.49% 18 18.37% 7 7.14% <0.001
No 467 51.49% 314 34.62% 126 13.89%
Q16 Have you informed your doctor about your vegan diet? (n = 1337)
Yes 362 58.01% 208 33.33% 54 8.65% 0.001
No 377 52.88% 226 31.70% 110 15.43%
Q17 Have you ever been tested to see if you get enough vitamin B,,? (n = 1337)
Yes 241 57.11% 139 32.94% 42 9.95% 0.211
No 498 54.43% 295 32.24% 122 13.33%
Q18 Have you ever been diagnosed with insufficient vitamin B,, intake? (n = 417)
Yes 31 57.41% 20 37.04% 3 5.56% 0.389
No 207 57.02% 117 32.23% 39 10.74%
Q19 Have you ever consulted your doctor or nutritionist about your vegan diet? (n = 1337)
Yes 175 60.76% 86 29.86% 27 9.38% 0.72
No 564 53.77% 348 33.17% 137 13.06%
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Figure 2. Supplemental doses by frequency of supplementation

Table 3. Supplementation rates and doses among Slovak and Czech vegans in micrograms)
Frequency N (%) Mean dose (SD) Median Min Max
Daily 281 (40.72) 509.71+£428.20 500 0.50 2500
6x weekly 29 (4.20) 466.22+429.63 375 2.50 1200
5x weekly 66 (9.57) 481.24+399.75 500 2.00 1200
4x weekly 53 (7.68) 625.08+491.49 500 2.80 2000
3x weekly 117 (16.96) 716.09+635.58 750 3.00 5000
2x weekly 82 (11.88) 875.27+£643.55 1000 1.80 5000
Weekly 62 (8.99) 777.64+644.80 1000 1.00 2500
Total 690 (100) 616.53+536.82 500 0.50 5000

Table 4. Cobalamin supplementation in regularly and irregularly supplementing vegans (in micrograms)

Regularly supplementing Irregularly supplementing
N 739 434
Mean weekly intake (SD) 2938.344+2566.60 1630.31£1949.27
Median weekly intake 2500 1000
Mean single dose (SD) 607.34+£471.57 646.99+£712.53
Average weekly frequency 5.27 2.93

Out of 690 participants, who included cobalamin
dose and supplemented at least weekly, 537 also
included information on the vitamin B, form in their
supplements. The most frequently used cobalamin
form was cyanocobalamin, with methyl-cobalamin
being the second most popular.

Reasons for not supplementing

Out of 1337 respondents, 12.27% (n = 164) did not
supplement vitamin B,,. To the question 12 “What
are your reasons for not supplementing vitamin
B,,?”, where it was possible to select more than one

answer, most frequently selected option was: “I have
not addressed it yet” and in the second place: “I get
vitamin B,, from other sources”. Among the open
answers under the “Other” option, respondents the
most frequently stated that they were tested for vitamin
B,, adequacy. Detailed data are shown in Figure 3.
Respondents who have claimed that they obtain
vitamin B,, from other sources were able to specify
these alleged sources in question 13. The most
frequently cited alleged sources of vitamin B,, were
various types of algae, plant foods and mushrooms,
which cannot be considered reliable sources of vitamin
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Table 5. Cobalamin intake in daily supplementing participants (in micrograms)

Malabsorption N Mean daily dose | Mean weekly o
risk N % (SD) intake (SD) Target Within target
No 265 94.31 513.84+431.13 | 3596.91+£3017.94 | 4 ng[9] 257 96.98%
10 ng [12] 245 92.45%
50 g [12] 214 80.75%
Yes 16 5.69 441.31+382.01 | 3089.19+2674.10 | 100 pg [11] 13 81.25%
Table 6. Cobalamin intake in weekly supplementing participants (in micrograms)
Malabsorption risk N % Mean Vzglejl;ly dose Target Within target
350 pg [10] 38 64.41%
No 59 95.16 723.96+597.15
2000 ug [12] 3 5.08%
Yes 3 4.84 1833.33£763.76 2000 pg [11] 2 66.67%

Table 7. Cobalamin intake in two- to six-times weekly supplementing participants (in micrograms)

L Mean weekly .
o
Malabsorption risk N % intake (SD) Target Within target
350 pg [10] 269 83.02%
No 324 93.37 2233.97+1903.87
2000 pg [12] 187 57.72%
Yes 23 6.63 1892.78£1707.14 | 2000 pg [11] 11 47.83%
50.00%
44.38%
45.00%
40.00%
35.00%
30.00%
24.38%
25.00%
20.00%
20.00%
15.00% 12.50%
10.00% 6.88%
4.38%
5.00% -
I did not know it | have not I am getting | have sufficient | am affraid of ~ Other reason
was necessary addressed it yet  vitamin B12 stores the side effects
from other
sources
Figure 3. What are your reasons for not supplementing vitamin B,,?
Table 8. Cobalamin forms and averaged daily intake (in micrograms)
Mean daily . .
0,
N % intake (+SD) Median Min Max
Cyano 288 41.74 354.424353.11 286 0.14 2143
Methyl 175 25.36 412.43+364.82 286 1 2500
Hydroxo 2 0.29 1250+1060.66 1250 500 2000
Adenosyl 2 0.29 82+8.49 82 76 88
Multiple 70 10.14 448.89+337.73 429 4 1429
Unknown 153 22.17 336.05+335.54 286 1 1400
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Table 9. Claimed sources
supplementing vegans

of vitamin B,, among not

Claimed source No of answers
Chlorella and other
seaweed 12
Various kinds of
vegetables, fruit and 11
mushrooms
Fortified foods 6
Unwashed vegetables, 4
contaminated with vit. B,
Fermented foods 2
Vitamin B,, enriched 1
toothpaste
Vitamin B,, injections 1

B,,. Potentially effective sources of vitamin B,,, such
as vitamin B, fortified toothpaste and intramuscular
injections, have also been mentioned, as highlighted in
the Table 9 [13, 14].

DISCUSSION

First aim of our study was to determine, what
proportion of Czech and Slovak vegans use vitamin
B,, supplements regularly, irregularly or not at all. Our
research has found that most vegans used vitamin B,
supplements, 55.27% (n=739) regularly and 32.46%
(n= 434) irregularly. Only 12.27% (n=164) of the
participating vegans did not supplement vitamin B,,
at all. This scale has been used in order to allow for
comparison with the research by Selinger et al., who
have presented the same question to a smaller sample
of Czech vegans (n=72). In their study 11.64% vegans
have not used vitamin B,, supplements, but the rate of
regular supplementation was higher at 61.64% [7].

With regards to the duration of the vegan diet, the
highest number of not supplementing individuals was
found among short-term vegans (17.99%) in comparison
to medium-term vegans (8.37%) and long-term vegans
(7.50%). This result is consistent with findings by
Selinger et al. who have found that it was the short-term
vegans, who had the highest prevalence of lowered
cobalamin levels and supports their conclusion that it
is the presence of cobalamin supplementation rather
than the duration of veganism that is associated with
increased risk of cobalamin deficiency [7].

There was a statistically significant difference
in supplementation rate between Slovak and Czech
vegans, with 14.04% of Slovak and 9.46% of Czech
vegans not supplementing. In comparison, in the
study of similar sample size (n = 1530) conducted in
Australia, 25.3% of vegans did not use any vitamin
B,, supplements [15]. Other studies on cobalamin
supplementation in vegans also included laboratory

testing and therefore used smaller sample size, similarly
to the Czech study by Selinger et al. These studies were
conducted in Germany (31.03% not supplementing (n
= 58)) [16], Spain (29.63% not supplementing (n = 54))
[17] and Denmark (37.14% not supplementing (n = 70))
[18] and also on the Czech vegan children (10.14% not
supplementing (n = 69)) [19]. These results suggest that
the vitamin B,, supplementation rates in Czech and
Slovak vegans identified in our study are comparatively
high.

Higher rate of overall supplementation as well
as regular supplementation was found in male
compared to female vegans in our study. However
pregnant and breastfeeding women had the highest
rate of supplementation of all groups, with 74.49%
supplementing regularly and 18.37% irregularly. This
is a positive result given since the majority of vegans in
our study were women in the reproductive age (55.57%
women under 35) and the need for the appropriate
cobalamin supplementation in vegans is the most
urgent during pregnancy and breastfeeding and in
children. Only 7 out of 98 pregnant or breastfeeding
vegan women (7.14%) did not supplement vitamin B,,
at all. This is consistent with findings by Svétnicka
et al., where only 6.5% of Czech vegan women did
not use cobalamin supplements during pregnancy or
breastfeeding [19]. Gynecologists and pediatricians
can be instrumental in ensuring that vegans are
supplementing vitamin B,, in these critical periods.
However, as our results show, most vegans (53.33%)
did not inform their doctor about being vegan.

Second aim of our study was to determine what
supplemental doses vegans use. Vegans in our study
used a wide variety of supplemental doses, ranging from
0.5 to 5000 pg of cobalamin in a single dose. The most
popular frequency of supplementation in our study was
daily (40.72%), compared to only 26.3% in Australian
vegans [15]. Over half (50.29%) of our supplementing
study participants used supplements two- to six-times
a week and 8.99% supplemented once a week. Our
results show that the irregularly supplementing vegans
had 44.52% lower mean supplemental cobalamin intake
compared to the regularly supplementing vegans. This
was primarily caused by 44.40% lower supplementation
frequency, rather than the supplemental doses,
which were actually on average 6.53% higher among
irregularly supplementing vegans. These results may
explain the higher incidence of cobalamin deficiency
among irregularly supplementing (17.90%) compared
to regularly supplementing Czech vegans (5.56%) in
the study by Selinger et al [7].

Adequate daily intake of 4 ug recommended by the
EFSA for the general adult population [9] was met or
exceeded by 96.98% of daily supplementing vegans
without risk factors for cobalamin malabsorption. This
recommendation is however based on the assumption
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that the cobalamin is obtained multiple times a day
in small doses from food. In such a scenario active
transport is utilized multiple times a day and the
overall absorption rate can exceed 40%, resulting in
absorption of 1.5 pg of cobalamin [9]. However, in
order to absorb the same amount from a single daily
supplemental dose, higher doses of 10 or even 50 ug
may be required [12]. Thresholds of 10 pug and 50 ug
were achieved or exceeded by 92.45% and 80.75% of
daily supplementing vegans without risk factors for
cobalamin malabsorption respectively.

Various conditions and medication, as well as
advanced age, may increase the risk for cobalamin
malabsorption, particularly affecting the ability
to utilize active transport. In such cases oral
supplementation may still be effective, as 1-2% of
the supplemental dose is absorbed by passive non-
specific mechanisms [9]. The oral dose of 1000 ug was
found to be effective in the treatment of cobalamin
deficiency even in the individuals suffering from
pernicious anemia [20]. However, as suggested by
Rajan et al., even 100 ug daily may be sufficient for
the maintenance of already adequate cobalamin status
in people with malabsorption [11]. This threshold was
reached or exceeded by 81.25% of daily supplementing
vegans with one or more risk factors for cobalamin
malabsorption.

As an alternative to the daily supplementation,
a weekly dose of 2000 pg has been proposed [12].
This target was however only reached by 5.08% of
weekly supplementing vegans without risk factors for
malabsorption. However as demonstrated by De/ Bo et
al., even a weekly dose of 350 ug may be sufficient for
the maintenance of the adequate cobalamin status in
vegans without the risk factors for malabsorption [10].
Weekly target of 350 pg was reached or exceeded by
64.41% of weekly supplementing participants without
the risk factors for malabsorption. It is important to
stress out that the cobalamin intake thresholds for
vegans are still based on limited evidence and other
factors, such as cobalamin form or supplement type,
may affect the individual absorption rate.

Two most popular cobalamin vitamers used by
study participants were cyanocobalamin and methyl-
cobalamin. Cyanocobalamin is the most researched
vitamer of the vitamin B,, and it proved to be reliable
and the most stable cobalamin form [21]. Due to their
lower stability, Koeder and Perez-Cueto [12] have
suggested that the higher recommended doses may be
required for vitamers other than the cyanocobalamin.
Our results showed that the mean supplemental
cobalamin intake among methyl-cobalamin users was
16.37% higher than that of the cyanocobalamin users.
Currently there is however insufficient evidence to
confirm whether such difference would be sufficient to
compensate for lower stability.

The main strength of our research lies in the high
number of participants, which allowed us to reach
statistically significant results for the supplementation
habits in Czech and Slovak vegans. It is at the same
time a limitation, since we were not able to perform
laboratory tests to evaluate actual cobalamin status of
participants.

We can see several avenues future research can
take to advance our understanding of vitamin B,
intake and metabolism in people. Apart from vegans
there are other groups which may be at risk of
vitamin B,, deficiency, such as lacto-ovo vegetarians
or flexitarians. These groups may not abstain from
animal-based foods completely, but the frequency
may vary greatly and even beyond the point where the
cobalamin intake from foods alone will be insufficient.
Future research may therefore investigate frequency of
the intake of animal-based foods and supplementation
habits in these groups. Additionally, there is still a need
for further research to establish optimal supplemental
intake of cobalamin for vegans.

CONCLUSIONS

The first aim of our study was to identify how
prevalent is the regular and irregular supplementation
in Slovak and Czech vegans. We have found that most
Czech and Slovak vegans used vitamin B, supplements,
with  55.27% supplementing regularly, 32.46%
irregularly and only 12.27% not supplementing at all.
Czech vegans were 5.04% more likely to use cobalamin
supplements then Slovak vegans and also the rate of
the regular supplementation was higher in Czechs. The
rate of nonsupplementation was significantly higher
among vegans following the diet short-term (17.99%)
compared to medium-term (8.37%) and long-term
vegans (7.50%). These results indicate that there is
still a need for education about the importance of the
cobalamin supplementation, particularly focused on
new vegans.

