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HUMAN MILK METABOLOME: IMPACT OF GESTATIONAL AGE,
LACTATION STAGE AND MATERNAL DIET
Malwina Wójcik1, Hanna Mojska1,2
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Waszyngtona 4/8, 42-200 Czestochowa, Poland
2
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– National Research Institute, Chocimska 24, 00-791 Warsaw, Poland
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ABSTRACT

Human breast milk due to its unique composition and the ability to adapt to the needs of the infant, is referred to as the
"gold standard". Exclusive breastfeeding is recommended for the first 6 months of a inflant's life. The composition of
breast milk and its metabolites is not constant and varies depending on the influence of various factors. Its analysis allows
for rational management of infant nutrition. Intermediate and final metabolites of human milk are formed as a result
of various metabolic processes in the mammary gland, and their role and the influence of various factors on them are
not fully determined in the context of the proper development of infants. Metabolomic studies can be used to identify
intermediate and terminal metabolites in breast milk. The aim of the study was to review the current literature on the
variability of human milk metabolome depending on factors such as gestational age, lactation stage and mother's diet.
A review of current research shows that the composition of human milk metabolome varies depending on various factors.
Better understanding of metabolome of breast milk could be crucial in the future programming of metabolic processes in
infants, which is crucial in preventing many diseases and maintaining health.
Key words: metabolome, metabolomics, human milk, gestational age, lactation stage, maternal diet

STRESZCZENIE

Mleko matki, ze względu na swój unikalny skład i możliwość dopasowania się do potrzeb niemowlęcia, jest określane
jako „złoty standard”. Wyłączne karmienie piersią zalecane jest przez pierwsze 6 miesięcy życia niemowlęcia. Skład mleka matki i jego metabolitów nie jest stały i zmienia się w zależności od wpływu różnych czynników. Jego analiza pozwala
na racjonalne zarządzanie żywieniem niemowląt. Metabolity pośrednie i końcowe mleka ludzkiego powstają w wyniku
różnych procesów metabolicznych w gruczole sutkowym, a ich rola i wpływ na nie różnych czynników nie są do końca
określone w kontekście prawidłowego rozwoju niemowląt. Badania metabolomiczne można wykorzystać do identyfikacji
pośrednich i końcowych metabolitów w mleku matki. Celem pracy był przegląd aktualnej literatury dotyczącej zmienności metabolomu mleka ludzkiego w zależności od czynników takich jak wiek ciążowy, okres laktacji i dieta matki.
Przegląd aktualnych badań wskazuje na zróżnicowanie składu metabolomu mleka ludzkiego w zależności od różnych
czynników. Lepsze poznanie metabolomu mleka matki może być kluczowe w przyszłym programowaniu procesów metabolicznych u niemowląt, co ma znaczenie w prewencji wielu chorób i utrzymaniu zdrowia.
Słowa kluczowe: metabolom, metabolomika, mleko kobiece, wiek ciążowy, okres laktacji, dieta matki

INTRODUCTION
Breastfeeding is defined as the “gold standard” in
infant nutrition. Human milk is characterized by the
complexity and uniqueness of its composition and
provides nutrition and protection of the infant against
diseases and microorganisms [36]. Human milk as
a complex biological system consists of significant
nutrients and bioactive components that interact

with each other to form a unique bioliquid [8]. In
addition, breastfeeding ensures optimal growth and
development and health of infants, being not only food,
but also a source of interacting bioactive ingredients
[22]. Therefore, international organizations such as
the World Health Organization (WHO), the European
Society of Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) and the American Academy of
Pediatrics (AAP) recommend exclusive breastfeeding
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for the first 6 months of an infant’s life, and then
continuing breastfeeding as complementary foods are
introduced, and breastfeeding continues for 2 years or
more, as the mutual wishes of mother and infant [1,
13, 43]. The first 1000 days of life (from conception to
2 years of age) are extremely important for the proper
development and prevention of diseases in the context
of metabolic programming [32]. Metabolomics
may be a tool that can help to understand the early
health programming of infants from birth [37]. The
metabolome of human milk is subject to changes
depending on various factors. The identification
of these factors will allow the determination and
confirmation of the presence of many metabolites
in breast milk that may play an important role in
the prevention of metabolic diseases [6]. Due to the
dynamically changing of breast milk, it is important to
understand the influence of various factors on human
milk metabolome. This knowledge can possibly
improve and better manage infant nutrition [17].

DEVELOPMENT OF MODERN
ANALYTICAL METHODS
ENABLING THE DETERMINATION
OF COMPOUNDS WITH SMALL
MOLECULES
Metabolomics allows the analysis of small
molecules and metabolites, making it a promising tool
for the precise determination and understanding of
intracellular metabolic pathways and biomarkers [35].
The most important groups of metabolites are amino
acids, carbohydrates, nucleotides, lipids, coenzymes
and cofactors, which are diverse in terms of structure
and molecular structure, as well as properties and
functions, posing an analytical challenge [47].
Metabolomics enables the study of the level of
polar and lipid metabolites, which is the basis for
understanding the pathophysiological mechanisms of
metabolic diseases. Moreover, it enables the effective
diagnosis of abnormal physiological processes and
states, and can also be a tool for the prevention and
treatment of diseases [21]. The development of modern
analytical techniques for metabolomics and lipidomics
has enabled the determination and identification of
particles <1500 daltons [10]. The most frequently used
analytical methods in metabolomics studies are nuclear
magnetic resonance (NMR) and gas chromatography
(GC), liquid chromatography (LC) and electrophoresis
(CE) coupled with mass spectrometry (MS) [33].
The NMR technique is non-destructive and highly
reproducible and automated, thanks to which it is
possible to identify new compounds in particular in
large-scale metabolomics studies [12]. However, the
intensive development of MS techniques has made
them less limited and more effective, selectable and

No 2

sensitive. Moreover, the use of MS techniques allows
the identification of a large number of different polar
metabolites and/or lipids in samples even in very small
amounts [15]. Currently, technological advances in the
field of metabolomics reduce the difficulty of carrying
out analyzes and reduce their costs [14]. Most of the
current metabolomics and lipidomics studies are based
on non-targeted analysis, which is free from hypotheses
and allows to increase the knowledge about the unique
composition of human milk and its metabolites [41].
Due to the complexity of the composition of human
milk, the use of multiple analytical platforms allows
the determination of as many metabolites as possible,
which is often impossible using only one method [2].
It is worth emphasizing that the composition of breast
milk is dynamic changes in both lactation progression
and single feeding to cover the nutritional needs of
the child, therefore the appropriate methods of its
analysis should be selected [26]. In addition, metabolic
processes taking place in the mammary gland result in
the formation of intermediate and final metabolites of
human milk, the role of which, as well as the influence
of various factors on them, are not fully defined in the
context of health and proper development of infants
[29].

FACTORS INFLUENCING HUMAN
MILK METABOLOME
Gestational age
According to a WHO report, it is estimated that
approximately 15 million babies are born prematurely
(before the 37th week of pregnancy) each year. This
indicates that more than 1 in 10 infants are born
preterm [42]. Nutrition of premature infants should
be primarily aimed at achieving a postnatal growth
rate similar to term infants [19]. Breastfeeding has
invaluable benefits not only for healthy infants, but
also for preterm infants. Brest milk feeding reduces
the risk of necrotizing enterocolitis (NEC) and
sepsis, and improves the neurological development of
preterm infants [1]. Gestation age is one of the factors
influencing the diversification of the human milk
metabolome. Analysis of milk metabolome of preterm
mothers may help to better understand changes in
metabolite composition compared to the milk of
full-term infants. Moreover, it may bring benefits
from understanding the nutritional needs of preterm
infants, which would help maintain an adequate
nutritional status of this particularly vulnerable group
[48]. Sundekilde et al. [40] investigated the effect of
gestational age on metabolome of human milk. Milk
samples were collected from 15 mothers of preterm
infants, while 30 milk samples were collected from
mothers who gave birth at term. Depending on the
postpartum time, milk samples were divided into 3
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categories: colostrum (<5 days postpartum; n = 5),
transitional milk (6 days - 2 weeks postpartum; n = 4)
and mature milk (> 2 weeks, n = 21). Milk metabolomes
were compared by proton nuclear magnetic resonance
(1H NMR) spectroscopy. Comparing the metabolome
of breast milk obtained from mothers of premature
infants and mothers of full-term infants, it was
found differences in the concentrations of carnitine,
caprylate, caprate, pantothenate, urea, lactose,
oligosaccharides, citrate, phosphocholine, choline
and formate were noted. The gestational age can
significantly affect the oligosaccharide content in
human milk. In the study by Perrone et al [31], nuclear
magnetic resonance (NMR) spectroscopy also was
used to identify metabolites. In total, 18 mothers were
recruited for the study: 6 mothers who gave birth to
premature babies (from 29 to 31 weeks GA) and 12
mothers who gave birth at term. Higher concentrations
of lactose and oligosaccharides, especially
fucosylated, such as fucose, N-acetylneuraminic
acid and N-acetylglucosamine were identified in the
milk of premature infants compared to mothers of
full-term infants. Changes in metabolomic profiles
of milk of preterm infants may indicate different
nutritional requirements of these babies. Another
comparison between the metabolomic profile of milk
of preterm mothers and milk of full-term mothers
was performed by Xu et al. [46]. Lipidomic profiles
were identified by liquid chromatography coupled
with tandem mass spectrometry (LC-MS / MS).
Colostrum samples were collected for the study from
healthy mothers of preterm breastfeeding infants and
mothers of full-term breastfeeding infants. Colostrum
of premature mothers was characterized by a higher
concentrations of phosphatidylethanolamine and
phosphatidylcholine, as well as lower concentrations
of diacylglycerol and ceramide compared to the milk
of mothers who gave birth at term. Spevacek et al. [39]
conducted a prospective observational study involving
mothers of both term and premature babies. Human
milk samples were collected 0-5 days postpartum and
then 14-28 days later. 1H NMR was used to identify
and quantify human milk metabolome. The colostrum
samples were rich in 3’-galactosyllactose (3’-GSL),
2-hydroxybutyrate, methionine and acetoine, but their
amount decreased in term milk. Dimethylsulfone was
also identified, it was characterized by a low content in
the colostrum, while its concentration increased during
the first month of lactation. Regardless of the age of
pregnancy, the total concentration of oligosaccharides
decreased during lactation. Interestingly, the
concentrations of some amino acids and derivatives in
breast milk also were changed. There was an increase
in 2-aminobutyrate, alanine, carnitine, glutamate,
glutamine, histidine, urea and valine, in contrast
to the milk of mothers of premature infants. The
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concentration of fatty acids and their metabolites also
changed, and an increase in lactose concentration was
observed during the first month of lactation, both in
preterm milk and in term milk. The study by Longini
et al. [24] recruited 20 mothers who gave birth at 23-41
weeks of pregnancy, from whom 46 samples of human
milk were collected. The metabolites of preterm and
term milk were compared as well as formula milk.
For metabolomic analysis, proton magnetic resonance
spectroscopy (MRS) was used to determine watersoluble and lipid fractions extracted from human milk.
Apart from noting changes between human milk and
formula milk, the study found significant differences
between the milk samples of mothers giving birth
at 23-25 weeks

of gestation compared to the milk of
mothers giving birth at 29 weeks of gestation. A study
by Peila et al. [30] recruited 36 breastfeeding mothers
who gave birth prematurely between 23 and 33 weeks
of gestation. In addition, three groups of mothers were
distinguished according to different gestational age
(GA): extreme (<28 GA week), very (29-31 GA week)
or moderate (32-34 GA week). The milk samples
were colostrum, transitional milk, and mature milk,
metabolome of which was examined using nuclear
magnetic resonance (NMR) spectroscopy. Depending
on the gestational age, when comparing groups of
extremely and moderately premature infants, the
study showed significant but weak changes in the
concentrations of some metabolites.
Lactation stage
Factors related to the time of feeding have
a significant impact on metabolomic profile due to
changes related to three main stages of lactation:
colostrum, transitional milk and mature milk [4].
Colostrum, which is the first milk of the mother, is
a rich source of active immunological substances and
proteins [28]. Transitional milk is characterized by
accelerated production in order to meet the infant’s
needs for its proper development and growth as much
as possible. Mature milk is milk similar to transitional
milk, but it is more stable [45].
Recent studies confirm the differentiation of
metabolome of human milk depending on the stage
of lactation. In the study by Wu et al. [44], nuclear
magnetic resonance (NMR) spectroscopy was used
to identify and quantify metabolites. Human milk
samples were collected from a healthy 37-year-old
woman (BMI = 24) in the morning and evening on
days 9, 12, 24, 31, 60, 85, 86 and 87 (only the morning
sample was taken on the last day). Human milk
metabolomes in the early (9-24 days postpartum)
and late (31-87 days postpartum) stages of lactation
were statistically significantly different. The late
stage of lactation was characterized by significantly
increased concentrations of lactose, choline, alanine,
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glutamate and glutamine, and decreased levels of
citrate, phosphocholine, glycerophosphocholine and
N-acetylglucosamine. The weakness of the study
was that a sample was only tested from one person.
Additionally, the effect of the storage time of the
milk samples at the temperature of 20°C or 80°C was
investigated, however, no significant differences in
metabolome of human milk were found. The study by
Sundekilde et al. [40] involved 45 women, including
15 mothers of preterm breastfeeding infants and 30
mothers of full-term breastfeeding infants. Milk
metabolome was studied using proton nuclear magnetic
resonance (1H NMR) spectroscopy. In the colostrum of
mothers of full-term infants, higher concentrations
of valine, leucine, betaine and creatinine were found
compared to mature milk. On the other hand, in mature
milk a higher concentration of glutamate, caprylate
and caprate was observed than in the colostrum of
mothers of full-term infants. Mothers of premature
infants had higher levels of oligosaccharides, citrate,
and creatinine in the colostrum, while higher levels
of caprylate, caprate, valine, leucine, glutamate and
pantothenate were noted with time after delivery.
Data on changes in metabolome of human milk
was provided by a study by Giuffrida et al [18]
among Chinese breastfeeding mothers. 540 healthy,
breastfeeding women were recruited for the study
and gave birth to one child at term. The milk was
sampled over a period of eight months. Fatty acids
were determined by gas chromatography coupled to
a flame ionization detector (GC-FID), phospholipid
classes were determined using liquid chromatography
with evaporative light scattering detector (LC-ELSD),
and for the determination of gangliosides, liquid
chromatography with tandem mass spectrometry
(LC-MS/MS). As a result, an increased content of
polyunsaturated fatty acids (PUFA) and gangliosides
(GD) was found in later stages of lactation. On the
other hand, the concentration of saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA)
and phospholipids (PL) decreased during lactation.
The study by Azad et al. [3] included the analysis
of various factors influencing the variability in the
human milk oligosaccharides (HMO) in 427 motherchild dyads, whose milk samples were delivered
3-4 months after delivery. The study focused on
the content and type of HMO isolated by highthroughput solid phase extraction followed by HPLC
analysis with fluorescence detection. HMO content
was lower with longer lactation times in line with
earlier literature, however, the study showed that
disialyllacto-N-tetraose (DSLNT) and 3′-sialyllactose
(3′-SL) concentrations were higher later in lactation.
The metabolomic analysis performed using highperformance liquid chromatography-quadrupole-time
of flight mass spectrometry (HPLC-QTOF-MS) in the
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study by Li et al. [23] was aimed at assessing changes
in human milk metabolites during the lactation stages.
Thirty healthy breastfeeding women were recruited for
the study, from whom milk samples were collected at
three stages of lactation (colostrum, transitional milk
and mature milk) on days 1, 14 and 42 postpartum,
respectively. In the study, a total of 84 metabolites were
identified in the three stages of lactation. The longer the
duration of lactation, the concentration of 9 dipeptides
increased, such as: glycyl-valine, histidinyl-threonine,
lysyl-threonine,
threoninyl-tyrosine,
tyrosylglutamine, tyrosyl-serine, valylvaline, valyl-alanine
and histidinyl-histidine. There was also an increase
in concentration of eicosanoid (prostaglandin E3), 1
fatty amide (octadecanamide) and 2 fatty esters (CE
(15:1) and CE (14:0)), as well as free fatty acids: C10:0,
C11:0, C14:0, C16:1n-7, C17:0, C18:1n-9 and C18:2n-6.
Moreover, with longer lactation time, an increase in the
concentration of 12 diacylglycerols in human milk was
also noted DG (14:0/20:4n-6), DG (14:0/24:1n-9), DG
(14:1n-5/18:3n-3), DG (15:0/20:4n-6), DG (18:0/18:1n9), DG (18:4n-3/18:4n-3), DG (20:0/24:1n-9), DG
24:0/15:0), DG (18:3n-3/18:3n-3), DG (15:0/16:1n-7) and
DG (14:0/14:1n-5). In addition, along with the longer
lactation time, content of 11β-hydroxyprogesterone,
cisaconitic acid and spermidine increased significantly,
as well as nucleotides such as: 6-succinaminopurine,
deoxyuridine, dUMP, purine and AMP 3’-phosphate.
During the study, 7 vitamins were detected, of which
the content of vitamin D3, 1,24,25- (OH) 3, vitamin D3,
25-hydroxyvitamin D2-25-glucuronide, vitamin D2
and biotin was positively associated with the lactation
time, while the content of β-glucuronide retinoil and
γ-tocopherol significantly decreased. The innovative
use of a multiplatform approach combining HPLCMS and ultra-performance LC-MS, GC-MS, CE-MS,
and 1H NMR spectroscopy in the study by Andreas
et al. [2] allowed for comprehensive identification
and evaluation of metabolite changes in breast milk
samples during lactation. Metabolomic profiling was
performed on 70 samples of human milk collected
between 2 and 80 postpartum, from 57 women who
gave birth to healthy infants on time. The metabolites
present in human milk changed dynamically during
the first 3 months of lactation. At the beginning of
lactation, an increase in the content of di- and triacylglycerols as well as lactose, some amino acids
and short- and medium-chain fatty acids was noted.
On the other hand, with increasing lactation time,
many human milk oligosaccharides (HMOs), some
phosphocholines as well as citrate and pyruvate
decreased.
Factors related to maternal health and lifestyle
Maternal factors may play one of the key roles in
shaping the metabolome of human milk. Factors such
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as diet, nutritional status or maternal diseases and
medical condition may have a significant effect on the
increase or reduction of the concentration of certain
metabolites in human milk.
Maternal diet
Maternal nutrition is one of the key factors
influencing metabolome of human milk. Metabolomics
can help to improve knowledge about the relationship
between the nutritional status and metabolites found
in body fluids, such as breast milk [27]. The study
by Smilowitz et al [38] was aimed at examining
the metabolome of breast milk depending on the
phenotype and maternal diet. NMR technique was
used to determine the metabolites. Metabolites such
as mono-, di- and oligosaccharides, amino acids
and derivatives, energy metabolites, fatty acids and
related metabolites as well as vitamins, nucleotides
and derivatives and others have been quantified. The
following metabolites showed the greatest variability
in breast milk: 2’-FL, fucose, LDFT, LNFP I, LNFP II,
aspartate, lysine, proline, acetone, creatine phosphate,
fumarate, acetate, azelate, butyrate, choline,
niacinamide, hypoxanthine, formate and methanol.
In addition, essential nutrients that come with the
diet such as choline, niacinamide, ascorbate and
pantothenate have also undergone various changes.
Metabolomic analysis in the study by Li et al. [23]
was carried out using HPLC-QTOF-MS technique.
Eighty four metabolites were identified in the study,
however only two were of dietary significance; the
concentration of 1,24,25- (OH) 3 of vitamin D3 was
positively associated with the consumption of meat and
eggs, protein and fat in the diet, while the concentration
of 11β-hydroxyprogesterone was negatively associated
with the intake of fruit and carbohydrates in diet.
A study by Marín et al. [25] investigated the
relationship between maternal nutrition and fatty acid
composition of milk. 46 breastfeeding mothers who
gave birth to healthy, full-term infants at 38-42 weeks
of pregnancy were recruited for the study. Maternal
nutritional status was assessed using body mass
index (BMI), while maternal nutrition was assessed
using the eating frequency questionnaires (FFQ). The
questionnaire included questions about amount and
frequency of consumption of high-fat foods per week
(including whole milk and derivatives, fried meat,
eggs, chocolate candies), as well as low-fat foods
(including rice and other grains, vegetables and fruits,
skim milk, low-fat fish, bread). The study did not show
any effect of maternal nutritional status on human milk
proteins. However, higher levels of lipids, linoleic acid
and total n-6 acids and PUFA were observed in obese
mothers.
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Maternal overweight/obesity
Overweight and obesity are becoming a growing
problem worldwide, posing a challenge to public health.
Obesity may lead to the development of metabolic
changes, causing e.g. diabetes, dyslipidemia, arterial
hypertension, cancer or changes in the intestinal
microbiota [5]. Although prevalence of obesity among
children is lower than among adults, the rate of its
spread is higher [16]. Maternal obesity before and
during pregnancy may be associated with a higher
prevalence of obesity in children [7]. Infants who are
constantly exposed to factors related to maternal obesity
may develop health problems later in life. Determining
the milk metabolome of obese mothers can help
prevent infant obesity later by ensuring optimal and
sustainable growth and development. A study by Saben
et al [34] aimed to assess the effect of maternal obesity
on metabolome of human milk and to identify milk
metabolites associated with infant obesity. Healthy
women with BMI 18.5-24.9 were recruited for the study,
divided into a group of obese and non-obese mothers.
Human milk metabolome determination was performed
using GC-time-of-flight-MS (GC-TOF-MS). The study
showed that maternal obesity is related to metabolome
of human milk, which is richer in monosaccharides
and sugar alcohols compared to milk of non-obese
mothers. The content of human milk monosaccharides,
mannose and ribose as well as sugar alcohols, lixitol
and ribitol were higher in mothers with higher BMI.
Another study by Isganaitis et al. [20] analyzed the
metabolome of breast milk in terms of its relationship
to maternal obesity. For this purpose, non-directional
liquid chromatography, gas chromatography and mass
spectrometry were used. Six months after delivery,
higher levels of acylcarnitines, monosaccharides and
sugar alcohols in milk were noted in obese mothers,
while the amount of amino acids and their metabolites
decreased. This suggests association between obesity
and changes in metabolome of human milk. The study
by De Luca et al. [9] was aimed at determining changes
in the concentration of free amino acids depending
on obesity of a breastfeeding mother. Free amino acid
(FAA) concentrations in breast milk were determined
by ultra-performance liquid chromatography tandem
mass spectrometry. The breast milk of the obese
mothers contained more branched chain amino acids
(BCAA) and more tyrosine than the milk of not obese
mothers.
A study by Ellsworth et al. [11] compared changes in
composition of milk from overweight and obese mothers
to non-obese mothers. In milk of overweight and obese
mothers the increase of long-chain polyunsaturated
fatty acids (LC-PUFA) and the decrease of oleic acid
(C18:1n-9) and conjugated linoleic acid (CLA) was
found. Additionaly, increased level of insulin also was
noted.
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CONCLUSIONS
The composition of each mother’s milk is
personalized depending on the needs of the infant.
Mother’s milk is a unique bioliquid with unique
properties, ensuring proper development and growth
for infants. More research and application of various
extraction and analysis techniques are needed to
understand the influence of various factors on the
composition and metabolic profile of human milk. It is
especially important to study the influence of the diet of
pregnant and breastfeeding women on the metabolome
of breast milk, because this is a factor that can be
relatively easily modified.
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ABSTRACT

The problem of obesity is affecting an increasing number of people worldwide. The COVID-19 pandemic and the required
social distancing, which make it impossible to see a dietitian, present new challenges and require the development of
new ways of working with overweight individuals. Based on research and practice, dietetic services are beginning to
shift from in-office consultations to a form of online consultation using mobile apps and websites. This literature review
aims to critically analyze the scientific evidence for the effectiveness of interventions targeting weight loss in overweight
or obese individuals focusing on behavioral and online interventions. The data from the presented studies suggest that
the effectiveness of online interventions to control body weight is high enough to be used in nutritional education and in
weight reduction or maintenance. The main advantage is a wide access to them for the public.
Key words: obesity, Covid-19 pandemic, nutritional education, online dietetic consulatations, online body weight
interventions, weight loss

STRESZCZENIE

Problem otyłości dotyka coraz większej grupy ludzi na całym świecie. Pandemia COVID-19 oraz narzucony dystans
społeczny, uniemożliwiający spotkanie z dietetykiem, stawiają przed nami nowe wyzwania i wymagają wypracowania
nowych sposobów współpracy z osobami z nadmierną masą ciała. W oparciu o badania naukowe i praktykę usługi
dietetyczne zaczynają przechodzić z konsultacji stacjonarnych na formę konsultacji on-line, wykorzystując aplikacje
mobilne i strony internetowe. Ten przegląd literatury ma na celu krytyczną analizę dowodów naukowych na skuteczność
interwencji ukierunkowanych na zmniejszenie masy ciała u osób z nadwagą lub otyłością skupiając się na interwencjach
behawioralnych i interwencjach online. Dane z przytoczonych badań sugerują, że skuteczność interwencji internetowych
w celu kontroli masy ciała jest wystarczająco wysoka, aby opłacać się zarówno w edukacji żywieniowej, jak i redukcji czy
utrzymaniu masy ciała. Główną zaletą konsultacji internetowych dla społeczeństwa, jest szeroki do nich dostęp.
Słowa kluczowe: otyłość, pandemia Covid-19, edukcja żywieniowa, dietetyczne konsulatacje online, zmniejszenie masy
ciała, interwencje online

INTRODUCTION
The problem of obesity is affecting an increasing
number of people worldwide. In 2016, 1.9 billion
adults struggled with being overweight and of those,
650 million were obese. Additionally, as reported in
a 2019 report, 38.2 million children under the age of 5
are overweight or obese - a number that is estimated
to continue to rise for children as well as adults [1].
In many countries, interventions to inhibit the spread
of Coronavirus disease 2019 (COVID-19) have led
to a worsening of the economic situation in society.

This is in turn reflected in worsening socio-economic
inequality as in any financial crisis [2]. Considering the
relationship between the economic status of societies
and the risk of obesity, it can be suspected that the
epidemic of obesity and its associated diseases will
grow even faster [3]. One of the explanations for this
trend is the preference of people with lower economic
status for cheaper, energy-rich, tasty and easily
accessible foods, and these types of foods promote
the risk of obesity [4, 5]. Interestingly, a review paper
published in Obesity Reviews in 2021 argues that
top-down interest in solving the obesity problem is
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higher the more the public perceives obesity as an
environmental rather than an individual problem. This
paper highlights the need to support non-stigmatizing
policies about obesity to contribute to a broader
discussion of the problem [6]. In addition, it is worth
noting that the isolation imposed by many countries
promotes reduced spontaneous and planned physical
activity. Since the first quarter of 2020, fitness clubs
and other places for physical activity have been closed
either periodically or permanently. There are many
scientific publications confirming the positive impact
of an increased physical activity on reducing the risk
of obesity [7, 8, 9]. For the prevention of overweight
and obesity, 2.5 h per day of energy expenditure in the
form of Non Exercise Activity Thermogenesis (NEAT)
(e.g. standing, moving, walking) is recommended.
Increasing NEAT as a means of weight maintenance
may also have a positive effect on metabolic adaptation
resulting from a low-calorie diet and provide an
alternative method of weight control [10]. Interestingly,
to date, there is a lack of strong evidence that obesity
risk is associated with consumption of a particular
food group. A 2019 meta-analysis analyzing the results
of studies examining the association between intake
of given food groups and obesity risk found that the
results of the correlations provided very low or lowquality evidence that certain foods affect obesity risk.
At the same time, the authors point out that research in
this direction should continue, as we have hypotheses
that support this relationship [11].
Increased psychosocial insecurities and thus
increased levels of psychological stress in the
population may also be related to an increased obesity
risk. Bjorntorp’s [12] work found that psychosocial
reactions to stress promote an increased energy intake
with diet. Additionally, individuals with limited social
interactions are more likely to develop obesity [13]. The
above hypotheses appear to be supported by the first
work analyzing the physical well-being of individuals
affected by COVID-19 restrictions [14]. In a study
involving 183 subjects, an increase in body weight of
0.63 ± 3.7 kg was observed in 49.18% as a result of
decreased physical activity and increased food intake.
In addition, a decrease in PAL was observed from 1.64
± 0.15 to 1.58 ± 0.13, as well as changes in the amount
of food and specific food groups consumed, including
alcohol [15]. The problem of obesity is not only
associated with an increased mortality or disease risk.
Kolotkin and Andersen [16], based on a meta-analysis
of studies, demonstrate an association between an
increased body mass index (BMI) and decreased
health-related quality of life (HRQoL). In addition,
this relationship was also demonstrated after bariatric
surgery, after which weight loss in the subjects was
associated with a significant improvement in this
indicator of life satisfaction.

No 2

In conclusion, there are many indications of the
growing problem of obesity in the world. Due to this
trend, it seems necessary to develop effective methods
of treatment and prevention of obesity in the world and
research in this direction should be a priority [17]. The
possible increase in the pandemic of obesity seems
to have a clear connection with the lockdowns that
are taking place, which indicates the need to look for
more and better ways to help people with excessive
body weight to reduce it and maintain it at an optimal
BMI level. This literature review aims to critically
analyze the scientific evidence for the effectiveness of
interventions targeting weight reduction in overweight
or obese individuals.

MATERIALS AND METHODS
Scientific publications developed in English
published between 2000 and 2021 were used for data
analysis using databases: PubMed, Google Scholar,
Medline, Scopus and Web of Science. The following
keywords combined with operators NOT, OR, AND
were used: Intervention, Randomization, Adults,
Humans, Energy Restriction, Reduction energy, Lose
weight, Lose fat, Overweight, Online, Computer study,
Nutrition, Diet, Health promotion, Health behavior,
Obesity surgery, Obesity treatment.
Articles published in peer-reviewed scientific
journals were included in the review. Two reviewers
independently assessed articles for inclusion in the
review, initially based on title and abstract. Full texts
were then retrieved and evaluated for inclusion.
Inclusion criteria were intervention studies or
original literature reviews as well as systematic
reviews of the literature on the prevention and
treatment of obesity bringing new and innovative
insights into the latest tools aimed at supporting
weight loss. The papers published prior to 2000 on
patients, pregnant and lactating women, children,
and adolescents were excluded. After analysis of
940 abstracts and publication titles, 230 papers were
included in the further stages of the review. After the
analysis of full texts of articles, 115 scientific papers
were finally included in the review.