Second aim of our study was to identify
supplemental cobalamin intake of Czech and Slovak
vegans. We have observed statistically significant
differences in the supplemental frequency and total
supplemental cobalamin intake between regularly
and irregularly supplementing vegans. Irregularly
supplementing vegans were supplementing on average
2.93 times a week, compared to 5.27 times a week in
regularly supplementing vegans, resulting in 44.52%
lower mean supplemental cobalamin intake. This
result supports our initial hypothesis that the reason
why some of the supplementing vegans in the study by
Selinger et al. still developed cobalamin deficiency was
an inadequate supplemental cobalamin intake. Despite
the cobalamin supplementation rate being higher than
in other countries, our results suggest that there is still
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a need to raise awareness about the importance of
regular and adequate cobalamin supplementation in the
Czech and particularly Slovak vegan community. This
is even more urgent due to the fact that the majority of
vegans in our study were women in the reproductive
age and the adequate cobalamin intake is the most
important in pregnant and breastfeeding vegan women
and their children.

Acknowledgement

Thisworkwas supportedby the Operational Programme
Integrated Infrastructure for the project: Long-term
strategic research of prevention, intervention and
mechanisms of obesity and its comorbidities, IMTS:
313011V344, co-financed by the European Regional
Development Fund.

Conflict of interest
The authors declare no conflict of interest.

Annex. Questionnaire

Condition Question

Note Options

How long have you been
vegan (years)?

Please enter only the number, if you have been
eating vegan for less than a year, enter 1

1 | Number

2 How old are you?

Please enter a number only 2

Number

What is your highest level
of education?

1 | Secondary education or less

Upper secondary education
without maturity diploma

Upper secondary education
with maturity diploma

w

Bachelor’s degree or equivalent

Master’s degree

Doctorate

4 Nationality

Slovak
Czech
Other

5 Sex

Female
Male

Question
5=1

Are you currently
pregnant or breastfeeding?

Pregnant

Breastfeeding

Pregnant and breastfeeding
Neither

Do you use vitamin B,,
supplements?

Tablets, drops and sprays with a defined
vitamin B, content are included, including
multivitamins and B-complexes with a vitamin
B,, content. Enriched foods and beverages,
injectables, chewing gum, toothpaste, chlorella | 3
or other algae are not included.

Regularly

N | =AW= [=|W[N|=[W |

Irregularly

Not at all

What nutritional
supplement do you use? *

Question
7=1,2

Choose one or more answers (if you have more
than one nutritional supplement)

Standalone vitamin B,
supplement

Combination supplement (e.g.
B-Complex, multivitamin)

N

Question
7=1,2

How often do you take
vitamin B,, supplements?

In case of irregular use, please estimate.

1x a week (weekly)

2x a week

3x a week

4x a week

5x a week

6x a week

7x a week (daily)

eI BEN I e N O T N SN O R S R

Other frequency (describe)
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Dose corresponds to the total amount of vit. 1 | Dose in pg:
. What dose of vitamin B, B,, you take in one day: For example, i_f you
Question | . . take two tablets three times a week, this is the
10 ~ in micrograms (pg/mcg) . .
7=1,2 . amount of vitamin B,, in two tablets. Please 2 | T do not know
are you taking? .
enter a number only. Decimal places are
allowed.
1 | Cyanocobalamin
. What is the form of . 2 | Methylcobalamin
Question | .~ . . Select one or more answers (in case of a .
11 vitamin B,, in your . 3 | Adenosylcobalamin
7=1,2 o multiple forms)
nutritional supplement? 4 | Hydroxocobalamin
5 | I do not know
) I didn’t know it was necessary
on a vegan diet
2 | I haven’t addressed it yet
Question What are your reaspns 3 | I get vit. B,, from other sources
12 723 for not supplementing Select one or more answers
vitamin B,,? 4 | I have sufficient stores
5 I'm worried about the effects of
nutritional supplements
6 | Other (describe)
i hat oth . I
13 Question | W at, other sources do you Please list all your sources of vitamin B,, 1| text
12=3 | getvit. B}, from?
Pernicious anemia, celiac disease, Crohn’s 1| Yes
disease, ulcerative colitis, atrophic gastritis,
Do you suffer or have . . . .
pancreatic insufficiency, gastrointestinal cancer,
suffered from any of s . .
14 . . cobalamin (vitamin B,,) absorption disorder,
the following diseases/ L - . 2 | No
. decreased gastric acid production, gastric or
problems in the past? . . .
small intestinal surgery. (affect the absorption of
vitamin B,,)
Are you currently taking Proton pump inhibitors (eg Pantoprazole, 1| Yes
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ABSTRACT

Background. The locations of food purchase have an impact on the quality of food consumed.

Objective. To examine food purchasing habits at traditional and modern markets, their associated factors, and their
effects on consuming natural and processed foods.

Material and methods. This work used a validated conceptual and methodological framework of a study conducted among
507 households in the Rabat-Salé-Kenitra region in Morocco. Data on sociodemographic and economic characteristics
and the frequency of food purchasing were collected from household representatives through a population survey. The
food frequency questionnaire was used to collect frequency of consumption of 20 foods, including 10 natural and 10
processed. The associations between the variables were studied by the Chi-square test with a level of significance of
p<0.05.

Results. Among the households 70% were urban, 62% have nuclear families, 51.5% a size of 5 to 12 members, 41% middle
standard of living, 87% frequented markets and souks (MS), and 19% frequented large and medium-sized stores (LMS) at
least once a week. The households have in majority a frequency of natural foods consumption > 3 times/week, including
fresh vegetables (91%), olive oil (85%), and fresh fruit (84%); and processed foods, such as refined flours (68%), industrial
cheese (65%) and industrial yoghurt (52%). MS and LMS frequentation were associated with environment (p<0.001),
family type (p=0.01 and p=0.002, respectively), household size (p=0.04 and p=0.002 respectively) and standard of living
(p<0.001). Foods whose consumption was associated with both MS and LMS frequentation included fresh vegetables
(p<0.001) as natural foods and baked goods as processed foods (respectively, p=0.01 and p=0.04).

Conclusion. The results of this study argue for implementing a nutrition education strategy based on the choice of food
purchase locations as well as the consumption of natural or processed foods as part of a sustainable Mediterranean diet.

Key words: food stores, markets, souks, large and medium-sized supermarkets, natural foods, processed foods, Morocco

INTRODUCTION Although structured hypermarkets have acquired
a good clientele, interest in local and farmers’ markets
is noted in both developed countries [5] and in devel-

oping countries in the southern Mediterranean area,

Food distribution systems in the emerging coun-
tries include traditional markets and modern stores

such as hypermarkets, supermarkets, and minimar-
kets [1]. New modes of consumption and acquisition
of foods [2] linked to the modern types of markets also
emerged and are likely to convey new cultural values
affecting tastes and eating habits [1], and favor the
consumption of modern and industrial food products
whose nutritional quality could be harmful to health
[3]. This tends to abandon Mediterranean food model,
which favors a healthy diet that is rich in biodiversity,
respects the environment, and plays a beneficial role
in the development of sustainable agriculture [4].

where urban markets and daily or weekly rural souks
persist in offering fresh and natural food products [6].
Indeed, food purchasing continues to be carried out
from traditional markets [7] that represent spaces of
exchange and communication that play a fundamen-
tal role both in sociability and in offering of various
food choices. The traditional market favors the main-
tenance of personalized relations with the clientele
[8] and preserves its social and cultural norms while
granting payment facilities, unlike modern forms of
markets [9, 10].
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The factors that determine food purchase practices
are related to the socioeconomic and demographic
characteristics of households, the geographic and
cultural origin of the population, and the characteris-
tics of the market, specifically the availability of food
products, and the guaranteed quality of both natural
and processed products [8, 11]. In addition, food cost
and socioeconomic levels are determining factors of
food choice. However, increasing the amount of in-
come available for food choices does not necessarily
mean that individuals will have more balanced and
healthy diets choices. Likewise, education and knowl-
edge in terms of foods and nutrition are determinants
of food choices. Thus, individuals who are educated
and informed about healthy diets are more likely to
make healthy food choices [12].

The purpose of the current work was to examine
food purchasing habits in traditional and modern mar-
kets, their associated factors, and their effects on con-
suming natural and processed foods.

MATERIAL AND METHODS

This work is a part of a study based on a validated
conceptual and methodological framework that was
conducted on 507 households in the region of Rabat-
Salé-Kenitra in Morocco [13].

Data collection

Data were collected from household representa-
tives (HRs) who have a major role in food purchases
through a survey on sociodemographic, socioeco-
nomic, sociocultural, and dietary characteristics, as
well as food shopping locations. The frequency of
food consumption within households was collected by
a food frequency questionnaire [14—16]. The latter was
designed taking into account the methods of develop-
ment of this type of instrument [17] and consisted of
a closed list of 20 natural and processed foods. The
natural foods studied were: whole wheat, fresh veg-
etables, pulses, fresh fruit, fish, olive oil, free-range
chicken, free-range egg, fresh cheese and free-range
butter. The processed foods studied were: refined
flour, baked goods, corn flakes, potato chips, packaged
milk, industrial cheese, industrial yogurt, industrial
chicken, industrial eggs, and industrial butter.

Variables under study

1. Household characteristics: area of residence, family
type, household size, and standard of living.

2. HRs characteristics: age, education, work status,
marital status, ethnicity, and sources of food
information.

3. Frequentation of markets and souks' (MS) and
large and medium-sized stores (LMS) categorized
into, 1) < once a week; 2) > once a week.

4. Frequency of consumption of natural or processed
foods, categorized as 1) < 3 times per week; 2) > 3
times per week.

Statistical analysis

Statistical analysis was performed by SPSS for
Windows (Statistical Package for the Social Sciences)
version 21 and Microsoft Office Excel 2007. The Chi-
square test was used to study associations between
variables with a statistical significance level of p<0.05.

RESULTS

Characteristics of households and their
representatives

The study results showed that 70% of the house-
holds are urban, 62% are nuclear families, 51.5% are
composed of 5 to 12 members, 41% have an average
standard of living, 87% go to the MS, and 19% go
to the LMS, at least once a week. Moreover, 76% of
the HRs are aged 35 to 65 years, 40% are illiterate,
13% have a higher education, 76% are inactive, 80%
are married, 80% are of Arab ethnic origin, and all
of them have as source of dietary information their
parents and grandparents, 80% from the media, 59%
from their entourage, 35% from health professionals,
26% from Internet websites, and 12% from scientific

journals (Table 1).

Frequency of consumption of natural and processed
foods within households

The majority of the surveyed households have
a consumption frequency of > 3 times per week of
some natural foods, including fresh vegetables (91%),
olive oil (85%), fresh fruits (84%), whole wheat (64%),
and free-range butter (52%); and of some processed
foods, namely, the packaged milk (90%), industrial
butter (81%), refined flours (68%), industrial cheese
(65%), and industrial yogurt (52%) (Figurel).

Associations of household characteristics and their
representatives with MS and LMS frequentation
Data analysis revealed that household charac-
teristics that have a significant association with the
frequentation of both MS and LMS are household
size (p=0.04, p=0.002; respectively), environment
(p<0.001, p<0.001; respectively), family type (p=0.01,
p=0.002; respectively), and living standard (p<0.001,
p<0.001; respectively). On the other hand, HRs char-

1 In the Arab world, souks are ephemeral fairs, usually held weekly.
They are also places for commercial transactions. They’re almost
always outdoors. There are rural souks and urban souks. It contains
everything that people in a traditional society need in terms of food.
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Tablel. Characteristics of households and their representatives (n=507)

Characteristics * Values (%) | CI 95%
Household characteristics
. Urban 355 (70) [67-73]
Area of residence Rural 152 (30) [27-33]
Family type Nuclear 316 (62) [58-67]
Composed 191 (38) [33-42]
. 2-4 members 246 (48.5) [43.8-53.1]
Household size 5-12 members 261 (51.5) [46.9-56.2]
Low 156 (31) [27-35]
Standard of living Average 208 (41) [37-45]
High 143 (28) [25-32]
MS < Once a week 65 (13) [10.1-16]
Food purchase locations > Once a week 442 (87) [84-89.9]
LMS < Once a week 409 (81) [76.9-84.2]
> Once a week 98 (19) [15.8-23.1]
Household representatives characteristics
20-34 122 (24) [20.1-27,8]
Age groups (years) 35-65 385 (76) [72.2-79.9]
Without 209 (40) [37.3-45.4]
Preschool and primary 100 (20) [16.2-23.3]
Education level Secondary school 78 (16) [12.2-18.5]
Qualifying secondary 53 (11) [7.7-13.2]
Higher education 67 (13) [10-16.4]
Professional occupation Active 122 24) [20.3-27.6]
Inactive 385 (76) [72.4-79.7]
Single 41 (8) [5.9-10.3]
. Married 405 (80) [76.5-83.4]
Marital status Divorced 2 (8) [5.9-10.7]
Widower 19 (4) [2.2-5.5]
S Arabs 403 (80) [76-83]
Ethnic origin Berber 104 (20) [17-24]
Parents and grand parents 507 (100) [100-100]
Family and entourage 297 (59) [54.2-62.7]
Food information sources Health Professionals 175 (35) [30.4-38.9]
Scientific journals 62 (12) [9.7-15]
Internet Websites 132 (26) [22.1-29.8]
Media 404 (80) [76.1-83.2]

* = Expressed in size (%); CI = Confidence interval; MS = markets and souks; LMS = large and medium-sized stores.
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Table 2. Characteristics of households and their representatives associated with frequentation of MS and LMS (n=507)