OBESITY AS A DISEASE
Obesity has become one of the major concerns for
public health in recent decades. It is associated with
increased morbidity and mortality. It is a strong risk
factor for various disorders including coronary heart
disease, type 2 diabetes mellitus, arterial hypertension,
dyslipidemia, sleep apnea or different types of cancer,
including colon, breast, gallbladder, endometrium,
kidney and liver [18, 19, 20, 21]. Recently, there
are numerous reports of obesity as a risk of severe
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COVID-19 infection and increased mortality in obese
individuals [22, 23,24].
Obesity is described by the World Health
Organization (WHO) as an excessive fat accumulation
that may endanger health [25]. The Obesity Society
in their 2018 Position Statement acknowledged obesity
as a chronic disease [26]. Society recognised it as
a risk factor of other disorders as well as serious
and threatening condition on its own. The pathology
of the disease is mainly linked with abnormal
nutritional behaviour. It is correlated with a positive
energy balance, in which energy intake is greater
than energy expenditure, causing weight gain [27].
However, obesity could also occur as a secondary
cause of genetic, hypothalamic or endocrine diseases
[28, 29]. Moreover, iatrogenic obesity could also be
identified, most commonly induced by medications
[30].
Weight gain is promoted by positive energy
balance which is caused by an increased food intake,
decreased level of physical activity or both. Disturbed
food consumption is a consequence of increased
hunger or decreased satiety. Subcortical structures
of the brain, which control appetite, are being
influenced by environmental factors such as food
availability, accessibility of calorie-dense products,
taste, marketing, advertising of specific types of
foods [31]. Although, the pathology of obesity is also
linked to a certain degree of genetically determined
susceptibility. Similar genetic components participate
in the distribution of fat, overall body composition and
visceral fat deposition after a period of excessive food
consumption [32].
Adiposopathy is recognised as a basis of primary
obesity. It is defined as anatomic and/or functional
disturbances of adipose tissue, which results in
abnormal endocrine and immune responses [33,
21]. Visceral adiposity, adipocyte hypertrophy and
secretion of leptin and pro-inflammatory mediators
by the adipose tissue are sustaining the state
of adiposopathy. Metabolic and hormonal changes
contribute to the insulin resistance that is often
present in obese individuals [34, 35]. Therefore,
obesity may lead to the dysregulation of the metabolic
pathways. The presence of pro-inflammatory proteins
could induce a low-grade systemic inflammatory
state [36]. Disruption of metabolic homeostasis
contributes to the development of atherosclerosis,
hypertension, dyslipidemia, type 2 diabetes mellitus,
hyperandrogenemia [37].
Excess lipids are stored mostly as subcutaneous
adipose tissue. Visceral adipose tissue is additional
storage for lipids [38]. Visceral adipose tissue has
a stronger link to metabolic disturbances in obese
individuals than subcutaneous adipose tissue [39].
Adipose tissue located around kidneys may lead to
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increased renal compression, resulting in elevated
blood pressure. Therefore, hypertension is often
observed in obese patients [40]. An increase of
pharyngeal soft tissues may disturb the function
of the airways leading to obstructive sleep apnea
[41]. Elevated intraabdominal pressure caused by
the visceral adipose tissue has a harmful effect on
the oesophagus, causing gastroesophageal reflux
disease or Barrett’s oesophagus [42]. Excessive weight
also puts a mechanical load on joints, hence increased
risk of osteoarthritis in obese individuals [43].
The most common method of diagnosing obesity is
body mass index (BMI). The index helps to determine
healthy or abnormal body weight, taking into account
the height and weight of an individual. For most
adults, BMI between 18.5 kg/m2 and 24.9 kg/m2 is
considered to be a healthy weight. BMI >25 kg/m2
is categorised as overweight and BMI >30 kg/m2 as
obese [25]. Although BMI is a useful tool in public
health, it has its limitations. As an indirect measure, it
relies only on height and weight and it does not include
the percentage of body fat of body composition. BMI
does not include changes that occur during ageing
when the proportion between fat mass and free fat
mass increases [44, 45, 46, 47].
As the world prevalence of obesity is increasing
every year, it requires urgent attention and action.
Therefore, the proper diagnosis and treatment of
obesity are key in reducing the risk of numerous
comorbidities and premature death [48].

TREATMENT OF OBESITY
When prevention of obesity fails, treatment is
needed. Several treatment strategies might help lose
weight and reduce the risk of health consequences
of obesity. The most common strategies of treating
obesity include dietary modification, increased
physical activity, pharmacotherapy and in some cases
surgical procedures. European Guidelines point out
that the aim for obesity management should not be
focused only on weight (and therefore BMI) reduction.
Modifications in body composition, as well as waist
circumference, must be targeted when dealing with
obesity. The main focus should be on maintaining
the current level of fat-free mass with a simultaneous
decrease in fat mass. Moreover, the treatment aims
should include also improvement in the quality of life
and general well-being of obese individuals [49].
Dietary modification
British National Institute for Health and Care
Excellence (NICE) in their clinical guidelines
clearly indicate that the diet modifications should
be acknowledged food preferences, health status,
lifestyle. Individual approach to diet and calorie
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reduction is emphasised. Nutritionally unbalanced and
restrictive diets are not recommended as they are not
effective and could pose a health threat [50]. A weightloss diet must provide less energy than is required
for daily maintenance. Guidelines published by the
American College of Cardiology, American Heart
Association and The Obesity Society recommend an
energy deficit of 500 to 750 kcal/day and an average
loss of 0.5 to 0.75 kg/week [51]. Weight loss goals
should be manageable and realistic, hence 5–7% of
body weight within 6 months is considered achievable
[52]. Very low-calorie diets (800 kcal/day or less) are
not recommended as a typical weight loss strategy
[50]. They should be employed as a part of a complex
weight management strategy and clinically justified,
usually before surgical procedures [53]. According to
the American Association of Clinical Endocrinologists
and American College of Endocrinology (AACE/
ACE), total energy intake is the main component
of every weight-loss intervention. In their Clinical
Practice Guidelines for Medical Care of Patients with
Obesity is been acknowledged that the macronutrient
composition of the patient’s diet is not an important
factor. However, it is believed that in some cases,
modifying macronutrient compositions could be
useful. That could include overall adherence to the
diet, the level of satiety, metabolic profile or other
clinical outcomes and risk factors [54].
In addition to reducing energy, some dietary
patterns seem to offer other health benefits apart from
weight loss. American Heart Association reviewed
that a balanced, weight loss diet should focus on nonprocessed foods like vegetables (excluding potatoes),
fruits, nuts, seeds, legumes, whole grains, lean dairy
and vegetable oil. The diet should limit the amount
of processed or red meat, refined grains, salt and
added sugars. Healthy weight-loss diets are high
in fiber and micronutrients but low in glycemic index
and saturated fat content [55]. The diet content is
important for health reasons; however, the specific
distribution of macronutrients seems to be irrelevant in
weight loss. A meta-analysis including 48 randomized
trials and 7286 overweight or obese individuals was
designed to determine weight loss outcomes based on
the macronutrient composition of popular diets [56].
Significant weight loss was achieved both with low-fat
and low-carbohydrate diets. The difference between
weight loss was not significant. The author suggests
that any diet would be a successful weight loss diet
if only there was an individually calculated calorie
reduction.
Physical activity
Physical activity is a key component of a healthy
lifestyle. WHO general recommendations for the adult
population advise at least 150 minutes of moderate-
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intensity or at least 75 minutes of vigorous-intensity
physical activity during the week [57]. AACE/ACE
also endorse an increase in nonexercised and active
leisure activity as a manner of reduction of sedentary
behaviour [54]. However, current physical fitness
and ability as well as a general condition should be
taken into consideration. Obese individuals should
gradually increase their amount of physical activity
[50]. Sometimes, the involvement of a physiologist
or other certified professional should be taken into
consideration as a part of an individualised training
plan [54]. A randomized trial among 439 overweight
and obese women determined that diet and exercise
interventions individually affected weight loss [58].
However, the most significant effects were observed
when the dietary modification and physical activity
were combined. Sixty per cent of participants
achieved ≥10% weight loss at 1 year. Apart from
the weight loss itself, regular physical activity
could reduce blood pressure, lipid concentrations or
improve glycemic control [59].
Pharmacotherapy
NICE guidelines recommend that pharmacological
intervention should be considered if dietary, exercise
and lifestyle approaches have been evaluated [50].
European Association for the Study of Obesity
recommended drug treatment of obesity for people
with a BMI ≥ 30 kg/m2 or a BMI ≥ 27 kg/m2 with
an obesity-related disease [60]. Medications should
be introduced to obesity management when there is
a history of failed, not clinically meaningful weight
loss (>5% of total body weight) and to sustain lost
weight [61]. Three medications have been approved
in the European Union: Orlistat, Liraglutide and
Naltrexone SR/ bupropion SR [62]. Orlistat is a lipase
inhibitor that reduces dietary fat uptake in the small
intestine by about 30%. On average about 3.8 kg above
placebo weight reduction was observed during clinical
trials [62]. The common side effects of the medication
are intestinal disturbances like fatty stool, diarrhea,
increased defecation and discomfort [63]. Liraglutide
is one of glucagon-like peptide-1 (GLP-1) receptor
agonists. A randomized, controlled trial of liraglutide
in weight management was associated with decreased
body weight [64]. 3.0 mg Liraglutide injections along
with diet and exercises resulted in at least 5% loss of
total body weight in 63.2% of participants. Meanwhile,
only 27.1% of individuals from the placebo group
lost 5% or more of their total body weight. However,
the main drawbacks of the medication are the price
and form of administration [63]. Moreover, many
clinical studies show that other GLP-1 receptor
agonists therapy results in glycosylated hemoglobin
(HbA1c) level reduction and weight loss. Also, they
may contribute to the decrease of blood pressure [65].
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In the United States, there are currently five GLP-1
receptor agonists available: exenatide, liraglutide,
albiglutide, dulaglutide and lixisenatide [66]. A recent
meta-analysis included nine studies of GLP-1 agonists
therapy (exenatide or liraglutide) in children with type
2 diabetes and obesity. Compared to placebo, GLP-1
agonist intervention reduced HbA1c by 0.30%. The
most noticeable effect was observed in prediabetic
children. Also, the GLP-1 agonists intervention
caused a 2,74 kg weight decrease. In the study, GLP1 agonists were described as efficacious in treating
children with obesity and/or type 2 diabetes and the
effect sizes were comparable with those observed in
adult-focused studies [67].
Bupropion/naltrexon is a combination of a mild
reuptake inhibitor of dopamine and norepinephrine
and an opioid antagonist. The drug is responsible for
reducing appetite and food cravings. It could possibly
elevate the blood pressure, so it is not recommended
for patients with hypertension [68].
Surgical procedures
Surgical treatment of obesity has been recently
growing in popularity as a treatment option for severe
obesity. NICE inclusion criteria for bariatric surgery
are: BMI of 40 kg/m2 or more or between 35-40 kg/m2
and other significant disease that could be improved
if a person lost weight [50]. Main bariatric procedures
are adjustable gastric banding, sleeve gastrectomy and
Roux-en-Y gastric bypass [63]. Obese patients who
consider undergoing bariatric surgery should be fully
aware and informed about possible risks and benefits.
Data from 2020 indicates, that the perioperative
mortality rates range from 0.03% to 0.2%, which has
significantly improved since the beginning of the
century [69].

BEHAVIORAL INTERVENTIONS
Concept of motivational dialogue and lifestyle
change
Recently, studies taking into account the
psychological aspect are an increasingly common
response to the problem of obesity. Improving selfefficacy and working on psychological changes
in eating habits are essential to successfully and
permanently rid oneself of obesity [70, 71, 72, 73]. It
has been suggested that a combination of motivational
dialogue, a behavior change technique, along with
cognitive behavioral therapy can lead to improved
eating behaviors [74, 75]. In a randomized controlled
trial involving 816 male blue-collar and white-collar
workers in the construction industry with an increased
risk of cardiovascular disease (CVD), a lifestyle
change intervention was introduced. The intervention
consisted of individual counseling using motivational
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interviewing techniques and lasted 6 months. During
this time, study participants participated 3 times in
a 45-60 minute conversation with a physician during
an appointment and 4 times for 15-30 minutes each
through a telephone conversation. During the interview,
the interviewer used motivational interviewing (MI)
techniques such as asking open-ended questions,
attentive listening, or raising causality in the subject.
Participants in the control group received usual care,
consisting of brief oral or written information from
an occupational physician about their risk profile,
based on the results of periodic screening tests. Both
study groups had an access to the same educational
materials on physical activity, healthy eating, and
cardiovascular disease. After 6 months, a positive
effect was noted in terms of healthy snack choices and
increased fruit consumption in the intervention group.
In addition, this group had significantly less smoking
problem within 6 months after the intervention.
However, in the longer term, i.e., 1 year after the
intervention, this effect was not maintained and there
was no longer a difference in adherence to beneficial
lifestyle modifications between the groups [76].
The researchers had a different observation when
they wanted to see if a healthy lifestyle motivation
program had a better impact than standard care after
cardiac rehabilitation was completed. The program
was based on self-regulation principles and consisted
of a motivational interview, 7 group sessions, and
homework assignments. The lifestyle intervention
program was associated with a 12% reduction in
cardiac hospitalizations in the intervention group at 15
months after the study than in the group without the
intervention. At the same time, the researchers found
that the effect of lifestyle change was diminishing over
time, which may suggest that this type of intervention
should take place on a continuous or cyclical basis to
influence subjects’ behavior throughout their lifespan
[77]. Similar findings were made by Martens et. al.
who in their study observed a positive effect of MI on
increasing physical activity in students reporting low
levels of physical activity (PAL). However, they also
emphasize that this type of motivation may be shortlived [78].
The concept of self-control
In interventions exploring the concept of selfcontrol, the subjects are asked to self-control their
eating behaviors. Self-control can increase subjects’
awareness of health-promoting behaviors. However,
it is also worth mentioning that studies of this type
are difficult to evaluate and monitor, because their
results are usually reported by the subjects themselves
on a declarative basis [79]. A different approach was
shown by the researchers Wang et al. who in their
study wanted to see which strategy was better in terms
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of achieving a reduction in excess body weight. They
compared the effectiveness of self-control of subjects
who self-reported their weight loss results during
a 12-month dietary intervention (PR) and self-control
using automated report reminders through personal
digital assistants (PDAs). Both groups followed
a similar dietary intervention, which was based on
an energy deficit diet at the same level. The study
found that both PR and PDA were significant factors
in weight loss. Additionally, the use of automatic
reminders that the PDA group had access to, increased
the effectiveness of weight loss during the intervention
and adherence to the recommended level of physical
activity. In their conclusions, the authors also point to
the need for the development of further technologies
to aid in the monitoring of diet and physical activity
in weight loss, such as phone apps and smart watch
devices [80]. Similar observations were noted in
numerous studies analyzing the relationship between
self-control and successful weight loss [81, 82, 83, 84,
85, 86].
Setting goals
The first premise of working with a patient
during a dietary intervention is to set a goal to work
toward. The goal should be time-bound, measurable,
attainable, and challenging. Additionally, and
most importantly in a dietetic intervention, goal
achievement should be linked to the development of
a new eating habit and lifestyle change [87]. Tools to
monitor adherence to goals are an extremely important
part of dietetic collaboration and the evaluation of goal
achievement and setting new goals is the essence of
the dietitian’s work, because goal achievement leads
to changes in eating habits [88]. It is believed that
setting an appropriate strategy is extremely important
in effective dietetic collaboration, and goal setting
itself is individual and requires good knowledge
of the patient. However, it is emphasized that the
goal-setting strategy is one of the most important
behavioral strategies a nutrition professional can use
[89]. Behavioral interventions aimed at weight loss are
themselves effective and an appropriate tool to combat
the problem of obesity [90].

ONLINE INTERVENTIONS
With the rapid development of web-based
applications and the online model of healthcare
delivery, consultations in the field of dietetics are
also undergoing a restructuring [91]. The COVID-19
pandemic, through which some dietetic brokering
services have moved to the online sector, has also
had a not insignificant impact [92]. Moreover, recent
studies conducted during the COVID-19 pandemic
in Poland as well as in other countries indicate that
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during the lockdown period body weight increased in
the study groups [93, 94, 95]. Taking this into account,
it seems that online nutritional counseling is a very
good solution.
Telemedicine is the delivery of healthcare services
using information and communication technology
when the healthcare professional and the patient
are not in the same location. Telemedicine uses the
transmission of data, medical information, necessary
for prevention, treatment, and health monitoring of the
patient [96].
Based on research and practice, dietetic services
are beginning to shift from in-office consultations
to a form of online consultation using mobile apps
and websites. To counter it, the global problem of
obesity development needs interventions that can
be implemented on a large scale and will be easily
accessible to the patient [97]. In recent years, there
has been an increased trend of implementing webbased technologies for disease detection, prevention,
treatment, and health promotion [98]. E-health, or
electronic health, is defined as “the use of information
and communication technologies, particularly the
Internet, to improve health and health care” [99].
With web-based technology, dietitians can
effectively collect patient data, develop nutrition plans,
communicate with patients, and monitor the effects
of dietary intervention [100, 101, 102]. Coordinating
this information in a single platform promotes
patient nutrition awareness, provides rapid feedback
in the patient-dietitian relationship, or enables
dietary changes to be made based on individualized
recommendations from a professional [103, 104].
The study by Chung et al. evaluated the effectiveness
of online dietary consultation (teledietetics) versus
inpatient services in reducing weight over 24 weeks
and the costs associated with weight loss. Fifty
subjects aged 20 to 50 years with a BMI greater than
or equal to 23 kg/m2 participated in the study. Each
group consisted of 25 participants. One group received
inpatient dietary counseling and the other group
received online dietary counseling. All participants
received the intervention for 12 weeks and followup for another 12 weeks. The inpatient consultation
group received 1- 1.5 hours of dietary counseling once
a week and recorded their food intake in a food diary.
In contrast, the online consultation group received
a total of 6 hours of nutrition training, individualized
feedback from the dietitian, and recorded their
food intake on an online platform. After 6 weeks of
intervention, body weight and body fat were found in
the inpatient consultation group. At week 12, however,
weight and body fat reduction were significantly
higher in the online consultation group, 5.1 kg vs. 4.5
kg and 3.97 kg vs. 2.38 kg, respectively. However, the
differences were not statistically significant. At week
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24 of the study, a statistically significant difference
was noted between the groups in favor of online
counseling. In terms of costs of the two forms of
nutrition counseling, it was observed that the direct
costs of 1% weight loss and 1% body fat loss were
$28.24 for inpatient consultation and $17.09 for online
consultation. This indicates that online nutrition
counseling is more cost-effective and more effective in
the long run than inpatient counseling [105].
IDiet WL (IDiet weight loss) is a commercial
weight loss program. Data from 644 individuals
enrolled in an 11-week group program focusing
on weight loss were analyzed. The program was
delivered through weekly hour-long group meetings
that included nutrition education, weight management,
support, and discussion. Participants were able to
communicate with the participants and leader and
report their measurements on a website. Data for
analysis were collected from programs conducted in
the workplace, individually created groups, or online
video conferences. The mean initial BMI was 32.4
± 7.1 kg/m2. Results indicated that videoconference
participants, older adults, and self-registrants to groups
were more likely to report their results. However, after
11 weeks, % weight loss was not associated with initial
BMI, gender, or videoconferencing when comparing
to the inpatient groups. After 11 weeks, the average
weight loss was 7.4 kg, with 74% of participants
achieving a 5% weight loss. Study participants had
significant clinical weight loss, which encourages
wider implementation of the iDiet program both
inpatient and online [106].
The effectiveness of online health and nutrition
interventions in older adults was examined by Batsis
et al. [107] in an observational study. The primary
objective of the study was to assess the acceptability
and feasibility of web-based intervention methods for
weight management in older adults with obesity. The
study included 142 subjects equal to or greater than 65
years of age residing in a community-based facility.
The duration of the study was 6 months (October 2018
to May 2019). Study participants had a BMI equal to
or greater than 30 kg/m2. The intervention consisted of
weekly video consultations with a dietitian, consisting
of behavioral therapy and dietary calorie restriction.
Additionally, participants had twice-weekly exercise
classes with physiotherapists, which were also
conducted online (video consultations). Participants in
the study used a “Fitbit Altra HR” device to monitor
activity. After 6 months of intervention, a mean
weight loss of 4.6 +/- 3.5 kg was observed. In terms
of fitness, improvements were noted, among others,
in participants’ sitting and standing up. The results
indicate that an online technology-based intervention
for health improvement (weight loss) is acceptable
and possible for older adults with obesity. It addresses
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both effectiveness in weight loss and improvement
in physical performance [107]. The effectiveness
and feasibility of dietary counseling with the help of
apps was also tested by Swiss researchers. With the
technology developed by Ovia company for dietitians,
serving advice to overweight and obese patients,
a study was conducted with 36 women and 7 men. After
the entire intervention period (12 weeks), statistically
significant differences were noted in median weight
change, BMI, waist circumference. There were also
changes in dietary habits including an increase in the
frequency of vegetable, fruit and breakfast intake and
a decrease in the frequency of consumption of sweets,
fat and alcohol [108].
A systematic review of randomized controlled
trials was conducted on the effectiveness of online
interventions for the prevention and treatment of
overweight and obesity in adults. Eighty-four studies
were included in the analysis, with 183 intervention
groups, 76% (n=139) of which included an online
intervention. Online interventions were delivered
via the Internet, using email, monitoring devices,
mobile apps, software programs, personal digital
assistants, and podcasts. Sixty-one studies were
designed to reduce weight, 10 to maintain current
weight, and 8 were designed to prevent weight gain,
while 5 were designed to lose and maintain weight.
Meta-analyses indicate significantly greater weight
loss (kg) in teleconsultation interventions aimed at
weight reduction compared with control groups where
counseling was provided in a face-to-face manner.
The data collected support the effectiveness of using
online interventions as a treatment option for obesity.
However, there is still insufficient evidence for their
effectiveness in maintaining reduced body weight and
preventing weight gain [109].
Researchers came to similar findings in another
meta-analysis, confirming the effectiveness of online
nutritional counseling in decreasing BMI in obese
adults with hypertension and/or type 2 diabetes
[110]. They considered 25 randomized control trials
with intervention lengths ranging from 9 weeks to
2 years. They found significant differences in BMI
changes between the intervention groups using online
counseling and the control groups. However, the
researchers suggest that the telemedicine intervention
should last longer than six months and note that it is
important to observe the patient after the intervention
ends.
A meta-analysis by Beleigoli et al. [111] also
examined the effectiveness of online versus nontechnology health interventions on weight loss and
lifestyle change in overweight and obese individuals.
Eleven studies were included in the analysis and
showed that weight and BMI changes differed between
online and offline counseling. Online interventions
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led to greater short-term weight reduction, but not
long-term weight reduction. However, heterogeneity
between groups was a problem in the evaluation. It
was also indicated that the commitment is one of the
problems with online interventions [111].
Similar findings were reached recently in 2021
by researchers evaluating the effectiveness of weight
loss in an online intervention in various countries the United States, the United Kingdom and Ireland,
Canada, Australia, and New Zealand. After 16 weeks,
the study participants’ body weight dropped between
3% and 3.7% in all regions. The researchers also
found preliminary support for the premise that online
nutrition interventions developed in one country can be
applied globally across countries, despite differences
in attitudes toward eating and physical activity [112].
An interesting study was conducted in France. Its
objectives were to evaluate the impact of a nationwide
lockdown (during the COVID-19 pandemic) in France
on weight loss and changes in body composition in
individuals participating in a weight loss program,
and to assess the impact of an online consultation on
adherence to a program focusing on weight loss. This
was a prospective multicenter cohort study involving
individuals participating in the program over a period
of two to six months. 1550 individuals completed
the remote weight loss program. The median weight
loss was 4.4 kg in those with online services and 1.4
kg in those without consultation, a difference was
statistically significant. The study demonstrates the
effectiveness of the online intervention in a nationwide
lockdown setting [113].
Social support also plays an important role in the
effectiveness of excessive weight loss. Simpson et al.
[114] examined the acceptability of an intervention
based on the use of an app, an online network, and
social support in obese adults in an effort to lose
weight. The study included 109 individuals with BMI
≥30kg/m2, 73 individuals in the intervention group
and 36 individuals in the control group. The focus
was on assessing 3 main parameters - BMI, diet and
physical activity. The intervention group had access
to the HelpMeDoIt! app and website for 12 months.
The website provided evidence-based information on
weight loss, goal setting and monitoring, and advice
on using social support from relatives. In contrast,
the app gave participants the ability to set weight
loss goals, monitor progress, and invite people to
support them. The control group received a healthy
lifestyle pamphlet. All participants were able to
further access other available sources of knowledge
about lifestyle changes or support. Data after the
12-month intervention indicated that HelpMeDoIt
promoted social support to weight loss. Support and
progress monitoring were key elements for study
participants. 61% of goals created by participants in
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the app were met. The average percentage weight loss
for those in the intervention group was -3.2% and for
the control group was -2.3%. The study indicates that
a novel social support intervention, in the form of an
app and website, can promote the pursuit of healthy
weight and is feasible and acceptable to people [114].
Other researchers testing the effectiveness of online
health interventions on health behaviors have reached
similar conclusions. They noted the great potential of
online interventions for engagement and achievement
of stated goals. Developing and evaluating online
interventions poses new challenges and new versions
of old challenges that require improved and perhaps
entirely new research and evaluation methods. Future
health economic analyses must recognize and model
the complex and potentially far-reaching costs and
benefits of digital interventions [115].

CONCLUSIONS
Data from the aforementioned studies suggest
that the effectiveness of online interventions for
weight control is high enough to be worthwhile for
both nutrition education and weight reduction and/or
maintenance. Limitations associated with inpatient
nutrition interventions such as time consuming, costs
can be overcome by introducing the possibility for
patients to benefit from online interventions with
similar effectiveness. Online nutrition consultation
also has the advantage of wide access to the public.
Both forms of intervention should be considered for
health-promoting lifestyle modification of patients.
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ABSTRACT

Omicron, the new ‘Variant of Concern’ of SARS-CoV-2, is rapidly evolving into new sub-variants or sub-lineages (BA.1,
BA.2 etc.). These sub-variants have higher transmissibility, decreased vaccine effectiveness and increased risk of reinfection. As a result, many nations across the globe are reporting surge in infections which is a matter of concern.
Understanding Omicron and its sub-variants is vital for development of public health policy and preventing disease
transmission. The present paper throws a spotlight on the newly detected sub-variants of Omicron as reported in ongoing
researches which are available only in pre-print form and also the importance of a booster dose of the vaccine. Information
regarding recent research on a new nasal vaccine formulation, which may be effective against the new variants, is also
highlighted in the paper.
Key words: Omicron, sub-variants, transmission, vaccine, genome

INTRODUCTION
‘Omicron’ (B.1.1.529), a recent variant of
COVID-19, first detected on November 9, 2021, has
been designated as ‘Variant of Concern’ (VOC) by
World Health Organization (WHO) [12]. Since its
detection, Omicron has been sequenced all over
the world and appears to be responsible for driving
several outbreaks of SARS-CoV-2 or causing existing
outbreaks to accelerate. Recently, on the basis of
computational analysis, it was divided into three sub
lineages (BA.1, BA.2 and BA.3). BA.1 and BA.2 are
more dominant as they have the ability to overcome
the defences of even highly immune individuals and it
has been reported that sub lineage BA.1 has spread to
more than 130 nations [6, 7].
After several weeks of declines, reported cases of
COVID-19 are once again increasing globally. Covid
cases have surpassed 500 million as new infections
are occurring at a rapid rate in many countries of
Europe and Asia because of sub variant BA.2 [4]. The
recent surges in China and record infections in Europe

are as a result of rise of BA.2. It has been called as the
‘stealth variant’ as it is harder to track as compared to
other variants. Highest average number of new cases
have been reported from South Korea with more than
1,82,000 cases being reported on daily basis. Cases
are also rising in smaller South Asian countries like
Thailand, Taiwan and Bhutan. China is witnessing its
worst Covid outbreak since the emergence of the virus
in Wuhan in 2019, with its major financial capital,
Shanghai reporting more than 25000 cases per day
[3]. Apart from Shanghai, 18 other provincial-level
regions on the mainland saw new local COVID-19
cases. India is also witnessing sharp rise in daily
cases especially in its capital city, New Delhi. Revised
COVID protocols are being framed in the national
capital as new infections are surging at the state and
the national level due to Omicron sub-variants.
Recombinants of Omicron
As a result of genetic selection, viruses naturally
evolve and are continuously changing. They have the
ability to undergo minor genetic changes through
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mutation, as well as major genetic changes through
recombination [14]. When an error is incorporated in
the viral genome, it leads to mutation and recombination
occurs when two viruses infect the same host cell
and exchange genetic information, which creates
a novel virus. Recombinants can surface when the
same person (or animal) is infected by more than one
variant at the same time (‘co-infection’). This allows
the variants to interact during replication, mixing their
genetic material and forming new combinations. Three
SARS-CoV-2 recombinant variants with evidence of
person-to-person transmission have been reported:
XD (AY.4/BA.1 recombinant, where AY.4 is Delta),
XE (BA.1/BA.2 recombinant) and XF (another AY.4/
BA.1 recombinant) [14].
Risk of re-infection with BA.1 and BA.2
BA.2 differs from BA.1 in its genetic sequence,
including some amino acid differences in the spike
protein and other proteins. It has been shown that
BA.2 has a growth advantage over BA.1 [12].
Studies are ongoing that are evaluating the risk of reinfection with BA.2 compared to BA.1. Re-infection
with BA.2 following infection with BA.1 has been
documented; however, initial data from populationlevel re-infection studies suggest that infection with
BA.1 provides strong protection against re-infection
with BA.2, at least for the limited period for which
data are available. As Omicron has the ability to cause
so many infections over a short period of time, many
more people are being hospitalized than at any other
time in the pandemic.
WHO tracks two new sub-variants (BA.4 & BA.5)
The WHO recently said that it was tracking two
new Omicron sub-variants BA.4 and BA.5 to assess
whether they are more infectious or dangerous [2].
The immune escape properties of these two new
sub-variants are being studied by various clinical,
epidemiological and immunological methods by
leading researchers in South Africa, which was the
first country to report Omicron. Oliveira and his team
are conducting one of the world’s strongest genomic
surveillance programmes for SARS-CoV2. It is
reported that there were several abnormal SARSCoV2 genome sequences with notable mutations that
encode its spike protein. By the first week of April, it
was found that BA.4 and BA.5 sequences comprised
around 50% of the roughly 500 genomes sequences
in South Africa. Immune escape potential of these
sub-variants is being studied by immunologists by
exposing samples of BA.4 and BA.5 to blood drawn
from people infected with COVID-19 and people who
have been vaccinated.
Booster vaccine dose
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Boosters for COVID-19 vaccines may be required
because the first dose can only unreliably activate
the body’s immune system, and the second provides
consistent protection against COVID-19. Immunity is
better three months after the Moderna vaccine and six
months after Oxford shots, but this immunity lasts only
for few months after the vaccination. Furthermore,
since coronavirus is rapidly mutating into new variants
like the Omicron, our immune cells may not identify
the mutated virus, and thus, we may need a booster
vaccine shot to tackle new strains [8, 11]. The children
and younger students are not vaccinated yet in India
as only very recently COVID-19 vaccination has been
announced to be started for 15–18 years age group
from January 3, 2022, so as to avoid Omicron infection
to this younger category [10].
Omicron as a natural vaccine
Some researchers have asserted that Omicron can
provide natural vaccination while others have refuted
this claim. Omicron may act as a vaccine because
it allows a large number of people to effectively
develop herd immunity against the Omicron, halting
transmission in the same way that vaccination develops
herd immunity [5]. This variant has the potential to
enhance immunity in individuals without causing
major sickness. Omicron is similar to live attenuated
vaccines in certain ways as it causes milder infection
and triggers a strong immune response against
viruses. Immunity developing in vaccinated persons
(infected with Omicron) can be paired with immunity
against the previous variant to generate a threshold
level of herd immunity, allowing 70–90% of people to
be recovered from or vaccinated against COVID-19.
Also, according to some scientists, considering
Omicron as a natural vaccine is a perilous idea [5]. It
creates complacency and is based more on pandemic
fatigue and incapacity to do more than on current data
and that Omicron is not a vaccine; no matter how light
it may be, because this variant has resulted in deaths
and hospital admissions worldwide.
Nasal Omicron vaccine booster
Current vaccination modalities provides less
protection against contracting and transmitting the
Omicron variants compared with earlier variants, it
still provides some protection, especially after the third
or fourth booster dose. A recent research published in
a reputed journal described an ultra-effective nasal
vaccine booster that potently induced the extraordinary
high-level of neutralizing antibody in pre-vaccinated
mice [9]. This particular vaccine booster is composed
of a recombinant receptor binding domain of SARSCoV-2 spike (either wild-type or omicron) fused with
a domain of SARS-CoV-2 nucleoprotein. In the absence
of adjuvants, a single intranasal administration of the
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booster significantly induced systemic and mucosal
antibody responses in pre-vaccinated mice and also
minimizes the chances of irritation or allergy to the
mucosa. Most importantly, the single dose nasal
vaccine booster (omicron version) potently enhanced
the neutralizing activity against authentic SARSCoV-2 omicron virus infection. However, these nasal
protein boosters warrant further studies and clinical
trials in humans before being successfully applied to
human populations.
Aircraft wastewater sampling for new variants
A recent study detected the presence of Omicron
variant in aircraft wastewater sample from a flight
arriving in Northern Territory of Australia by using
RT-qPCR assays per guidance from the WHO [1].
The sequencing of nasopharyngeal swab of one of
the patients infected with SARS-COV-2 resulted
in the detection of Omicron VOC. It is difficult to
identify all COVID-19 positive cases among arriving
passengers by doing only pre-flight testing of clinical
samples, therefore under these circumstances, postflight testing of passengers may be beneficial when
potentially more-infectious variants are predicted
to be emerging globally, and quarantine measures
may be necessary when new variants cause increase
disease severity. Further studies are needed to identify
other suitable sample matrices such as air sampling or
surface swab sampling to determine whether these are
more appropriate than wastewater.
Ukraine war and COVID-19
There is a well-established link between war
and disease outbreaks extending back centuries.
It challenges every public health program existing
in the country. It limits the availability of medical
care for those who might be seriously ill, and often
fosters COVID-19 transmission when so many people
are crowded into bomb shelter locations, trains and
refugee processing facilities. Ukraine was struggling
to control the pandemic even before the Russian
invasion. Vaccination campaigns in Ukraine were
much slower as compared to other neighbouring
European countries [15]. Till the end of February
2022, only 35% of its population had been vaccinated.
Since the war began, COVID testing has decreased as
health care facilities have been destroyed and Russian
attacks have cut off humanitarian aid routes. The
millions of refugees who are crossing Ukrainian border
and entering surrounding European countries will
need treatment for their medical problems including
COVID 19. These countries should be well prepared to
handle the demands on their health systems as many
European countries are already witnessing spurge in
cases caused by Omicron sub-variant BA.2.

CONCLUSION
As the whole world was advancing towards
normalcy after three waves of the pandemic,
COVID-19 cases are again beginning to rise owing to
Omicron and its new sub-variants. The newly detected
sub-variants of Omicron are more transmissible and
have the potential for immune escape. Booster shorts
of the vaccine can provide some amount of protection
from the new sub-variants. Research is being
conducted on new nasal vaccine formulations that
can effectively neutralize the new variants, however
human trials of these vaccine candidates are still in
nascent stage. Populations experiencing pandemic
fatigue could possibly ignore reports of new outbreaks,
relaxing preventative behaviours and leading to
additional transmissions. We should realize the fact
that pandemic is not yet over. We should not lower our
guard and there is an urgent need to increase public
communications to adhere to mask-wearing especially
by vulnerable populations. At the individual level,
people need to do self-assessment of risk and follow
Covid-appropriate behaviour accordingly.
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ABSTRACT

Background. Due to the high percentage of deaths caused by non-communicable chronic diseases, such as cancer or
cardiovascular diseases, recorded in recent years, proper nutrition, including consumption of vegetables and fruit rich in
bioactive compounds is of a vital importance. It is especially important in the light of consumers' interest in pro-health
values of foods.
Objective. Aim of this study, was to assess the attitudes of people aged 20-39 towards food with a specific health effect,
with particular emphasis on selected vegetables and fruits rich in bioactive compounds.
Material and methods. The study included 500 people aged 20-39 years old. The research tool was a questionnaire
consisting of 3 parts, which assessed: attitudes of people aged 20-39 towards the health values of food, frequency of
consumption of selected vegetables and fruits rich in bioactive compounds and knowledge about them.
Results. The average result of respondents’ given answers indicated their positive attitude towards health values of food
(mean = 4.41). Nevertheless, consumption frequency of selected vegetables and fruits was low or very low among more
than half (57%) of the respondents. In addition, members of the study group demonstrated insufficient knowledge about
the confirmed by clinical tests, positive impact of the consumption of examined products on health (average knowledge
test result = 25% among the members of the test group). At the same time, higher consumption of analysed vegetables and
fruits was associated with better knowledge about them. Similarly, more positive attitudes towards health values of food
were associated with higher frequency of vegetables and fruit consumption and knowledge about them.
Conclusions. The surveyed adults aged 20-39 showed a positive attitude towards health values of food. Nevertheless,
consumption of selected vegetables and fruits rich in bioactive compounds and knowledge about them was not sufficient.
Due to the association between better knowledge about health values of particular products and frequency of their
consumption, in the future, focus should be placed on increasing consumers’ knowledge in this area, e.g. by organizing
social and information campaigns.
Key words: vegetables, fruit, polyphenols, glucosinolates, carotenoids, non-communicable chronic diseases

STRESZCZENIE

Wprowadzenie. Ze względu na notowany w ostatnich latach, wysoki odsetek zgonów spowodowanych niezakaźnymi
chorobami przewlekłymi, takimi jak nowotwory czy choroby sercowo-naczyniowe, niezwykle istotne jest prawidłowe
żywienie, w tym spożycie warzyw i owoców wyjątkowo bogatych w składniki bioaktywne. Jest to ważne, w obliczu
zainteresowania konsumentów walorami prozdrowotnymi spożywanej żywności.
Cel. Celem badania była ocena postaw osób w wieku 20-39 lat wobec żywności o określonym działaniu zdrowotnym, ze
szczególnym uwzględnieniem wybranych warzyw i owoców bogatych w składniki bioaktywne.
Materiał i metodyka. Badanie przeprowadzono wśród 500 osób w wieku 20-39 lat. Narzędziem badawczym był kwestionariusz ankiety składający się z 3 części, w których oceniono: postawy osób w wieku 20-39 lat wobec walorów
prozdrowotnych żywności, częstotliwość spożycia wybranych warzyw i owoców bogatych w składniki bioaktywne oraz
wiedzę na ich temat.
Wyniki. Uzyskane wyniki wskazywały na pozytywną postawę respondentów wobec walorów zdrowotnych żywności
(średnia = 4,41). Mimo to, częstotliwość spożycia wybranych warzyw i owoców była niska lub bardzo niska wśród ponad
połowy (57%) respondentów. Osoby badane wykazywały również niedostateczną wiedzę na temat potwierdzonych badaniami klinicznymi aspektów pozytywnego wpływu spożycia badanych warzyw i owoców na zdrowie (średni wynik testu
wiedzy wyniósł w grupie badanej 25%). Jednocześnie, wyższa częstotliwość spożycia analizowanych warzyw i owoców
było powiązane z wyższym poziomem wiedzy respondentów na ich temat. Podobnie, bardziej prozdrowotne postawy respondentów wobec walorów zdrowotnych żywności, były powiązane z wyższą częstotliwość spożycia badanych warzyw
i owoców oraz wiedzą na ich temat.
Corresponding author: Aleksandra Kureń, Warsaw Medical University, Department of Human Nutrition, Erazma Ciołka street 27,
01-445 Warsaw, Poland, Tel.: +48 534208249. e-mail: aleksandra.kuren@gmail.com
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Wnioski. Badane osoby w wieku 20-39 lat wykazywały pozytywne nastawienie do walorów zdrowotnych żywności.
Mimo to, spożycie wybranych warzyw i owoców bogatych w składniki bioaktywne oraz wiedza na ich temat nie były
dostateczne. Ze względu na powiązanie między większą wiedzą na temat działania poszczególnych produktów, a ich spożyciem, w przyszłości należałoby skupić się na działaniach mających na celu zwiększanie posiadanej przez konsumentów
wiedzy w tym zakresie, np. poprzez organizacje kampanii społecznych i informacyjnych.
Słowa kluczowe: warzywa, owoce, polifenole, glukozynolany, karotenoidy, przewlekłe choroby niezakaźne

INTRODUCTION
According to data published by the World Health
Organization [39], in 2019, around 7 out of 10 deaths
were caused by so-called chronic non-communicable
diseases (such as: ischemic heart disease, stroke, type
2 diabetes, lung diseases or cancers). One of the main
risk factors for diseases of this category is improper
diet, including insufficient consumption of vegetables
and fruit.
Both vegetables and fruit are rich sources
of bioactive compounds, such as polyphenols,
carotenoids, glucosinolates, indoles and allyl sulfur
compounds [4]. Significant amounts of anthocyanins,
belonging to the group of polyphenols, can be found in
red and purple fruits and vegetables, while red fruits,
such as pomegranate, strawberries and cranberries
are also rich sources of ellagotanins [21, 34].
Resveratrol, a chemical compound belonging to the
group of stilbenes, can mainly be found in red grapes,
while cruciferous vegetables are rich sources of
glucosinolates and indoles [11, 32]. Onions and garlic
contain significant amounts of allyl sulfur compounds
and carotenoids can be found in red, orange, yellow
and green vegetables such as carrots, bell peppers,
broccoli and spinach as well as in red, orange and
yellow fruits such as apricot, peach, mango or nectarine
[22, 35]. Generally speaking, while their amount may
vary between the species, bioactive compounds can be
found in almost every kind of known vegetable and
fruit.
Numerous studies concerning pro-health effects of
fruit and vegetable consumption are being conducted,
mostly focusing on products containing the highest
amounts of potentially health-promoting compounds.
It has been observed, that particular benefits for hearthealth might be associated with the consumption of
such fruits and vegetables as: tomatoes, cabbage,
kale, broccoli, garlic, blueberries, strawberries, black
currant, pomegranates, red grapes and cranberries.
On the other hand, regular consumption of garlic,
broccoli, cabbage, tomatoes, blueberries, red grapes,
pomegranates, strawberries and cranberries might have
a positive effect on both prevention and treatment of type
2 diabetes. At the same time, beneficial effect on cancer
prevention can be associated with regular consumption
of vegetables and fruits such as tomatoes, blueberries,
pomegranates, strawberries and cranberries. Lastly,

prevention of neurodegenerative disorders such
as Alzheimer’s disease might be supported by the
consumption of blueberries, strawberries and red
grapes. All fruits and vegetables mentioned above
are rich sources of dietary bioactive compounds and,
as such, may positively affect prevention of noncommunicable chronic diseases by the means of
their antioxidative properties (e.g. resulting in antiinflammatory effect or reduction of oxidized LDLcholesterol levels) and immunomodulatory properties
(e.g. by preventing the formation of neoplastic lesions
by reducing cell proliferation rate, impacting cell cycle
arrest, increasing glutathione peroxidase synthesis or
inducing phase II enzymes responsible for carcinogen
metabolism) [24, 37]. Another important mechanism
of bioactive compounds’ effect on health and noncommunicable chronic diseases risk reduction is
related to their gene-regulatory properties (e.g.
sulforaphane can decrease cancer risk by activating
cancer suppressor genes) [37].
Due to the proven, positive effect of vegetable
and fruit consumption, particularly associated with
vegetables and fruits rich in bioactive compounds,
on health, it is reasonable to increase their amount in
daily diet, which should not be difficult, considering
a relatively easy access to products belonging to these
assortment groups. At the same time, promotion of
vegetable and fruit consumption should be encouraged
by the pro-health trends in consumers’ eating habits
observed in recent years [7,10]. However, positive
attitudes towards health values of food, often do
not correspond with their higher consumption. As
demonstrated by Kozirok et al. [18], high price and
changes in organoleptic properties, may be considered
a significant obstacle, discouraging consumers form
buying foods with particular health value. The abovementioned problem could be solved by encouraging
consumers to buy vegetables and fruits that are
naturally rich in bioactive ingredients (and therefore
do not require chemical composition changes), and
are relatively cheap (especially when they are bought
during their season) .Therefore, consumption of fruit
and vegetables rich in bioactive compounds, could
meet both the current needs of food consumers and
nutritional recommendations for the population, while
contributing to the improvement of general health.
Aim of this study, was to assess the attitudes of
people aged 20-39 towards food with a specific health
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effect, with particular emphasis on selected vegetables
and fruits rich in bioactive compounds. Our goal was
to asses consumption frequency of selected vegetables
and fruits and possible associations between their
consumption, knowledge about their pro-health effects
and general attitudes towards health values of food.
Conclusions about the existence of such associations
can be used as a basis for further promotion of health
and healthy diet.

MATERIAL AND METHODS
The study was conducted between October 2020
and February 2021. Purposive sampling of typical
units (due to age) was used. Age below 20 or above
39 years old was considered an exclusion criterion.
Respondents were informed about the purpose of this
study and its anonymity at the beginning of the survey.
The diagnostic survey method and the survey
technique were used. The survey was posted on
the Internet. The research tool was an anonymous
questionnaire. In the first part of the questionnaire,
a fragment of the HTAS questionnaire (Health and
Taste Attitude Scales) [31] concerning general health
interest was used. In this part of the questionnaire,
a seven-point Likert scale [20] was used to assess
attitudes towards health values of food (where 1 =
strongly disagree and 7 = strongly agree). The analysed
attitude included the following statements: “health
value of food has little influence on the way I choose
food products”, “health values of foods I eat are of
a great importance to me”, “I eat what I like and do
not think about the impact of food on my health”, “my
diet is always healthy and balanced”, “it is important
that my diet contains a lot of vitamins and minerals”,
“I do not pay attention to health values of the food
I eat between main meals” and “it is important to me
that my diet is low in fat.”. An interpretation system
was used to assess attitudes, in which an average
score < 3.80 indicated an anti-health or negative
attitude, an average score ≥ 3.80, but ≤ 4.20 a neutral
attitude, and an average score > 4.20 - a pro-health
or positive attitude. To interpret some questions,
the reverse scoring system was used (i.e. the answer
“I strongly disagree” was awarded 7 points, and the
answer “I strongly agree” - 1 point). Then, the share of
individual components (positive, neutral, negative) in
the whole analysed attitude was calculated. The result
has been shown as a percentage.
The next part of the survey consisted of author’s
questionnaire regarding the frequency of consumption
of selected vegetables and fruits rich in bioactive
compounds. The following vegetables, fruits and their
products were included in the study: broccoli, broccoli
sprouts, kale, cabbage (raw, cooked and fermented),
garlic, chili pepper, raw tomatoes, dried tomatoes,
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tomato-based products (such as tomato paste and
ketchup), tomato juice, blueberries*, black currants*,
black currant juice, red grapes, pomegranate,
pomegranate juice, strawberries*, cranberries and
cranberry juice). For the purpose of more accurate and
detailed result interpretation, analysed vegetables and
fruits were divided into following groups: cruciferous
vegetables (broccoli, broccoli sprouts, cabbage,
kale), raw vegetables (broccoli, broccoli sprouts,
raw cabbage, garlic, chili pepper, kale, raw tomato),
processed vegetables (cooked cabbage, fermented
cabbage, tomato juice, dried tomato, tomato paste and
ketchup), raw fruits (blueberries, black currants, red
grapes, pomegranate, strawberries, cranberries) and
processed fruits (black currant juice, pomegranate
juice, cranberry juice). The analysed group of products
was deliberately selected, using the high amount
of bioactive compounds described in the literature
as a criterion. Additionally, chosen products met
nutrition claim inclusion criteria set by the European
Commission, due to their significant content of
vitamins and/or minerals. In the case of vegetables
and fruits available seasonally, members of the study
group were asked to indicate their usual consumption
during the season for a given product. In this part of the
questionnaire, a scale was used, in which the answer
“never or almost never” was given no points, the
answer “less than once a month” was given 1 point, the
answer “several times a month” - 2 points, the answer
“several times a week” - 3 points, the answer “once
a day” - 4 points, and the answer “several times a day”
- 5 points. Then, the points received by the respondents
were summed up and compared to their maximum
possible number in a given category. The following
values were chosen as cut-off points for interpretation
of the results: <15% of possible points - very low
consumption, 15-30% - low consumption, 31-50% medium consumption, 51-70% - high consumption,>
70% - very high consumption. Obtaining more than
70% of points in the part concerning the frequency
of consumption of products was considered very high,
due to the fact that the author’s study included only 12
selected vegetables and fruits, while the respondents
could also eat other products from these assortment
groups. Moreover, obtaining 70% of points meant,
averaging, that a given person consumed half of the
tested products every day, and the other half - several
times a week, i.e.: very often. Average consumption
frequencies were calculated by adding together all
the points given to each response on the frequency of
consumption of a given product, and then, dividing
them by the number of respondents (500).
The last part of the questionnaire contained
statements about health-promoting effects of selected
vegetables and fruits rich in bioactive compounds.
In this part of the questionnaire, a total of 36 points
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could be scored (15 in the part concerning vegetables,
21 in the part concerning fruit). Individual points
were awarded for selecting the correct answers (1
correct answer = 1 point). Content of statements
concerning health-promoting effects of vegetables
and fruit consumption was developed on the basis
of the subject literature (the results of clinical trials
and/or cohort studies). These statements were used to
asses respondents’ knowledge about health values of
particular vegetables and fruits.
In total, the survey consisted of 31 single-choice
and multiple-choice questions. At the end of the survey,
respondents were asked to fill in their particulars.
Microsoft Office Excel version 2101 was used to
develop the database. The IBM SPSS Statistics version
26 package was used to perform statistical analyses.
Spearman’s rho correlation test, post hoc tests with
Dunn-Bonferroni correction and Friedman tests were
used. The threshold α = 0.05 was adopted as the level
of statistical significance.

RESULTS
Study group consisted of 500 adults aged 2039 (411 females and 89 males), and the assumed age
range was an inclusion criterion for the study. Among
the respondents, 51% declared having secondary
education, and 48.4% - higher education. Only 0.6%
declared their education as primary or basic vocational.
Among members of the study group, analysed
attitude towards health values of food was positive
in around 60% of cases, and neutral in around 40%
of them. Negative attitude wasn’t observed for any of
the statements, therefore its share in analysed attitude
equalled 0%. After calculating the mean result from
all the examined statements, respondents’ attitude
towards health values of food was determined to be
positive (pro-health) and amounted to 4.41.
Consumption of analysed vegetables and fruits
was low or very low among 57.2% of the respondents.
Consumption of cruciferous vegetables was
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particularly low - among 80.2% of respondents it
was at a low or a very low level. A higher percentage
of people consuming high or very high amounts of
analysed products was recorded in the case of raw and
processed vegetables (7.4%) than in the case of raw
and processed fruits (4.6%). The percentage indicating
high or very high consumption did not exceed 10%
of the respondents in any of the analysed subgroups.
Interpretation of the results concerning frequency of
consumption of each group of analysed vegetables and
fruits has been presented in Table 1.
After analysing the average frequency of
consumption of vegetables selected for this study,
it was shown that tomato was the most frequently
consumed raw vegetable among the respondents
(average consumption frequency = 3.38), while garlic
took the second place (average consumption frequency
= 2.59). The most often consumed among processed
vegetables, were tomato products, such as tomato paste
or ketchup (average consumption frequency = 2.93).
Strawberries were the most often consumed among
fruits included in this study (average consumption
frequency = 2.43) , followed by blueberries (average
consumption frequency = 1.98). It was also observed,
that the consumption of some fruits and vegetables
traditionally grown in Poland (i.e.: kale, cabbage,
broccoli, black currant, cranberry) was at a relatively
low level. Average consumption frequencies of abovementioned products were: fermented cabbage = 1.61,
broccoli = 1.61, cranberries = 1.27, cooked cabbage =
1.22, raw cabbage = 1.21, black currant = 1.20, kale =
0.74.
In the part concerning respondents’ knowledge
about health-promoting effects of individual vegetables
and fruits included in the study, it was noted that the
average result of the respondents was 9 points (out
of 36 possible), which gave the percentage result of
25%, i.e.: definitely insufficient. Among members of
the study group, especially low knowledge concerning
awareness of the impact of selected vegetables and
fruits in prevention and treatment of type 2 diabetes

Table 1. Frequency of consumption of each group of analysed vegetables and fruits (presented as a percentage of
respondents)
Analysed group of products
Selected vegetables and fruits (raw
and processed)
Selected vegetables (raw and
processed)
Selected cruciferous vegetables (raw
and processed)
Selected fruits (raw and processed)
Selected vegetables and fruits (raw)
n = 500

Very low
consumption

Low
consumption

Medium
consumption

High
consumption

Very high
consumption

6.0

51.2

37.8

4.0

1.0

2.8

45.4

44.4

6.4

1.0

25.2

55.0

15.2

3.2

1.4

24.6
6.2

41.8
40.8

27.2
44.4

4.8
7.4

1.6
1.2
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was noted. The mean score in this case was only 1
point (14%). The most frequent result obtained by the
respondents in this part of the test was 0 points. The
respondents were slightly more aware of the impact
of vegetable and fruit consumption on prevention
and support of treatment of cardiovascular diseases
and cancers. The mean scores in these categories
were 2 points (18%) and 1 point (20%), respectively.
Nevertheless, it should be noted that, when it comes to
cancer awareness, the most frequently obtained result
was 0 points (Table 2).

Statistical analysis carried out as a part of the study,
showed that more positive attitudes towards health
values of food were associated with better knowledge
about vegetables and fruits (Table 3).
Similarly, more positive attitudes towards health
values of food were associated with higher frequency of
fruit and vegetable consumption (Table 4). Moreover,
better knowledge about fruits and vegetables was
associated with more frequent consumption of
analysed vegetables and fruits, vegetables alone, raw
products and cruciferous vegetables (Table 5).

Table 2. Respondents’ knowledge about health-promoting effects of selected vegetables and fruits (presented as number
of points)
The scope of the knowledge tested

Max number of
points

X ± SD

Min ÷ Max

Dominant

36

9 ± 4.0

2 ÷ 27

7

15

3 ± 1.6

0÷8

4

21

5 ± 2.9

0 ÷ 18

3

9

1 ± 1.5

0÷7

0

11

2 ± 2.2

0 ÷ 11

2

5

1 ± 1.4

0÷5

0

Knowledge about health-promoting effects of
selected vegetables and fruits
Knowledge about health-promoting effects of
selected vegetables
Knowledge about health-promoting effects of
selected fruits
Knowledge about the effects of fruit and
vegetable consumption on the prevention and/or
treatment of type 2 diabetes
Knowledge about the effects of fruit and
vegetable consumption on the prevention and/or
treatment of cardiovascular diseases
Knowledge about the effects of fruit and
vegetable consumption on the prevention and/or
treatment of cardiovascular diseases

X – mean value. SD – standard deviation. Min – minimum value, Max – maximum value, n = 500
Table 3. Knowledge about vegetables and fruits in relation to attitudes towards health values of food
Knowledge about vegetables and fruits
Vegetables and fruits
Vegetables
Fruits
Effects of fruit and vegetable consumption on the prevention and/or
treatment of type 2 diabetes
Effects of fruit and vegetable consumption on the prevention and/or
treatment of cardiovascular diseases
Effects of fruit and vegetable consumption on the prevention and/or
treatment of cardiovascular diseases

RHO
p
RHO
p
RHO
p
RHO
p
RHO
p
RHO
p

Attitude towards
health benefits of food
0.26
<0.001
0.21
<0.001
0.22
<0.001
0.09
0.044
0.18
<0.001
0.22
<0.001

This table shows the correlations between knowledge about vegetables and fruits and attitudes towards health values of
food. RHO – Spearman’s rank correlation coefficient, p – statistical significance, n = 500
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Table 4. Attitudes towards health values of food in relation to frequency of consumption of analysed vegetables and fruits
Consumption frequency of:
RHO
p
RHO
p
RHO
p
RHO
p
RHO
p
RHO
p

all analysed products
all analysed products
fruits
raw products
processed products
cruciferous vegetables

Attitude towards
health benefits of food
0.22
<0.001
0.28
<0.001
0.09
0.046
0.24
<0.001
0.12
0.005
0.25
<0.001

This table shows the correlations between attitudes towards health values of food and frequency of consumption of
analysed vegetables and fruits, RHO – Spearman’s rank correlation coefficient, p – statistical significance, n = 500
Table 5. Knowledge about vegetables and fruits in relation to their consumption frequency
Knowledge
concerning:
vegetables
and fruits

RHO
p

all analysed
products
0,10
0,021

vegetables
0,10
0,026

Consumption frequency of:
raw
fruits
products
0,07
0,13
0,094
0,004

processed
products
-0,01
0,848

cruciferous
vegetables
0,10
0,030

This table shows the correlation between knowledge about analysed vegetables and fruits and frequency of their
consumption. RHO – Spearman’s rank correlation coefficient, p – statistical significance, n = 500

DISCUSSION
Results of the conducted study indicate, that while
respondents’ attitude towards health values of food was
positive, frequency of vegetable and fruit consumption
and knowledge about them was definitely insufficient.
In the conducted study, three aspects of
respondents’ attitudes (emotional, behavioural and
cognitive) were analysed in accordance with the ABC
(affect, behaviour, cognition) attitude model [26]. The
emotional aspect of respondents’ attitudes concerned
their beliefs about the health values of food. From this
part of our study, a conclusion could be drawn that the
respondents were rather pro-health oriented. Similar
findings were reported by Babicz-Zielińska et al. and
Kozirok et al. [2, 16, 17], whose studies reported that
respondents had expressed a desire for their diet to
be rich in vitamins and minerals and low in fat (in
the study by Kozirok et al. [16], the willingness to eat
a low-fat diet was recorded only in women). At the same
time, in a study by Kucharska et al. [19] conducted in
the group of dietetics students, it was noted that the
consumption of vitamins A, E, C, B1, B2, B3, B6, folate,
as well as phosphorus, sodium, zinc and magnesium
was at a level exceeding their recommended daily

allowance (RDA). Nevertheless, the above-mentioned
study showed that potassium, calcium and iron were
deficient in the respondents’ diet. This may serve as
an indication that, despite the willingness of adults
to consume vitamins and minerals, there are still
some deficiencies in this respect, which, in turn, may
indicate a lack of knowledge about dietary sources of
these nutrients or an aversion to them.
In our study, the behavioural aspect of respondents’
attitudes towards vegetables and fruits rich in
bioactive compounds was examined by determining
the frequency of consumption of individual raw and
processed products. Similarly to our study, in the
study conducted by the Kantar data company [27],
tomato was declared to be the most eagerly consumed
vegetable in Poland. In this study, the remaining
vegetables particularly rich in bioactive compounds,
took the 6th (cabbage) and 10th (broccoli) place and
were eaten several times less frequently than the most
popular tomatoes, which is consistent with the results
of our own research. Among the respondents of our
own study, strawberries were the most frequently
consumed berries, followed by blueberries, cranberries
and blackcurrants. In a study conducted by the Kantar
data company [27], strawberries were second most
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consumed fruits in the group of adult Poles (83% of
respondents declared that they eat it strawberries at
least once a week during season). Blueberries were
ranked 7th in this study, and blackcurrants - 8th (38%
and 24% of respondents consuming them at least once
a week during the season, respectively). Cranberry
was not present in the top ten of the Kantar study
[27] - such results were therefore relatively similar to
the results of our own study, at least in the context of
declared frequency of consumption of selected berries.
Similarly, in a study by Malczyk et al. [23], berries
consumed most frequently by the respondents were
strawberries, followed by cranberries and currants.
Blueberries were not included in this study. At the
same time, it is worth mentioning that in comparison
to fruits from other groups, cranberry was only on
the 20th place, and currant - on the 23rd in terms of
frequency of consumption recorded in the study by
Malczyk et al. [23].
Red grapes were ranked third in the results of our
research regarding average frequency of unprocessed
fruit consumption, while pomegranate was ranked
6th (last). In a study by Malczyk et al. [23], red grapes
were ranked 8th in terms of consumption frequency,
with average consumption determined to be „rare”.
On the other hand, in a study by Olewnicki et al. [28]
it was noted that 36% of respondents had never bought
a pomegranate fruit. At the same time, in a study by
the Kantar data company [27] and a study by Malczyk
et al. [23], pomegranate consumption wasn’t even
included, which may indicate its low popularity among
Polish customers.
Analysis of frequency of consumption of vegetables,
fruit and their products among the respondents of our
study has shown, that in 57% of cases it was at a low or
a very low level. This kind of data is consistent with the
one presented as a result of the Kantar data company
research [27], in which only 5% of the respondents
declared consuming vegetables and fruit more than
once a day. In our study, an extremely low consumption
was recorded in the case of cruciferous vegetables as many as 80% of surveyed adults declared low or
very low consumption of vegetables belonging to that
group. According to Bosetti et al. [6], the average
consumption of this group of vegetables in the Swiss
population was 11 g / day, and their share in the total
consumption of vegetables was only 7%. The same
was true for the Swedish population, where the average
consumption of cruciferous vegetables was 11 g / day,
and their share in the total vegetable consumption was
15%. However, it is essential for a similar study to be
conducted in the Polish population.
As a result of statistical analysis, our study showed
that more pro-health attitudes towards health and
nutrition were associated with higher consumption
frequencies of vegetables and fruits rich in bioactive
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compounds. Similarly, a study by Bihan et al. [5],
showed that positive attitudes towards statements such
as “my diet is healthy” or “I eat vegetables and fruit to
maintain good health” positively correlated with the
amount of fruit and vegetables consumed.
The last, cognitive aspect of the respondents’
attitudes was examined by assessing their knowledge
about the health-promoting properties of selected
vegetables and fruits. Awareness of the impact of
individual raw vegetable and fruit consumption
on prevention and treatment of type 2 diabetes
was especially low (average result = 11%). Among
vegetables and fruits included in our survey, for as
many as 9 of them, results of clinical trials showing
a positive impact of their consumption on prevention
or support of treatment of this disease could be found.
For example, as demonstrated in a study by Bahadoran
et al. [3], broccoli consumption had a positive effect
on parameters such as cholesterol levels and level of
oxidative stress among patients with type 2 diabetes,
thus reducing the risk of complications. Similarly,
Kim et al. [15] showed that consumption of fermented
cabbage reduced fasting glucose levels, similar results
were also obtained by Wang et al. [38] in the case of
garlic consumption. Muraki et al. [25], observed, in
turn, that consuming 3 servings of blueberries a week
lowered the risk of type 2 diabetes by as much as 26%,
while Esmaillzadeh et al. [12] – that consumption
of pomegranate juice had a positive effect on the
laboratory parameters of patients with this disease.
The effect on prevention and/or treatment of type 2
diabetes was also shown in the case of such products
as: tomatoes, red grapes and strawberries.
A positive influence of as many as 11 out of
12 vegetables and fruits analysed in our study (all
except chili pepper) on heart-health could be found
in scientific literature, and the average result of the
respondents’ knowledge in this regard was 2 points
(18%). It is a proof of respondents’ insufficient
knowledge, as a positive influence of consumption of
selected vegetables and fruits on cardiovascular health
is relatively well proven in scientific research. For
example, in a study by Kim et al. [16], it was shown
that consumption of kale had potential to increase
concentrations of HDL cholesterol and decrease
concentrations of LDL cholesterol. A similar effect,
in terms of the elevating effect on HDL cholesterol
levels, was reported by Cuevas-Ramos et al. [9] in
a study concerning tomato consumption. Meanwhile,
according to Asgary et al. [1], consumption of
pomegranate juice had a statistically significant effect
on lowering blood pressure. A similar effect was
reported by Kim et al. [15], in a study on fermented
cabbage (kimchi). Both the reduction of blood
pressure and the improvement of lipid parameters are
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recognized factors reducing the risk of cardiovascular
diseases [30].
In our study, a slightly higher level of knowledge,
than the one regarding the impact of consumption of
selected vegetables and fruits on prevention or treatment
of type 2 diabetes and cardiovascular diseases was
reported in the part concerning cancers. The average
result obtained by the respondents in this respect was
20% (1 out of 5 possible points). This result was still
extremely underwhelming, especially for the group of
respondents with predominantly pro-health attitudes.
A positive, anti-cancer effect of five products analysed
in our study could be found in scientific research, such
knowledge should therefore also be available to the
respondents. An example of a study in which such an
effect was confirmed was the study by Giovanucci et
al. [14], in which the authors showed that consumption
of tomatoes correlated negatively with the occurrence
of prostate cancer. Similarly, as described by Student
et al. [33], the consumption of cranberries could
also be effective and, as noted by Pantuck et al. [29]
– so could be the consumption of pomegranates. At
the same time, consumption of blueberries could,
according to Thomasset et al. [36] have a positive
effect on the remission of gastrointestinal cancer, as
could the consumption of strawberries, as proven by
Chung et al. [8].
As a result of the statistical analysis carried out
in our study, it was shown that higher frequency of
consumption of vegetables and fruit was associated
with better knowledge about them. Such results were
consistent with those obtained by Farragher et al. [13],
who found that those with greater food and nutrition
knowledge were more likely to eat vegetables. This
means that education on the pro-health effects of
selected vegetables and fruits may have a significant
impact on their consumption.