- MS LMS
Characteristics *
<1/S (%) | >1/S (%) | P** <1/S (%) | >1/S (%) | P**
Age groups (years)
20-34 17 (14) 105 (86) 0.3 103 (84) 19 (16) 0.1
35-65 48 (12.5) 337 (87.5) NS 306 (79.5) 79 (20.5) NS
Area of residence
Urban 62 (17.5) 293 (82.5) <0.001 262 (74) 93 (26) <0.001
Rural 312 149 (98) ok 147 (97) 503) ok
Education level
Without, 14 (6.7) 195 (93) 192 (92) 17 (8)
Preschool and primary 11 (11) 89 (89) 81 (81) 19 (19)
Secondary school 6(8) 72(92) <0001 58 (74) 20 (26) <0.001
sksksk sk
Qualifying secondary 17 (32) 36 (68) 37 (70) 16 (30)
Higher education 17 (25) 50 (75) 41 (61) 26 (39)
Professional occupation
Active 23 (19) 99 (81) 0.02 90 (74) 32 (26) 0.02
Inactive 42 (11) 343 (89) ok 319 (83) 66 (17) ok
Marital status
Single 9(22) 32 (78) 24 (58.5) 17 (40.5)
Married 49 (12) 356 (88) 0.3 330 (81.5) 75 (18.5) 0.001
Divorced 5(12) 37 (88) NS 39 (93) 3(7) ok
Widower 2 (10.5) 17 (89.5) 16 (84) 3 (16)
Ethnic origin
Arabic 57 (14) 346 (86) 0.04 320 (79) 83 (21) 0.09
Berber 8 (8) 96 (92) ok 89 (86) 15 (14) NS
Food information sources
. Yes 33 (11) 264 (89) 0.2 241 (81) 56 (19) 07
Family and entourage
No 32 (15) 178 (85) NS 168 (80) 42 (20) NS
Health Professionals Yes 32 (18) 143 (82) 0.01 125 (71) 50 (29) <0.001
No 33 (10) 299 (90) ok 284 (85.5) 48 (14.5) ok
Scientific iournals Yes 14 (23) 48 (77) 0.02 38 (61) 24 (39) <0.001
! No 51 (11.5) 394 (88.5) o 371 (83) 74 (17) ok
Internet Websites Yes 32 (24) 100 (76) <0.001 88 (67) 44 (33) <0.001
No 33 (9) 342 (91) ok 321 (86) 54 (14) ok
Media Yes 54 (13) 350 (87) 0.3 320 (79) 84 (21) 0.09
No 11 (11) 92 (89) NS 89 (86) 14 (14) NS
Family type
Nuclear 49 (15.5) 267 (84.5) 0.01 242 (77) 74 (23) 0.002
Composed 16 (8) 175 (92) ok 167 (87) 24 (13) ok
Household size
2-4 members 42 (17) 204 (83) 0.04 185 (75) 61 (25) 0.002
5-12 members 23 (9) 238 (91) ok 224 (86) 37 (14) ok
Standard of living
Low 7 @4.5) 149 (95.5) 142 (91) 14 (9)
Average 29 (14) 179 (86) <0001 169 (81) 39 (19) <0001
High 29 (20) 114 (80) 98 (68.5) 45 (31.5)

* = Expressed in Size (%); ** = Chi-square test with a significance level of p<0.05; *** = Significant; NS = Not significant;
MS: Markets and Souks; LMS: Large and Medium-sized Stores.
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acteristics that had a significant association with MS
frequentation were, ethnicity (p=0.04), education
level (p<0.001), work status (p=0.02), consulting of
health professionals (p=0.01), use of scientific journals
(p=0.02), and internet websites (p<0.001). In addition,
HRs characteristics that had a significant association
with LMS frequentation, are age (p=0.003), educa-
tion level (p<0.001), work status (p=0.02), marital
status (p=0.001), consulting of health professionals
(p<0.001), use of scientific journals (p<0.001) and in-
ternet websites (p<<0.001) (Table 2).

Associations between frequentation of MS and
LMS, and consumption frequency of natural and
processed foods

The natural foods whose consumption was sig-
nificantly associated with frequenting MS are whole
wheat (p<0.001), fresh vegetables (p<0.001), fresh
fruit (p<0.001), fish (p<0.001), and free-range chicken
(p<0.001); and those whose consumption is signifi-
cantly associated with the frequentation of LMS are
whole wheat (p<0.001), fresh vegetables (p<0.001),
dried vegetables (p<0.001), fish (p<0.001), and fresh
cheese (p=0.02) (Table 3).

The processed foods whose consumption was sig-
nificantly associated with MS frequentation were,
cornflakes (p=0.01), potato chips (p=0.003), and in-
dustrial chicken (p=0.03); and those whose consump-
tion is significantly associated with the frequentation
of LMS are, bakery products (p=0.04), cornflakes
(p=0.03), potato chips (p<0.001) and industrial yogurt
(p=0.01) (Table 4).

DISCUSSION

The nutritional quality of foods introduced in re-
cent decades has been reported to be incriminated in
the etiology of many chronic diseases which are on
the rise in both developed and developing countries,
including Morocco. These diseases have been linked
to the negative effects of the complex interplay of
multiple nutritional factors directly linked to the ex-
cessive consumption of new foods and industrialized
foods high in fats, refined sugars and salt. In addition,
consumers’ food choices are influenced by the global
emerging trends. On the other hand, food preparation
procedures even simple affect their initial nutritional
quality. Around the world, the processed food sector
is increasingly contributing to both the economy and
people’s eating habits [18]. Also, as in western coun-
tries worldwide, supermarkets and hypermarkets are
expanding in developing countries including, in Mo-
rocco [19].

However, the present study shows that, markets
and souks are more frequently visited by the studied
population than large or medium-sized stores. This

result proves that traditional trade is still resisting,
despite the development of modern distribution net-
works. This can be explained by the fact that this type
of trade fulfills, beyond its economic function, a mis-
sion of social link, personalized relationships, and
payment facilities [1, 9, 20, 21]. All these advantages
that are difficult to find in modern stores encourage
the consumer to adopt a selective behavior towards
traditional food shopping markets [22, 23].

The present study revealed also several statistically
significant associations of household characteristics
and their representatives with MS and LMS frequen-
tation. Indeed, there are significant associations of
sociodemographic, sociocultural, and socioeconomic
characteristics with food practices as a whole and more
specifically with food shopping [24-26]. It should be
noted that purchasing power and area of residence are
among the determining factors in the choice of places
to buy food. Thus, frequenting supermarkets generally
characterizes the wealthy socio-professional category
living in urban areas and not those with low incomes,
living in rural areas [27]. On the other hand, the size
of the household would be proportional to the food
expenses within the household and would direct the
food purchase choices toward the most economically
accessible sale points. Consistent with these data, it
has been reported that the structure and quantity of
foods and dishes consumed as well as in food prepa-
ration and consumption practices differ according to
household size [11]. Monthly income and standard of
living would also be proportional to food expenditure.
In addition, income has been reported as a moderating
factor of the relationships between involvement and
intention to buy with food purchasing behavior [28].
Furthermore, low family income has been consistently
associated with poorer food quality [11]. Another fac-
tor involved is ethnicity which is also associated with
food purchasing practices. The cultural heritage spe-
cific to each ethnic group is indeed among others fac-
tors which can influence the choice of food purchases
[29]. Also, the influence of the ethnic origin of the
family in determining the eating behavior of individu-
als has been confirmed [30].

Educational level is also recognized as a determi-
nant of food preferences. Indeed, food-buying behav-
ior has been reported to be influenced by the educa-
tion level [28]. Work status can also lead individuals
to resort to local food stores due to lack of time and
availability [29, 31].

Furthermore, the type of family influences the
selection of food markets. Indeed, family members,
depending on their nuclear or extended type, are in-
volved in guiding food choices within the household.
The extended family, which generally includes grand-
parents, aunts, uncles, etc., tries to ensure that good
eating habits are adopted by family members and thus
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gives their opinion on the food shopping for the house-
hold [32]. Also, the family represents the decision-
making unit that is made by the couple [33]. In the
same context, marital status is a factor associated with
the choice of food shopping locations, as the opinions
of both spouses are taken into consideration in any
type of food purchase for the benefit of the family [11].

Finally, sources of food information are associated
with choices for food purchase locations. However,
vigilance and the ability to distinguish between good
and bad information are required in this respect, to
avoid places that offer foods that are potentially harm-
ful to health and/or that are advised by people and/or
authorities who are not qualified in the matter [34, 35,
36].

This study also showed that the majority of the sur-
veyed households consume certain natural foods quite
frequently (at least three times a week), including fresh
vegetables and fruits, olive oil, whole wheat, and free-
range butter. The positive effect of all these natural
foods is reported in the literature. Indeed, the benefits
of fresh vegetables and fruits are well known and in-
clude a diverse group of plant materials that vary con-
siderably in energy and nutrient content. In addition,
fruits and vegetables provide dietary fibers that are
associated with a lower incidence of cardiovascular
diseases and obesity, provide vitamins and minerals,
and are sources of phytochemicals with antioxidants
activities, phytoestrogens, and as anti-inflammatory
agents [37, 38, 39]. Olive oil is also a foodstuff that has
proven its virtues for good health, and well-being as
well as its beneficial impact on lipid metabolism [40].
A study covering 28 years of follow-up showed indeed
that higher consumption of olive oil was associated
with a 19% lower risk of mortality from cardiovascu-
lar diseases, a 17% lower risk of mortality from can-
cer, a 29% lower risk of mortality from neurodegen-
erative diseases, and an 18% lower risk of mortality
from respiratory diseases [41]. Regarding whole wheat
consumption, whole grain intake has been shown to
reduce the risk of several non-communicable diseas-
es, including cardiovascular diseases, type 2 diabe-
tes, and some types of cancer [42—44]. Unfortunately,
despite its recognized nutritional and health benefits,
whole grain consumption is below recommendations
in almost all countries of the world [45]. Regarding
the consumption of free-range butter, few studies have
investigated its effect on health and particularly on the
lipid profile compared with industrially produced but-
ter. Nevertheless, there is generally considerable inter-
est in free-range products, given their higher content
of bioactive compounds [46].

On the other hand, the present study also showed
that certain processed foods were quite frequently
consumed (at least three times a week) by the majority
of the investigated population. It is about, packaged

milk, industrial butter, industrial cheese, industrial
yogurt, and refined flour. Regarding the consump-
tion of milk and other dairy products, recent evidence
has shown controversial results regarding their role in
deleterious processes such as inflammation [47]. The
effect of dairy consumption on health has received
considerable attention over the past decade. However,
there is uncertainty about their health effects, as sev-
eral prospective cohort studies have shown conflict-
ing results. On the other hand, no association between
the consumption of dairy products and the risk of
all-cause mortality has been demonstrated in all the
systematic reviews and meta-analyses on the risk of
mortality linked to the consumption of dairy products
[48]. Concerning refined flour, it has been reported
that its consumption has adverse health effects, includ-
ing an increased risk of cardiovascular diseases, type
2 diabetes, and obesity [49], which could be linked to
a loss of both dietary fibers and mineral content by the
refining of cereals as well as an increase in carbohy-
drate content [50].

The present study revealed that among the natu-
ral foods, the consumption of whole wheat, fresh
vegetables, fresh fruits, fish, and free-range chicken
is significantly associated with the frequentation of
MS. Indeed, markets and souks represent a shopping
area where various food products used daily in Moroc-
can cuisine are available. Moreover, MS offer healthy
foods with nutritional virtues for health, given their
richness in dietary fibers, minerals and vitamins, and
proteins of high biological value. This study showed
also that the natural foods whose consumption is asso-
ciated with the frequentation of LMS are whole wheat,
fresh vegetables, dried vegetables, fish, and fresh
cheese. This justifies the diversity of foods offered by
the LMS, which do not only offer processed foods as
is generally assumed.

The data reported here also revealed that the pro-
cessed foods whose consumption is significantly asso-
ciated with the frequentation of MS are bakery prod-
ucts and industrial chicken. This diversity of available
foods (natural and processed) is explained by the fact
that MS provide everything that the populations re-
quire in terms of foodstuffs while also providing mod-
ern sales points such as bakeries and pastry shops,
grocery stores, butcher shops, etc. Admittedly, LMS
usually offer sophisticated or refined products while
MS continue to be the priority recourse for the pur-
chase of natural or traditional products [51, 52].

The present study did not, however, find an exclu-
sive statistically significant association between the
consumption of natural foods and the frequentation
of traditional markets, or between the consumption of
modern foods and the frequentation of LMS.
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CONCLUSION

This work investigated factors associated with food
purchasing habits at traditional and modern markets,
as well as its implication on the consumption of natu-
ral and processed foods. These results will serve as
the basis for the establishment of a nutrition education
strategy on the choice of places for food shopping and
on the consumption of natural and processed foods in
the context of a sustainable Mediterranean diet.
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ABSTRACT

Background. During the COVID-19 pandemic, a high prevalence of mental health distress has been reported among
people who have recovered from the disease.

Objectives. To assess the prevalence of depression, anxiety, and stress as well as identify predictors among recovered
COVID-19 patients after more than six months of being discharged in Dong Thap Province, Vietnam.

Material and methods. The cross-sectional study was conducted among 549 eligible participants recruited by stratified
sampling. Data was collected using the depression, anxiety and stress scale — 21 items had Content Validity Index = 0.9,
and Cronbach’s alpha for depression, anxiety and stress sub-scales were 0.95, 0.81, and 0.86, respectively. Descriptive
statistics were used to measure the prevalence levels and distribution of characteristics of the participant, while factors
influencing depression, anxiety, and stress were predicted using binary logistic regression.

Results. The overall prevalence of depression, anxiety, and stress were 24.8% (95% CI: 21.2-28.6), 41.5% (95% CI: 37.4-
45.8), and 25.3% (95% CI: 21.7-29.2), respectively. The predictors of depression were living in urban area (OR = 1.97; 95%
CI: 1.27-3.08), holding a bachelor’s degree (OR:3.51; 95% CI: 1.13-10.8), having a high monthly income (OR: 2.57; 95%
CI: 1.03-6.38), diabetes (OR: 2.21; 95% CI: 1.04-4.68), heart disease (OR: 3.83; 95% CI: 1.79-8.17), respiratory disease
(OR: 3.49; 95% CI: 1.24-9.84), and diarrhea (OR: 4.07; 95% CI: 1.06-15.6). Living in the urban area (OR: 1.57; 95%
CI: 1.07-2.29), having sleep disturbance (OR: 2.32; 95% CI: 1.56-3.46), and fatigue (OR: 1.57; 95% CI: 1.03-2.39) were
predictors for anxiety. Having respiratory disease (OR: 3.75; 95% CI: 1.47-9.60) or diarrhea (OR: 4.34; 95% CI: 1.18-15.9)
were predictors of stress.

Conclusion. People who have recovered from COVID-19 should be assessed for symptoms of depression, anxiety, and
stress. Primary healthcare providers should develop interventions to support their recovery.

Key words: prevalence, predictor, depression, anxiety, stress, COVID-19

Abbreviations: DASS-21: The 21-item depression anxiety and stress scale; DAS: Depression, anxiety, and stress; CSS:
Current signs and symptoms; UD: underlying disease; COVID-19: Coronavirus disease. VND: Vietnam Dong

INTRODUCTION

often experience severe psychological stress during
hospitalization, which can continue even after they

The coronavirus disease (COVID-19) has had
a devastating impact on global health, with over
663 million confirmed cases and 6.7 million deaths
as of December 31%, 2022 [50]. Recent studies have
shown that COVID-19 has physical and long-term
psychological effects on recovered patients [23, 25,

are discharged [36]. Depression is a common mental
illness marked by persistent feelings of sadness and
disinterest in previously enjoyable activities, as well
as a lack of energy and the inability to carry out
everyday activities [2, 33]. Anxiety is an emotional
state characterized by a feeling of fear, dread and

38]. Studies have shown that COVID-19 patients
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uneasiness [1, 29, 34], while stress is a feeling of
emotional or physical tension [3, 30, 34].

As the number of COVID-19 cases continues to
increase, the number of discharged COVID-19 patients
is also rising. The COVID-19 pandemic has caused to
an increase in depression and anxiety by 27.6% and
25.6% globally, respectively [48]. Hospital-discharged
patients, in particular, may experience mental health
symptoms due to risk factors such as infection,
isolation, lockdown, social factors and job-related
factors [6]. Within three months of being discharged,
more than half of recovered patients have reported
experiencing symptoms that were not present prior to
their COVID-19 infection, such as fatigue, cognitive
symptoms, and dyspnea [8, 32]. Furthermore, survivors
posted a high prevalence of mental health issues after
three months up to one year following diagnosis [15,
31, 52], with depression, anxiety, and stress (DAS)
scores appearing to be significantly higher in patients
infected with COVID-19 than in healthy control
groups [16, 27]. Individuals with severe mental illness
have a shortened life expectancy, a 10-20 years shorter
lifespan than the general population [49], and are at
a higher risk for suicide [7]. Studies have shown that
at least 90% of suicide cases are related to mental
disorders, particularly depression and anxiety [4, 7,
40]. The mental health has been severely impacted due
to this crisis [49].

By the end of December 2022, over 11.5 million
cases and over 43,000 deaths have been recorded
in Vietnam [14]. While the impacts of COVID-19
on psychological have been well-documented [48],
recent studies on mental health in Vietnam during
the pandemic have primarily focused on the general
population [21, 43] and healthcare workers [12,
45]. However, the psychological consequences of
COVID-19 on patients discharged from the hospital
have not been fully explored. The objectives of this
study were to assess the prevalence of DAS and
identify factors influencing DAS among recovered
COVID-19 patients after more than six months of
being discharged in Vietnam. The result is essential
to develop effective interventions to support their
recovery and improve their overall well-being,.

MATERIAL AND METHODS

Study design and population

A cross-sectional study was conducted among
people who have recovered from COVID-19 in Dong
Thap Province, Vietnam, from August to October
2022. The participants must meet the following
criteria: (1) aged 18 or older, (2) have been infected
with COVID-19, and (3) have been discharged from
the hospital for treatment of COVID-19 for more than
six months.

The sample size was calculated based on a standard
formula of prevalence [20] where n is the sample size
of the study, Z = 1.96 (95% confidence level), p is the
estimated proportion of the target population (p =0.31)
[28], and d is desired precision (d = 0.04). In order to
obtain reliable data, the researcher has increased the
sample size by 10%, accounting for 565 participants.

According to authorities of the Dong Thap
Department of Health, participants were recruited by
stratified sampling from the database of COVID-19
patients in Dong Thap Province. With a total of 28,638
people discharged from hospitals around the province
from January 2022 to June 2022, eligible participants
were divided into 12 subgroups based on location
(12 districts). The sample size of each subgroup
was proportionate to the patient population. In each
subgroup, research subjects were selected based on
simple random sampling. The data was collected from
I*t October to 15" November 2022.

Research instrument

Participants were instructed by well-trained
research assistants to complete a structured
questionnaire consisting of three parts. Part 1 included
8 items about the sociodemographic characteristics of
the respondent, such as gender, age, living area, marital
status, education level, monthly income (calculated
in Vietnam Dong (VND)), occupation, and having
family members who had COVID-19 infection. Part
2 (6 items) gathered disease information. Participants
were asked ‘yes/no’ questions to indicate whether
they had any underlying diseases (hypertension,
heart disease, cancer, respiratory disease, diabetes,
kidney disease) and experienced any current signs and
symptoms after the COVID-19 stage (cough, chest
pain, headache, shortness of breath, dizziness, fatigue,
joint pain, diarrhea, decreased appetite, change in
smell, forgetfulness). Types of COVID-19 diagnosis
were categorized into 5 levels based on medical record
(asymptomatic, mild, moderate, severe, critical) and
types of COVID-19 treatment were classified into
2 types, whether required oxygen/ventilator. The
length of hospital stay was calculated as the number
of days in the hospital for COVID-19 treatment. Sleep
disturbance was categorized by the average number of
sleeping hours per day, with more than 9 hours or less
than 7 hours per day classified as sleep disturbance
[18].

In part 3, the 21-item depression anxiety and stress
scale (DASS-21) was used to assess DAS symptoms
[26], which was validated, reliable, and widely used
during the COVID-19 pandemic [9, 17, 46, 51] and also
in Vietnam [22, 44]. This self-reported instrument was
developed by Lovibond and Lovibond [26] and consisted
of 3 sub-scales, with a total of 2l-item questions on
negative emotion over the past week, with a 4-point
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Likert scale (0 = Did not apply to me at all; 1 = applied
to me some degree or some of the time; 2 = applied to
me to a considerable degree or a good part of the time;
3 = applied to me very much, or most of the time) [26].
With 7 items for each sub-scale, the total score of each
scale was multiplied by 2 to calculate the final score
based on the scale manual [26]. The total depression
subscale score was categorized as normal (0-9), mild
(10-13), moderate (14-20), severe (21-27), and extremely
severe (>28). The total anxiety subscale score was
categorized as normal (0-7), mild (8-9), moderate (10-
14), severe (15-19), and extremely severe (>20). The
total stress subscale score was classified as normal
(0-14), mild (15-18), moderate (19-25), severe (26-33),
and extremely severe (>34) [26]. The content validity
of DASS-21 was assessed by three experts through the
Content Validity Index to be 0.9. Regarding internal
consistency reliability, a pilot study was conducted
on a sample of 30 participants to measure Cronbach’s
alpha. In the present study, Cronbach alpha for DAS
sub-scales were 0.95, 0.81, and 0.86, respectively.

Data analysis

Descriptive statistics were used to characterize the
study population. Categorical variables were displayed
as frequency and percentages. The prevalence of DAS
were calculated using percentages. Before running
statistical analyses, the Kolmogorov-Smirnov test was
performed to test for normality of distribution, and the
Variance Inflation Factors greater than 10 were applied
to detect multicollinearity. The preliminary analysis
was assessed using Chi-Square or Fisher exact test to
detect associated factors, as appropriate. Factors with
p<0.05 were entered into the multivariable analysis.
A binary logistic regression model was -carried
out to identify predictor variables associated with
DAS. A statistical significance level of p<0.05 was
considered for all tests.

Ethical consideration

All processes were carried out in accordance
with the principle of the Helsinki Declaration. The
study was approved by the Human Research Ethics
Committee, Walailak University (Ref: WU-EC-
PU-0-214-65). Prior to participating in the survey,
all respondents were given a full explanation and
agreed to participate by written informed consent. All
personal identification information of the participants
remained confidential.

RESULTS

Sociodemographic characteristic

There was a total of 549 participants in this study.
The age of the respondents ranged from 18 to 79 years
old, with a mean and standard deviation of 42.9 and

16.4, respectively. The majority of the respondents were
over 40 years old (54.1%), female (56.5%), and married
(74%). 56.3% of the participants lived in urban areas,
27.5% had obtained up to primary school education,
and a small proportion had achieved a postgraduate
degree (2.4%). Most of the respondents (71.4%) had
an income of up to 5,000,000 VND, and 39.5% were
freelancers. Almost all the study participants had
a family member infected with COVID-19 (92.3%).
(Table 1).

Disease condition

A vast majority of participants (65.6%) reported
no underlying diseases. Additionally, hypertension
(20.4%) and diabetes (9.1%) were the most prevalent
underlying disease, while cancer was the least common
(0.5%). In terms of types of COVID-19 diagnosis,
64.7% and 21.9% of participants experienced mild
and moderate levels. Most respondents (91.1%) had
medical treatment in the hospital, while 8.9% had
oxygen/ventilator support.

Concerning current signs and symptoms,
forgetfulness (49.2%), fatigue (34.8%), cough (26.2%)),
and joint pain (20%) were the most common symptoms
of the respondents after discharge. On the other hand,
25.1% of respondents reported not having any signs
and symptoms after being infected with COVID-19
(Table 2).

Prevalence of depression, anxiety, and stress among
recovered COVID-19 patients

With 549 participants included in this study, the
overall prevalence of DAS were 24.8% (95% CI: 21.2-
28.6), 41.5% (95% CI: 37.4-45.8) and 25.3% (95% CI:
21.7-29.2), respectively. We found mild depression
occurred in 10.9% (95% CI: 8.4-13.8) of participants,
followed by moderate depression (8.9%, 95% CI: 6.7-
11.6), severe depression (2.9%, 95% CI: 1.7-4.7), and
extreme depression (2.0%, 95% CI: 1-3.6). With regard
to the level of anxiety, extremely severe anxiety was
the least to be experienced (4.7%, 95% CI: 3.1-6.9). By
contrast, mild, moderate, and severe levels accounted
for 14.8% (95% CI: 11.9-18), 16% (95% CI: 13.1-19.4)
and 6% (95% CI: 4.2-8.3), respectively. Last but not
least, mild and moderate levels of stress accounted for
the majority, 12.2% (95% CI: 9.6-15.2) and 8.2% (95%
CI: 6-10.8), respectively. Meanwhile, participants who
had severe and extremely severe levels were 4.2% (95%
CI: 2.7-6.2) and 0.7% (95% CI: 0.2-1.9) (Figure 1).

Association of characteristic factors with
depression, anxiety, and stress among recovered
COVID-19 patients

A significant association was observed between
types of COVID-19 treatment and sleep disturbance
with DAS (p<0.01). The living area, monthly income,
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Table 1. Sociodemographic characteristics of study participants

. . - Frequency Percentage
Sociodemographic characteristic (n=549) %)
Male 239 43.5
Gender
Female 310 56.5
Age ( ) 18-<43 282 514
e (years
g 43 267 48.6
o Urban 309 56.3
Living area
Rural 240 43.7
No schooling completed 35 6.4
Up to Primary 151 27.5
. Up to Middle school 146 26.6
Education -
Up to High school 126 23
Bachelor’s degrees 78 14.2
Postgraduate and higher 13 24
Single 124 22.6
) Married 406 74.0
Marital status -
Separated/divorced 5 0.9
Widow/widower 14 2.6
<50000,000 392 71.4
Monthly income (VND) 5,000,000 — <10,000,000 127 23.1
10,000,000 and above 30 5.5
Employee 119 21.7
Freelancer 217 39.5
. Housewife 98 17.9
Occupation
Unemployed 22 4.0
Student 53 9.7
Retired 40 7.3
Family members infected with Yes 507 923
COVID-19 No I3 77
50.0 HOverall mMild = Moderate ®Severe HExtremely severe
45.0
40.0

tn
o
=)

"
o
=)

20.0 ~

Prevalence (%) with 95% CI
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Figure 1. Prevalence of depression, anxiety, and stress among recovered COVID-19 patients
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Table 2. Descriptive statistics for underlying disease condition

Characteristic FEEC:F;ZI;;}/ Per(?:/zl)t age

Hypertension 112 204

Heart disease 48 8.7

Cancer 3 0.5

Underlying diseases Respiratory disease 22 4.0
Diabetes 50 9.1

Kidney disease 13 24

Others 30 55

Asymptomatic 36 6.6
Mild 355 64.7
Types of COVI.D-19 diagnosis Moderate 120 219

from medical record

Severe 27 4.9

Critical 11 2.0
. <14 415 75.6
Length of hospital stay (days) 1 134 244
Hospital + medicine 500 91.1

Types of COVID-19 treatment | Hospital + medicine + oxygen/ 49 2.9

ventilator ’
. Yes 199 36.2
Sleep disturbance

No 350 63.8
Cough 144 26.2

Chest pain 46 8.4
Headache 103 18.8

Shortness of breath 72 13.1
Dizziness 76 13.8
Fatigue 191 34.8
Current signs and symptoms Joint pain 110 20.0
Diarrhea 11 2.0

Decreased appetite 9 1.6

Change in smell 11 2.0
Forgetfulness 270 49.2

Other symptoms 12 2.2

No symptoms 138 25.1

and types of COVID-19 diagnosis were associated
with depression and anxiety (p<0.05). Depression and
stress were associated with having family members
infected with COVID-19. Education was associated
with depression, while age was significantly associated
with anxiety (Table 3).