CONCLUSIONS
1. Members of the study group have shown positive
attitudes towards health values of food.
2. The overall consumption of analysed vegetables
and fruits was relatively low. Particularly low
consumption was noted for products such as kale,
cabbage, broccoli, blackcurrant and cranberry,
which are customarily grown in Poland and are
widely available.
3. The respondents’ knowledge about healthpromoting properties of analysed vegetables and
fruits was definitely insufficient. It was shown that
better knowledge about health-promoting effects of
selected vegetables and fruits was associated with
higher frequency of their consumption.
4. While respondents’ positive attitudes towards
health values of food may prove useful in a process

No 2

of building their pro-health behaviours in the
future, courses of action to accomplish higher
consumption of vegetables and fruits rich in
bioactive compounds should be considered. The
first step could consist of increasing awareness of
their health-effects (for example by using social
campaigns and promotional campaigns), it could
also be helpful to increase the knowledge about
ways to use vegetables and fruit in a daily diet (e.g.
as an addition to salads, soups, cocktails, desserts,
milk-based dishes, sandwich spreads, groats,
pasta. Special focus should be placed on promoting
vegetables and fruits grown in Poland. Such
action could take place in cooperation with Polish
agricultural unions (e.g. producers of cruciferous
vegetables).
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ABSTRACT

Background. A properly balanced diet should provide multiple valuable nutrients necessary for the proper functioning
of the body through the proper frequency of consuming food products that are their source. This is particularly important
during the pandemic when there is a need to support the immune system.
Objective. The aim of the study was to assess the frequency of consumption of selected groups of food products and to
determine whether this frequency differs among medical and non-medical students in the period before and during the
COVID-19 pandemic.
Material and methods. The study was conducted among 435 Polish and Turkish students using an original questionnaire.
The proper study was preceded by a pilot study in 40 participants.The Wilcoxon test was used to assess the differences in
the frequency of consumption of selected groups of products among medical and non-medical students both during and
before the pandemic. A value of p<0.05 was considered statistically significant.
Results. Significant differences were observed in the frequency of consumption of: sweets (p=0.02 among medical
students), salty snacks (p=0.03 among both groups of students), fast food products (p=0.00 among medical and p=0.01
among non-medical students) and energy drinks (p=0.02 among medical and p=0.00 among non-medical student) in the
analysed periods of time before and during the COVID-19 pandemic.
Conclusions. The study showed that during the pandemic, the frequency of food products consumption in the study
groups of students from medical and non-medical faculties is mostly satisfactory. There were significant differences in
the frequency of consumption of sweets, salty snacks, fast food products and energy drinks in both groups of students.
Key words: frequency of consumption, nutrition, pandemic, students, eating behaviours

STRESZCZENIE

Wstęp. Odpowiednio zbilansowana dieta powinna dostarczać organizmowi wielu cennych i niezbędnych do prawidłowego funkcjonowania organizmu składników odżywczych, poprzez właściwą częstość spożycia produktów spożywczych
będących ich źródłem. Jest to szczególnie ważne w trakcie pandemii ze względu na możliwość wspierania odporności.
Cel. Celem pracy była ocena częstości spożycia wybranych grup produktów spożywczych i stwierdzenie czy istnieją różnice w częstości spożycia wśród studentów kierunków medycznych i niemedycznych, w okresie przed i podczas trwania
pandemii COVID-19.
Materiał i metody. Badanie zostało przeprowadzone wśród 435 studentów narodowości polskiej i tureckiej za pomocą
autorskiego kwestionariusza ankiety. Badanie właściwe zostało poprzedzone badaniem pilotażowym, którym objęto 40
osób. Do oceny różnic w częstości spożycia wybranych grup produktów wśród studentów kierunków medycznych i niemedycznych zarówno w trakcie pandemii, jak i przed nią zastosowano test Wilcoxona. Za istotne statystycznie uznano
wyniki gdzie poziom istotności p<0.05.
Wyniki. W analizowanych okresach czasu przed i w trakcie pandemii COVID-19 istotne różnice zaobserwowano w częstości spożycia: słodyczy (p=0,02 wśród studentów kierunków medycznych), słonych przekąsek (p=0.03 wśród obu grup
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studentów), produktów typu fast food (p=0,00 wśród studentów kierunków medycznych i p=0.01 wśród niemedycznych)
oraz napojów energetycznych (p=0,02 wśród studentów medycznych i p=0.00 wśród studentów niemedycznych).
Wnioski. Badania wykazały, że w czasie pandemii częstość spożycia produktów spożywczych w badanych grupach
studentów zarówno kierunków medycznych, jak i niemedycznych jest w większości zadowalająca. W obu grupach studentów występowały istotne różnice w częstości spożycia słodyczy, słonych przekąsek, produktów typu fast food oraz
napojów energetycznych.
Słowa kluczowe: częstość spożycia, odżywianie, pandemia, studenci, zachowania żywieniowe

INTRODUCTION
The ongoing Sars-CoV-2 pandemic gives rise to
many negative states and emotions, such as constant
anxiety, fear, stress, fatigue and depression [26]. Despite
the passage of time, remote work, online schooling
and other pandemic-related limitations have brought
about adverse changes in many dimensions, especially
in social relations, mental and physical health, as well
as have contributed to disturbing lifestyle changes,
including eating [5, 15, 22]. Meanwhile, nutrition is
very important as a properly balanced diet provides
our bodies with multiple valuable nutrients necessary
for the proper development. This is of key importance
as proper nutrition enhances the immune system,
which plays a critical role in combating the virus [3].
It should be therefore ensured that the diet used is rich
in unprocessed products, macro- and microelements,
such as high-quality proteins, polyunsaturated fatty
acids and vitamins, A, C, E and group B vitamins
in particular, as well as minerals, such as selenium
and zinc [4]. Regular supply of these nutrients can
contribute to a significant improvement of immunity,
which is of great importance during Sars-CoV-2
pandemic [9]. At this point, it is worth paying attention
to whether our everyday eating behaviours are
consistent with the current recommendations. Proper
selection of nutritional products to boost the immune
system and thus reduce the risk of coronavirus
infection is recommended [28].
During the pandemic, both medical and nonmedical university students are a population
characterised by multiple changes on many levels,
as confirmed by abundant scientific evidence [5, 15,
22, 26]. These changes are caused, among others, by
social isolation or limited social contacts leading to
many irregularities, including eating disorders, which
may in turn contribute to e.g. abnormal body weight
[2]. It is generally recommended to have 4 to 5 meals
a day. The meals should contain appropriate nutrients
and should be consumed at regular times (at certain
intervals), starting with breakfast no later than one
hour after waking up, and ending with supper no
later than 2 to 3 hours before bedtime. It is essential
that these meals contain an adequate amount of highquality food products. An appropriate frequency
of consumption of these foods is also important.

Generally, food products can be classified into two
major categories - healthy and unhealthy. Healthy
products, which should be consumed at the highest
possible frequency, include milk and dairy products,
eggs, fatty sea fish, lean meats, vegetables and fruits,
nuts, vegetable fats, grain products, and dry legume
seeds. These are essential dietary components due
to both their content of valuable substances, such as
flavonoids, antioxidants, vitamins, dietary fiber, and
their anti-inflammatory properties, which reduce the
risk of chronic metabolic diseases, including diabetes,
cardiovascular diseases and some types of cancer [4,
12, 19]. On the other hand, the group of unhealthy
products, the consumption of which should be limited
to the necessary minimum in order to gradually
and completely eliminate them from the daily diet,
include, among others, fast-foods and instant foods,
highly processed products, sweetened beverages,
sweets, salty snacks, high-fat meats, animal fats, as
well as all types of stimulants (including alcohol,
drugs and tobacco products), which contribute to the
development of many chronic metabolic diseases that
may be responsible for premature death [11, 20, 21].
The aim of the study was to assess the frequency of
consumption of selected groups of food products and
to determine whether this frequency differs among
medical and non-medical students in the period before
and during the COVID-19 pandemic.

MATERIALS AND METHODS
The study was conducted among 435 Polish and
Turkish students, aged 17-27, during the COVID-19
pandemic, in the winter season (period from November
2020 to February 2021), during the intensification
of restrictions related to the spread of the virus. The
selection of the study group was related to the authors’
willingness to present the impact of the pandemic on the
lifestyle of the multicultural group. The questionnaire,
which included products and meals consumed both in
Poland and in Turkey, was distributed with the use of
social media, among internet groups of medical and
non-medical students, in the appropriate language.
All questionnaires were completed correctly. The
participants were informed about the anonymity of the
study and the use of data solely for scientific purposes.
An original questionnaire enquiring about background
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data, such as the mode, form and field of study, was
used. The questionnaire also asked about the number
of meals per day and breakfast consumption, as well
as the frequency of consumption of selected groups
of food products in the period before and during the
COVID-19 pandemic.
The proper study was preceded by a pilot study
in 40 participants. Ultimately, 196 questionnaires
completed by medical students and 239 questionnaires
completed by non-medical students were collected.
Data processing was performed using Microsoft Excel
2010 and Statistica 13.1 software. The Wilcoxon test
was used to assess the differences in the frequency of
consumption of selected groups of products among
medical and non-medical students both during and
before the pandemic. A value of p<0.05 was considered
statistically significant.

RESULTS
The number of meals eaten a day and breakfast
consumption before and during the pandemic are
shown in Table 1.
The majority of medical students consumed 4-5
meals a day both before and during the pandemic
(51% and 44.4%, respectively), whereas non-medical
students had 3 meals a day (44.8% and 40.6%,
respectively). The majority of both medical and
non-medical students declared that they always had
breakfast before and during the pandemic (56.6% and
70.9% medical students, and 49.4% and 64.4% nonmedical students, respectively).
The frequency of consumption of selected plant
products before and during the pandemic are presented
in Table 2.
Most medical students reported that they had several
servings of vegetables and fruit per day before and
during the pandemic (44.9% and 47.4% for vegetables,
and 38.3% and 40.3% for fruit, respectively). The
largest group of non-medical students consumed
vegetables once a day before the pandemic, and several

times a week during the pandemic (34.3% and 32.2%,
respectively), while they usually had several servings
of fruit per week both before and during the pandemic
(34.3% and 35.1%, respectively).
Both groups of students consumed whole grain
cereal products several times a day before and during
the pandemic (50.5% and 49.5% of medical students,
and 40.6% and 40.6% of non-medical students,
respectively).
The highest percentage of medical students had
several servings of nuts and seeds per week (31.1%
and 35.2%, respectively) both before and during the
pandemic, while the largest percentage of non-medical
students consumed these products several times
a month (33.1% and 38.1%, respectively).
The highest percentage of medical students
consumed
legume
seeds
several
times
a week before and during the pandemic (46.4% and
51.5%, respectively) compared to several times
a month in the case of non-medical students (35.1%
and 33.1% respectively).
No statistically significant differences were found in
the frequency of consumption of plant products between
medical and non-medical students in the analysed
periods of time before and during the pandemic.
The frequency of consumption of the selected
products of animal origin before and during the
pandemic are presented in Table 3.
Both before and during the pandemic, the highest
percentage of students from both groups consumed
milk and dairy products several times a week (39.8%
and 36.7% of medical students, and 38.1% and 36.8%
of non-medical students, respectively).
The largest group of medical and non-medical
students consumed cottage and rennet cheeses several
times a week both before and during the pandemic.
Cottage cheese was consumed by 46.9% and 41.8%
of medical students, 41.8% and 38.9% of non-medical
students, respectively; rennet cheeses were consumed
by 37.2% and 39.3% of medical students, and 42.3%
and 41% of non-medical students, respectively).

Table 1. Amount of meals and breakfast consumption by studied medical and non-medical students
Tested factor

Amount of
meals

Breakfast
consumption

<3
3
4-5
>5
Always
Occasionally
Never

Before pandemic
Medical
Non-medical
N
N
%
%
196
239
15
7.7
21
8.8
74
37.8
107
44.8
100
51
106
44.4
7
3.6
5
2.1
111
56.6
118
49.4
69
35.2
75
31.4
16
8.2
46
19.2

During pandemic
Medical
Non-medical
N
N
%
%
196
239
35
17.9
40
16.7
67
34.2
97
40.6
87
44.4
95
39.7
7
3.6
7
2.9
139
70.9
154
64.4
47
24
68
28.5
10
5.1
17
7.1
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Table 2. Frequency of consumption of selected plant products before and during the pandemic

Legumes

Nuts and seeds

Whole grain cereal
products

Fruit

Vegetables

Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never

Medical
N
196
88
31
62
5
8
2
75
42
54
14
10
1
99
35
43
11
7
1
11
23
61
58
33
10
8
10
91
51
27
9

%
44.9
15.8
31.6
2.6
4.1
1
38.3
21.4
27.6
7.1
5.1
0.5
50.5
17.9
21.9
5.6
3.6
0.5
5.6
11.7
31.1
29.6
16.8
5.1
4.1
5.1
46.4
26
13.8
4.6

Non-medical
N
239
67
82
70
12
8
0
55
60
82
27
15
0
97
65
57
11
6
3
11
24
62
79
48
15
3
11
72
84
52
17

The largest group of medical and nonmedical students consumed fish several times
a month both before and during the pandemic (39.3%
and 40.3% of medical students, 44.8% and 43.9% of
non-medical students, respectively).
No statistically significant differences were
found in the frequency of consumption of animal
products between medical and non-medical students
in the analysed periods of time before and during
the pandemic.The frequency of consumption of the
selected products harmful to health before and during
the pandemic are presented in Table 4

%
28
34.3
29.3
5
3.3
0
23
25.1
34.3
11.3
6.3
0
40.6
27.2
23.8
4.6
2.5
1.3
4.6
10
25.9
33.1
20.1
6.3
1.3
4.6
30.1
35.1
21.8
7.1

Medical
N
196
93
30
64
5
1
3
79
44
55
12
5
1
97
31
45
17
6
0
7
24
69
53
34
9
4
10
101
50
25
6

%
47.4
15.3
32.7
2.6
0.5
1.5
40.3
22.4
28.1
6.1
2.6
0.5
49.5
15.8
23
8.7
3.1
0
3.6
12.2
35.2
27
17.3
4.6
2
5.1
51.5
25.5
12.8
3.1

Non-medical
N
239
68
68
77
17
8
1
50
63
84
29
13
0
97
59
65
12
4
2
8
18
61
91
39
22
9
10
61
79
59
21

%
28.5
28.5
32.2
7.1
3.3
0.4
20.9
26.4
35.1
12.1
5.4
0
40.6
24.7
27.2
5
1.7
0.8
3.3
7.5
25.5
38.1
16.3
9.2
3.8
4.2
25.5
33.1
24.7
8.8

Nonmedical

Frequency of consumption

Differences
in consumption

During the pandemic

Medical

Before the pandemic

p- value

0.07

0.07

0.10

0.69

0.51

0.93

0.82

0.17

0.48

0.57

The largest group of medical and non-medical
students consumed sweets and salty snacks several
times a week both before and during the pandemic.
Sweets were consumed by 37.8% and 43.4% of medical
students, and 42.3% and 40.6% of non-medical students,
respectively. The group of medical students consuming
sweets once a day during the pandemic decreased by
5.1% compared to the time before the pandemic. Salty
snacks were consumed several times a week by 33.2%
and 31.1% of medical students and 40.2% and 37.2%
of non-medical students, respectively. The group of
medical students consuming salty snacks once a day
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Table 3. Frequency of consumption of the selected products of animal origin before and during the pandemic

Fish

Rennet cheeses

Cottage cheese

Milk and milk
drinks

Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times week
Several times a month
Occasionally
Never

Medical
N
196
62
37
78
11
4
4
41
18
92
28
8
9
17
16
73
46
28
16
1
2
45
77
42
29

%
31.6
18.9
39.8
5.6
2
2
20.9
9.2
46.9
14.3
4.1
4.6
8.7
8.2
37.2
23.5
14.3
8.2
0.5
1
23
39.3
21.4
14.8

Non-medical
N
239
34
59
91
29
16
10
21
23
100
60
24
11
19
43
101
37
22
17
0
3
37
107
66
26

during the pandemic decreased by 4% compared to
the time before the pandemic.
The largest percentage of medical students
consumed fast foods occasionally before and during
the pandemic (36.7% and 41.8%, respectively), while
non-medical students consumed fast foods several
times a month (34.3% and 35.1%, respectively). The
group of medical students who do not consume eat fast
food during the pandemic increased by 10.2%, while
the group of non-medical students increased by 6.2%.
Most respondents in both groups declared that they
did not consume energy drinks (62.8% and 68.4% of
medical students, and 51% and 59.8% of non-medical
students, respectively). The group of medical students
who do not consume energy drinks increased by 5.6%
during the pandemic, while the group of non-medical
students increased by 8.8%.
In the analysed time periods, statistically
significant differences were found in the frequency

%
14.2
24.7
38.1
12.1
6.7
4.2
8.8
9.6
41.8
25.1
10
4.6
7.9
18
42.3
15.5
9.2
7.1
0
1.3
15.5
44.8
27.6
10.9

Medical
N
196
66
33
72
16
4
5
47
17
82
30
10
10
16
21
77
41
16
25
0
1
52
79
35
29

Non-medical

%
33.7
16.8
36.7
8.2
2
2.6
24
8.7
41.8
15.3
5.1
5.1
8.2
10.7
39.3
20.9
8.2
12.8
0
0.5
26.5
40.3
17.9
14.8

N
239
35
54
88
37
14
11
19
26
93
63
24
14
20
38
98
44
21
18
1
4
43
105
56
30

%
14.6
22.6
36.8
15.5
5.9
4.6
7.9
10.9
38.9
26.4
10
5.9
8.4
15.9
41
18.4
8.8
7.5
0.4
1.7
18
43.9
23.4
12.6

Nonmedical

Frequency of consumption

Differences in
consumption

During the pandemic

Medical

Before the pandemic

p-value

0.87

0.43

0.63

0.28

0.66

0.47

0.31

0.28

of consumption of salty snacks, fast food products
and energy drinks among medical and non-medical
students, as well as in the frequency of consumption
of sweets among medical students before and during
the pandemic.

DISCUSSION
In the present study, the highest percentage of
medical students consumed the recommended number
of 4 to 5 meals a day both before and during the
pandemic (51% and 44.4%, respectively), whereas the
highest percentage of non-medical students consumed
3 meals a day (44.8% before and 40.6% during the
pandemic).
The number of consumed meals decreased in
both cases. Fila-Witecka et al., who assessed lifestyle
changes caused by the COVID-19 pandemic among
980 Polish students, showed that 43.92% of these
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Table 4. Frequency of consumption of products harmful to health before and during the pandemic

Energy drinks

Fast food products

Salty snacks

Sweets

Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several timesa day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never
Several times a day
Once a day
Several times a week
Several times a month
Occasionally
Never

Medical
N
196
22
34
74
38
24
4
12
9
65
56
46
8
3
2
42
67
72
10
1
4
17
18
33
123

%
11.2
17.3
37.8
19.4
12.2
2
6.1
4.6
33.2
28.6
23.5
4.1
1.5
1
21.4
34.2
36.7
5.1
0.5
2
8.7
9.2
16.8
62.8

Non-medical
N
239
35
46
101
28
23
6
16
14
96
69
34
10
2
6
64
82
76
9
3
16
26
25
47
122

respondents declared a reduction in the amount of food
they consumed (13). In turn, Sidor and Rzymski [25]
assessed eating habits in 1,097 Polish adults during
the COVID-19 pandemic and found an increase in the
amount of food consumed among 43.5% of respondents
and an increased number of snacks among 51.8% of
respondents.
There were no significant changes in breakfast
consumption in the analysed periods of time (p>
0.05) among medical and non-medical students
participating in the present study. Different findings
were obtained by Ismail et al., who investigated
eating habits and lifestyle behaviours among 2,507
Lebanese adults. The authors observed a significant
increase in the frequency of breakfast consumption
during the COVID-19 pandemic [17]. In turn, Husain
and Ashkanani [16], who assessed changes in the
dietary habits of 415 adult Kuwaitians during the
COVID-19 pandemic, found no significant changes

%
14.6
19.2
42.3
11.7
9.6
2.5
6.7
5.9
40.2
28.9
14.2
4.2
0.8
2.5
26.8
34.3
31.8
3.8
1.3
6.7
10.9
10.5
19.7
51

Medical
N
196
17
24
85
36
25
9
4
12
61
60
49
10
0
3
33
48
82
30
0
4
11
21
26
134

%
8.7
12.2
43.4
18.4
12.8
4.6
2
6.1
31.1
30.6
25
5.1
0
1.5
16.8
24.5
41.8
15.3
0
2
5.6
10.7
13.3
68.4

Non-medical
N
239
37
37
97
32
27
9
13
14
89
65
41
17
3
10
43
84
75
24
5
11
15
20
45
143

%
15.5
15.5
40.6
13.4
11.3
3.8
5.4
5.9
37.2
27.2
17.2
7.1
1.3
4.2
18
35.1
31.4
10
2.1
4.6
6.3
8.4
18.8
59.8

Nonmedical

Frequency of consumption

Differences in
consumption

During the pandemic

Medical

Before the pandemic

p-value

0.02

0.12

0.03

0.03

0.00

0.01

0.02

0.00

in the regularity of breakfast consumption, which is
in line with the present study. Regular consumption
of breakfast during the analysed periods was declared
by 61.2% of respondents before the pandemic and
58.2% during the pandemic. In the study on lifestyle
and dietary habits before and during the COVID-19
pandemic and quarantine in Brazil, Souza et al. [27]
reported that the frequency of breakfast consumption
decreased during the pandemic compared to the prepandemic period. Differences in the results obtained
between the cited publications may be due to the type
of the group and its place of residence.
In the present study, the percentage of
non-medical
students
consuming
vegetables
decreased during the pandemic. Most respondents
in this group consumed vegetables once
a day (34.3%) before the pandemic, and several times
a week (32.2%) during the pandemic. There were no
changes in the frequency of vegetable consumption
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among medical students. These results may suggest
greater knowledge of medical university students
about the ingredients contained in vegetables that have
a beneficial effect on the immune system.
Sidebottom et al. [24] , who assessed the impact
of COVID-19 pandemic and quarantine and physical
activity and eating habits of 291 U.S. students, found
no statistically significant differences in the amount
of vegetables consumed in the analysed periods
before and during the pandemic (p> 0.05), as in the
group of medical students. Brancaccio et al., [8] who
assessed the impact of the COVID-19 pandemic on
professional activity, dietary behaviours, eating habits,
and physical activity in the university population of
Naples, found that the level of vegetable consumption
was very similar both during and before the pandemic.
The highest percentage of the surveyed students in the
present study consumed cereal products several times
a day both before and during the pandemic.
Bertrand et al. [6] assessed the impact of the
COVID-19 pandemic on eating habits, physical
activity and sedentary lifestyle among 125 Canadian
university students; contrary to the findings obtained
in the presented study, they found that the average
frequency of daily cereal consumption decreased from
1.03 to 0.92 during the pandemic.
In the present study no differences in the frequency
of nut consumption were found between medical and
non-medical students in the analysed periods of time.
Similar results were obtained by Bertrand et al. [7].
Different findings were reported by HacıÖmerYılmaz
et al., [29] who assessed the impact of the pandemic
on eating habits and consumer behaviours of 2,692
Turkish students of the Faculty of Health Sciences.
The results indicate an increased consumption of nuts
among 28.9% of these students.
The consumption of milk and dairy products
among both groups participating in the present study
did not change in the analysed time periods. The lack
of changes in the consumption of dairy products by
students of medical and non-medical universities
could potentially result from the availability and price
of dairy products. Milk and milk drinks are highly
available and have a low price in both countries.
Different findings were reported by Celorio-Sarda et
al, [10] who investigated the impact of the COVID-19
pandemic on eating habits and lifestyle behaviours of
339 Spanish students and specialists in food science.
The researchers observed an increased consumption
of milk, cheese, yoghurt and kefir. The increase in the
number of people consuming yoghurt and kefir was
especially pronounced among students of gastronomic
sciences, who accounted for 33.1% of the study group.
The consumption of fast-food products
differed significantly in the study periods, both
among medical (p = 0.00) and non-medical (p
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= 0.01) students. Before the pandemic, 5.1%
of medical students declared that they did not consume
fast-food products, while this percentage increased
to 15.3% during the pandemic. Despite the lack
of information on the cause of the reduction of fast
food products consumption, it is known that a large
proportion of gastronomic services were closed during
the pandemic. Therefore, it can be hypothesized that
limited access to this type of products influenced the
frequency of their consumption. In order to confirm
the hypothesis, further research should be carried
out, taking into account the reasons for the above
differences. The difference in fast-food consumption
was also observed by Alfawaz et al.[1], who
investigated the impact of the COVID-19 pandemic
on eating behaviours and physical activity among
1,965 Saudi Arabian adults. The study showed that
the percentage of individuals who did not consume
fast-foods increased from 1.5% to 3.7% during the
pandemic.
Energy drinks were consumed occasionally
by 16.8% students before and 13.3% during the
pandemic, respectively, in both periods of time, and
several times a month by non-medical students (10.5%
before the pandemic and 8.4% during the pandemic,
respectively). Significant differences in the frequency
of consumption of this type of products were found
in both groups. Similar results were obtained by
Błaszczyk-Bębenek et al., [7] who compared eating
behaviours among 312 Polish adults during the
COVID-19 pandemic. The study showed that 78.5%
of respondents did not consume energy drinks before
the pandemic, and this percentage increased to 85.3%
during the pandemic (p <0.05). In turn, Iurcov et
al. [18] showed in their cross-sectional study on the
impact of the COVID-19 pandemic on academic
activity and health among Romanian medical dentistry
students that 86.14% of these respondents did not
consume energy drinks, whereas regular consumption
of these beverages was reported by 13.86% of
respondents.
During the pandemic, the highest percentage of
respondents consumed salty snacks several times
a week. Such an answer was given by 31.1% of medical
students and 37.2% of non-medical students. This
may indicate eating salty snacks by students while
staying at home, including quarantine time. Sabilla
and Mustakim [23], who assessed food consumption
among 413 public health students in Jakarta, showed
that 54.5% of their respondents consumed salty
snacks 1-3 times a week, which is a higher percentage
compared to the present study.
There are differences in the findings reported by
many scientists investigating COVID-19 pandemictriggered changes in the lifestyle of young adults.
Regardless of the above, promotion of a healthy
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lifestyle and the principles of rational nutrition
among medical and non-medical students should be
preceded by collection of dietary data in a given group
to provide targeted education that meets its specific
needs.