Association of the wunderlying disease with
depression, anxiety, and stress among recovered
COVID-19 patients

A significant association were observed between
heart disease and cancer with DAS (p<0.05). The
association between diabetes, respiratory disease, and

kidney disease with stress were significant, as well
as depression (p<0.05). Hypertension was associated
with depression and anxiety (p<0.05) (Table 4).

Association of current signs and symptoms factors
with depression, anxiety, stress among recovered
COVID-19 patients

A significant association were observed between
fatigue, diarrhea, decreased appetite, and change in
smell with DAS (p<0.05). Otherwise, chest pain and
shortness of breath were associated with anxiety
(p<0.01) (Table 5).
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Table 3. Preliminary analysis of the association between characteristic factors with depression, anxiety, and stress among
recovered COVID-19 patients (n=549)

. Depression Anxiety Stress
Characteristic
factors Yes No e Yes No e Yes No e
n (%) n (%) n (%) n (%) n (%) n (%)
Gender
Male 64 (26.8) | 175 (73.2) 091 98 (41.0) | 141 (59.0) 0.05 63 (26.4) | 176 (73.6) 024
Female 72 (23.2) | 238 (76.8) ’ 130 (41.9) | 180 (58.1) ’ 76 (24.5) | 234 (75.5) '
Age
>43 Id | 72 (27.0) | 195 (73.0 131 (49.1) | 136 (50.9 71 (26.6) | 196 (73.4
years o @70) |15 0| 5, DD 136 CON | | grnr | 11260 [IOTH |
<43 yearsold | 64 (22.7) | 218 (77.3) 97 (34.4) | 185 (65.6) 68 (24.1) | 214 (75.9)
Living area
Urban 94 (30.4) | 215 (69.6) 142 (46.0) | 167 (54.0) 83 (26.9) | 226 (73.1)
12.1%* 5.69%* 0.89
Rural 42 (17.5) | 198 (82.5) 86 (35.8) | 154 (64.2) 56 (23.3) | 184 (76.7)
Education
No schooling
completed 8(22.9) | 27(77)) 15@42.9) | 20(57.0) 9(257) | 26(74.3)
fcr}llr;‘;ry 38(25.2) | 113 (74.8) 70 (46.4) | 81 (53.6) 34 (22.5) | 117 (77.5)
Middle school | 20 (13.7) | 126 (86.3) 55(37.7) | 91(62.3) 34 (23.3) | 112 (76.7)

- 23.96%** 371 6.13
High school 32 (254) | 94 (74.6) 49 (38.9) | 77 (61.1) 35(27.8) | 91(72.2)
Bachelor’s
degrees 32 (41.0) | 46 (60.0) 35@4.9) | 43(55.0) 26 (33.3) | 52(66.7)
Postgraduate
and higher 6(46.2) | 7(53.8) 4(30.8) | 9(69.2) 1(77) | 12(92.3)

Marital status
Single 32(25.8) | 92(74.2) 46 (37.1) | 78 (62.9) 30 (24.2) | 94 (75.8)
Married 96 (23.6) | 310 (76.4) 176 (43.3) | 230 (56.7) 103 (25.4) | 303 (74.6)
Separated/ 341 2.33 047
divorced/ 8@42.1) | 11(579) 6(31.6) | 13(68.4) 6(31.6) | 13(68.4)
Widow
Monthly income (VND)
<5,0000,000 89 (22.7) | 303 (77.3) 173 (44.1) | 219 (55.9) 97 (24.7) | 295 (75.3)
5,000,000 —
210000000 | 31 CAD | 96.T56) | 14 pun | 40GLY) | 8T@83) | op | 34Q68) | B |,
10,000,000
and above 16 (53.3) | 14 46.7) 15 (50) 15 (50) 8(26.7) | 22(73.3)
Occupation
Employee 34 (28.6) | 85(71.4) 52.(437) | 67(56.3) 30 (25.2) | 89 (74.8)
Freelancer 51 (23.5) | 166 (76.5) 83 (38.2) | 134 (61.8) 57 (26.3) | 160 (73.7)
Housewife 20Q04) [ B@O) | o0 |4TE80) [S1(20) | o |2QL T8O |
Unemployed 4(18.2) | 18(81.8) ’ 8(364) | 14(63.6) ) 4(18.2) | 18(81.8) '
Student 14 (26.4) | 39 (73.6) 18 (34.0) | 35(66.0) 13 (24.5) | 40 (75.5)
Retired 13 (32.5) | 27 (67.5) 20 (50) 20 (50) 14 (35) 26 (65)
Family members infected with COVID-1
Yo 119 (23.5) | 388 (76.5 207 (40.8) | 300 (59.2 123 (24.3) | 384 (75.7

© (23.9) |38 (T69)| ¢ 1 408300699 | 5, 243)| 3845 | 3 950

No 17 (40.5) | 25(59.5) 21 (50) 21 (50) 16 (38.1) | 26 (61.9)
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Table 3 cont.

o Depression Anxiety Stress
Characteristic
factors Yes No £ Yes No £ Yes No £
n (%) n (%) n (%) n (%) n (%) n (%)
Types of COVID-19 diagnosis from medical record
Asymptomatic | 14 (38.9) | 22 (61.1) 15 @1.7) | 21(58.3) 13 (36.1) | 23(63.9)
Mild 70 (19.7) | 285 (80.3) 118 (33.2) | 237 (66.8) 81 (22.8) | 274 (77.2)
Moderate 36 30) 84 (70) | 20.45%*%* | 70 (58.3) | 50 (41.7) | 33.52*%** | 30(25) | 90(75) 9.28
Severe 9(33.3) | 18(66.7) 17 (63.0) | 10 (37.0) 9(33.3) | 18(66.7)
Critical 7(63.6) | 4(36.4) 8(72.7) | 3(273) 6(54.5) | 5@5.5)
Length of hospital stay (days)
>14 32(23.9) | 102 (76.1) 0.08 60 (44.8) | 74 (55.2) 077 32(23.9) | 102 (76.1) 0.19
<14 104 (25.1) | 311 (74.9) 168 (40.5) | 247 (59.5) 107 (25.8) | 308 (74.2)
Types of COVID-19 treatment
Hospital +
Tzi;cg“elﬁ ) 21 (42.9) | 28 (57.1) 32 (653) | 17 (34.7) 20 (40.8) | 29 (59.2)
ventilator 9.44%* 12.5%%* 6.83%*
Hospital +
me dri)cine 115 (23) | 385(77) 196 (39.2) | 304 (60.8) 119 (23.8) | 381 (76.2)
Sleep disturbance
Yes 69 (34.7) | 130 (65.3) 16,4754 116 (58.3) | 83 (41.7) 36,1145 67 (33.7) | 132 (66.3) IL5]**
No 67 (19.1) |283(80.9) 112 (32) | 238 (68) 72 (20.6) | 278 (79.4)

¥2: Chi-square test; * p<0.05; ** p<0.01; ***p<0.001; *: Fisher’s exact test

Table 4. Preliminary analysis of the association between underlying disease factors and depression, anxiety, and stress
among recovered COVID-19 patients (n=549)

Depression Anxiety Stress
UD Factors Yes No ) Yes No 5 Yes No 5
n (%) | n(%) 4 n(%) | n(%) 4 n(%) | n(%) 4
Hypertension
Yo 36 (32.1) | 76 (67.9 56 (50 56 (50 33 (29.5) | 79 (70.5
= G2D) | T6 @79 | 15 G0 CO |y y5e @939 | BA0I) |
No 100 (22.9)|337 (77.1) 172 (39.4) | 265 (60.6) 106 (24.3) | 331 (75.7)
Diabetes
Y 21 (42 29 (58 25 (50 25 (50 20 (40 30 (60
es “42) (58) - (50) (50) L6 (40 (60) 627
No 115 (23.0) | 384 (77.0) 203 (40.7) 296 (59.3) 119 (23.8) 380 (76.2)
Heart disease
Y 25(52.1) | 23 (479 30 (62.5) | 18 (37.5 20 (41.7) | 28 (58.3
= CLD | D A7) 1)) gunn [200623) | BOTI) | g, | 20CLT) | BBCEI) | ey,
No 111 (22.2) | 390 (77.8) 198 (39.5) [303 (60.5) 119 (23.8) (382 (76.2)
Cancer
Yo 3 (100 0@ 3 (100 0 3 (100 0(
© (100) O | g 150 [2100 O o (100) O 1 ¢ gom
No 133 (24.4) | 413 (75.6) 225 (41.2) | 321 (58.8) 136 (24.9)| 410 (75.1)
Respiratory disease
Y 13 (59.1) | 9 (409 11 (50 11 (50 13 (59.1) | 9(40.9
¢ 9.1 (#05) 14.48%** (50) (50) 0.68 ) (#09) 13.82%%*
No 123 (23.3) |404 (76.7) 217 (41.2) | 310 (58.8) 126 (23.9) 401 (76.1)
Kidney disease
Yes 4 (30.8) | 9(69.2) 0.26° 7(53.8) | 6(46.2) 0.83 4(30.8) | 9(69.2) 021
No 132 (24.6)|404 (75.4) ’ 221 (41.2) | 315 (58.8) ’ 135 (25.2) | 401 (74.8) ’

UD: Underlying disease; y2: Chi-square test; " p<0.05; ™ p<0.01; **p<0.001; * = Fisher’s exact test
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Table 5. Preliminary analysis of the association between current signs and symptoms factors with depression, anxiety, and

stress among recovered COVID-19 patients (n=549)

Depression Anxiety Stress
CSS Factors Yes No N Yes No N Yes No )
n (%) | n(%) 4 n (%) | n(%) 4 n(%) | n(%) 4
Fatigue
Yes 58 (30.4) | 133 (69.6) 401% 101 (52.9) | 90 (47.1) 15.54H% 59 (30.9) | 132 (69.1) 4.80%
No 78 (21.8) |280 (78.2) 127 (35.5) | 231 (64.5) 80 (22.3) | 278 (77.7)
Cough
Yes 36 (25) | 108 (75) 0,005 66 (45.8) | 78 (54.2) 149 38 (26.4) | 106 (73.6) 012
No 100 (24.7) | 305 (75.3) 162 (40) | 243 (60) 101 (24.9) | 304 (75.1)
Chest pain
Yes 14 (30.4) | 32 (69.6) 0.87 29 (63) 17 (37) 9.57#* 16 (34.8) | 30 (65.2) 37
No 122 (24.2) | 381 (75.8) 199 (39.6) | 304 (60.4) 123 (24.5) | 380 (75.5)
Headache
Yes 28 (27.2) | 75(72.8) 0.40 48 (46.6) | 55(53.4) 135 20 (19.4) | 83 (80.6) 233
No 108 (24.2) | 338 (75.8) 180 (40.4) | 266 (59.6) 119 (26.7) | 327 (73.3)
Shortness of breath
Yes 21(29.2) | 51(70.8) 0.86 40 (55.6) | 32 (44.4) 6714+ 23 (31.9) | 49 (68.1) 192
No 115 (24.1) | 362 (75.9) 188 (39.4) [ 289 (60.6) 116 (24.3) | 361 (75.7)
Dizziness
Yes 20(26.3) | 56 (73.7) 0.1 35 (46.1) | 41 (53.9) 074 18 (23.7) | 58 (76.3) 013
No 116 (24.5) | 357 (75.5) 193 (40.8) | 280 (59.2) 121 (25.6) | 352 (74.4)
Joint pain
Yes 32(29.1) | 78 (70.9) 37 54 (49.1) | 56 (50.9) 399 30(27.3) | 80(72.7) 0.28
No 104 (23.7) | 335 (76.3) 104 (23.7) | 335 (76.3) 109 (24.8) | 330 (75.2)
Diarrhea
Yes 6(54.5) | 5@5.5) 533 11 (100) 0(0) 18.80*+#s 7(63.6) | 4(364) -
No 130 (24.2) | 408 (75.8) 217 (40.3) | 321 (59.7) 132 (24.5)|406 (75.5)
Decreased appetite
Yes 4(444) | 5(55.6) L90¢ 6(66.7) | 3(33.3) 5 388 3(33.3) | 6(66.7) 0318
No 132 (24.4) | 408 (75.6) 222 (41.1) | 318 (58.9) 136 (25.2) | 404 (74.8)
Change in smell
Yes 5(45.5) | 6(54.5) 5 5 8(72.7) | 3(273) 4.50° 5(55) | 6(54.5) 5 400
No 131 (24.3) | 407 (75.7) 220 (40.9) | 318 (59.1) 134 (24.9) | 404 (75.1)
Forgetfulness
Yes 65 (24.1) 205 (75.9) 0.14 108 (40) | 162 (60) 0,51 73 (27.0) | 197 (73.0) 0.830
No 71 (25.4) |208 (74.6) 120 (43) | 159 (57) 66 (23.7) | 213 (76.3)

CSS: Current signs and symptoms; x2: Chi-square test; " p<0.05; ™ p<0.01; **p<0.001; *: Fisher’s exact test

Predictors of depression, anxiety, and stress among
recovered COVID-19 patients

The binary logistic model analyses showed
that living areas were significantly associated with
depression and anxiety. Living in urban areas was
1.97 (95% CI: 1.27-3.08) and 1.57 (95% CI: 1.07-2.29)
times the risk of depression and anxiety than in rural
areas, respectively. People with a bachelor’s degree
were likely to experience depression 3.51 times more
than those who have not completed school (OR = 3.51;