CONCLUSIONS
Significant differences in the frequency of
consumption of sweets, salty snacks, fast food products
and energy drinks were observed both among medical
and non-medical students in the analysed periods of
time before and during the COVID-19 pandemic. The
frequency of consumption of the analysed groups of
food products by medical and non-medical students
during the pandemic is mostly satisfactory.
It is recommended to implement nutrition education
among both groups of students, with a particular
emphasis on promoting food products that have
a beneficial effect on health, i.e. vegetables, fruit, nuts,
legume seeds, dairy products, and fish.
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SENSE OF SELF-EFFICACY AND THE CONTENT OF ENERGY
AND NUTRIENTS IN THE DIET
OF ELITE POLISH BASKETBALL PLAYERS
Maria Gacek
Department of Sports Medicine and Human Nutrition, University of Physical Education, Kraków, Poland
ABSTRACT

Background. In research on the subject, the predictive importance of personal resources is indicated for diet quality.
Objective. The aim of the study was quantitative assessment of diet depending on the level of generalised self- efficacy
among elite Polish basketball players.
Material and Methods. Food diaries (2 training days and 1 no training day) of 48 basketball players were analysed.
Further assessed were 144 food rations based on the Diet 6.0 program, and the results were compared to the current Polish
nutritional standards. The Generalised Self-Efficacy Scale (GSES) was also used. Statistical analyses were performed by
estimating Spearman's rank correlation coefficients (p<0.05).
Results. The share of energy from proteins, fats and carbohydrates was 18.2%, 29.4% and 52.4%, respectively. Of the
mineral salts, the average diet contained: 2,107.6 mg sodium, 2,918.3 mg potassium, 736.3 mg calcium, 1,372.2 mg
phosphorus, 380.1 mg magnesium, and 11.6 mg iron. Of the vitamins, the average diet contained: 1,100.3 µg of vitamin A,
5.3 µg of vitamin D, vitamin E in the amount of 8.2 mg, 78.1 mg of vitamin C, 1.1 mg vitamin B1, 1.3 mg vitamin B2,
1.9 mg of vitamin B6, 271.7 µg of vitamin B9 and 4.7 µg of vitamin B12. It was also shown that as the sense of self-efficacy
developed, the supply of energy, water, protein, digestible carbohydrates, energy from carbohydrates, sucrose and PUFAs
also increased in the players’ diets. At the same time, along with the increase in self-efficacy, the supply of: Na, K, Ca, Mg,
P, Fe, Cu and iodine as well as vitamins: A, E, B1, B3, B6 and C, also increased in the players’ diets.
Conclusions. Incomplete diet balance has been demonstrated, as well as significant relationships between the level of
self-efficacy and the supply of certain nutrients in the diet of elite Polish basketball players. The obtained results indicate
the legitimacy of diet monitoring and nutritional education as well as considering personality traits in activities promoting
maintaining a proper diet among athletes.
Key words: athletes basketball training, sense of self-efficacy, quantitative nutrition evaluation

STRESZCZENIE

Wprowadzenie. Badania wskazują na predykcyjne znaczenie zasobów osobistych dla jakości diety, która jest jednym
z czynników warunkujących sukces sportowy.
Cel. Celem badań była ilościowa ocena sposobu żywienia w zależności od poziomu własnej uogólnionej skuteczności
elitarnych polskich koszykarzy.
Materiał i metody. Analizie poddano dzienniczki żywieniowe (2 dni treningowe i 1 beztreningowy) 48 koszykarzy.
W oparciu o program Dieta 6.0 oceniono 144 racje pokarmowe, a wyniki odniesiono do aktualnych norm polskich
żywieniowych. Zastosowano także Skalę Uogólnionej Własnej Skuteczności (GSES). Analizy statystyczne
przeprowadzono szacując współczynniki korelacji rangowych Spearmana (p<0,05).
Wyniki. Udział energii z białek, tłuszczów i węglowodanów wynosił odpowiednio: 18,2%, 29,4% i 52,4%. Spośród
soli mineralnych, przeciętna dieta zawierała: 2107,6 mg sodu, 2918,3 mg potasu, 736,3 mg wapnia, 1372,2 mg fosforu,
380,1 mg magnezu i 11,6 mg żelaza. Spośród witamin, przeciętna dieta zawierała: 1100,3 µg witaminy A, 5,3 µg witaminy D,
8,2 mg witaminy E, 78,1 mg witaminy C, 1,1 mg witaminy B1, 1,3 mg witaminy B2, 1,9 mg witaminy B6, 271,7 µg
witaminy B9 i 4,7 µg witaminy B12. Wykazano ponadto, że wraz z nasianiem się poczucia samoskuteczności, w diecie
zawodników zwiększała się podaż energii, wody, białka, węglowodanów przyswajalnych, energii z węglowodanów
(p<0,001) oraz sacharozy (p=0,021) i PUFA (p=0,017). Zarazem wraz z nasilaniem się poczucia samoskuteczności,
w diecie koszykarzy zwiększała się podaż sodu (p=0,042), potasu (p<0,001), wapnia (p=0,045), magnezu (p=0,007),
fosforu (p=0,026), żelaza (p=0,013), miedzi (p<0,001) i jodu (p=0,042) oraz witamin: A (p=0,002), E (p=0,034),
B1 (p<0,001), B3 (p<0,001), B6 (p<0,001) i C (p=0,049).
Corresponding author: Maria Gacek (ORCID: https://orcid.org/0000-0001-8798-3545), University of Physical Education, Al. Jana
Pawła II 78, 31-571 Kraków, Poland, Phone: +48 12 683 11 45, Fax +48 12 683 12 23, e-mail:maria.gacek@awf.krakow.pl
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Wnioski. Wykazano niepełne zbilansowanie diety oraz istotne zależności pomiędzy poziomem poczucia własnej
uogólnionej skuteczności a podażą niektórych składników pokarmowych w diecie elitarnych polskich koszykarzy. Wskazuje
to na zasadność monitoringu diety i edukacji żywieniowej oraz uwzględnianie cech osobowości w oddziaływaniach
promujących prawidłowy sposób żywienia sportowców.
Słowa kluczowe: sportowcy trenujący koszykówkę, poczucie samoskuteczności, ilościowa ocena sposobu żywienia

INTRODUCTION

The aim of the research was to quantify the diet
depending on the level of generalised sense of selfThe sporting success of basketball players is efficacy in a group of elite Polish basketball players.
conditioned by a wide range of motor and mental
abilities [3, 15]. Basketball players undertake highMATERIAL AND METHODS
intensity efforts, usually with short intervals for
Research was conducted in a group of 48 men post-exercise regeneration [3, 14, 21]. In the energy
of exercise in team sports (including basketball), in Polish athletes practicing basketball professionally.
connection with the “stop-and-go” game model, it The basic selection of criteria for inclusion in the
is particularly important to increase carbohydrate study group was practicing sports at a competitive
reserves before exercise, ensure their replenishment level, at the level of the highest league in Poland, for
during exercise and effective re-synthesis of glycogen at least 3 years. The research was conducted among 8
in the liver and muscles during recovery following basketball clubs. The mean age of the participants was
exertion [23]. Therefore, achieving certain goals in 26.6 years (±4.5), and the average sports experience
sports requires special care for a varied and well- was 8.6 years (±4.8). The average level of BMI was
balanced diet. A diet that takes into account the 24.3 kg/ m2 (±0.9).
increased demand for energy, fluids and some nutrients
Nutrition was assessed by the method of current
(carbohydrates, proteins, B vitamins, antioxidants and recording on the basis of food diaries kept for 3 days
minerals) is one of the key factors contributing to the (2 training and 1 non-training day). Therefore, 144
improvement of exercise capacity and the effective athletes’ daily food rations were evaluated. Energy
post-exercise recovery of athletes [13, 20].
intake, as well as macronutrients and regulating
The diet of athletes is determined by various ingredients (vitamins and minerals), was assessed
individual factors, including psychological ones using the Diet 6.0 nutritional program. The content of
[2, 17]. One of the significant factors is the sense of nutrients was tested in relation to the current Polish
self-efficacy, a defined personal resource, related to nutritional standards for men aged 19-30 [11]. The
the belief in the ability to achieve intended goals, following standards were adopted for the assessment
including health and nutritional ones [12]. Within this of nutrition at the level of: EAR (Estimated Average
context, research allowing to confirm the predictive Requirement) or AI (Adequate Intake) and reference
nature of personal resources for the quality of the numbers for the share of individual macronutrients
nutritional behaviour among athletes, including those in the energy pool of food rations [11]. The results,
training team sports, can be cited [5-7].
in line with the methodology, were interpreted as the
As indicated by various authors, the subject of percentage of subjects meeting the standard of demand
basketball players’ diet has not been exploited in for individual nutrients.
research [16, 22]. The available studies concern
Self-efficacy was measured using the Generalised
nutritional behaviour, and therefore, the qualitative Self Efficacy Scale (GSES) [12]. The GSES scores were
aspects of a diet [7]. In order to present the quality of within the range of 10-40 points (the higher the score,
the basketball players’ diet more fully, research was the higher the sense of generalised self-efficacy). The
undertaken on the quantitative assessment of the diet values on the GSES scale for the studied basketball
and its selected individual conditions. In this regard, players were: 30.4 (±2.7), Me=31.0 (within the 24.0the sense of self-efficacy factor was adopted due to 32.0 range).
Statistical analyses were performed using the
its predictive importance for the quality of the diet of
athletes [6]. The research was undertaken in the belief PQStat 1.8.2.182 statistical package. The correlations
that the obtained results, apart from cognitive value, between the scales were analysed by estimating
may also have applicative importance and contribute Spearman’s rank correlation coefficients. The test
to the individualisation of educational impact and probability at a level of p<0.05 was assumed as
the improvement of the effects in sports training of statistically significant while probability at the level of
p<0.01 was considered highly significant.
basketball players.

No 2

185

Maria Gacek

RESULTS
The average daily food rations of elite Polish
basketball players contained: 1,795.5 kcal, 79.3 g of
protein, 58.5 g of fat, 258.2 g of total carbohydrates
and 21.7 g of dietary fibre. The share of energy from
proteins, fats and carbohydrates was 18.2%, 29.43%

and 52.5%, respectively. The mean water consumption
was 1,682.8 ml/day. The supply of analysed nutrients
is presented in Table 1.
Quantitative assessment of the basketball players’
diet compared to the Polish standards allowed to show
that almost all athletes met the reference values in

terms of energy share from proteins and fats (95.8%

Table 1. Supply of water, energy, macronutrients, vitamins and mineral salts in the diet of Polish elite basketball players
(descriptive statistics) compared to Polish nutritional standards for men aged 19-30
M

SD

Norms

Energy (kcal)
Water (g)
Total protein (g)
Animal protein (g)
Plant protein (g)
Energy from protein (%)
Total fat
Energy from fats (%)
Saturated fatty acids (g)
MUFA (g)
PUFA (g)
Cholesterol (mg)
Total carbohydrates (g)
Assimilated carbohydrates (g)
Saccharose (g)
Energy from carbohydrates (%)
Fibre (g)
Sodium (mg)
Potassium (mg)
Calcium (mg)
Phosphorus (mg)
Magnesium (mg)
Iron (mg)
Zinc (mg)
Copper (mg)
Manganese (mg)

1795.5
1682.8
79.3
49.6
28.7
18.2
58.5
29.4
17.1
23.6
12.3
315.5
258.2
234.7
38.4
52.4
21.7
2107.6
2918.3
736.3
1372.2
380.1
11.6
11.1
0.9
5.9

547.9
713.8
23.4
14.3
15.8
3.0
24.5
9.4
7.8
12.6
6.5
142.1
105.9
92.9
20.8
9.2
16.5
930.9
1285.5
358.6
571.5
207.0
5.2
3.7
0.4

3350***
2500**
10-20
20-35
<300 mg
45-65
>25 g**
1500**
3500**
800*
580*
330*
6*
9.4*
0.7*

% of realising
participants
8.33
18.0
95.8
95.8
58.3
83.3
22.9
50.0
32.6
34.7
100.0
46.5
95.8
77.2
56.2

Iodine (µg)
Vitamin A (µg)
Vitamin D (µg)
Vitamin E (mg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Vitamin B3 (mg)
Vitamin B6 (mg)
Vitamin B9 (µg)
Vitamin B12 (µg)
Vitamin C (mg)

24.6
1100.3
5.3
8.2
1.1
1.3
17.8
1.9
271.1
4.7
78.1

3.5
28.1
1033.9
7.1
4.6
0.5
0.2
8.4
0.9
105.8
3.3
57.6

2.3**
95*
630*
15**
10**
1.1*
1.1*
12*
1.1*
320*
2.0*
75*

95.8
25.9
63.9
11.8
37.5
40.3
71.5
80.5
90.3
25.7
87.5
50.0

Variables

*EAR, **AI, ***EER [11]
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of the subjects), and the vast majority also in terms of
the share of carbohydrates (83.3% of the participants).
A smaller percentage of the athletes consumed 2,500
ml of fluids (18% of the respondents), cholesterol up to
300 mg a day (58.3% of the subjects) and fibre in the
amount of at least 25 g per day (22.9% of the athletes).
Among the assessed mineral salts, athletes met the
needs for phosphorus (100%) and iron and manganese
(95.8%) in the greatest percentage, while in the
smallest percentage, the norms for iodine (25.9% of
respondents), potassium (32.6% of subjects) in the
smallest percentage of respondents, calcium (34.7%
of respondents) and magnesium (46.5% of subjects)
were met. Among the assessed vitamins, athletes met
the requirements for vitamin B6 (90.3%) and B12
(87.5%) in the highest percentage, and in the smallest
percentage, for vitamin D (11.8% of the subjects),
folates (25.7%), vitamin E (37.5% ), B1 (40.3%) and C
(50%) (Tab. 1).
Assessment of the relationship between the content
of water and nutrients in the diet and the level of GSES
among the studied basketball players showed that as
the level of self-efficacy of the players increased, so
did the supply of energy, water, total protein, vegetable
protein, total carbohydrates, assimilated carbohydrates
and energy from carbohydrates (p<0.001), as well as
the supply of sucrose (p=0.021) and PUFAs (p=0.017).
At the same time, the share of energy from fat decreased
(p<0.001). Furthermore, there was also an increase in
the supply of vitamins and minerals with the increase
in self-efficacy. These included: sodium (p=0.042),
potassium (p<0.001), calcium (p=0.045), magnesium
(p=0.007), phosphorus (p=0.026) and iron (p=0.013),
as well as copper (p <0.001) and iodine (p=0.042), and
vitamins A (p=0.002), E (p=0.034), B1 (p <0.001), B3
(p<0.001), B6 (p<0.001) and C (p=0.049) (Tab. 2).

DISCUSSION
In the discussed research, partial imbalance was
indicated for the diet and correlation between the
consumption of certain nutrients and the level of selfefficacy among elite Polish basketball players.
Positive nutritional trends concerned the
correct share of energy from basic nutrients, higher
consumption of wholesome than non-wholesome
protein, and the highest share of monounsaturated
fatty acids (MUFAs) in the total fatty acid structure.
The dietary imbalances particularly concerned the
insufficient supply of energy, water and dietary fibre as
well as some vitamins (especially D, E and folic acid)
and mineral salts (especially potassium, calcium and
iodine). The percentage of athletes covering the daily
requirement for vitamins B1 and C and magnesium
was also low.

Table 2. Correlations between the supply of water,
energy, macronutrients, vitamins and minerals in the
diet of basketball players and the level of self-efficacy
(GSES) among elite Polish basketball players (Spearman’s
monotonic correlations)
VARIABLES
Energy (kcal)
Water (g)
Total protein (g)
Animal protein (g)
Plant protein (g)
Energy from protein (%)
Total fat
Energy from fat (%)
Saturated fatty acids (g)
MUFA (g)
PUFA (g)
Cholesterol (mg)
Total carbohydrates (g)
Assimilated carbohydrates (g)
Saccharose (g)
Energy from carbohydrates (%)
Fibre (g)
Sodium (mg)
Potassium (mg)
Calcium (mg)
Phosphorus (mg)
Magnesium (mg)
Iron (mg)
Zinc (mg)
Copper (mg)
Manganese (mg)
Iodine (µg)
Vitamin A (µg)
Vitamin D (µg)
Vitamin E (mg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Vitamin B3 (mg)
Vitamin B6 (mg)
Vitamin B9 (µg)
Vitamin B12 (µg)
Vitamin C (mg)

GSES
R
0.3701
0.346
0.292
0.074
0.402
-0.035
-0.045
-0.297
-0.128
-0.128
0.212
-0.103
0.373
0.406
0.206
0.377
-0.023
0.181
0.375
0.179
0.198
0.239
0.220
0.140
0.547
0.043
0.181
0.276
0.113
0.189
0.565
0.134
0.416
0.527
0.072
0.037
0.175

p
<0.001
<0.001
<0.001
0.409
<0.001
0.697
0.614
<0.001
0.154
0.154
0.017
0.251
<0.001
<0.001
0.021
<0.001
0.801
0.042
<0.001
0.045
0.026
0.007
0.013
0.118
<0.001
0.630
0.042
0.002
0.206
0.034
<0.001
0.123
<0.001
<0.001
0.422
0.680
0.049

The described deficit energy and water consumption
among athletes is significant in the context of exercise
physiology and the increased demand for these
components. Energy and fluid deficiencies may
significantly reduce exercise capacity and increase
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health risks, including those related to dehydration
(e.g. hyperthermia). In view of the identified nutritional
deficiencies, one should also point to the pleiotropic
functions of vitamin D, the antioxidant properties
of vitamins E and C, the hematopoietic role of folic
acid and the metabolic function of vitamin B1 (e.g.
regulation of carbohydrate metabolism). Within the
context of the identified nutritional deficiencies, the
participation of calcium, magnesium and potassium in
the contractile function of skeletal muscles should also
be indicated, as well as important aspects of physical
exercise physiology, therefore, factors determining
exercise capacity [13, 20].
Studies by other authors from various research
centres also allowed to confirm numerous quantitative
and qualitative irregularities among people training
basketball (competitive and amateur). The insufficient
water consumption found in our own research
corresponds to the results of research among amateur
basketball players aged 19-29, in whom fluids were
properly replenished by approx. 55%, 74% and 77%,
76.5% athletes (respectively: before, during and after
training) [1]. Among the studied Polish elite male
basketball players, the correct share of carbohydrates
and protein in the energy pool of the diet was described,
while among women from the university basketball
team, insufficient consumption of carbohydrates and
protein was described [24]. Carbohydrate deficiency
and excess fat have also been reported among elite
Spanish wheelchair basketball players [4]. The trends
described in the authors’ own research are also
supported by the results obtained among the Spanish
elite basketball players in wheelchairs, who exhibited
sufficient consumption of 5 B vitamins, phosphorus,
selenium and iron, and a deficient supply of vitamin
E (51% of the norm) and calcium (73% of the norm)
[9]. The insufficient intake of vitamin D described
in our own research corresponds to the results of
studies among elite professional Spanish basketball
players, which confirmed that 57% of subjects had
too low levels of the vitamin D-25(OH)D metabolite
in the blood during the winter period (<50 nmol/L).
Vitamin D intake was also too low (3.47 µg/day). It
was additionally shown that the serum 25(OH)D
level was significantly correlated with the intake of
vitamin D (r=0.65; p=0.001) and calcium (r=0.82;
p<0.001) [8]. The low magnesium supply described
in our current study was also demonstrated in the
elite group of basketball, handball and volleyball
players. Meanwhile, magnesium is associated with
muscle strength, which may be due to its role in
energy metabolism, transport across cell membranes,
and in muscle contraction and relaxation [19]. The
described quantitative irregularities in the diet of elite
Polish basketball players correspond to the qualitative
irregularities shown in studies carried out by various
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authors. And thus, among Polish basketball players,
a low frequency of consumption of vegetables and fruit
as well as fermented dairy products was described
[7], which corresponds to a low supply of folates,
vitamin C and potassium, magnesium and calcium in
the discussed research. Also, among Greek basketball
players, a low consumption of vegetables and grain
products on training days was described [22].
The significant correlations between the level
of self-efficacy and the consumption of nutrients
indicated in the discussed research concerned the
increase in the supply of energy, water, protein
(including vegetable), assimilated carbohydrates
(and sucrose), polyunsaturated fatty acids (PUFA)
and energy from carbohydrates, and decreasing
people energy from fats in food rations. Positive
relationships were also found between the level of
self-efficacy and the supply of antioxidant vitamins
(A, E, C) and B vitamins (B1, B3, B6) as well as
mineral salts (Na, K, Ca, P, Mg, Fe, Cu, I). The found
dependencies generally confirm the tendency towards
a greater supply of essential ingredients in the diet,
with significant functional properties in conditions
of vigorous physical effort, including those related to
the energy of physical exertion, hydration, supply of
building-block and energy substances, increasing the
antioxidant potential, regulating the proper course of
metabolic processes, water-electrolyte, acid-base and
haematopoietic processes [13, 20].
The tendency towards a more balanced diet in
basketball players with higher self-efficacy confirms
their greater care for the quality of the diet as one
of the key factors of sports success, thus fitting into
the characteristics of this personality dimension. The
tendency to make more intense rational nutritional
choices among team sports athletes along with
an increasing sense of self-efficacy has also been
confirmed in other studies. Other trials conducted
among Polish basketball players confirmed the
tendency towards a larger scale of rational behaviour,
including the consumption of vegetables and fruit,
whole grain cereal products and fish, along with an
increasing sense of self-efficacy [7]. The tendency for
more rational choices related to the reduction of trans
isomers and simple sugars in the diet among athletes
with higher self-efficacy has been confirmed in metaanalysis research [10].
The obtained results, indicating incomplete
balance of the diet of elite Polish basketball players
and significant relationships between the quality of
the diet (in the quantitative dimension) and the level
of self-efficacy, confirm the legitimacy of further
monitoring diet and nutritional education, and taking
into account personality traits in activities promoting
the proper nutrition of athletes, as indicated by others
authors [7, 9, 24]. Meta-analytical studies have allowed
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to confirm that nutritional education of team sports
athletes can be an effective strategy for improving
their eating habits, nutritional knowledge and body
composition [18].

CONCLUSIONS
Quantitative assessment of the diet allowed to show
incomplete balance in the diet of elite Polish basketball
players, with an indication of an insufficient supply
of energy, water and dietary fibre as well as some
vitamins (especially D, E and folic acid) and mineral
salts (especially potassium, calcium and iodine). The
percentage of athletes covering the daily requirement
for vitamins B1 and C and magnesium was also low.
Significant correlations have been demonstrated
between the level of self-efficacy and the consumption
of nutrients in one’s diet, showing a tendency towards
a greater supply of ingredients with important
functional properties under conditions of vigorous
physical exercise, including energy, water, protein,
assimilated carbohydrates and PUFAs, as well as some
vitamins (antioxidants and group B) and mineral salts
(Na, K, Ca, P, Mg, Fe, Cu, I) in basketball players with
a higher level of self-efficacy.
The obtained results indicate the legitimacy of
diet monitoring and nutritional education as well as
considering personality traits in activities promoting
maintaining a proper diet among athletes.
Conflict of interest
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OF PREMATURE DEATH (ABSI) BASED ON BODY MASS INDEX
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ABSTRACT

Background. Body mass index (BMI) is the most commonly used parameter for identifying obesity. However, it is a tool
that can distort the diagnosis as misdiagnose.
Objective. The aim of the study was to evaluate the BMI and visceral fat area (VFA) and to determine the presence
of obesity in a group of young people and to assess their suitability for use together with other parameters indicating
excessive body fat and increased risk of non-communicable disease and premature death.
Material and Methods. The study group consisted of 339 university students. We used InBody 720 for diagnosis body
composition. The following body composition parameters were measured – BMI, waist circumference (WC), fat-free
mass (FFM), VFA, percentage of body fat (PBF).
Results. The BMI values by gender indicate overweight in the male group compared to females (25.2 ± 3.1 and 22.2 ± 3.4
kg.m-2, respectively; p<0.001). Women had higher values of VFA than men (70.1 ± 26.4 and 56.2 ± 28.3 cm2, respectively;
p<0.001). Although the group of men had an increased average BMI, which allows us to talk about overweight, the risk
of premature death was low. In the case of the male group, a high proportion of fat-free mass had a major impact on BMI.
Lower values of fat parameters also contributed to the low risk of premature death. We found a nonlinear relationship
in the BMI assessment in terms of premature risk of death. Higher values of the premature death risk were found in the
subgroups of underweight and obesity. In the case of the VFA and ABSI relationship a linear increase in the curve and the
risk of premature death was observed.
Conclusions. In order to evaluate the presence of overweight or obesity it is necessary to use not only BMI but other
diagnostic elements for this purpose. The components of the body composition need to be evaluated comprehensively.
Evidence of this is the risk of premature death, where optimal BMI values may pose an increased risk and vice versa.
Key words: body mass index, visceral fat area, obesity, ABSI, premature death

INTRODUCTION
Lifestyle changes contribute to the increasing
incidence of obesity and factors that increase weight
include, in particular, a sedentary lifestyle, unhealthy
diet and physical inactivity [1]. Corder et al. [2] in their
meta-analysis showed a decrease in physical activity
from the period of adolescence to young adulthood by
13-17%. According to da Silva et al. [3] in people who
performed physical activity for more than 300 minutes
per week, the incidence of obesity was lower compared
to the inactive. Those who performed higher intensity
activities had a significant protective factor against
obesity. Svozilová et al. [4] found out the significant

associations between adiposity and physical activity
and sedentary behaviour patterns even in older women.
Overweight and obesity are complex states of
multifactorial origin. Obesity is the result of a violation
of energy balance by too many calories consumed and
their too low expenditure [5]. Obesity poses a major
threat to public health because its prevalence increases
very rapidly and has a significant impact on health
harm and poor quality of life [6]. It can cause and/or
worsen a wide range of concomitant diseases such as
cardiovascular disease, type 2 diabetes mellitus, and
also increase the risk of developing certain cancers,
leading to increased morbidity and mortality [7, 8, 9].
Analysis of body composition is a very important
part of the evaluation of the state of nutrition in
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humans and helps to determine the basic nutritional
state and diagnose obesity, assess the state of health
and the risk of the disease [10]. The composition
of the body can be measured in several ways.
Anthropometric measurements are an effective and
non-invasive method of measuring the composition of
the body. Currently, in epidemiology, clinical nutrition
and research, body mass index is most often used for
the usual characteristics of the state of weight for
ease of measurement. However, body mass index is
a weak and indirect measure of body composition,
because it can be increased due to higher fat mass,
but also due to muscle mass [11]. It provides only
approximate information on body composition without
distinguishing between fat mass and muscle mass.
This deficiency can lead to incorrect classification of
healthy people [12]. Likewise, body mass index does
not distinguish between visceral fat and subcutaneous
fat. Individuals with excessive amounts of visceral
fat and ectopic fat have a higher cardiometabolic risk
[13]. Therefore, central obesity indices could be more
reliable indicators of adiposity. Having a larger waist
circumference, even within the normal BMI range,
is associated with cardiometabolic abnormalities
[14] and a higher risk of mortality and morbidity [15,
16]. Aune et al. [17] found that abdominal obesity,
an increase in waist circumference of 10 cm, led to
an increased incidence of heart failure. As a result
of these deficiencies, other and newer indicators and
variables such as visceral fat or a body shape index
for more accurate diagnosis of obesity and mortality
estimate are gradually included [18].
The aim of the work was to evaluate the body
mass index and visceral fat area and to determine
the presence of obesity in a selected group of young
people and to assess their suitability for use together
with other parameters indicating excessive body fat
and increased risk of non-communicable disease and
premature death.

MATERIALS AND METHODS
Characteristics of the study group
The study group consisted of 339 university
students of the Human Nutrition study program (254
women, age 18-24 years and 85 men, age 18-24 years)
with average age 21 ± 2 years. The basic characteristics
of the group are given in Table 1. The participant’s
group consisted of healthy young adults.
Anthropometric measurements
We used InBody 720 (Biospace Co. Ltd., Seoul,
Republic of Korea) for diagnosis body composition.
Participants were informed about the measurement
procedure before the start of the measurement and
they were also emphasized information and warnings
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about the possible risks arising from the measurement
if they have an electrical device implanted in their
body on the heart or in case of pregnancy. Before the
measurement, participants were asked to eliminate
and refrain from drinking large amounts of water and
all participants signed an informed written consent
as well as consent to the processing of personal data.
Lookin’Body 3.0 software was used to process the
results. The following body composition parameters
were measured – body mass index (BMI, kg.m-2),
waist circumference (WC, cm), fat-free mass (FFM,
%), visceral fat area (VFA, cm2), percentage of body
fat (PBF, %). The body height of the participants was
measured by using a stadiometer with an accuracy of
0.1 cm. The participant stood upright on a horizontal
surface, barefoot, with palms turned inwards and
fingers pointing downwards. The head was in horizontal
plane. The height was measured from the sole of the feet
to the top of the head. Body weight, body mass index,
waist circumference, visceral fat area, percentage of
body fat and fat-free mass were determined directly
by InBody 720. The risk of premature death (ABSI
z-score) was calculated according to the methodology
of Krakauer and Krakauer [19]. Participants were
assessed as obese if the BMI values were ≥ 30 kg.m-2,
waist circumference ≥ 88 cm and ≥ 102 cm, for women
and men, respectively [20], visceral fat area ≥ 100 cm2
and body fat percentage values ≥ 28% for women and
for men ≥ 20% according to [21].
Statistical analysis
We used Microsoft Office Excel 2016 (Los Angeles,
CA, USA) in combination with XLSTAT (Version
2019) to process data and STATISTICA Cz version 13
(TIBCO Software Inc., Palo Alto, California, USA)
for statistical analysis. We present the basic statistical
characteristics as mean, ± SD (standard deviation),
max (maximum) and min (minimum). Levels of
statistical significance were determined at p<0.05.
With a one-factor variance analysis (ANOVA), we
tested the differences between anthropometric data
and compared using Post Hoc Test.

RESULTS
After a comprehensive evaluation of the study
group, we can conclude that in terms of assessing the
average BMI and VFA values, the research sample
of participants was not included in the category of
obesity (Table 1). Based on somatic and biological
assumptions and expected differences in terms of
gender, we evaluated groups of men and women
separately. As expected, differences in key parameters
between the genders were significant. The mean BMI
values by gender indicate overweight in the male
group compared to females (25.2±3.1 and 22.2±3.4
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Table 1. Descriptive characteristics of study group (n = 339)
Parameters – all participants (n=339)
Age, years
Height, cm
Weight, kg
Body mass index, kg.m-2
Waist circumference, cm
Fat-free mass, %
Visceral fat area, cm 2
Percentage of body fat, %
ABSI z-score (premature death risk)
Female (n=254)
Age, years
Height, cm
Weight, kg
Body mass index, kg.m-2
Waist circumference, cm
Fat-free mass, %
Visceral fat area, cm 2
Percentage of body fat, %
ABSI z-score (premature death risk)
Male (n=85)
Age, years
Height, cm
Weight, kg
Body mass index, kg.m-2
Waist circumference, cm
Fat-free mass, %
Visceral fat area, cm 2
Percentage of body fat, %
ABSI z-score (premature death risk)

Mean
21
171
67.2
23.0
82.0
75.5
66.6
24.5
0.1032
Mean
21
167
62.4
22.2
80.4
72.8
70.1
27.2
0.3004
Mean
21
180
81.6
25.2
87.1
83.9
56.2
16.1
-0.4846

± SD
2
8
13.5
3.5
9.6
8.2
27.5
8.2
0.8887
± SD
2
6
10.5
3.4
9.2
6.9
26.4
6.9
0.7360
± SD
1
6
11
3.1
9.3
5.8
28.3
5.8
1.0381

Max
24
195
116
38.8
119.3
97.0
171.1
49.3
2.3669
Max
24
189
116
38.8
119.3
88.1
171.1
49.3
2.3669
Max
24
195
108.7
32.8
118.1
97.0
147.9
32.2
2.3309

Min
18
151
43
16.8
65.6
50.7
5.0
3.0
-2.7106
Min
18
151
43
16.8
65.6
50.7
14.3
12.0
-1.6175
Min
18
168
59.6
19.0
68.9
67.8
5.0
3.0
-2.7106

P – value
= 0.59
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Note. ± SD = standard deviation; Max = maximum value; Min = minimum value

kg.m-2, respectively). We found a significant difference
(p<0.001). In the case of a VFA assessment, we found
that women had higher values than men (70.1±26.4
and 56.2±28.3 cm2, respectively, p<0.001). Similarly,
we recorded significant differences in other monitored
parameters. Although the group of men had an
increased average BMI, which allows us to talk about
overweight, the risk of premature death was low.
There was average risk of premature death for study
group but low risk for men and high risk for women.
However, in the case of BMI, it is necessary to evaluate
the body composition in terms of the proportion of the
muscular and fat part. In the case of the male group,
a high proportion of fat-free mass had a major impact
on BMI values. Lower values of fat parameters such
as visceral fat area and percentage of body fat, as
well as lower waist circumference values for the male
category, also contributed to the low risk of premature
death.
Subsequently we focused on the evaluation
of the observed parameters in relation to other,
equally important components of body composition.
Participants were divided into individual subgroups

according to average BMI values (Table 2). As
expected, the values of other parameters, with the
exception of fat-free mass, also increased with
increasing BMI values. In the case of FFM, we found
a linear but decreasing trend of values. According to
Kutáč [22] the share of fat-free mass is about 85% for
men and 75-80% for women. Of the 68 people who
were categorized by BMI into the overweight group,
44.12% of them had FFM 80% or more. The inclusion
of these individuals in the category of overweight
according to BMI may not be correct, because BMI
can be increased due to higher fat-free mass. We
did not observe any significant differences in PBF
(p = 0.59) between the underweight, normal weight
and overweight groups. Significant differences were
found between the obese group and all other groups
(p < 0.001). There was a linear increase in waist
circumference with increasing BMI values in all
categories (p < 0.001). Our study confirmed a linear
rise in visceral fat area values. The VFA upper
reference standard value was exceeded only in the
obese group.
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Table 2. Body mass index in relation to selected parameters and categorization of the group according to the degree of
obesity in terms of BMI
BMI kg.m-2
< 18,5 / underweight
18,5-24,9 / normal weight
25-30 / overweight
> 30 / obesity

n
18
239
68
14

BMI
(kg.m-2)
17.87
21.67
26.94
32.56

WC
(cm)
71.33a
78.66b
91.38c
108.28d

FFM
(%)
78.5a
76.11a
75.51a
62.3b

VFA
(cm2)
46.5a
60.12a
80.51b
136.10c

PBF
(%)
21.51a
23.89a
24.49a
37.70b

ABSI
z-score
0.73836a
0.08434b
-0.1567b
0.87061a

Note. n = number of participants; BMI = Body Mass Index; WC = Waist Circumference; FFM = Fat-Free Mass; VFA =
Visceral Fat Area; PBF = Percentage of Body Fat; ABSI z-score = risk of premature death; abcd = different symbols in a line
mean significant differences in average intergroup values

Figure 1. Box Plot of ABSI z-score grouped by BMI (kg.m-2)

We found a nonlinear relationship in the BMI
assessment in terms of premature risk of death (Figure
1). Higher values of the premature death risk were
found in the subgroups of underweight and obesity. In
terms of the risk of premature death, just as Krakauer
and Krakauer [19] state that at low and high BMI
values there was an increase in the risk of mortality
compared to medium values.
Visceral fat area is a very important element of
body composition. For the health of the individual are
not suitable either too low, but also not too high values
of this parameter. A majority part of our study group
consisted of participants with optimal or limit values
of visceral fat area. We found a linear increase in the
values of individual parameters with increasing VFA
values, except fat-free mass, which had a decreasing
curve trend. In most cases, there were significant
differences (Table 3).
However, in contrast to the parabolic relationship
between BMI and ABSI, we found in the case of the
VFA and ABSI relationship a linear increase in the
curve and the risk of premature death (Figure 2). From

this point of view, the visceral fat area seems to be
a very key element in the diagnosis of obesity, but also
in the assessment of the health risks associated with it.