95% CI: 1.13-10.8). Moreover, people were 2.57 times
more likely to suffer from depression in the group with
an income above 10,000,000 VND compared to the
group with an income less than 5,000,000 VND (OR
= 2.57; 95% CI: 1.03-6.38). Occurrence of depression
increased for people with diabetes (OR = 2.21; 95%
CI: 1.04-1.72), heart disease (OR = 3.83; 95% CI:
1.79-8.17), respiratory disease (OR = 3.49; 95% CI:
1.24-9.84) or diarrhea (OR = 1.07; 95% CI: 1.06-15.6),
compared to those without. Individuals who sleep
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Table 6. Predictors of depression, anxiety, and stress in recovered COVID-19 patients

Depression

Anxiety

Stress

Predictors

OR (95% CI)

OR (95% CI)

OR (95% CI)

Age

>43 years old

1.41 (0.93-2.13)

<43 years old

1

Living area

Urban

1.97 (1.27-3.08)*

1.57 (1.07-2.29)*

Rural

1

1

Education

No schooling completed

1

Primary school

1.37 (0.49-3.79)

Middle school

0.77 (0.26-2.31)

High school

1.99 (0.67-5.91)

Bachelor’s degrees

3.51 (1.13-10.8)*

Postgraduate and higher

2.89 (0.55-14.9)

Monthly income (VND)

<5,0000,000

1

1

5,000,000 — <10,000,000

1.14 (0.65-1.99)

0.68 (0.43-1.08)

10,000,000 and above

2.57 (1.03-6.38)*

1.29 (0.57-2.91)

Family members infected with COVID-19

Yes

0.64 (0.29-1.43)

0.59 (0.29-1.20)

No

1

1

Types of COVID-19 diagnosis from medical record

Asymptomatic 1 1
Mild 0.53 (0.22-1.28) 0.81 (0.38-1.71)
Moderate 0.75 (0.29-1.93) 1.79 (0.80-4.00)
Severe 0.38 (0.07-1.88) 1.14 (0.28-4.52)
Critical 1.39 (0.18-10.2) 1.74 (0.26-11.4)

Types of COVID-19 treatment

Hospital + medicine + oxygen/ventilator

1.30 (0.39-4.32)

1.19 (0.42-3.31)

115 (0.57-2.31)

Hospital + medicine

1

1

1

Sleep disturbance

Yes

1.56 (0.97-2.52)

2.32 (1.56-3.46)*

148 (0.96-2.27)

No

1

1

1

Hypertension (UD)

Yes

0.91 (0.48-1.72)

0.78 (0.46-1.32)

No

1

1

Diabetes (UD)

Yes

2.21 (1.04-4.68)*

1.69 (0.88-3.24)

No

1

1

Heart disease (UD)

Yes

3.83 (1.79-8.17)*

1.28 (0.63-2.60)

1.63 (0.84-3.17)

No

1

1

1

Respiratory disease (UD)

Yes

3.49 (1.24-9.84)*

3.75 (1.47-9.60)*
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Table 6 cont,
. Depression Anxiety Stress
Predictors
OR (95% CI) OR (95% CI) OR (95% CI)
No 1 1
Fatigue (CSS)
Yes 1.40 (0.87-2.25) 1.57 (1.03-2.39)* 1.32 (0.86-2.02)
No 1 1 1
Chest pain (CSS)
Yes 1.62 (0.79-3.30)
No 1
Shortness of breath (CSS)
Yes 1.08 (0.59-1.96)
No 1
Diarrhea (CSS)
Yes 4.07 (1.06-15.6)* 4.34 (1.18-15.9)*
No 1 1

Binary logistic regression statistics; * p<0.05; OR: Odd Ratio; 95% CI: 95% Confidence Interval; UD: Underlying disease;

CSS: Current sign and symptoms

more than 9 hours or less than 7 hours were 2.32 times
more likely to have anxiety than those who sleep 7-9
hours a day (OR = 2.32; 95% CI: 1.56-3.46). Fatigue
after being discharged from the hospital can escalate
the risk of anxiety 1.57 times (95% CI: 1.03-2.39).
Stress was 3.75 and 4.34 times more likely to occur
in individuals with respiratory disease and diarrhea,
respectively (Table 6).

DISCUSSION

Our study aims to assess the prevalence of DAS as
well as identify predictors of DAS among recovered
COVID-19 patients following six months of discharge
from the hospital. In the present study, the prevalence
of DAS were 24.8%, 41.5%, and 25.3%, respectively.
These findings are higher than those from a cohort
study conducted in France among COVID-19 patients
four months after discharge, which established the
prevalence of depression and anxiety were 20.6%
and 31.5%, respectively [32]. Another follow-up
study in China found 37.5% and 41.7% of COVID-19
patients suffered depression and anxiety one year
after discharge, which is higher than our finding [52].
The results showed the prevalence of DAS symptoms
were higher compared to earlier studies carried
out in Vietnam on different populations during the
initial stage of the pandemic, which was notable [11,
13]. For instance, among healthcare workers, the
prevalence of DAS were 13.11%, 14.75%, and 4.92%,
respectively [11]. Additionally, among the general
population, the prevalence of DAS were 23.5%, 14.1%,
and 22.3%, respectively [13]. These results indicated
that symptoms of DAS occurred more severely
among recovered COVID-19 patients and did not end

with hospital discharge, highlighting the need for
intervention and prevention strategies to support their
recovery.

Our study found that certain characteristic factors,
such as living area, education level, monthly income,
and sleep disturbance, were identified as predictors
of DAS. Living in an urban area was a predictor of
depression and anxiety, which is in line with previous
studies [35, 42]. Individuals who reside in urban
areas and have recovered from COVID-19 are more
susceptible to depression and anxiety. Urban areas
with higher population density result in a greater
chance of exposure to the virus and being subjected
to quarantine. The sudden halt in work and other
professional activities, combined with the possibility
of financial losses, can contribute to psychological
distress [45]. Furthermore, a previous study has
demonstrated that individuals exposed to COVID-19-
positive patients or patients with other illnesses were
associated with increased DAS symptoms [41]. Our
findings concurred with previous studies [24, 42] that
individuals holding bachelor’s degrees were associated
with higher rates of depression. This can be attributed
to the fact that higher-educated individuals may have
greater access to information about the COVID-19
pandemic and may be more concerned about its long-
term health consequences [36]. In addition, people
with high education may have higher expectations
for their future careers, which may be negatively
impacted by the economic downturn caused by the
pandemic and the resulting job market prospects [5].
These findings imply that the government should
take measures to mitigate the effects of the economic
fallout and provide financial support for those affected
by the pandemic.
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However, our result revealed conflicting patterns
between higher monthly income with increased
levels of depression, which is in contrast to other
studies [18]. Additionally, having a higher income
may bring about higher societal expectations and an
increased sense of responsibility to perform at a high
level. Furthermore, the economic fallout caused by
the COVID-19 pandemic may have led to companies
reducing the number of employees, causing job
pressure among those still employed. A study in
Vietnam showed that 37.9% of employees had to work
overtime due to the outbreak [21]. This highlights the
pressure that individuals may face to maintain their
workplace position. Furthermore, our study confirmed
the previous finding [18, 19], which indicated that
experiencing sleep disturbance increases the risk of
anxiety. As per the literature, it has been established
that individuals who slept less than 7 hours or more
than 9 hours had significantly higher scores on the
DASS-21 scale [19]. The results suggest that healthcare
providers should pay attention to sleep disturbance and
provide education and interventions on the importance
of healthy sleep habits.

In terms of disease conditions, the relationship
between depression and stress with underlying
diseases was also found in our results, which included
diabetes, heart disease and respiratory disease. This
finding supports previous research that has shown
chronic diseases were known as risk factors for
increased severity of DAS symptoms [15, 18, 37, 42].
This could be attributed to individuals with poor self-
rated health status or a history of chronic disease,
which was more vulnerable to the psychological
impact of the outbreak and displayed higher levels of
DAS [47]. These findings suggested that such people,
particularly those with underlying diseases, should
receive mental health support after hospital discharge.

Surprisingly, there were no associations between
DAS and clinical features during hospital stays,
including types of COVID-19 treatment and types
of COVID-19 diagnosis. Previous literature on this
topic had shown mixed evidence, with a study found
an association between mental health outcomes and
the severity level of COVID-19 within the first month
after hospitalization [24], while others did not find
this relationship in follow-up studies conducted three
months after hospitalization [15, 38]. This discrepancy
could be attributed to the difference in post-discharge
assessment time. The existing literature implied
no correlation between the frequency of depressive
symptoms and the severity of acute COVID-19 for
more than 12 weeks following infection [39]. As
a result, it is reasonable to expect that the severity of
COVID-19 will not result in DAS after patients are
discharged for an extended period.

On the other hand, researchers have stated that the
greater the number of symptoms after discharge, the
higher the level of depression and anxiety [24], as seen
inour study, where individuals who experienced fatigue
and diarrhea had an increased risk of DAS. Having
persistent symptoms such as fatigue and diarrhea
can impact mental health as it can limit a person’s
ability to engage in activities they enjoy, leading to
feelings of sadness and loneliness [10]. Studies have
shown that individuals who feel they can participate
in daily life and regain certain functions experience
areduction in symptoms of depression [10]. Therefore,
it is important to address these symptoms in order to
improve mental health outcomes for individuals who
have recovered from COVID-19.

Limitations

There are some limitations of this study. First,
self-reported information about DAS as well as
current signs and symptoms, should not be considered
a diagnosis. Second, recall bias may be a limitation.
Third, a causal association could not be demonstrated
since the cross-sectional study design restricted the
temporal relationship between exposure and result. The
longitudinal design could be conducted to demonstrate
a causal relationship between DAS symptoms and
predictors as well as minimizing recall bias.

CONCLUSIONS

The prevalence of DAS symptoms were high among
COVID-19 patients who recovered for more than
six months after hospitalization. Predictors of DAS,
including living in an urban area, higher educational
level, higher monthly income, diabetes, heart disease,
respiratory disease, sleep disturbance, fatigue, and
diarrhea, can be utilized to identify populations that
are vulnerable to developing DAS following hospital
discharge. Our finding provides valuable insight into
the mental health needs of recovered COVID-19
patients and highlights the importance of monitoring
and addressing potential DAS symptoms of COVID-19
patients after hospitalization. Further interventions
are needed to minimize the long-term mental health
impact of the pandemic.
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ABSTRACT

Background. The main job of employees working in the area of fuel service stations is to provide refueling services to
customers. Therefore, operators at petrol stations may be exposed to chemicals for long periods, potentially affecting their
health in nervous system.

Objectives. This study aims to assess the risk of benzene exposure to the nervous system in gas station operators. Data
were collected from 100 fuel service personnel working at fuel dispensers and 100 employees working outside fuel
dispensers, accounting to 200 cases.

Material and methods. Data were collected using interview questionnaires. Urine samples were used for the analysis of
t,t-muconic acid.

Results. The results showed that t,t-muconic acid concentration is 431.23 + 233.69 pg/g.cr (449.28 + 213.32 pg/g.cr at fuel
dispensers vs 413.18 + 252.20 pg/g.cr outside fuel dispensers). The risk characterization results showed that most of the
risks were at level 1 (low risk), as observed in 108 people (54.0%). The results of the analysis of the relationship between
t,t-muconic acid concentrations classified by 3 levels of percentile and neurological disorders of the study group, the

results showed that there was a statistically significant relationship (p-value <0.05).
Conclusion. Therefore, the benzene neurotoxic risk assessment model could be utilized in field practice.

Key words: health risk assessment, benzene, petrol station, worker, Rayong province, Thailand

INTRODUCTION

Employees working in gas stations are one of
the personnel that contributes to the development
of a country. However, employees working at
a gas station do not only work as refueling service
employees but also perform various services, which
include working in grocery stores, restaurants, coffee
shops, sanitary facilities, engine repairs, or car washes
[1, 2]. Rayong province is one of the provinces with
investment in transportation expansion of the industry,
agriculture, and marine tourism. As a result, there are
more businesses to support the economic growth of
a country [3].

The main job of employees working in the area of
fuel service stations is to provide refueling services to
customers. However, there are also other occupations
operating in these areas, with employees normally

working for more than 8 h per day [1]. Therefore,
these employees are more likely to be exposed to
latent occupational hazards [4, 5]. Operators at petrol
stations may be exposed to chemicals for long periods,
potentially affecting their health in many systems
[6]. The main effect is in the nervous system, which
is now attracting concern [7, 8]. If employees are
exposed to excessive amounts of benzene, this can
damage the central nervous system (CNS), until they
abnormal symptoms such as depression [8], resulting
in cognitive and behavioral disorders [9]. It is very
important that benzene is classified as a carcinogen
and can be harmful to health, causing leukemia [9,
10] even after long-term exposure to low benzene
concentrations [11].

Health surveillance for high-risk groups exposed
to benzene while working in the gas station was
achieved by assessing the biomarker of exposure in
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the urinary benzene in the form of t,t-muconic acid,
or S-phenyl mercapturic acid [12]. In addition, health
impact assessments, including changes in biochemical
indicators [13] are also gaining interest. In addition,
symptoms of various system disorders can be assessed,
especially assessment of neurological disorders by
using a neurological disorder questionnaire such as
the modified EURO QUEST questionnaire [14] and
using neurobehavioral system tests [15] to assess the
neurological health of at-risk groups, etc.

Therefore, health risk assessment of benzene in gas
stations for health is very important. In this case, health
risk assessment for toxic pollutants including the low
dose of benzene must be carried out to determine the
possible adverse effects of exposure to this substance
[16]. Particularly, benzene is a carcinogen and is
highly toxic to the body [9]. In Thailand, there are
health risk assessment guidelines according to the
TIS 2012 standard, which is used for the assessment
of chemical health risks. It will be helpful to figure out
how to manage to avoid exposure to benzene at the
source [17].

Previous studies have examined the risks of
exposure to low concentrations of benzene, to
the health of workers in China [7]. Health risk
assessments of various chemicals, including benzene,
take many models, such as the model of the United
States Environmental Protection Agency [16, 18] and
the biomatrix of health risk assessment model, which
recommends the use of t,t-MA [1]. No previous studies
have been conducted to assess the risk of benzene
on neurological symptoms which will be useful as
a guideline for health surveillance among employees
working at fuel stations that currently do not have
annual health checks based on risk factors like in the
industry which appears only in research studies [19,
20]. Therefore, the researcher is interested in studying
to assess the risk of benzene in the nervous system of
employees working at a fuel service station in Rayong
province. This study is expected to be useful as a tool
for screening health risks to prevent the risk of benzene
on the nervous system in the at-risk group.

MATERIAL AND MEDTHODS

Study site and population

The study population consists of employees of gas
stations in Rayong province. Initially, the researcher
coordinated with the municipality for public relations
and chose a fuel service station adjacent to the main
road of Rayong. A simple random sampling was
then performed for the selection of employees. The
researchers randomly selected a group (cluster random
sampling), i.e., refueling service workers, according to
the inclusion criteria by selecting everyone voluntarily
at each gas station. If the number of samples was

insufficient, employees in the next gas station were
chosen.

Sample size calculation

In a sample of 200 cases, calculated from a previous
study by Chaiklieng and Nantanuch [21], 83.7% of
workers who had worked at gas stations experienced
adverse reactions (P = 0.837), with a 5% error (e =
0.05) 95% CI (Z = 1.96). The sample size was 200
cases, which are classified as the exposure group of
100 people who work in a gas station with a duty
to provide fuel services and the control group (non-
exposure group) of 100 employees who work in a fuel
service station without having to directly service the
fuel. The inclusion criteria included fuel service station
employees aged between 18 and 60 years, able to read,
listen, and write Thai consent to participate in the
research, and able to work on the data collection day
for 8 h. The exclusion criterion included employees
who cannot complete 8 h of work and are unable to
participate in research activities.

Research ethics

This study is conducted in consideration of human
research ethics from the Human Research Committee
of Burapha University (Research Project Code No. HS
031/2020, certified on July 22, 2020, completed before
data collection).

Data collection tools

Step 1. Data collection: demographic information,
work history, symptoms of nervous system
disorders, and t,t-muconic acid in urine.

The instruments and data collection in this study is
divided into two parts, i.e., the interview form and the
urine sample collection device.

Interview questionnaires: The research tool and
data collection were interview questionnaires, divided
into 3 parts, totaling 30 items, scored by selecting
answers and filling in the words.

Part 1 - includes ten personal data, such as gender,
age, body mass index, marital status, education level,
and history of smoking and consumption of alcohol.

Part 2 - includes the work history of five items
such as work experience (years), the number of hours
worked in a day (hours), the number of days worked
per week (days), overtime (hours/week), and sleep
time per night (hours).

Part 3 - includes 15 neurological symptoms, i.e.,
(1) Vertigo, (2) headache, (3) dizziness, (4) nausea and
vomiting, (5) fatigue/easy fatigue, (6) more drowsy
than usual, (7) lack of concentration and poor memory,
(8) stressed and easily irritated, (9) lack of smell, (10)
taste changes, (11) numbness of the hands and feet,
(12) facial numbness, (13) limb weakness, (14) hand
tremor, and (15) decreased sexual sensation. These
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neurological symptoms are classified into five levels:
(1) 02 symptoms with a score of 1, (2) 3—5 symptoms
with a score of 2, (3) 6—8 symptoms with a score of 3,
and (4) 9-11 symptoms with a score of 4 points, and
(5) 12—15 or more symptoms with a score of 5.

Quality test of the questionnaires: A quality test of
the interview questionnaire by considering the content
validity, structure, and objectives of the research
including the appropriateness of the language. The
reliability was checked by finding Cronbach’s alpha
coefficient equal to 0.88.

Urine sampling: The equipment used for the
biological samples is a delivery slip, plastic jar, and
polyethylene tubes intended for urine collection. The
levels of tt-muconic acid are assessed based on the
interpretation criteria recommended by the American
Conference of Governmental Industrial Hygienists [22].

Data collection

Collecting data from interview questionnaires:
Data collection by interview questionnaires starts
with the researcher explaining to the research
assistants to understand the question line accordingly.
Later, the researchers met with managers again at
each gas station’s appointment and started collecting
research data by interviewing each individual at each
gas station. The interview time was 10—15 min at the
office area of each gas station.

Urine sample collection: The employees were
informed to collect a mid-stream urine sample in the
plastic cup provided. At least 50 ml of this sample
was placed into cold storage immediately. The urine
specimen collections were sent to the laboratory
each day and stored at -20 C to analyze the tt-MA
concentration for benzene. The urine samples were
analyzed using HPLC following the method described
in these studies [23, 24].

Step 2. Assessing the risk of benzene on the nervous
system

Hazard identification: In this first step, the
researcher uses the information collected from
personal data, work history (i.e., exposure frequency
(EF), exposure duration, the amount of substance,
t,t-muconic acid in the urine of the sample consisted
of the refueling service department, cashier, loading
petrol, car washing, car repair, selling in convenience
stores, raw materials to identify the hazards of benzene
in the work area. The researchers search, collect and
study the chemical information (Safety Data Sheet,
SDS) of benzene, benzene exposure, and health effect
information.

Health effect assessment: Assessment of the effects
of benzene on the nervous system as health effect
rating (HER) is classified using the results collected
from the first step of the assessment of 15 neurological

disorders classified into 5 levels: 1) 0—2 symptoms = 1
point, 2) 3-5 symptoms = 2 points, 3) 6—8 symptoms
= 3 points, 4) 9-11 symptoms = 4 points, 5) 12—15 or
more symptoms = 5 points

Exposure assessment. Exposure assessment of
benzene was calculated using data from exposure
frequency and urinary tt-muconic acid levels as
follows:

(a) Exposure frequency (EF) consisted of five levels:
(1) the frequency of exposure once a year, (2) exposure
2-3 times a year, (3) exposure 2—3 times a month, (4)
exposure for 2—4 h consecutively in one shift, and (5)
exposure throughout the shift, respectively.

(b) Concentration rating (CR): Urinary t,t-muconic
acid levels are calculated by comparing t,t-muconic
acid levels with the biological exposure index (BEI)
[22] resulting in the chemical concentrations as
(Concentration rating, CR) which are classified into
5 levels: Level 1 (Below BEI 10%), level 2 (Below
50%), level 3 (Below 75%), level 4 (75-100), and level
5 (Above 100%), respectively [17].

(c) Exposure assessment score: EAS is calculated
by multiplying EF (level 1-5) and CR (level 1-5)
as (EAS) = [EF x CR]. EAS was classified into five
exposure rating (ER) groups as follows: Level 1:
Acceptable (1-3 points), Level 2: Low (4-9 points),
Level 3: Moderate (10—16 points), Level 4: High (17—
20 points), Level 5: Very high (21-25 points) [17].

Risk characterization

Risk characterization is calculated by multiplying
the ER and the HER as [hazard characterization = ER
x HER]. The multiplied scores of ER and HER were
then used to classify the 5 levels of risk characteristics
as follows: Level 1: 1-3 points = acceptable or no
significance, Level 2: 4-9 points = low, Level 3: 10-16
points = medium, Level 4: 17-20 points = high, Level
5: 21-25 points = very high [17].

Statistics analysis

The statistics used in the study were descriptive
statistics, including frequency, percentage, mean,
standard deviation, and range (minimum/maximum).
Chi-square statistics were used to analyze the data to
determine the relationship between t,t-muconic acid of
BEI levels and neurologic disorder symptoms.

RESULTS

Part 1. Demographic information, work history,
and neurological disorders

This study found the number of males and females
is similar amount of which 68.5% were females more
than males. The mean age was 30.25 + 11.105 years,
and the average body mass index is 23.63 + 5.26 kg/
sqm classified as at the fuel dispenser at 32.0% and
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1.63 h/day outside the fuel dispensers), the number of

at the fuel dispensers vs 6.30 + 0.46 years outside the
fuel dispensers), operation overtime is 6.42 + 4.87 h/

5.44 £ 2.60 h/week outside the fuel dispensers). Table

1 presents the details.
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outside the fuel dispenser at 10%, drinking alcoholic

beverages at 49.0% at the fuel dispenser 49% and days worked is 6.31 £ 2 day/week (6.32 + 0.49 years

outside the fuel dispenser 42.0%.

Work history: The results of this study found that
working experience is 2.44 + 4.06 years (1.61 = 2.85 week (4.94 + 2.61 h/week at the fuel dispensers vs

years at the fuel dispensers vs 3.81 & 5.27 years outside

the fuel dispensers), hours worked are 9.05 = 1.57 h/

day (9.09 + 1.54 h/day at the fuel dispensers vs 8.98 +
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Neurological disorders in employees working at
and outside the fuel dispensers were observed during
the past 3 months to the present, which sometimes
include headaches (44.0% at the fuel dispensers vs
41.0% outside the fuel dispensers) and dizziness
(40.0% at the fuel dispensers vs 38.0% outside the fuel
dispensers), as presented in Table 2.

Part 2. Assessment of neurological risk from
benzene exposure
Exposure assessment

The results of the analysis of tt-muconic acid
levels showed the mean + SD of the t,t-muconic acid
concentration was 431.23 + 233.69 pg/g.cr (449.28 +
213.32 pg/g.cr at fuel dispensers vs 413.18 + 252.20
ug/g.cr outside the fuel dispensers), and the range(min,

max) is 393.40 (59.71-1482.46 pg /g.cr) classified as at
fuel dispensers area 428.23 (95.58 - .1202.56 pg /g.cr
and outside the fuel dispensers 375.57 (59.71-1,482.46),
as presented in Table 3.

The results showed that urinary t,t-muconic acid
levels compared to BEI as exposure concentration (EC)
were mostly EC levels >100% of BEI (500 pg/g.cr) in
59 cases (29.5%) and EF level of benzene exposure
continuously throughout the shift of 200 cases (100%),
the details of which are shown in Table 4.

The result showed that the majority of ER were
moderate or level 3 as observed in 92 cases (46.0%),
followed by very high or level 5 as observed in 59
cases (29.5%), as presented in Table 5.

Table 3. Concentration of t,t-muconic acid in the urine of workers working at the fuel dispenser and outside the fuel

Fuel dispenser area Outside fuel dispenser area Total

Benzene exposure indicators n=100 n=100 (n=200)

n | % n % n | %
t,t-Muconic acid in the urine (pg/g.cr)
<500 67 67.0 74 74.0 141 70.5
>500 33 33.0 26 26.0 59 29.5
Mean+SD 449.2844213.323 413.179+£252.200 431.232+233.686
Median 428.23 375.57 393.40
Min-max 95.58-1202.56 59.71-1482.46 59.71-1482.46

Percentile of t,t-muconic acid in urine (ug/g.cr)

25
50
75

274.59
393.62
519.17

Table 4. Number and percentage of urinary t,t-muconic acid levels classify groups by comparing with BEI values, EC,

and BEF
Level of exposure concentration Uri.nary tt-muconic acid. level§
classify groups by comparing with n (%)
(ng/g.cr) BEI values

1 (<25) <10% of BEI (500 pg/g.cr) 0(0.0)
2 (<250) <50% of BEI (500 pg/g.cr) 40 (20.0)
3 (<375) <75% of BEI (500 pg/g.cr) 52 (26.0)
4 (375-500) <75-100% of BEI (500 ug/dl) 49 (24.5)
5(>500) >100% of BEI (500 pg/g.cr) 59 (29.5)
Il;:;/i:lf zlllisf)requency of exposure to The frequency of exposure to benzene
1 Infrequently 0(0.0)
2 2-3 times a year 0 (0.0)
3 2-3 times a month 0(0.0)
4 2-4 h per shift 0(0.0)
5 Shcztflttinuous exposure throughout the 200 (100.0)

BE — biological exposure index, EC — exposure concentration, BEF — benzene exposure frequency
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Classification of effects on the nervous system (HER)
The results of the study on the classification of effects
on the nervous system (HER) showed that most of the
severity belonged to level 1 (no impact), as observed in
101 cases (40%), followed by level 2 (low impact) in 48
cases (24%), respectively, as presented in Table 6.

Risk characterization rating

Regarding risk characterization, the results found
that most of them are at level 1 (low level), as observed
in 108 cases (54.0%), followed by level 0 (acceptable)
in 45 cases (22.5%), as presented in Table 7.