DISCUSSION
Body mass index is the most commonly used
parameter for identifying obesity. However, it is a tool
that, under the influence of several factors, can distort
the diagnosis as misdiagnose. In order to evaluate the
presence of overweight or obesity in an individual, it
is necessary to use other diagnostic elements for this
purpose, such as waist circumference, the percentage
of fat in the body or the proportion of visceral fat in
body weight, but also the proportion of active body
mass [23].
The body mass index represents only an
approximate assessment of obesity, because it does not
capture the proportion of fat and fat-free mass [24, 12,
25, 26]. Based on these findings, we can conclude that
the application of BMI is not suitable, for example, in
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Table 3. The visceral fat area in relation to selected parameters and categorization of the group according to the degree of
obesity in terms of VFA
VFA (cm 2)
< 40 / low
40-70 / optimal
> 70-100 / limit
> 100-130 / high
> 130 / extreme

n
37
175
91
26
10

VFA
(cm 2)
27.65
54.80
82.81
113.30
149.08

WC
(cm)
75.07a
77.78a
85.69b
96.98c
110.58d

FFM
(%)
87.67a
78.29b
70.52c
63.93d
58.66e

BMI
(kg.m-2)
21.24a
21.58a
24.08b
27.38c
32.50d

PBF
(%)
12.34a
21.71b
29.48c
36.07d
41.34e

ABSI
z-score
-0.7587a
-0.0781b
0.39217c
1.0911d
1.2675d

Note. n = number of participants; VFA = Visceral Fat Area; BMI = Body Mass Index; WC = Waist Circumference; FFM
= Fat-Free Mass; PBF = Percentage of Body Fat; ABSI z-score = risk of premature death; abcde = different symbols in a line
mean significant differences in average intergroup values

Figure 2. Box Plot of ABSI z-score grouped by VFA (cm2)

athletes or adults who have a high degree of muscle
mass [27, 28, 23].
The percentage of body fat could be a more reliable
and accurate indicator of general obesity and health
risk compared to BMI [29]. The findings of the Park et
al. [30] suggest that an increase in PBF was associated
with a high risk of high blood pressure even in people
who did not suffer from obesity.
Gierach et al. [31] found that the waist
circumference was significantly correlated with BMI.
Similarly, strong correlation between BMI and waist
circumference was confirmed by Sato et al. [32]. Aye
and Sazali [33] suggest that metabolic risk factors
should be detected if waist circumference exceeds 80
cm regardless of gender and regardless of BMI values,
as they suggest that waist circumference is a better
predictor of risk factors for developing metabolic
syndrome compared to BMI. Similarly, Bouguerra
et al. [34] concluded that waist circumference is
a suitable measure of adipose tissue in the abdominal

area, which is a risk factor for diabetes and is closely
related to other risk factors for cardiovascular disease.
In the study by Jacobs et al. [35] increased waist
circumference value was associated with a higher risk
of mortality independently of BMI. The relative risk
of death associated with a 10 cm increase in waist
circumference ranged from 15% to 25% [35]. The
positive association between waist circumference size
and mortality in each BMI category is also confirmed
by Cerhan et al. [36].
Visceral obesity compared to adiposity occurring
in another area of the body is associated with higher
metabolic morbidity and mortality due to higher
levels of inflammatory processes [37]. It follows
that, exceeding 100 cm2 value is no longer very
beneficial to health, even if BMI values would be in
normal. Zając-Gawlak et al. [38] showed a 12 times
higher risk of metabolic syndrome in women with
VFA >100 cm2 than in the VFA group < 100 cm2. In
glucose tolerance tests, subjects with VFA >100 cm2
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showed high serum triglycerides, high blood pressure
and a high glucose profile [39]. The risk of mortality
associated with cardiovascular disease increased at
higher VFA values [40]. VFA can be considered as
a good index of evaluation not only of accumulation
of visceral fat, but also of cardiovascular factors [41].
The waist circumference was in the study by Janssen
et al. [14] regardless of gender, a stronger correlate of
visceral fat compared to BMI. Similarly, we could see
this in our group of monitored participants, because
the BMI in the group with the boundary visceral fat
area was in the range of normal weight and the waist
circumference already showed an increased risk for
the female gender. Based on the findings of the study
by Gažarová et al. [42], the size of VFA captures
abdominal obesity and may point to an increased risk
of associated diseases.

CONCLUSIONS
It is necessary to focus our attention in the routine
diagnosis of obesity not only on the evaluation of
BMI, but also other anthropometric parameters.
Slightly elevated BMI values do not necessarily mean
overweight, but it can be a significant effect of lean mass
on body weight, which naturally distorts the resulting
diagnosis. Attention should be focused, among other
things, on visceral fat, which has a significant effect
on health and metabolic processes in the body. At the
same time, overweight and obesity need to be assessed
from a comprehensive perspective in relation to the
risk of morbidity and mortality, as well as premature
death. As we confirmed in our study, mild overweight
in BMI may even be inversely related to the risk of
premature death, but this was not confirmed in the
case of visceral fat.
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ABSTRACT

Background. The use of validated and reliable methods and instruments is necessary to study dietary practices and
nutritional status due to their direct impacts on population health.
Objective. The aim is the validity and reliability of the conceptual and methodological framework of research on factors
associated with dietary practices and nutritional status (FADPNS), carried out on adult population of the Rabat-SaléKenitra region in Morocco.
Material and methods. First, we developed a conceptual and methodological framework for research on FADPNS, which
aimed to study dietary practices, nutritional status, and the factors associated with them in an adult Moroccan population.
Then, we studied the validity and reliability of this framework in three phases. Phase 1 focused on the validation of the
content of the conceptual and methodological framework, Phase 2 focused on the study by an expert committee of the
internal consistency validity (ICV) of the questionnaires used in this research , and Phase 3 consisted of the study of the
reliability of the items questionnaires by the test of Cronbach Alpha.
Results. Thus, the validated content of the conceptual framework of research on FADPNS includes socio-demographic,
socio-economic, and socio-cultural characteristics; health status; physical activity, places of food purchase; food
preparation, taking of meals, family commensality; social representations of good dietary practices; food consumption;
and nutritional status. The questionnaires used in this research received an ICV score of 85%. The reliability test of the
questionnaires showed a Cronbach Alpha value ≥ 0.5, which turned out to vary from "moderate" to "excellent".
Conclusion. This work enabled the validation of the conceptual framework and the methodology of the study of the
factors associated with dietary practices and nutritional status in the RSK region.
Key words: validity, reliability, conceptual and methodological framework, dietary practices, nutritional status, Morocco

INTRODUCTION
Eating behavior refers to the physiological,
psychological, and social aspects of food intake and
also to the social representations of dietary practices [1].
In general, these practices encompass food purchases,
processing, preparation, and consumption that affect
an individual’s health while being dependent on
social, spatial, and cultural diversity [2]. The different
dietary practices, their repercussions on nutritional
status, and their determinants are presented below.
First of all, food purchases from traditional or modern
markets contribute to determining the type of food
consumed and thus convey cultural values [3]. For the
cooking methods, although they have the advantage of
making food healthier by destroying all or part of the

thermosensitive flora and eliminating many toxins,
they could have an adverse effect on health if they are
not well chosen [4]. In addition, the various cooking
methods take different preparation times, which, the
longer they are, the better the nutritional quality of the
meal, since a long meal preparation time is generally
associated with the use of primary foods with low
reliance on processed foods that are predominantly
high in calories, fat, and sodium [5]. Also, it is
recommended to have regular meals, with a frequency
of three main meals and two to three healthy snacks
per day [6]. Nevertheless, the intake of snacks must be
in line with the nutritional needs and specificities of
each individual [7]. In addition, spending more time
on meals has been associated with lower energy intake
[8]. Regarding commensality and, more precisely,
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eating meals with the family, it has been associated
with healthier eating habits [1]. It is evident that the
pleasure of eating is important, but that of sharing
food with loved ones or with family is also important
[9]. Furthermore, eating outside the home, which is
emerging globally, is considered a factor associated
with the increase of obesity [10]. Similarly, the
frequency of eating out-of-home meals and the quality
of the food preparations served in various restaurants
influence the nutritional status [11]. Moreover, there
is a close relationship between consumers and their
environment, both physical and social. In particular,
the place where meals are taken is one of the physical
factors involved in this relationship [12]. Besides, since
the nutritional intakes defined by the type of food
consumption represent a pillar of dietary practices,
it is necessary to ensure adequate intakes of energy,
nutrients, micronutrients, dietary fiber, and water
[13]. In addition, several models of dietary behaviour
have demonstrated an association of eating practices
and behaviours with the representations made of
them [14], with personal factors (gender, age, etc.),
socio-cultural factors (family, social groups, norms
and values), economic and political factors (income,
budget coefficient, regulation), incentives (advertising,
society), food product availability and the context of
consumption [15].
Taking into account the literature cited above
and in the absence of an established theory on our
research topic, we have developed a conceptual frame
of reference, which is a logical structure composed of
variables brought together because of their relationship
to the subject under study [16] (Figure 1). Furthermore,
since dietary practices are essential for determining
health status, they should be studied using reliable
instruments. Therefore, the objective here is to study
the validity and reliability of the conceptual and
methodological framework developed for the research
conducted in the adult population of the region of
Rabat-Salé-Kenitra (RSK) in Morocco, on the factors
associated with dietary practices and nutritional status
(FADPNS). This work aims to validate the terms
of reference and the methodology of the FADPNS
research for the publication of its results.

MATERIALS AND METHODS
Sampling method
The FADPNS research, which is being validated in
this article, began in 2018 and was completed in 2022.
It affected 507 households1 in urban and rural areas of
the RSK region in Morocco, including the prefectures
1 Household: is a group of individuals living under the same roof and
having common daily expenses, but not necessarily related (HCP of
Morocco ; Glossary 2015) ; https://www.hcp.ma/glossary/.
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of Rabat, Salé, Skhirate-Temara, and the provinces of
Kenitra, Khemisset, Sidi Kassem and Sidi Slimane.
Two adults were recruited from each household.
The former has a primary role and the latter has
a secondary role in food purchases and meal
preparation. Thus, two groups were formed. Group
1 is called «household representatives» and group
2 is called «study population». Data of household
food purchases and meal preparation were collected
from «household representatives» while data on meal
intake, health status, physical activity, dietary intake,
and nutritional status were collected from the «study
population».
The recruitment of two members per household on
the condition that at least one member has information
on food purchases and meal preparation was essential
for this study. On the one hand, it ensured answers
to questions about this component of food practices
since not all household members necessarily have
this information, and on the other hand, it has made
it possible to have a population where women and
men are represented, thus promoting the study of food
practices and nutritional status in both sexes. Indeed,
in this type of study, there is a risk that the researcher
will end up with an entirely female population since
the preparation of meals is generally done by women
[17, 18, 19].
Inclusion and exclusion criteria
The inclusion criteria common to household
representatives and the population studied is that they
must be over the age of 18 and be Arabic-speaking
(regardless of ethnicity). Indeed, the methodology was
developed and tested in dialectal Arabic. As a criterion
of inclusion specific to household representatives, we
have retained the fact that they have all the information
on food purchases and the preparation of meals adopted
in their households. As a specific exclusion criterion
for the study population, we have retained pregnancy
status as it affects anthropometric measurements.
Data collection
To ensure triangulation of data collection methods,
we developed three questionnaires, a food history
guide, and a food frequency. In addition, we used
the Marshal questionnaire for physical activity
assessment as well as clinically valid equipment for
blood pressure, heart rate, anthropometry, and body
composition measurements.
The questionnaire 1 was developed to collect
general data from household representatives
common to household members, in particular sociodemographic, socio-economic, and socio-cultural
characteristics, food purchases, and meal preparation
(cooking methods, frequency, and duration of meal
preparation).
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The questionnaire 2 was developed to collect
individual data from the study population, specifically
socio-demographic characteristics, health status,
physical activity, intakes and nutritional status, and
meal intake (hours, frequency, locations, meal times,
and family relationships).
The questionnaire 3 was developed to collect data
on social representations of good dietary practices
among household representatives and among the
population studied. Indeed, in addition to the
interview, it is possible to carry out qualitative surveys
with questionnaires and on large samples in order to
gather not only the opinions of the respondents but
also the organization of their representations [20].
The Food Frequency Guide was developed to collect
data on the frequency of consumption of natural and
processed foods within households. A closed list of
foods that are part of the Moroccan eating habits has
been designed, taking into account the development
methods of this type of instrument [21].
The Food History Guide was developed to study the
food consumption of the study population because it is
the most appropriate type of survey to assess subjects’
typical eating habits over a given period of time [21].
In addition, an iconographic manual was used to
estimate the quantities of food and food preparations
consumed [22].
The Marshal questionnaire, which is used to
identify subjects who are insufficiently active in
primary health care, was selected for the physical
activity assessment of the study population [23,24].
We have made sure to adapt the types of sports that
appear in it to the Moroccan context.
The OMRON M3 type arm blood pressure monitor
has been selected for taking blood pressure and
measuring the heart rate of the group of household
members. The measurement of blood pressure by
this blood pressure monitor is clinically validated
according to protocols having international recognition
for its use in the general normotensive or hypertensive
population [25].
The OMRON BF 214 brand 4-sensor impedance
meter was selected for measuring the Body Mass
Index (BMI) and body composition in fat mass and
muscle mass of the group of household members. It
is a medical device using the bioelectric impedance
method. This material is validated clinically in
accordance with current protocols [26].
Pre-test
The pre-test of the methodology was carried out
using a preliminary survey of 20 households in the RSK
region. It allowed some questions to be reformulated
and readjusted. It also allowed estimating the duration
of the questionnaire administration, which was around
40 minutes.

Statistical analysis
The statistical analysis of the results of FADPNS’
research was performed by SPSS for Windows
(Statistical Package for the Social Sciences) version
21 and Microsoft Office Excel 2007. Microsoft Bilnut
version 2.01 was used to calculate the nutritional value
of dietary intakes. To determine factors associated
with dietary practices and nutritional status, various
static tests were used with a threshold of significance:
p < 0.05.
For the study of internal consistency validity (ICV)
of the questionnaires used in FADPNS’ research, we
have submitted the questionnaires developed above to
a committee of experts [27, 28, 29, 30]. In addition, for
the study of realibility of those questionnaires we used
the Cronbach Alpha test with the following reliability
thresholds: 1) Excellent reliability, if α ≥0.90 ; 2) High
reliability, if 0.70≥ α < 0.90) ; 3) Moderate reliability,
if 0.50≥ α < 0.70 ; and 4) Low reliability if α < 0,50
[27-30].
Ethical considerations
This study has been authorized by the Wilaya and the
Regional Health Directorate of the Rabat-Salé-Kenitra
region (RSK). The fundamental ethical principles
governing the conduct of the research were respected,
including the provision of information to study
participants, volunteering, anonymity, confidentiality,
and the right to interrupt their participation in the
study at any time. In addition, free and informed
consent was obtained from the participants before the
administration of the questionnaires and the taking of
the measurements.

RESULTS
In order to study validity and relialibity of the
conceptual and methodological framework of
FADPNS research devlopped above, we carried out
three phases:
Phase 1. Validation of the content of the conceptual
and methodological framework
In this phase, we have submitted the conceptual
and methodological framework for evaluation to
a committee of experts in nutrition, dietetics, public
health, and statistics. The evaluation of the conceptual
framework (Figure 1) consisted of studying the
relevance and completeness of the concepts and the
relationships between them, while the evaluation of
the methodological framework (presented above)
consisted of studying the relevance of the sampling,
data collection methods and materials, items and
variables under study, statistical analysis, and ethical
considerations.
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Figure 1. Conceptual Reference framework

Phase 2. Internal Consistency Validity of
questionnaires
At the outset, the Committee of Experts allocated
to the questionnaires an initial Internal Consistency
Validity (ICV) score of 75%. Then, and after
incorporating the changes and readjustments proposed
by the Expert Committee, this ICV was recalculated
and an 85% ICV index was reassigned to the final
versions of these questionnaires.
The items retained following the ICV validation
of the internal consistency of the questionnaires are
presented below:
Items under study in the group of household
representatives are sociodemographic, sociocultural,
and socioeconomic characteristics studied (age,
gender, education level, occupation, marital status,
place of residence, geographical origin, ethnic origin,
family type2, household size3, monthly income,
standard of living), overall expenditure and household
food expenditure; food shopping places; frequency of
natural and processed food consumption; and meal
preparation.
2 Family type: A family can be nuclear or extended. A nuclear family
is composed of a single nucleus and can be a couple or a single
parent, with or without children, or can be a sibling. An extended
family includes several nuclei and may also include uncles and aunts,
grandparents, cousins, nephews, and grandsons. Glossary 2015; HCP
(Morocco); https://www.hcp.ma/glossary/.
3 Household size: the number of people in a household (HCP of Morocco;
Glossary 2015; https://www.hcp.ma/glossary/).

The items specific to the study population are:
socio-demographic characteristics (age, sex, level of
education, occupation, marital status) [15]; nutritional
status measured by body mass index [31], waist
circumference and hip circumference ratio [32,
33]; body composition in fat and muscle mass [26];
respondents’ attitudes towards their perception of
their weight status; health status (heart rate [34], blood
pressure [35]; reported diseases; specific diets applied;
physical activity; meal intake; nutritional intakes [13,
36, 37, 38]); and finally, diversity and dietary variety.
Social representations of good dietary practices have
been studied both among household representatives
and among the population studied. The items selected
are cooking methods; traditional preparations; modern
preparations; foods recommended by religion, organic
foods; home meals; the use of spices and aromatic
plants; palatability (delicious preparations); and the
regularity of taking meals. Thus, the participants
were asked to choose from the nine proposed items,
the three that they felt most characterized (MC) good
dietary practices, and then choose from the remaining
six items, the three that least characterized (LC)
good dietary practices. This results in three nonselected items (NS) for each respondent. A code was
assigned to each characterization: code (1) for the
least characteristic items, code (2) for the non-selected
items, and code (3) for the most characteristic items
[20, 39].
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Phase 3. Reliability study of the questionnaires
We present below the study of the reliability (by
Cronbach Alpha test) of the items relating to the
sources of food information, the use of places to buy
food, the frequency of consumption of natural and
processed foods, and the preparation and teaking
meals.

The Table 1 shows that the Cronbach’s Alpha
coefficient is 0.51 for «food information sources», it is
0.54 for «places attendance of food shopping», and it
is 0.7 for «preparation of meals».
The Table 2 shows that the Cronbach’s Alpha
coefficient is 0.6 for the items «frequency of natural
food consumption» and « frequency of processed food
consumption «.

Table 1. Reliabilty of food information sources, places attendance of food shopping, and meals preparation
Items & variables
Food
information
sources
Places
of food
shopping

Parents and grandparents, friends and family, health professionals, the
Internet, scientific journals and the media.
Food shopping places: markets and souks, large and medium-sized stores,
grocery stores (retail locations), wholesalers and outlets for organic and
farm food.
Factors influencing the choice of food shopping places: health, cost,
proximity, ease of payment, relationship.
Culinary modes: stewing, steaming, baking, frying and grilling.
Criteria of choice of culinary modes: health, short duration, palatability,
traditional appearance.
Frequency of preparation of meals and snacks: breakfast, lunch, dinner,
morning, afternoon and evening snacks.
Factors influencing the frequency of preparation of meals and snacks:
eating habits and culture, health status, availability and expert advice.

Meals
preparation

Daily meal preparation time.
Duration of breakfast preparation
Duration of lunch preparation
Duration of afternoon snak preparation
Duration of dinner preparation
Factors influencing meal preparation time: lack of time, type of
preparation, number of guests

Categories
1) Yes
2) No
1) < 1/w
2) ≥ 1/w
1) Yes
2) No
1) < 4 /w
2) ≥ 4 /w
1) Yes
2) No
1) < 5 /w
2) ≥ 5 /w
1) Yes
2) No
1) < 3 h/d
2) ≥ 3 h/d
1) <30 mn
2) ≥30 mn
1) < 2 h/d
2) ≥ 2 h/d
1) <30 mn
2) ≥30 mn
1) < 1 h
2) ≥ 1 h
1) Yes
2) No

Alpha of
Cronbach
0.51*

0.54*

0.7**

*= moderate reliability; **= high reliability; w= week; d= day; h= hour; mn= minute.
Table 2. Reliability of consumption frequency of natural and processed foods
Items & variables

Categories

Alpha of
Cronbach

Whole wheat, barley, fresh vegetables, pulses, fresh fruits, dried fruits
Frequency of rich in carbohydrates such as dates and dried figs, oilseeds (almonds, nuts,
natural foods peanuts, etc.), fish, olive oil, argan oil, red meat (beef, veal, sheep), farm
consumption chicken, farm egg, bulk milk, natural cheese (Jben), whey, curd milk, farm
butter, honey and tea.
frequency Refined flours, pasta, pastries, commercial sweet cakes (including
of processed pastries), cornflakes, chips, packaged milk, industrial cheese, industrial
foods
yogurt, industrial chicken, industrial egg, industrial animal butter,
consumption mayonnaise, chocolate, and lemonade and sodas.

1) < 3/w
2) ≥ 3/w

0.6*

*= moderate reliability; w = week.
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The Table 3 shows that the Cronbach’s Alpha
coefficient is 0.5 for the item «taking meals with
the family», it is 0.6 for the items «health status and
physical activity» and «taking meals away from
home», and it is 0.7 for the item «frequency and
duration of taking meals».
The Table 4 shows that the Cronbach’s Alpha
coefficient is 0.5 for the items «characterization of foods
recommended by the religion» and «characterization
of the regularity of meals intake», it is 0.53 for the item
«characterization of traditional preparations», it is 0.55
for the item «characterization of organic food», it is 0.6
for the items «characterization of eating at home» and
«characterization of palatability», it is 0.7 for the item
«characterization of the use of spices and aromatic

plants», and it is 0.9 for the items «characterization
of cooking methods» and «characterization of modern
preparations».

DISCUSSION
The purpose of this article was to study the validity
and reliability of the conceptual and methodological
framework of the research on factors associated with
dietary practices and nutritional status (FADPNS)
that we conducted in the adult population of the Rabat
region-Salé-Kenitra in Morocco. Certainly, the food
consumption and nutritional status of the Moroccan
population have been studied by various academic,
scientific, and ministerial bodies. However, no previous

Table 3. Reliability of health status, physical activity, and meals intake
Items & variables
Pathologies: hypertension, type 2 diabetes, dyslipidemia
Specific diets: Hypocaloric, Hypoglucidic, Hypolipidic,
Health status
Hyposodium
and physical
activity
Physical activity

Meal Intake Schedule
Schedule,
frequency,
and
duration of
taking meals

Frequency of meal intake
Factors influencing frequency of meal intake: suitability, expert
advice, family habits, lifestyle
Length of time meals and snacks taken
Factors influencing Length of time meals and snacks taken:
commensality, availability, type of preparation, location of meals

Taking meals Frequency of family meals: breakfast, lunch and dinner
with the
Factors influencing: culture and traditions, friendliness, economic
family
factor
Frequency of out-of-home meals: breakfast, lunch and dinner
Frequency of out-of-home snacks: morning snack, afternoon
snack, evening snack
Factors contributing to out of home eating: change, obligation and
Taking meals
working conditions, new lifestyles and modernization
away from
Places where meals are taken: dairies, tea rooms/cafes/pastries,
home
traditional Moroccan restaurants, fast food restaurants, restaurants
offering fish specialties, restaurants with Western/Asian
specialties, workplaces
Criteria for choosing places to eat meals outside the home:
proximity, hygiene, prices, palatability.

Categories
1) Yes
2) No
1) Yes
2) No
1) Sufficiently
active
2) Insufficiently
active
1) Régular
2) variable
1) < 3 meals/d
2) 3 meals/d
1) Yes
2) No
1) < 90 mn
2) ≥ 90 mn
1) Yes
2) No
1) ≤ 1 meal/d
2) ≥ 2 meals/d
1) Yes
2) No
1) < 1 /w
2) ≥ 1 /w
1) < 1 /w
2) ≥ 1 /w
1) Yes
2) No
1) < 1 /w
2) ≥ 1 /w
1) Yes
2) No

*= moderate reliability; **= high reliability; w = week; d = day; h = hour; mn = minute.

Alpha of
Cronbach

0.6*

0.7**

0.5*

0.6*
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Table 4. Reliability of social representations of dietary practices
Items & variables
Characterization of cooking methods
Characterisation of traditional preparations
Characterization of modern preparations
Characterisation of foods provided by religion
Characterisation of organic food
Characterisation of home-eating
Characterization of the use of spices and aromatic plants
Characterisation of palatability
Characterisation of the regularity of taking meals

Categories
1) LC ; 2) NS ; 3) MC
1) LC ; 2) NS ; 3) MC
1) LC ; 2) NS ; 3) MC
1) LC ; 2) NS ; 3) MC
1) LC ; 2) NS ; 3) MC
1) LC ; 2) NS ; 3) MC
1) LC ; 2) NS ; 3) MC
1) LC ; 2) NS ; 3) MC
1) LC ; 2) NS ; 3) MC

Alpha of Cronbach
0.9***
0.53*
0.9***
0.5*
0.55*
0.6*
0.7**
0.6*
0.5*

*= moderate reliability; **= high reliability; ***= excellent reliability; LC= least characteristic items; NS = items not
selected; MC = most characteristic items

studies have simultaneously examined overall dietary
practices, the nutritional status assessed by various
anthropometric indicators, and the factors associated
with them. The results of this research, which will be
published later, have confirmed the concept of «hidden
hunger» as an effect of the nutritional transition in
Morocco, marked by a double burden of overload and
deficiency diseases; and, on the other hand, they have
revealed determinants of food practices specific to the
Moroccan context on which it is necessary to act to
improve the nutritional status of the population.
In order to further the objective of the present work,
we have carried out three phases : the study of the validity
of the conceptual and methodological framework, the
study of the ICV, and the study of the reliability of
the questionnaires. The study of the validity of the
conceptual and methodological framework of this
research was carried out by an expert committee after
an evaluation of its content. Indeed, in the absence
of an established theory of overall dietary practices,
their influences and their consequences, we have
developed a conceptual framework that encompasses
the different concepts related to the subject under
study, food purchases, meal preparation, meals and
snacks, family commensality, social representations
of good food practices, socio-demographic, socioeconomic, and socio-cultural characteristics, health
status, physical activity, intakes, and nutritional status
[15]. In addition, we developped the methodologycal
framework including the sampling method, the data
collection process and instruments, the statistical
analysis, and ethical considerations [16]. The validity
study of the questionnaires used in the research of
FADPNS showed a final ICV equal to 85%. This
proves that these questionnaires have received a good
VCI and therefore are valid for measuring what they
were built for [27, 29, 30]. In addition, cronbach’s alpha
reliability test [27, 28, 29, 30] showed high reliability
(0.70≤ α<0.90) for the item «meal preparation», and
moderate reliability (0.50≤ α<0.70) for items, «food

information sources», and «food purchase locations»
whereas for «food consumption frequency», this test
showed moderate reliability (0.50 ≤ α <0.70). Also,
this test revealed a high reliability (0.70 ≤ α<0.90)
for the item « meals intake» and moderate reliability
(0.50≤ α<0.70) for items, «health status and physical
activity», «eating with the family», and «eating outof-home». For the social representations of food
practices, this test revealed an excellent reliability (α
≥ 0.90) for the characterization of «cooking methods»
and for «modern preparations», a high reliability (0.70
≤ α <0.90) for the characterization of «use of spices
and aromatic plants» and a moderate reliability (0.50
≤ α <0.70) for the characterization of «traditional
preparations», «foods recomended by religion»,
«organic food», «eating at home», «palatability», and
«regularity of teaking meals».
However, variables measured by valid equipment
for which evaluation standards are available in
the literature were not evaluated by the internal
consistency study. These factors include heart rate,
blood pressure, status, and nutritional intake [13, 26,
31-38]. Similarly, socio-demographic, socioeconomic,
and socio-cultural characteristics were inspired by the
literature [15] and were not the subject of an internal
coherence study.

CONCLUSION
This work enabled the validation of the conceptual
framework and the methodology of the study of
the factors associated with dietary practices and
nutritional status in the RSK region.
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ABSTRACT

Background. Low birth weight (LBW) is considered to be one of the most important indicators of a newborn's chances
of survival, and a major risk of medium- and long-term morbidity.
Objective. To identify risk factors associated with low birth weight newborns among pregnant women during childbirth
in Moroccan hospital environment with a view to proposing avenues of intervention for its prevention.
Material and methods. Data concerning the weight of newborns at birth, nutritional education, pregnancy monitoring
and other risk factors, etc. were collected from 312 pregnant women who gave birth in the maternity ward of El-Jadida
Provincial Hospital in Morocco.
Results. The study identified 156 cases of newborns with LBW and 156 controls of normal-weight newborns. After
adjustment for the variables included in the analysis, the determined factors associated with LBW are nutritional
education [OR: 6.22 (2.60-14.87), P<0.001], illiterate women [OR: 8.74 (1.65-46.08), P=0.011], insufficient pregnancy
monitoring [OR: 5.69 (2.74-11.83),P<0.001], pregnant women with a normal weight [OR: 3.84 (1.73-8.52), P=0.001], lack
of psychological support [OR: 3.23 (1.72-6.08), P<0.001] and tiring domestic activity [OR: 2.13 (1.14-3.99), P=0.017].
Conclusion. Promotion of nutrition for pregnant women, proper implementation of maternal health programs and
improvement of their social condition are the modifiable factors that should help reduce LBW risk.
Key words: low birth weight, risk factors, pregnancy, newborn

INTRODUCTION
Low birth weight (LBW) is defined as a birth
weight less than 2,500 grams, regardless of gestational
age [1]. It is a major health problem responsible for
neonatal mortality and morbidity such as diabetes,
obesity and cardiovascular disease in adulthood
[2]. In the medium term, babies with LBW are
more likely to experience health and developmental
problems, including impaired cognitive and physical
development with learning difficulties, hearing and
visual impairments [3]. Globally, low birth weight
contributes 60 to 80% of all neonatal deaths. During
2017, nearly 20.5 million children were registered with
low birth weight [4], 96.5% of whom were born in
developing countries [4]. In 2015, Morocco recorded
a proportion of births with an estimated low weight
of 17.3%. A rate that appears very far from that of

Sweden (2.5%), higher than that of Algeria (7.3%) and
Tunisia (7.5%) and closer to that of Senegal (18.5%)
[4]. Millennium Development Goal 4 aims to reduce
the death rate of children aged 0 to 5 by two thirds and,
more specifically, to reduce underweight children in
this age group [5]. However, the care of newborns with
a growth deficit by the health system in developing
countries is very expensive and, in general, remains
insufficient or inadequate[6].
In 2018, Morocco recorded a neonatal mortality
rate of 13.56 per 1,000 live births, of which low birth
weight is one of the main causes. However, despite the
efforts made for the prevention and the advancement
of knowledge concerning the risk factors of LBW,
inequities in access to obstetric and neonatal care
persist between urban / rural areas, between regions
and between socio-economic levels, raising questions
about the quality of care for these newborns [7]. It
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should be noted that the two mechanisms most cited
in the literature that determine low birth weight are
prematurity and intrauterine growth retardation.
Indeed, the causes and consequences of LBW are
complex and intervene in the life cycle of individuals
including their intrauterine nutritional environment,
which remains the ultimate determinant of subsequent
growth and state of health and from individual to
individual adulthood [8].
In the present study, the objective was to determine
the factors associated with low birth weight in
a Moroccan hospital environment with a view to
proposing avenues of intervention for its prevention.