Table 5. Number and percentage of urinary benzene exposure rating (ER)

t,t-muconic acid of BEI Exposure rating (ER)
EF - - n %
1 2 3 4 EAS Classification
1 1 2 3 4 1-3 1=Acceptable 0 0.0
2 2 4 6 8 10 4-6 2=Low 0 0.0
3 3 6 9 13 15 10-16 3=Moderate 92 46.0
4 4 8 12 16 20 17-20 4=High 49 24.5
5 5 10 15 20 25 21-25 5=Very high 59 29.5
EF — Exposure frequency, EAS - Exposure assessment score
Table 6. Number and percentage of the severity of neurological symptoms
Level Adverse symptom level Nervou(sssils:t:(r)nm(gsorders n %
1 Non-symptomatic 1(0-2) 101 50.5
2 Low 2 (3-5) 48 24.0
3 Moderate 3 (6-8) 27 13.5
4 High 4 (9-11) 14 7.0
5 Very high 5(12-15) 10 5.0

Table 7. Number and percentage of risk level calculated from exposure rating (ER) x severe health effect rating (HER)

Risk level
S e Level Level " ”
1-3 Acceptable 0 45 22.5
4-9 Low 1 108 54.0
10-16 Moderate 2 34 17.0
17-20 High 3 10 5.0
21-25 Very high 4 3 1.5
Total 200 100

Table 8. Relationship between urinary benzene concentrations and neurological disorders among employees in the fuel

dispenser worker group and those outside the fuel dispenser worker group

) t,t-muconic acid in the urine (pg/g.cr)
Neurological - ; ;
disorder Percentile 25 Percentile 50 Percentile 75 Total, n (%) P-value
(Symptoms) (274.59 ng/g.cr), | (293.62 pg/g.cr), | (519.17 pg/g.cr),
n (%) n (%) n (%)
Classification of symptoms
1(0-2) 27 (54.0) 22 (44.0) 52 (52) 101 (50.5)
2 (3-5) 11 (22.0) 12 (24.0) 25 (25.0) 48 (24.0)
3 (6-8) 6 (12.0) 14 (28.0) 7 (7.0) 27 (13.5) 0.030*
4 (9-11) 4 (8.0) 2 (4.0) 8 (8.0) 14 (7.0)
5(12-15) 2 (4.0) 0 (0) 100 (100) 10 (5.0.03)
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Part 3. Examining the relationship between urinary | | ~
benzene concentrations and neurological disorders - S| a@ TS
Assessment of the relationship between tt- S| < < %
muconic acid, was classified according to 3 levels of
percentile, 25, 50, and 75, with neurological disorders SIS S| &
of the workers in the fuel dispenser area and the § ¥ §/ ;"D% §/ §
workers outside the fuel dispenser. The results showed g
that there was a statistically significant relationship E) AKX = &
(p-value <.05), as presented in Table 8. 8| ° ) Il @
Zones of gasoline stations and areas of work about 5—:3 Q= = =
the likelihood of exposure levels, adverse effects, and _| & ol e g ©
risk characterization are shown in Table 9 § 2|« E 8 " gr‘;
IL | & S| ¥
DISCUSSION = —1 =~ = =
S S| @ S| 3
| | | g [-| |El8] |g| ¢
This study aims to assess the risk of benzene g § & | 5
exposure to the nervous system among fuel service 9
providers according to a health risk assessment s g § ’g',\ g
model applied from the notification of the Ministry o - NN N
of Industry, Chemical Risk Assessment B.E. 2012 i Dl N
[17]. The results found that the mean age was 30.25 g Slae ol &
(£11.015) years, considered to be the working age £l g L é o §
consistent with the results of studies in Indonesia, é = SRS e
indicating that the average age of employees working ° E sla = &
at gas stations was 29.90 years [25] as well as in Brazil £1S | e RN | 7 |8
with an average age of 30-year-old employees [26]. '§ —:‘:’ SHR=1 gl T é
This study reported more female (68.5%) than male & § =1 S = = | &
(36.5%) subjects, consistent with the 2021 National AN g % § E § é £
Statistical Report, indicating that the population is E: N § |5 E’ = |3
classified by labor status and sex. Throughout the 2 — = — £
kingdom, there are more female workers than males g ? 3 f - o
[27]. However, this study was not consistent with the = - ‘% % 2 g\, §
study of Tunsaringkasm et al. [13] who studied the 2 = A I
characteristics of employees at a gas station, in which £ NE= 8| = | &
most subjects were male. e e gl s S R e
Regarding the evidence of studies in humans, - g1= a8 |9
gender-specific differences appear to be variables i ® ale =~ = §
of interest when considering benzene exposure = E < l@ 8 @ g e
and health effects. Previous research suggests the o o Q| S Sl o | g
likelihood of a particular risk of health consequences = 2 — = T = S
for women [28]. Epidemiological evidence shows that g = R w0 E g
R . G| O | N O | o0 N3 8 =
women are involved greater in the effects of benzene 8| %5 = = S| S | B
exposure on health than males [29]. Finally, evidence g = bl Dl e
that emerged about a different rate of metabolization of j§ £ sl e sl & |8
benzene in women rather than in men calls for further = E: N % gl g, g, 8
biochemical surveys to understand how this difference § — %
could lead to toxicologically relevant effects [30]. = | ~| =~ |2
sl |- IEIE] |E] € |8
Assessing the risk of benzene on neurological = i S| 2 |®&
disorders % %
The results of this study showed that the researcher %D ” 19 El_ = Ll)
applied a model of chemical health risk assessment 2 8 S| 8§ E 'E 2 o
according to the guidelines of the Ministry of é % g g g = é §
Industry [17] with the following criteria: frequency of = ;‘;j % % S g % =
exposure, chemical concentration, and the severity of = 0|0 e) £
health symptoms. In this research, the focus was on = S
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neurological symptoms, which were found to be the
main effect of benzene exposure on health. Especially,
employees working at gas stations exposed to a wide
range of low levels of chemicals should be a concern as
well. This requires modern strategies for risk assessment
and management of chemical health risks [31].

Exposure to low concentrations of benzene in the
workplace can pose a health risk. Therefore, benzene
exposure should be assessed even at substandard
concentrations [7]. In addition, the level of risk varies
by job type and exposure to specific chemicals [32] as
well as the type of health risk assessment [16, 18, 19].
The benefits of chemical risk assessment are for health
monitoring of employees exposed to benzene [1] and
for formulating control measures to reduce workers’
exposure to chemicals [7, 33]. Health risk assessment
is an intuitive and attractive method because it can be
used even where information is limited and does not
require specialization. It also shows a quick way to
recognize the problem of risk, the severity of danger,
and frequency/probability [34].

Exposure assessment

There is a way to start the framework of chemical
risk assessment for human health, which is to consider
exposure to external chemicals or infer endogenous
chemical exposure from exogenous concentration
measurements by modeling. However, some
uncertainties may be characteristic of this exposure
assessment method because it is possible that an
overestimation may occur or may be too low [7].
Bioassays have been used to assess benzene exposure
[19]. The biomarker should be as specific as possible to
the chemical and highly sensitive to detect chemicals
even at low levels [7]. The results of this study assessed
biological exposure by evaluating urinary t,t-muconic
acid in fuel service workers at the end of shift, as
recommended by ACGIH [22] as BEL

Analysis results showed that the concentration at
the fuel dispenser was higher than outside the fuel
dispenser area. In this study, the concentration of t,t-
muconic acid was found to be higher than the level seen
in the study of Geraldino [4], which is consistent with
the study of Fakhrinnur et al. [25]. The urinary t,t-MA
level of the exposure group was 480.74. (219.65) pg/g
creatinine, which was significantly higher compared
t0 229.96 (127.80) ug/g creatinine in office workers.

It is important to keep in mind that benzene is
a carcinogen [9], so airborne benzene levels must not
exceed the chemical limit. Especially, for BEI, tt-
MA levels should be below 500 pg/g of creatinine.
However, levels of benzene below the standard may
present a health risk [7]. In operations at a gas station,
employees working at and outside the fuel dispensers
are both likely exposed to benzene because it is a vapor
and can easily spread from the source to different areas

[4]. Therefore, in vivo exposure to benzene should
be assessed to predict benzene internal exposure.
Examination of benzene in the blood is a reliable
biomarker of exposure; however, many researchers
have used urinary benzene to quantify exposure [35].
In this study, the urinary exposure of benzene in the
form of t,t-muconic acid was assessed, comparing the
t,t-muconic acid concentration with the BEI. It was
found that most of the EC were >100% of the BEI (500
ug/g.cr) [22] of 59 cases (29.5%), inconsistent with the
study by Chaiklieng [1], who found that the t,t-MA
metabolite was detected in 77 workers (32.8%) and 16
workers (6.8%) with the highest level of more than 500
ug/g.cr (13 fueling workers and 3 cashiers).

In terms of operating frequency, most of the
employees who work in gas stations have several
working days per week were 6.31 £+ 2.48 days. It can
be seen that most employees have more than 40 h of
work per week, which exceeds the law of the Labor
Protection Act B.E. 1998 set in section [36]. Therefore,
employees should focus on adequate bedtime to
reduce the risk of benzene, therefore, employees
have the opportunity to be exposed to benzene in
the body throughout the working period due to 100%
of employees with continuous operating frequency
throughout the shift, this allows being exposed to
benzene throughout the working period. This study
found that the majority of ER results were moderate,
as observed in 92 cases (46%). More attention is
still needed to occupational health risks exposure to
benzene, toluene, and xylenes lower than OEL [7].

Classification of adverse health effects

Regarding adverse health effects or health effect
rating (HER) results of this study, most were at level
1 (no impact), as observed in 101 (40%) subjects.
It can be seen that this model for categorizing the
severity of benzene from neurodegenerative disorders
is convenient for use in assessing neurologic risk.
However, the benzene severity classification scheme
differs from the Dick FD [37] categorization of
neurologic symptoms, categorized into four stages:
Type (1), symptoms only (symptoms); Type (2A),
sustained personality or mood change; Type (2B),
impairment in intellectual function; and Type (3),
dementia: cognitive impairment.

In addition, the severity of symptoms in this study
differed from the study by Chaiklieng et al. [1], which
classified the severity of benzene as having an impact
on health classified according to the severity of the
symptoms, including all systems of the whole body.
Therefore, those with related duties must be aware
that gas station operators are exposed to low levels
of benzene. Employees also have the opportunity to
be exposed to benzene, which can affect the nervous
system and other systems [7, 38].
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Benzene is known to be one of the major constituents
of BTEX as a neurotoxic constituent of fuel. Gasoline-
induced neurotoxicity increased mood disorders, as
reported in past studies that describe a link between
exposure to benzene in fuel and risk of neurological
symptoms after benzene exposure [8, 9]. A good
understanding of the mode of action for benzene for
the benefit of deciding the severity of neurotoxic effects
can influence health risk assessments for benzene [38].

The case of benzene toxicity on the nervous system
as neurotoxins may damage the CNS and cause
depression, facial flushing, ataxia, vertigo, mental
confusion, dizziness, giddiness, nausea, weakness, and
headache if exposed to low benzene concentrations.
It can also cause abnormal symptoms [7]. Therefore,
continuous surveillance for neurological symptoms
should be undertaken.

Risk characterization

The results of this study were able to identify the
risk characterization. It was found that the majority
were at level 1 (low risk. Risk characterization by
pollution control area and outside pollution control
area and the operating area around and outside the fuel
dispenser showed that the level of risk characteristics
was similar. However, although the majority of
employees are at a low level of neurotoxicity with
benzene, they should not be ignored even in the very
high-risk group of only 10 cases (5%). Therefore,
the health of employees’ nervous systems should be
monitored on an ongoing basis [7].

The neurotoxicity risk assessment of benzene,
although using the same health risk assessment model
as the other studies, is conducted (likelihood on
exposure x severity) [1]. This has different educational
contexts such as study methods, sample groups, and
study areas, among others. Importantly, the area
studied in this study is in Rayong province which is an
area developed in industry, transportation, and tourism
and has a very high economic growth [39]. In addition,
this study examined the group of workers in the fuel
service station that covers operators outside the fuel
dispenser, who can also be exposed to benzene, such
as the food and beverage trade group, convenience
store groups, and others.

Urinary benzene concentrations and neurological
symptoms

The urinary t,t-muconic acid levels were classified
according to three levels of percentile and neurological
abnormalities of the subjects. The results showed
that there was a statistically significant relationship
(p-value <.05). The association results of this study
support the results of assessing the risk of benzene
exposure to neurological disorders. However, the
effects of benzene on the nervous system may be

influenced by several factors. Therefore, it is advisable
to take proactive measures to measure chemicals in
the working environment. Measures to enable labor
to reduce benzene exposure should be instituted
together with biochemical blood assessments for high-
risk individuals [7, 9]. The study found that the risk
of benzene level 5 was in 10 (5%) people, benzene
may have a disturbing effect on the nervous system.
Therefore, surveillance for nervous system disorders
by assessing acetylcholinesterase enzyme, which may
be an appropriate parameter [13].

The highlight of this study was that it assessed the
risk of benzene on the nervous system covering asample
of people working at gas stations, both around and
outside fuel dispensers. Both of these groups have the
potential to be exposed to and be harmed by benzene.
In addition, the health risks of employees operating at
gas stations within and outside the pollution control
area were also described. The weak point in this study
was that severity in the nervous system is not assessed
through a diagnosis by a specialist, and the severity was
not ranked according to the severity of the symptoms
but was rather assessed according to the number of
neurological symptoms. However, the neurological
symptom assessment passed the quality assessment
from three qualified persons who are occupational
medicine physicians. Therefore, this assessment tool
is considered a quality tool and is convenient for use
in screening neurological disorders in field areas. The
present study also assessed the relationship between
urinary benzene concentrations, t,t-muconic acid, and
neurological disorders. The results of the study found
that a statistically significant correlation would support
and confirm the appropriateness of the risk assessment
model to continue to assess the risk of benzene on the
nervous system in the field.

CONCLUSION AND
RECOMMENDATIONS

The results of identifying the risk characterization
of benzene on the nervous system showed that most of
the risks were at level 1 (low risk), as observed in 108
subjects (54.0%), followed by level 0 (acceptable) in 45
subjects (22.5%). The correlation between t,t-muconic
acid concentrations classified by 3 Percentile levels
and neurological symptoms of the study subjects were
found to be statistically correlated (p-value <0.05.
Therefore, the benzene neurotoxic risk assessment
model was useful for implementation. However, the
researchers suggest that more studies be conducted in
larger samples and a manual be created for assessing
the risk of benzene on the nervous system, which
includes creating an application and evaluating the
effectiveness of the application to assess the risk of
benzene on the nervous system in the real area.
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