MATERIAL AND METHOD
The study took place at the maternity ward of ElJadida Provincial Hospital over a period from January
1 to December 31, 2018. This hospital represents a 2nd
level public health structure with a high influx of the
rural population.
Sample
This cross-sectional case-control study was
conducted on mothers and their newborns of normal
weight (n = 156) or low birth weight (n = 156) at the
time of delivery. A low birth weight child (LBW) is
defined as any newborn whose birth weight is less than
2500g regardless of the term of pregnancy. A normal
weight child (NW) is defined as any newborn whose
birth weight between 2,500 and 4,000 grams.
Inclusion and exclusion criteria
Inclusion and exclusion criteria: Included in this
study are all children born alive and their mothers.
Stillbirths and fetal deaths in utero are excluded from
the study.
Information collected
The information was collected using an established
questionnaire, making it possible to collect data on
socio-demographic, gestational and nutritional factors.
Collection of anthropometric data at childbirth
In women: The anthropometric parameters of the
parturient were measured according to the procedures
recommended by the WHO. Pregnant women were
weighed before delivery on electronic bathroom
scales with an accuracy of 100 grams. The height was
measured to the nearest millimeter using a wall chart.
The Body Mass Index (BMI) was calculated by
dividing an individual’s weight in kilograms by the
square of their height in meters. An individual is said
to be lean when BMI is strictly less than 18.5 kg / m²,
normal if BMI is in the range ≥18.5-25 <, overweight
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if BMI is in the range ≥25-30 <and obese if they have
a BMI greater than or equal to 30 kg / m² [9].
In the newborn: At delivery, the weight was
measured with an accuracy of 10 grams using
a mechanical baby scale of the SECA® type.
Statistical analyzes
Statistical analyses are performed using SPSS
version 23 software. Univariate and multivariate
analysis was performed using chi-square test to
separately study the independent variables associated
with the dependent variable (LBW). The percentages
of low birth weight were compared in the different
modalities of the independent variables collected.
Multivariate analysis was performed using binary
logistic regression to identify the factors associated
with low birth weight of newborns. The Hosmer and
Lemeshow test was used to study the fit of the results
to the data. The 5% significance level was used in all
analyzes, both univariate and multivariate.
Ethical considerations
The investigation obtained the approval of the
regional directorate of the Moroccan Ministry of
Health in greater Casablanca. Participation in the
survey was subject to the free and informed consent
of the selected women. After receiving a detailed
explanation of the survey process and conditions, the
female respondents were informed that they were free
to decline or withdraw from the survey at any time.

RESULTS
Table 1 illustrates the distribution of birth weight
according to the characteristics of the mother and the
newborn. According to the mothers characteristics,
the table shows that the proportions of LBW are
higher among mothers aged 18 to 34 years old
(76.3%), illiterate parturient (71.2%), those with low
socioeconomic level (73.3%), in first-time mothers
(67.9%), parturient who have a pregnancy follow-up
<4 ANC: antenatal consultation (87.8%), those who
did not receive nutritional advice during gestation
(91.7%),those who were not psychologically supported
during pregnancy (57.1%) and those with overweight
(50.60%).
Table 2 reports the results of univariate and
multivariate analysis by binary logistic regression.
The factors significantly associated with the risk of
low birth weight were in descending order: illiterate
women[OR: 8.74 (1.65-46.08), P=0.011]and women
with an average level of education[OR: 11.94 (1.8975.50), P=0.008]; women with poor follow-up of
prenatal consultation [OR: 5.69 (2.74-11.83),P<0.001];
women who are of normal weight during pregnancy
[OR: 3.84 (1.73-8.52), P=0.001] and those who are
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Table 1. LBW risk factors according to maternal and pregnancy characteristics
Newborn LBW

Newborn NW

N (%)

N (%)

<18 years

20 (12.8)

5 (3.2)

18-34 years

119 (76.3)

128 (82.1)

> 35 years

17 (10.9)

23 (14.7)

Illiterate

111 (71.2)

79 (50.6)

Primary

19 (12.7)

42 (26.9)

Middle School

23 (14.7)

26 (16.7)

3 (1.9)

9 (5.8)

Low

115 (73.3)

92 (59)

Medium

37 (23.7)

52 (33.3)

4 (2.6)

12 (7.7)

Primiparous

106 (67.9)

77 (49.5)

Multiparous

50 (32.1)

79 (50.6)

<4 ANC

137 (87.8)

85 (54.5)

≥4 ANC

19 (12.2)

71 (45.5)

0

1 (0.6)

≥18.5; 25 <Normal weight

15 (9.6)

58 (37.2)

≥25; 30 <overweight

79 (50.6)

89 (51.1)

≥ 30 obese

62 (39.7)

8 (5.1)

Yes

13 (8.3)

48 (30.7)

No

143 (91.7)

108 (69.3)

Female

94 (60.3)

106 (67.9)

Male

62 (39.7)

50 (32.1)

Yes

70 (44.9)

95 (60.9)

No

86 (55.1)

61 (39.1)

Yes

67 (42.9)

107 (68.6)

No

89 (57.1)

49 (31.4)

Yes

71 (45.5)

83 (53.2)

No

85 (54.4)

73 (46.7)

Maternal characteristics

P

Mother’s age
0.006

Study level

high school

0.001

Socio-economic level

High

0.011

Parity
0.001

Monitoring of ANC
<0.001

BMI classes
<18.5 lean

<0.001

Nutrition education
<0.001

Newborn sex
0.097

Tiring domestic activity
0.003

Psychological support
<0.001

Passive smoking

LBW: Low birth weight; NW: normal weight; ANC: Antenatal consultation; BMI: body mass index
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Table 2: Crude ORs of low birth weight as a function of maternal and newborn characteristics (univariate and multivariate
analysis).
Maternal characteristics
Mother’s age
< 18 years
18-35 years
>35 years
Study level
Illiterate
Primary
Middle School
high school
Socio-economic level
Low
Medium
High
Parity
Primiparous
Multipara
Prenatal consultation follow-up
<4 ANC
≥4 ANC
BMI classes
≥18.5; 25 <Normal weight
≥25; 30 <overweight
≥ 30 obese
Nutrition education
Yes
No
Tiring domestic activity
Yes
No
Psychological support
Yes
No

OR

Univariate analysis
CI (95%)

Multivariate analysis
OR
CI (95%)

P

5.41
1
1.25

[1.69-17.32]
1
[0.64-2.47]

0.004
1
0.505

2.29
1
1.40

[0.64-8.11]
1
[0.54-3.67]

0.198
1
0.483

4.21
1.35
2.65
1

[1.10-16.06]
[0.33-5.58]
[0.64-11]
1

0.035
0.672
0.179
1

8.74
4.83
11.94
1

[1.65-46.08]
[0.79-29.53]
[1.89-75.50]
1

0.011
0.088
0.008
1

3.75
2.13
1

[1.17-12.01]
[0.63-7.14]
1

0.026
0.218
1

2.38
1.50
1

[0.59-9.60]
[0.34-6.53]
1

0.222
0.589
1

2.17
1

[1.37-3.44]
1

0.001
1

1.72
1

[0.91-3.27]
1

0.093
1

6.02
1

[3.39-10.69]
1

< 0.001
1

5.69
1

[2.74-11.83]
1

<0.001
1

3.49
1
0.11

[1.83-6.83]
1
[0.05-0.25]

< 0.001
1
< 0.001

3.84
1
0.13

[1.73-8.52]
1
[0.05-0.35]

0.001
1
<0.001

1
0.2

1
[0.10-0.396]

1
< 0.001

1
6.22

1
[2.60-14.87]

1
<0.001

1.91
1

[1.21-3]
1

0.005
1

2.13
1

[1.14-3.99]
1

0.017
1

1
2.90

1
[1.82-4.61]

1
< 0.001

1
3.23

1
[1.72-6.08]

1
<0.001

P

OR: odds ratio; CI: confidence interval; ANC: Antenatal consultation; BMI: body mass index

obese [OR: 0.13 (0.05-0.35), P <0.001]; those who
have not received nutrition education [OR: 6.22 (2.6014.87), P<0.001]; women tiring household activity
during pregnancy [OR: 2.13 (1.14-3.99), P=0.017] and
those with poor psychological support from family
and friends [OR: 3.23 (1.72-6.08), P<0.001].

DISCUSSION
Fetal weight is a marker of fetal well-being, it
not only makes it possible to estimate - a posteriori
- harmonious growth in utero, but it is also

a determining marker of risk of disease in adulthood
[10]. In our study, the prevalence of LBW is undefined,
and although it would exist, it would be uncertain
as there is an under-reporting of the weight of
newborns in the birth registry. The mean weight of
NW newborns in our study was 3374.04±214.66 and
1955.77±439.94 for LBW newborns, with gestational
age of controls being 38.10±0.96 versus 31.66±2.99
for cases. The determinants of the LBW are multiple
and intertwined. In this study, several potential risk
factors for LBW lost their statistical significance in
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multivariate analysis. However, our results showed,
after multivariate analysis.
Data from the present study reveal the proportions
of infants who are underweight. The frequency of the
LBW problem reported by several authors was higher
in women with a low education level [11, 19]. Illiterate
parturient in the present study ran 8.74 times the
risk of giving birth to infants with underweight. Our
study also revealed that women with a medium level
of education also ran a risk of 11.94. Indeed, many
mechanisms can explain the association between the
level of education and low birth weight such as the
mother’s diet, genital infections, the frequency and
quality of prenatal care, the mother’s stress as well
as other psychosocial factors that can influence the
successful course of pregnancy [12, 13]. Regarding
the follow-up of the antenatal consultation, the
results of this study show that parturient who did
not follow up or who had insufficient follow-up of
ANC were more predisposed to deliver newborns
with LBW and that the risk in these women was
evaluated at 5.69. This finding is consistent with
that reported by other authors who demonstrate that
poor pregnancy monitoring hinders the possibility of
taking systematic preventive measures against anemia
or other nutritional deficiencies and of acting on the
curable medical causes of low birth weight [8, 14,
15]. In addition, WHO recommends that nutritional
and preventive advice be renewed at each antenatal
consultation [16]. However, lack of nutrition education
and insufficient ANC during pregnancy were found to
be variables strongly associated with low birth weight
in this study. Indeed, nutritional status is considered
to be a condition resulting from the balance between
the ingestion of food and its use by the body. In
addition, the multivariate analyzes of this study
report a significant association between the BMI of
parturient and LBW. This observation confirms the
data in the existing literature on BMI and the risk
of low birth weight [17, 18]. In the social register,
the experience of motherhood is inseparable from
the family and community experience. In fact, poor
psychological support for the mother by her family
and those around her would influence the course of
the pregnancy and present a risk of low birth weight in
the newborn at birth [19]. In the present study, a strong
association was found between psychological support
and low birth weight. Another factor examined in
this study concerns strenuous household activity
during pregnancy. The study by Traore et al. [20] and
Dageville [21] reported that intensive and strenuous
work during pregnancy, a large family load with
young children are the main determinants of LBW
in developing countries. In this study, a significant
association between strenuous household activity and
low birth weight is well established.

CONCLUSION
The present work reports a link of low birth
weight with a combination of factors including the
study level, ANC monitoring, BMI classes, nutrition
education, strenuous household activity, and poor
psychological support. Knowledge of these modifiable
factors would allow better organized prenatal followup coupled with better health and nutritional education
to significantly contribute to reducing the frequency of
low birth weight.
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ABSTRACT

Background. Every year the number of cases of colorectal cancer increases. Chemotherapy is one of the main methods of
treating cancer. However, chemotherapeutic treatment of colorectal cancer is inextricably linked to hepatotoxic reactions.
Objective. The aim of this study was to investigate the effect of the cytostatic vincristine on the background of previous
enterosorption correction with the drug aut-m in adenocarcinoma of the colon.
Material and methods. To simulate carcinogenesis, dimethylhydrazine (DMH) was administered subcutaneously to 77
rats for 30 weeks at a dose of 7.2 mg/kg body weight. After simulation of colon cancer, the animals were intragastricly
administered entorosorbent at a dose of 1 ml of suspension (corresponding to 0.2 g of net weight of the drug) per 100
g of body weight of the animal, daily for 21 days. After detoxification therapy, rats with simulated carcinogenesis were
administered the daily cytostatic vincristine at a dose of 0.23 mg/kg for 14 days.
Results. It was found that prolonged administration of dimethylhydrazine is accompanied by destructive changes in
plasma membranes, as evidenced by increased activity of enzymes alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, and serum urea.
Conclusions. The used sorbent aut-m showed an effective effect on reducing the manifestations of cytolytic processes in
induced carcinogenesis, as indicated by the normalization of the studied parameters. The cytostatic vincristine, which
was used in rats with induced colorectal cancer after enterosorption therapy, did not significantly affect the enhancement
of cytolytic processes, which confirms the effectiveness of previous sorption measures under these conditions.
Key words: dimethylhydrazine, colorectal cancer, membrane destructive processes, enterosorbent aut-m

INTRODUCTION
Colorectal cancer (CRC) is one of the leading
causes of cancer deaths in the world, and its incidence
is rising in developing countries. According to the
International Agency for Research on Cancer, the
number of cancer patients worldwide in 2018 was
over 18 million. More than 600,000 cases of CRC are
reported worldwide each year, and less than a third of
these patients live for more than 5 years [16].
One of the main methods in the treatment of
cancer is chemotherapy. However, toxic side effects
of chemotherapy components can sometimes lead to
discontinuation of treatment before a clear antitumor
effect is obtained [8]. Chemotherapy for cancer in some
patients is accompanied by a hepatotoxic reaction,

which may progress both during treatment and in
between courses or after their completion. Violation
of the integrity of plasma membranes of hepatocytes
indicates the development of fatty degeneration,
hepatocellular necrosis and fibrosis, the appearance
of duct disorders with cholestasis, changes in the
activities of aminotransferases, alkaline phosphatase
[3]. Liver damage as a side effect can be observed with
the use of almost all groups of cytostatics.
Finding effective remedies to alleviate the side
effects of anticancer drugs is an extremely important
problem in medicine [8]. There is information in the
literature on the effectiveness of the use of sorbents in
the therapeutic support of cancer patients. Analyzing
the results of many years of study of the mechanisms
of action of enterosorbents, we can conclude that
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the fibrous, carbon sorbent AUT-M deserves special
attention [13, 14]. The drug itself consists of micro-,
meso- and macropores and has a specific pore surface
area of about 2000-2500 m/g, which allows to absorb
a wide range of substances of different molecular
weight [9,10].
The aim of this work was to study the effect of the
cytostatic Vincristine on the background of previously
performed enterosorption correction with the drug
AUT-M in adenocarcinoma of the colon.

MATERIALS AND METHODS
Materials
Studies were performed on 77 white male rats
weighing 200–250 g. Laboratory animals were kept
on a standard diet of the vivarium of Horbachevsky
Ternopil National Medical University in accordance
with the rules of the European Convention for the
Protection of Vertebrate Animals Used for Scientific
and Other Scientific Purposes. The study was approved
by the Ethics Commission of the Horbachevsky
Ternopil National Medical University Gorbachevsky
(Excerpts from the protocol №61 from 13.11.2020).
Scheme of experimental research
Adenocarcinoma of the colon in rats was simulated
by subcutaneous administration of the carcinogen
1,2-dimethylhydrazine
(DMH)
(Sigma-Aldrich
Chemie, Japan), pre-diluted with saline in the
interscapular region at a dose of 7.2 mg / kg [2, 5, 6].
DMH was administered once a week for 7 months.
After modeling the cancer process, the animals
underwent detoxification correction with the sorbent
AUT-M. The sorbent was administered intragastric
daily for 21 days. The daily dose of sorbent was 1 ml
of suspension (corresponding to 0.2 g of net weight of
the drug) per 100 g of body weight of the animal.
The next step was cytostatic correction with
Vincristine. Vincristine was administered for 14 days,
intragastric at a dose of 0.23 mg/kg daily, the dose
was recalculated according to Rybolovlev, taking into
account species sensitivity [12].
Rats were divided into three groups: I control animals, which were injected with saline
subcutaneously in the interscapular area once
a week for 30 weeks; II - animals with simulation
of adenocarcinoma of the colon; III - animals with
imitation of adenocarcinoma of the colon and 21-day
extracorporeal detoxification with sorbent AUT-M; IV
- animals with simulated carcinogenesis of the colon,
which after 21 days of entorosorption correction were
administered for 14 days cytostatic Vincristine.
Animals were removed from the experiment once
a month for 7 months, on the 14th and 21st day of
administration of the enterosorbent AUT-M, as well
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as on the 14th day of administration of the cytostatic
Vincristine. All manipulations were performed under
thiopental anesthesia.
Methods
Blood and liver samples were used in subsequent
studies. Blood was taken from the hearts of animals. To
obtain serum, blood samples were allowed to coagulate
(at room temperature for 30 min), then centrifuged for
15 min at 1200 g and room temperature. To prepare
10% liver homogenate, samples taken immediately
after euthanasia were cooled to 1-3 ° C in saline, dried
on filter paper and homogenized in 0.05 M Tris-HCl
buffer (pH 7.4) using a SilentCrusher S magnetic
homogenizer (Haydolp, Germany).
The intensity of membrane-destructive processes in
the liver was assessed in serum and liver homogenate
by the activity of enzymes aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP) and urea content [19]. Enzyme
activity was determined by turbidimetric method
using a semi-automatic biochemical analyzer
Humalyzer 2000 using a colorimetric set of reagents
Human (Germany).
Statistical analysis of the data was performed
using STATISTICA 13 (TIBCO Software Inc., 2018).
Parametric and non-parametric methods of evaluation
of the obtained data were used for statistical
processing of the results. The arithmetic mean of the
sample (M) and the error of the arithmetic mean (m)
were calculated for all indices. The reliability of the
difference between the values between the independent
quantitative values was

determined by the normal
distribution using Student’s t-test, in other cases by the
Mann-Whitney test. The difference between the values
was considered probable at p <0.05.

RESULTS
It is known that the development of a malignant
process is accompanied by impaired liver function, in
particular, changes in the permeability and structure
of hepatocytes [5, 6].
Changes in the activity of membrane-dependent
enzymes, such as aminotransferases, have been
revealed in the dynamics of modeling DMHinduced carcinogenesis. Thus, after 1 month of DMH
administration, ALT activity in the serum of affected
rats probably (p <0.05) increased by 36%, on the 4th
month by 56% compared with the activity of this
enzyme in animals of the control group (Figure 1 ).
In the following terms of the study there was a slight
decrease in ALT activity compared to previous terms
(5 months - the activity of the enzyme was only 42%
higher than the level of control animals, 7 months 25% higher than their level).
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Figure 1. Dynamics of changes in ALT activity in the serum and liver of rats with induced carcinogenesis after the use of
cytostatics on the background of previous detoxification
Note: here and in the following figures * - probable changes between the indicators of the animals of the control group
and those affected by DMH; ** - probable changes between the rates of carcinogenic animals and animals that received
enterosorbent; *** - probable changes between the rates of carcinogenic animals after enterosorption therapy (21 days)
and animals receiving cytostatics (14 days); # - probable changes between carcinogenic animals (7 months) and animals
receiving cytostatics (14 days) on the background of enterosorption therapy (21 days)

Figure 2. Dynamics of changes in the activity of AST in the serum and liver of rats with induced carcinogenesis after the
use of cytostatics on the background of previous detoxification

In contrast, in the liver at all times of the
experiment there is a probable progressive decrease in
this indicator (3 months - by 42%, 5 months - by 59%,
7 months - by 66%) relative to the control group of
animals (p <0.05) Figure 1.
Similar changes were recorded in the study of the
activity of the enzyme AST. After the 3rd month of
modeling carcinogenesis, the activity of the studied
indicator in the serum increased by 62%, at 5 months
- by 107%, at 7 months - by 172% compared with the
control animals Figure 2.
On the other hand, the activity of the AST enzyme in
the liver homogenate significantly (p <0.05) decreased
by 28%, 57%, 69% compared with control animals in
the corresponding terms of the study (Figure 2).
In animals that underwent a course of detoxification,
there was a decrease in the manifestation of cytolytic

syndrome. At 21 days of AUT-M administration in rats
with carcinogenesis, there was a tendency to reduce
the activity of AST in serum (by 65% relative to the
level of affected animals) compared with the group
of animals that were injected with carcinogen for 30
weeks. Restoration of enzyme activity in the liver of
animals after 21-day extracorporeal detoxification
(16% ALT, 22% AST) was also observed in comparison
with the group of animals with DMH-induced cancer.
On the 14th day of cytostatic action in animals
with simulated carcinogenesis on the background of
enterosorption, minor changes in the activity of the
studied enzymes in the direction of decreased activity
in liver homogenate (ALT - by 10%) and increase in
serum (ALT - by 17%, AST - by 18%).
During the simulation of carcinogenesis,
a progressive increase in ALP activity in the serum
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of DMH-affected rats was found compared to control
animals.
Thus, the activity of ALP increased in the serum
of DMH-affected animals: 1 month after carcinogen
administration by 46%, 3 months - by 114%, 5 months
- by 127%, 7 months - by 129% Figure 3. All changes
were probable (p <0.05).
In the liver homogenate, the activity of this
enzyme probably decreased by 18% in 1 month of the
experiment, by 5 months - by 50%, by 7 months - by
61% according to the control (Figure 3).
After application of the sorbent AUT-M for 21
days, the activity of ALP in the serum of affected
rats probably decreased (p <0.05) by 22%, in liver
homogenate increased by 18% (Figure 3) compared
with the group of animals from DMH-induced
carcinogenesis.
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The use of the cytostatic Vincristine on the
background of 21-day correction with enterosorbent
has little effect on changes in ALP activity. Thus,
in the serum this figure increased by 21% compared
with the group of DMH-affected rats after in vitro
detoxification. In contrast, in the liver homogenate,
ALP activity decreased slightly.
It was found that in the serum of animals with
induced adenocarcinoma of the colon urea content
probably (p<0.05) increased in all terms of the
experiment (2 months - 1.1 times, 3 months - 1.2 times)
relative to control indicators Table 1.
The maximum changes were observed after 4
months (increased 1.6 times) from the beginning of the
modeling of the oncological process. In the subsequent
terms of the experiment, this figure in the affected

Figure 3. Dynamics of changes in the activity of ALP in the serum and liver of rats with induced carcinogenesis after the
use of cytostatics on the background of previous detoxification
Table 1. The content of urea in the serum of rats with induced cancer and after the use of enterosorbent AUT-M and
cytostatics Vincristine (M ± m)
Investigated indicator /
Group of animals, term of affection
Control, n=7
1 Month, n=7
2 Month, n=7
3 Month, n=7
4 Month, n=7
5 Month, n=7
6 Month, n=7
7 Month, n=7
7 month DMH + AUT-M (14 days), n = 7
7 month DMH + AUT-M (21 days), n = 7
7 months DMH + AUT-M (21 days) +
Vincristine (14 days), n = 7

Urea,
(mmol / l)
40.96±1.11
40.48±0.46
47.00±0.85*
49.08±0.53*
51.68±0.76*
46.13±0.78*
46.09±0.84*
45.91±0.62*
44.83±0.27
44.02±0.35
46.35±0.55***

Note: * - probable changes between the indicators of animals of the control group and those affected by DMH; *** probable changes between the rates of carcinogenic animals after enterosorption therapy (21 days) and animals receiving
cytostatics (14 days).
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animals decreased, but continued to exceed the level
of the control group.
Extracorporeal detoxification with the drug
AUT-M in the group of rats with induced chronic
endotoxicosis is accompanied by normalization of
urea content (without probable changes).
The use of the cytostatic Vincristine in animals
with simulated carcinogenesis on the background of
detoxification therapy contributes to a slight increase
in urea content compared to a similar figure in the
group of affected DMH animals on the background of
21-day detoxification.

DISCUSSION
It is known from the literature that the metabolism
of the carcinogen DMH occurs in the liver.
Accumulation of endogenous toxins formed during
DMH metabolism becomes a trigger to change the
permeability of hepatocyte plasma membranes, which
is why the liver is most toxic in the early stages of
carcinogenesis modeling [1, 18].
Aminotransferases are intracellular enzymes that
are mainly deposited in the cytoplasm of hepatocytes,
so their content in the serum is normally low [17].
According to our research, the simulation of DMHinduced carcinogenesis of the colon is accompanied
by an increase in the activity of the studied enzymes
in serum and a decrease in their activity in the liver in
the early stages of cancer [4, 20, 21]
After 4 months of DMH administration, changes
in aminotransferase activity in the studied tissues
are less pronounced. Such data, in our opinion, may
indicate a gradual decrease in the number of destroyed
hepatocytes due to compensatory processes in the
liver [17].
The hyperenzymemia we have identified indicates
hepatocellular liver damage and the release of liver
enzymes into the blood. An informative indicator of
membrane destruction of hepatocytes is ALP. The
rapid increase in the activity of the organ-specific
enzyme ALP, which is localized mainly in the biliary
tract, during the simulation of colon adenocarcinoma
is, in our opinion, a consequence of inflammatory
processes and liver cholestasis, as reported in the
literature [15].
Elevated urea levels also indicate changes in
liver function. Urea is the end product of protein
metabolism, the content of which in the serum of
experimental animals depends on the intensity of its
synthesis and excretion [11]. After 30 weeks of DMH
administration, the serum urea content of the affected
animals increased by 12% relative to the control rat
group. These data may indicate an increase in protein
breakdown and the inability of the liver and kidneys
to ensure inactivation and timely excretion of toxins.

Enterosorbent AUT-M reduces the load on the
main organs of metabolism and detoxification (liver)
and, accordingly, helps to activate the endogenous
defenses of the body. The activity of the enzymes ALT,
AST, ALP in the serum decreases, while in the liver probably increases. Therefore, the sorption correction
helps to stabilize the functional state of the liver.
It is believed that chemotherapy of malignant
tumors is a drug-induced critical condition of the
body, because all chemotherapeutics are poisons
that are used to obtain cytoreductive, cytostatic or
cytoeliminative effect. A number of authors note that
hepatocytes are the most sensitive to chemotherapy.
Under the action of cytostatics, the integrity of the
plasma membranes of liver cells is violated, as a result
of progressive cell-hepatic failure and cytolysis of
hepatocytes [7, 11].
According to the results of our studies, the
introduction of the cytostatic Vincristine on the
background of 21-day use of enterosorbent did not lead
to significant changes in the studied parameters. After
14 days of chemotherapy, the activity of ALT and AST
in serum increased by 17% and 18%, respectively, in
the liver, the activity of enzymes decreased compared
to those in the group of animals with induced
adenocarcinoma. Since the level of aminotransferase
activity correlates with the degree of hepatocyte
damage, the results obtained may indicate minor
destructive changes under the influence of cytostatic
correction against the background of the sorbent.

CONCLUSION
DMH-induced carcinogenesis of the colon in rats is
accompanied by changes in the functional state of the
liver, as indicated by an increase in urea in the serum
of rats during seven months of modeling the cancer
process. Increased activity of aminotransferases and
alkaline phosphatase in serum and a decrease in these
parameters in the liver of animals with a simulated
cancer process indicates the development of cytolic
syndrome and cholestasis.
In order to reduce the side effects of the cytostatic
Vincristine, the enterosorbent AUT-M was used. The
use of the sorbent has shown a significant potential
for cytolysis inhibition in rats with DMH-induced
colon carcinogenesis. Cytostatic correction after
21 days of extracorporeal detoxification indicates
minor manifestations of cytolytic syndrome. The
results confirm the positive effect of enterosorption
in the development of carcinogenesis before the use
of cytostatics and may serve as a basis for further
study of the possibility of enteral sorption therapy in
patients with colorectal cancer to reduce side effects of
chemotherapy and alleviate the disease.
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ABSTRACT

Background. Lots of children use the smartphone in lying down posture that is unappreciated posture. The postures of
children while using a smartphone affect their musculoskeletal pain and can enhance Musculoskeletal Disorders (MSDs).
Objective. To study the effect of lying down posture while using smartphone among school children in Nakhon Si
Thammarat, Thailand.
Materials and methods. This survey study employed a Descriptive Cross-Sectional Design. The population was Grade
1-6 students studying in a primary school in Nakhon Si Thammarat. There were 122 samples selected based on the
Volunteer Sampling Technique under the written consent of the students’ guardians. The research instruments employed
in this study were: 1) Questionnaire adapted from Nordic Musculoskeletal Questionnaire asking musculoskeletal
symptoms, 2) Posture Assessment using Kinovea Software to measure the angles of the muscle and postures during photo
and video shooting of the smartphone users. The data were analyzed using descriptive statistics while Chi-square and
Mann-Whitney U tests were used to test the mean differences.
Results. There is a significant difference at p<0.05 level in mean angles of the neck, trunk, shoulder, and lower arms when
using smartphones in supine and prone postures. The correlation between smartphone usage postures and musculoskeletal
symptoms at the head/neck, trunk, and upper arm are found significantly different at p<0.05 level. The statistically
significant difference at p<0.05 level is also found in the differences of age, length of smartphone ownership, position
when using smartphone, and length of a smartphone usage in lying down positions.
Conclusion. Smartphone usage in lying down positions of the participants can cause musculoskeletal pain especially in
prone posture. It is recommended that guardians or relevant sectors have greater attention to smartphone usage among
children to prevent their long-term musculoskeletal problems.
Key words: lying down posture, smartphone, students

INTRODUCTION
Nowadays, learning and acquiring knowledge is
not limited only from textbooks or printed materials
but technology also plays an important role in several
aspects of our daily lives. People learn more from
technology anytime and anywhere. Technology usage
has been vastly introduced into classroom learning,
especially during the epidemic situation of COVID-19.
The form of teaching and learning has been changed
into an online learning approach. Therefore, the
smartphone is an important device for learners
to promptly access online learning in the current

situation. It was reported that the percentage of global
smartphone use during the Covid-19 outbreak among
Gen Z (those who were born after 1997) was 82%,
whereas the Gen Baby boomers were only 43% [1]. In
Thailand, a survey of smartphone usage revealed that
the group of children and youths was the majority of
smartphone users at the highest frequency (CD) and
73.9% of internet use was performed by children aged
between 6-14 years [2]. Prolonged smartphone usage
can cause several aspects of health problems such
as eyesight, behavioral sleep problems [3, 4] mental
health [5], specifical problems in musculoskeletal pain
caused by faulty positions during smartphone usage.
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Numerous research studies reported that
smartphone usage can cause MSDs problems affecting
the head, neck, trunk, upper- and lower-limbs. The
prolonged usage of smartphones with continual neck
flexion can lead to an improper posture of the head
at 33–45° flexion (50th percentile angle) from vertical
when using smartphones [6]. The muscle activity level
of smartphone users with neck pain is slightly higher
than those without neck pain [7]. An increase in the
duration of upper back flexion can cause thoracic
kyphosis [8]. When excessive thoracic kyphosis
occurs, (>40º kyphosis) it will lead to neck and back
pain [9]. Moreover, overuse of smartphones can result
in tenosynovitis [10].
The finding in a smartphone usage survey among
primary school students in Nakhon Si Thammarat
indicated that the students vastly used smartphones
in their daily lives. The characteristic postures of
smartphone use are in different positions such as
sitting, standing and, lying down. Furthermore, it
was found from the student interview that the most
common posture used is lying down position by reason
of more relaxation and a longer period of usage than
sitting position. According to Mateus et al. [11] who
conducted the study of different characteristic postures
e.g. desk sitting, sitting cross-legged, lying supine,
lying prone and standing when using the computer,
tablet, and smartphone among 5-year children, it was
reported that sitting on a desk and standing positions
are the safest postures, on the other hand, the greatest
risk of the affected area is on neck-trunk. Moreover, it
was found that the most affected areas of lying prone
are neck and trunk, and for lying supine are the arm
and wrist [12]. Several researchers reported a number
of studies of smartphone usage among children,
however, there are few studies on investigating the
lying postures and their effects on the musculoskeletal
system of smartphone users in that the lying position
is a greater effect on muscle fatigue or discomfort than
the sitting posture [13]. Specifically, the studies on
smartphone usage among elementary school children
are utterly limited. Additionally, a current problem of
smartphone usage among children is increased and
it can lead to short- and long-term effects on their
musculoskeletal conditions. Therefore, the researchers
were encouraged to examine the lying postures of
smartphone users and their short-term effects of
musculoskeletal pain on elementary school children in
Nakhon Si Thammarat, Thailand.

MATERIALS AND METHODS
Study Design
This study employed a Descriptive Cross-Sectional
Design. The population was Grade 1-6 students
studying at a primary school in Nakhon Si Thammarat,
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Thailand. This study had been conducted under
the official consent of Walailak University Human
Research Ethics Committee no. WUEC-19-061-01.
Population and Samples
The population was Grade 1-6 students studying in
an elementary school in Nakhon Si Thammarat who
used a smartphone in lying postures for a period of
at least 6 months. There were 122 samples selected
based on Volunteer Sampling Technique. All research
subjects were informed of the research participation
under the written consent of their guardians.
Posture Assessment
The body postures were assessed using Kinovea
Software with a validity of 0.79 and reliability of 0.99
[14] to measure the angle of muscles and postures
during photo and 5-minute video shootings of
smartphone users in lying positions. The assessment
was conducted in 4 parts comprising head/neck,
shoulder, trunk, and lower arms. Generally, flexion is
elevation paralleling to the sagittal plane and abduction
is an elevation in the frontal plane [15]. The details of
measurement were adopted from research studies [13]
on the following angle measurement definitions:
Neck — the neck segment (ear to shoulder) was
defined as flexed if the ear was anterior to the shoulder
marker, and extended if posterior (A).
Trunk — the trunk segment, an angle was
considered flexed if the acromion process (shoulder)
was anterior to the greater trochanter (hip), and
extended if posterior and a horizontal plane in the
prone position (B).
Upper arm — shoulder (glenohumeral), elevation
was calculated as the angle between the upper arm
upwards away from trunk segment (C). Shoulder
internal rotation was calculated as the angle between
the forearm segment and a sagittal reference plane (D).
Lower arm — elbow flexion/extension (inner elbow
angle), and wrist flexion/extension was considered.
Elbow flexion was defined as the angle between the
forearm and upper arm (E). Wrist flexion was defined
as the angle between the hand (F) segment and the
forearm segment (sagittal plane). As shown in Figure
1 and Figure 2.
Musculoskeletal Pain
The questionnaire was designed to ask
musculoskeletal pain that appeared on 4 parts of organ
namely head/neck, trunk, upper arms (shoulder) and
lower arms. The frequency of pain within the past
six months was divided into five levels: never, once
in a month, once in a week, more than one time per
week, and frequently in a week. If the frequency
of musculoskeletal pain appears over one time in
a week, it can be interpreted according to Nordic
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Figure 1. The posture assessment in the supine position

Figure 2: The posture assessment in the prone position

Musculoskeletal Questionnaire [16] that a student has
a short-term effect of musculoskeletal pain.
Data analysis
This study utilized descriptive statistics to analyze
the collected data in the aspects of smartphone usage,
ergonomic risks, and frequency of musculoskeletal
pain. The data were analyzed using frequency,
percentage, mean, standard deviation, maximum and
minimum values in inferential statistics, t-test for
the analysis of the differences of mean angles, and
p-value (below 0.05 were considered as statistically
significant). The software used for statistical analysis
was Microsoft Excel and SPSS version 21.

RESULTS
General information
The majority of the subjects were female students
(65.6%) with an average age of 10.19±1.63 years old,
88.5% of them had no congenital disease, 89.3% of the
students worked out regularly, 81.1% used their own
smartphone, and an average length of smartphone
use was 40.4±20.8 minutes per time, or 137.34±97.3

minutes per day. The most common size of smartphone
use was 5.5 inches, 77.0% of parents set a rule for
smartphone usage, and supine was the most common
posture used during smartphone playing (68.0%).
Body Posture When Using a Smartphone
There are two lying down postures of the
smartphone users—supine and prone with the
following details of body postures.
Supine posture: The body angles of 82 smartphone
users on supine position are as the following details:
Head/neck and Trunk: Head/neck is supported
by a pillow. The angle of head/neck and trunk are
paralleled to the floor. The body is symmetric aligned
and sagittal reference plane is aligned.
Upper Arm: The shoulder movement was
observed. Most of students have an average angle at
11.66±17.98 degrees of shoulder horizontal abduction.
Forty percent (40%) of which has shoulder flexion at
22.84±20.20 degrees while using smartphones.
Lower Arm: There is 100% of smartphone
users having elbow flexion at an average angle of
64.40±25.63 degrees, and 41.5% of them performed
wrist radial deviation at 14.81±14.3 degrees.
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Lying prone posture: The body angles of 40
smartphone users on prone position are as the
following details:
Neck: It was found that 100% of the subjects
perform neck extension at an average angle of 18.97
± 13.46 degrees.
Trunk: The trunk extension at a median angle of
19.87±14.44 degrees is also observed
in all smartphone users (100%).
Upper Arm: For the upper arm angle, the
smartphone users have elevated their upper arms with
elbow supported or shoulder elevation at a median
angle of 49.46 ± 41.67 degrees.
Lower Arm: Considering the lower arms, the
smartphone users have flexed their lower arms to the
trunk with elbow flexion. The average angle is 58.08±
44.29 degrees, and 57.5% of the subjects perform wrist
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radial deviation at an average angle of 27.25±23.81
degrees.
Comparison of the mean angles differences of the
body parts while using smartphones in lying down
postures (n=122)
As shown in Table 1, the difference of mean angles
of neck, trunk, upper arm (shoulder) in lying supine
and prone postures while using smartphones was
statistical significance (p<0.05).
Musculoskeletal pain appeared on various parts of
body
There are 66.4% of smartphone users have a shortterm effect on their musculoskeletal pain. The most
common musculoskeletal pain found when using
a smartphone in lying supine is at the lower arms

Table 1. Mean angles of body parts when using smartphones in lying postures
Body parts flexion/
extension
Head/Neck
Trunk
Upper arm (shoulder)
Lower arm

Posture
(Mean ± SD)
Supine
8.43±9.69
4.70±5.97
11.66±17.98
64.40±25.63

p-value
Prone
18.97±13.44
19.87±14.44
49.46±41.67
58.08±44.29

0.000*
0.000*
0.000*
0.471

*p<0.05
Table 2. Musculoskeletal pain of various parts of the body (n=122)
Posture
Supine
Prone
p-value

Head/neck
have
no
7(5.7)
76(62.3)
33(27.0)
6(5.0)
0.000*

Trunk
have
no
11 (9.0)
72(59.0)
30(24.6)
9(7.4)
0.000*

Upper arm
have
no
29(23.8)
54(44.3)
31(25.4)
8(6.5)
0.000*

Lower arm
have
no
42(34.4)
41(33.6)
16(13.1)
23(18.9)
0.323

Table 3. Comparison between different factors and durations while using smartphone in lying postures
Factor
Gender
Male
Female
Age
≤ 10 years old
>10 years old
Smartphone ownership
No
Yes
Family agreement on smartphone use
No
Yes
Postures using smartphone
Supine
Prone
*p < 0.05, a. Mann-Whitney U test

Duration in lying posture
mean±SD (min)

p-value a

141.8±98.11
146.8±95.37

0.430

121.9±93.72
168.2±93.22

0.001*

107.7±59.44
153.7±100.84

0.047*

174.0±120.18
134.6±84.22

0.081

128.5±77.46
180.3±120.40

0.007*
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(34.4%), followed by the upper arms (23.8%). In a lying
prone posture, the musculoskeletal pain at head/neck,
trunk, and upper arms are greater than lying supine
posture. The most common pain when using the lying
prone posture are found at head/neck, upper arms,
and trunk (27.0%, 25.4% and 24.6% respectively).
The correlation between postures and pain at head/
neck, trunk, and upper arms is statistically significant
(p<0.05). As shown in Table 2
Comparison of the differences between factors and
durations of smartphone use in lying postures
As shown in Table 3, the difference of factors and
lengths when using smartphone in lying postures is
statistically significant (p<0.05). Different factors
of age, smartphone ownership, smartphone usage
posture, musculoskeletal symptom have different
lengths of smartphone usage in lying positions.

DISCUSSION
Smartphone use in lying postures
Head/Neck
When using a smartphone in lying supine posture,
head/neck and neck of smartphone users are paralleled
to the axis of body symmetry. There is low-risk head/
neck and trunk pain when using lying supine posture,
specifically when head/neck is supported by a pillow.
Whereas in a lying prone posture, all smartphones users
have neck extensions. According to ISO 11226:2000
on Ergonomics-Evaluation of static working postures
[17], over 25° neck extension is unacceptable as neck
extension is found to correlate with the frequency
of neck pain [18]. When texting on a smartphone,
muscle activity in the neck-shoulder area of the users
has increased resulting in musculoskeletal pain [19].
In this study, the student participants used their own
smartphones; the duration of smartphone use is highly
possible to be prolonged so that it is probably elevated
smartphone users’ long-term neck pain and become
symptomatic adults.
Trunk
When using smartphones in lying supine posture,
trunks of smartphone users and sagittal reference
plane are paralleled to the floor. Whereas in lying
prone posture, all the smartphones users have trunk
extension. In this case, back chronic pain can be
a long-term symptom. An imbalance in trunk muscle
strength, i.e., extensor muscle strength is lower than
flexor muscle strength; it might be one risk factor for
low back pain [20]. According to the study of Steffen,
it was found that all conditions in extension/flexion
relating to lower truck peak torque cause back pain.
Moreover, EMG amplitudes were increased for BP
athletes with statistically significant differences for
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dorsal muscles in rotation and extension (p< 0.0042)
[21]. From behavioral observation, while the students
were playing with smartphones, it was found more
back extension when they were playing games or
enjoying interesting stuff in front of them. Sometimes
they used elbows to support the trunks demonstrating
utmost intention and concentration to use smartphones.
It is congruent with Hanphitakphong et al. [22] who
found that as the time participants spent playing the
smartphone game increased, the trunk angle of the
participants is greater (p < 0.05). The trunk angle of
participants was approximately 14.05 ± 11.93 degrees
at the start of the game, by the time passed, the angle
was increasing to 19.83 ± 13.59 degrees (at 10 minutes)
(p < 0.05), and 23.15 ± 15.61 degrees (at 20 minutes) (p
< 0.05), respectively.
Upper arm
Lying supine playing a smartphone, shoulder
horizontal abduction and shoulder flexion have
been performed. As in the lying prone, the student
participants elevated their upper arms with elbow
support or shoulder elevation. In the study of fatigue
of shoulder muscles at different cervical flexion angles
(0°, 30°, and 50°) measured by electromyography, the
result revealed that the right upper trapezius (RtUT),
left upper trapezius (LtUT) showed the highest
muscle fatigue at a cervical flexion angle of 50° and
the lowest fatigue at an angle of 30° [23]. Similarly,
a study conducted by Straker et al.[24] concluded that
children who use tablets have greater trunk flexion
with more shoulders flexion and elevation compared
to desktop computer usage.
Lower arm
Elbow flexion is commonly found in lying supine
and prone postures during smartphone playing. This
is due to while playing smartphones, the participants
compulsorily elevate their elbows to make it more
convenient and clear on smartphone screen watching.
As a result of this, lying supine playing a smartphone
causes muscle tension as the participants have to
upraise their elbows. Prolonged smartphone use can
cause muscle fatigue and pain. This condition can be
explained that during elbow flexion, the stretch of the
ulnar nerve is 4.5 to 8 mm since it lies posterior to the
axis of motion of the elbow and the cubital tunnel crosssectional area narrows by up to 55%, as intraneural
pressures increase up to 20-fold. As a result, recurrent
and constant elbow flexion can irritate the ulnar nerve
and finally lead to cubital tunnel syndrome [25]. More
findings on the lower arm effect showed that wrist
radial deviation has been found in both lying supine
and prone postures as the participants would have
more convenient to type and play games. The range
of wrist postures is inclusive of wrist angles that is
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associated with low carpal tunnel pressure and is
much lower than the angle (32.7°) that is correlated
with high carpal tunnel pressure (more than 30 mm
Hg) and it is a high-risk symptom of a carpal tunnel
syndrome [26].
Comparison of mean angle differences of various
body parts while using smartphones in lying
postures
The finding from this study revealed that the
differences of mean angles of head/neck, trunk, and
upper arms were found statistically significant in lying
supine and prone postures. When playing smartphones
in a lying prone position, the mean angle of head/neck
and trunk is higher than the supine posture. Whereas in
a lying supine position, the mean angle of upper arms
is greater than the prone one. It can probably explain
that when the student participants play smartphones
in the supine position, their head/necks and necks are
normally on the pillows; trunks are paralleled to the
floor. Therefore, head/neck and trunk angles in the
supine position are lower than the prone one. Neck and
trunk pain risks are consequently low in this posture.
Flores-Cruz et al. [27] found a similar result
that head flexion was found lower in lying down
condition than the sitting and standing ones. Likewise,
Dennerlein [28] suggested that seating postures
are more neutral when back support is sufficient.
Therefore, a stool without a back support may produce
a greater angle of head flexion compared to an office
chair with ample back support. However, the mean
angle of the upper arms in the supine position is
greater than the prone. This is due to while playing
smartphones in supine condition, the participants
compulsorily elevate their arms, shoulders, and elbows
to make it more convenient and clearer on smartphone
screen watching. In the study of Hanphitakphong et
al. [22], it was unveiled that spending longer duration
with smartphone playing, shoulder and elbow angles
are greater. This researcher found that the flexion
angle of the left shoulder was significantly greater
at 10 minutes 10.70 ± 11.89 degrees; p < 0.01) and 20
minutes (12.67 ± 12.60 degrees; p < 0.001) compared
with baseline values (8.87 ± 10.86 degrees). Elbow
flexion showed that as game time increased, the angle
increasingly lifted on both sides. The bilateral elbow
flexion angle was significantly greater at 10 minutes
(Right 101.70 ± 11.44 degrees; p < 0.001 and Left
104.46 ± 12.07 degrees; p < 0.001) and 20 minutes
(Right 102.37 ± 11.87 degrees; p < 0.001 and Left
105.86 ± 11.30 degrees; p < 0.001) compared with
baseline value (Right 94.58 ± 10.30 degrees and Left
98.35 ± 12.75 degrees). The bilateral elbow flexion
angle was significantly greater at 20 minutes (p <
0.001) compared with this value at 10 minutes [22].
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Short-term effects of MSDs on smartphone users
using lying postures
According to the findings, it was found that the
student participants, who played smartphones on
supine posture, have experienced the short-term effects
of musculoskeletal pain. In this posture, the lower
and upper arms are found to be the most common
musculoskeletal pain. Considering the prone position,
head/neck, upper arms, and trunk are reported the
most affected areas of muscle pain. Additionally, the
postures of smartphone users are found to significantly
correlate with head/neck, upper arms, and trunk pain
(p<0.05). The findings have been consistent with the
differences of average angles of head/neck, trunk,
and upper arms in prone positions which are higher
than the supine ones when playing smartphones.
In addition, in prone posture, the musculoskeletal
pains have been found greater at head/neck, trunk,
and upper arms than the supine condition. These
could possibly be explained that using a smartphone
in lying supine posture, head/neck and trunk are
parallel to the floor with pillow support. Therefore the
risk of head/neck and trunk pain is lower than using
a smartphone in prone posture. The study of postures
of smartphone users with head/neck and shoulder
support revealed that the chair support (armrests and
back support) reduced head/neck flexion (p < 0.001),
gravitational moment (p<0.001), and muscle activity
(p<0.01) in the neck and shoulder regions significantly
compared to no chair support. These results indicate
that biomechanical exposures leading to muscular
pain in the neck and shoulders during mobile phone
use can be diminished with sufficient and effective
support of a chair [29]. In a similar way, plying
smartphone in the prone position is associated with
higher muscle activity in neck extension [19]. In this
study, the participants spent an average of 40 minutes
per time playing smartphones. Hanphitakphong et al.
[22] suggested that a proper duration of smartphone
playing for children aged 10 -18 years should not be
over 10 minutes. An overuse of smartphones can cause
biomechanical effects around the neck area. Relatedly,
the upper arm muscles have been highly activated
when excessive use is performed. There is a significant
difference in upper limb muscular discomfort between
two groups of low- and high-users (P=0.033) [30].
Comparison of the differences between factors
and durations while using smartphones in lying
postures
According to the comparison results between
various factors and durations of smartphone use
in lying postures, the difference of factors and
lengths when using smartphones in lying postures is
statistically significant (p<0.05). Different factors of
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age, smartphone ownership, smartphone usage posture,
musculoskeletal symptom have shown different
lengths of smartphone usage in lying positions. The
student participants aged over 10 years have a longer
duration of smartphone playing than those under 10
years. This is congruent with the prospective followup study of neck pain in school students aged between
10 to 15 and found that smartphone use was the
most frequent activity among 10 years old children.
An increase mostly occurred between the ages of 12
and 15. Negative effects caused by muscle pains have
affected school achievement, emotional well-being,
sleep behavior, and overall health and well-being [31].
It can be explained that in this study, the samples were
upper-primary school children aged over 10 years
who were in good physical condition and had more
concentration than the children aged lower than 10,
they therefore tend to spend more time on smartphone
playing. Evidence of the study of Saxena et al. proposed
that children have a lower pain threshold than adults
[32]. According to Wu et al. [15], it was found that the
difference in age of participants and game duration
may lead to small differences in pain level. Considering
at smartphone ownership factor, it was found that
the users have different durations of playing if the
smartphones belong to them. The children who use
their own smartphones tend to play longer than those
who do not. The result from the interview indicated
that the non-smartphone owners did not carry their
smartphones to school. For this group, they can play
smartphone only on weekday’s after-school time or on
the weekends. In contrast with the smartphone owner
group, they frequently played with their mobiles during
break time or lunch time. In addition, the researchers
noticed that there was also a rule for smartphone
playtime set by parents of the participants. There is
more playtime limitation for non-smartphone owners
than the other group. Smartphones can be used for
tasks whenever and wherever people need them. As
a result, they allow people to evenly switch between
multiple tasks on the move [33]. Oulasvirta et al. [34]
found that when compared to laptop computer use,
the smartphones is significantly shorter in duration,
more seamlessly spread throughout the day, and less
than twice the total time spent. In a comparison of
lying posture and duration of smartphone playing, it
was found that playing the phone in different lying
positions has different durations of smartphone use.
The result showed that a longer duration of smartphone
use is frequently found in a prone position than in the
supine one. This is opposite to the study conducted on
Sleep Apnea patients and found that the participants
use prone and supine patterns with a frequency
of 0.8% and 55%, respectively [35]. However, the
interview result in this present study indicated that the
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participants feel more comfortable in prone conditionusing their hands and wrists more independently
to control smartphones, placing their elbows to the
floor, and have more and long concentration on the
phones. Whereas in the supine position, there is elbow
and shoulder elevation during smartphone use and it
can easily lead to muscle fatigue. Evidence from the
study also confirmed that the MSDs of lower arms has
greater in lying supine than the prone condition.

CONCLUSION
Lying supine is the most common posture
used among the children participants when using
smartphones. However, using a smartphone in lying
down affects the mean angles of the head/neck, trunk,
and upper arms. Especially the mean angles of the
head/neck, trunk, and upper arms in the prone position
are higher than that of the supine one. Moreover, the
postures of smartphone users are found to significantly
correlate with head/neck, upper arms, and trunk pain.
The Musculoskeletal pain of the head/neck, trunk,
and upper arms of smartphone users in the supine
position is higher than the supine posture. In addition,
different factors of age, smartphone ownership, and
postures have a significant difference in the duration
of smartphone use in a lying position (p<0.05).
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ABSTRACT

Background. Just mere brushing of teeth is not enough for maintaining good oral health. Regular cleaning of tongue is
equally important for maintaining good oral hygiene and to escape social embarrassment and personal discomfort, which
could arise as a result of halitosis.
Objective. To test the variables of Theory of Reasoned Action to explain the behavior of tongue cleaning among college
going students of Udaipur city, Rajasthan, India.
Material and methods. A descriptive cross-sectional survey was conducted amongst 756 college going students of
Udaipur city, India using an online self-administered structured questionnaire which was designed based on our study
objectives. Logistic regression analysis and structural equation modelling (SEM) were employed for statistical analysis.
Confidence level and level of significance were set at 95% and 5% respectively.
Results. Logistic regression analysis showed that with one unit increase in subjective norm, the tongue cleaning behavior
odds increased significantly by 1.124. Also, the tongue cleaning behavior odds was 1.77 times significantly greater among
those brushing their teeth twice a day than those brushing once a day. Structural Equation modelling also evidenced the
significant direct effect of subjective norm on tongue cleaning behavior (β = 0.2, p≤0.05).
Conclusion. Our results highlighted the importance of subjective norms in espousing tongue cleaning preventive
behaviour habit. It is thus recommended to highpoint the role of significant others in changing tongue cleaning behaviour.
Key words: theory of reasoned action, preventive behavior, tongue coating, tongue cleaning, oral hygiene

INTRODUCTION
As claimed by the World Health Organization
(WHO), health of an individual is directly linked to
his/her oral health [1]. Furthermore, oral health is
reasoned to be an important factor that settles and
resolves different facets of quality of life [1, 2]. Our
mouth houses not a single group of microorganisms
but a large community that interacts with each other
in a complex manner. It is not surprising to know that
the habitat of these microbial metabolic activities is
the dental plaque [3].

Maintaining proper oral hygiene with efficient
plaque removal methods is of utmost importance.
The dental industry is flooded with oral care products
which serve various purposes like mouth cleansing,
maintain a fresh odorless breath and maintain efficient
oral hygiene [4]. Regular cleaning of tongue is equally
important for maintaining good oral hygiene and to
escape social embarrassment and personal discomfort,
which could arise as a result of halitosis [5]. Tongue
coating is considered as a major etiological factor for
oral malodor. For approximately 90% of the cases,
it is seen that halitosis can be classified as intra oral
halitosis [6]. In addition to this, the tongue coating
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incorporates a wide range of bacteria, secretions
from post nasal area, gingiva, saliva and deceased
epithelial cells [7]. The dorsum of the tongue should
be regularly cleaned as a part of oral hygiene measure
to have a considerable effect on the levels of plaque as
compared to toothbrushing done alone [8]. As dentists,
educating patients is contemplated to be a trademark
of our noble profession.
The development of various theories and behavioral
models have been a major breakthrough in the field of
dental education. In accordance with this theory, the
best predictor of subsequent behavior is intention and
the intentions are further based on attitude towards
performing the behavior and perceived social norms
about performing the behavior [9]. In this theory,
the attention is focused on the fact that attitudes and
intentions together can bring about a change in the
behavior. There are two cognitive models that work
together to develop a healthy behavior – assumption
what the other people contemplate and the desire and
impulse to conform with them [10]. Since the role of
other people is also included in this theory, it makes it
all the way more interesting [11].
This study is intended with the purpose to test the
variables of Theory of Reasoned Action to explain the
current behavior of tongue cleaning amidst college
going students of Udaipur city, Rajasthan, India.

MATERIALS AND METHODS
Study design, study population and study area
An online descriptive survey was conducted
amongst 756 college going students of Udaipur city,
Rajasthan, India.
Ethical approval
The study was approved by the institutional ethical
committee and was acknowledged with the ethical
clearance (PDCH/21/EC-287). Deans of the institutes
selected for the study were contacted for necessary
permissions and the official permission letters were
obtained.
Informed consent
Study subjects were made aware about the goals
and details of the present research and informed
consent (online) was obtained prior to the study.
Inclusion criteria
Subjects who belonged to the age group of 18-30
years.
Exclusion criteria
Study subjects who were pursing medical,
paramedical and dentistry courses. Those who were
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reluctant to participate in the study. Those who
consumed tobacco in any form (smoked/smokeless).
Questionnaire
An online (google form) self-administered
structured and organized questionnaire was
established on the basis of our study manifesto. The
questionnaire comprised of 3 sections – the initial
section gathered the basic demographic specifics
counting for name, age, gender, religion, monthly
income, level of education and geographic location.
Socioeconomic status was classified according to
Prasad’s Classification of socioeconomic status scale.
A close ended question to enquire about tobacco
consumption in any form (smoked/smokeless) was
also added in the first section of questionnaire.
The next segment of the questionnaire comprised
of 9 model guided items (Theory of Reasoned Action)
with responses on Likert’s scale of agreement. It
included questions regarding tongue cleaning behavior
(2Q), intention (1Q), attitude towards tongue cleaning
(3Q) and subjective norms (3Q). The third section
consisted of two close ended questions on oral health
behavior to gather information on the regularity of
tooth brushing and tongue cleaning habits.
Pre testing survey
A pretesting survey was conducted amongst
a group of 12 students. These participants were then
contacted to obtain their suggestions on the general
acceptance pertaining to the number of questions,
understandability and any other problem faced
while submitting the responses. A high Cronbach’s
coefficient of 0.78 made the questionnaire acceptable
in terms of internal consistency.
Questionnaire was validated based on the
judgements of five senior faculty members. Based
on their scores, content validity ratio was found to
be 0.91. Furthermore, during the assessment of face
validity, 95% of the study subjects assessed the survey
form as simple and clear.
Sample size calculation
Using G power software, the findings of the pilot
study, 80% power of study and 95% confidence level,
the estimated sample size came out to be 756.
Sampling methodology
Before the instigation of the study, a list of
the university institutes of Udaipur, Rajasthan
was prepared. Amongst them, one university was
randomly picked up. All the constituent colleges of
the university formed different stratas (homogenous
groups) and the subjects were selected using stratified
random sampling. The number of participants selected
in each stratum was in proportion to the students

No 2

M. Tak, S. Grover, K. Asawa et al.

enrolled in each college to reach the desired sample
size of 756 (Probability Proportional sampling). The
proportion of students chosen varied in all the colleges
accordingly.
Methodology
After selecting the desired study subjects, their
contact numbers were gathered. Sensitization of the
study subjects regarding the research study was done
via WhatsApp. Timely reminders were given to the
study subjects to fill up the google form and they were
advised to fill it up very carefully. The response rate
was 100%.
Statistical analysis
Analysis was done using SPSS version 24 (IBM
SPSS statistic Inc, Chicago, IL) windows software
program. Descriptive statistics were calculated to
determine the frequency of responses regarding tongue
cleaning behavior among the study subjects. Binary
logistic regression analysis was done multivariate
analysis. The hypothesized model was tested using
structural equation modelling. Model was verified
using IBM SPSS AMOS 16.0. As per the standard,
model was found to be good which was supported
by the values of RMSEA (root mean square error of
approximation) CFI (comparative fit index) and AIC
(Akaike’s information criteria) along with a nonsignificant Chi square [12]. The model with subjective
norm, attitude, intention and preventive behavior was
an acceptable fit to the data.

RESULTS
In a total population of 756 subjects, majority of the
respondents were males (n= 353, 59.0%) and belonged
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to 21-25 years of age group (n = 459, 76.5%). Around
55.7% (n = 334) and 51.0% (n = 306) of the study
subjects belonged to urban locations and were postgraduates respectively. Nearly 53.0% (n = 318) of the
study subjects belonged to upper class socio-economic
status, followed by 21.8% (n = 131) of the subjects
belonging to upper middle class socioeconomic status.
Only 3.3% (n =20) of the study subjects belonged to
lower class socio economic status (Table 1).
Table 1. Distribution of study population according to
demographic variables
Number
Percentage
Variables
(n)
(%)
Age group (years)
18-20
62
10.3
21-25
459
76.5
>25
79
13.2
Gender
Male
353
59.0
Female
247
41.0
Place of residence
Rural
266
44.3
Urban
334
55.7
Per capita income
Upper class
318
53.0
Upper middle class
131
21.8
Middle class
85
14.2
Lower middle class
46
7.7
Lower class
20
3.3
Educational qualification
Under- graduation
296
49.0
Post-graduation
306
51.0
Total
600
100

Table 2. Frequency of responses to questions concerning Theory of Reasoned Action among study subjects
Strongly
Agree
Disagree
Questions
agree
n (%)
n (%)
n (%)
INTENTION
I intend to clean my tongue once a day/ more
220 (36.7) 288 (48.0)
65 (10.8)
ATTITUDE
By cleaning tongue, one can prevent halitosis
283 (47.2) 244 (40.7)
36 (6.0)
By cleaning tongue, one can maintain good oral hygiene
228 (47.2) 246 (41.0)
84 (14.0)
Regular tongue cleaning means healthier oral cavity, which can
100 (16.7) 298 (49.7) 178 (29.7)
make you look & feel better about yourself
SUBJECTIVE NORM
Most people who are important to me, think that I should clean
300 (50)
100 (16.7)
150 (25)
my tongue
By cleaning tongue, I can set an example for others by looking
257 (42.8) 291 (48.5)
25 (4.2)
and feeling better about myself
By cleaning tongue, I can have a nice smile and healthy oral
400 (66.6) 75 (12.5)
100 (16.7)
cavity and I can impress people around me

Strongly
disagree
n (%)
27 (4.5)
37 (6.2)
42 (7.0)
24 (4.0)

50 (8.3)
27 (4.5)
25 (4.1)
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The frequency of responses to answers concerning
intention, attitude and subjective norms regarding
tongue cleaning behavior were calculated. Around
48.0 % (n = 288) of the study subjects agreed that
they intend to clean their tongue once a day or more.
It was observed that, 47.2% (n = 283) of the study
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subjects strongly agreed that by cleaning tongue, one
can prevent halitosis and maintain good oral hygiene.
More than half i.e 66.6% (n = 400) of the study subjects
strongly agreed that by cleaning tongue, one can have
a nice smile and healthy oral cavity and can impress
people around them (Table 2).

Table 3. Binary Logistic Regression analysis with tongue cleaning behavior as dependent variable
Tongue Cleaning Behavior
Variables
P value
Odds ratio (95% CI)
Attitude
0.963 (0.846-1.096)
0.56
0.05*
Subjective Norm
1.124 (0.986-1.280)
Intention
1.064 (0.825-1.371)
0.63
Age (years)
18-20
0.875 (0.365-2.096)
0.764
21-25
0.808 (0.420-1.554)
0.523
>25a
Tooth brushing frequency
0.001*
Twice a day
1.77 (0.516-1.173)
a
Once a day
Per capita income
Upper class
0.684 (0.336-1.393)
0.296
Upper middle class
1.440 (0.831-2.495)
0.194
Middle class
0.598 (0.324-1.046)
0.235
Lower middle class
3.06 (0.653-1.968)
0.103
Lower classa
Gender
0.05*
Female
1.081 (0.711-1.042)
a
Male
Education
0.000*
Under-graduation
3.968 (0.546-1.304)
Post-graduationa
Test applied - Binary logistic regression; *p≤0.05 statistically significant

Figure 1. Structural equation model analysis for the determinants of tongue cleaning behavior using Theory of Reasoned
Action
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Binary logistic regression analysis with tongue
cleaning behavior as a dependent variable was
analyzed. It was observed that significant greater odds
of 3.968 and 1.081 was seen among the undergraduates
and female study subjects than postgraduates and male
subjects respectively, concerning the tongue cleaning
behavior. With one unit increase in subjective norm, the
tongue cleaning behavior odds increased significantly
by 1.124. Also, the tongue cleaning behavior odds was
1.77 times significantly greater among those brushing
their teeth twice a day than those brushing once a day
(Table 3).
Figure 1 depicts that the direct effect of subjective
norm on tongue cleaning behavior was significant (β
= 0.2, p≤0.05). The indirect direct effects of attitude
and intention on tongue cleaning behavior were non
– significant (p≥0.05). Specific indirect effects were
estimated by multiplying the direct effects of the
variables involved in total pathway.

DISCUSSION
People of all ages have benefitted immensely
from daily and routine oral health behaviors. These
everyday practices contribute to improved oral health
status. Rendering preventive dental care has shown
to explain the reason behind notable gains in the oral
health status and quality of life [13]. To boost and
escalate the awareness pertaining to healthy actions,
health behavior models have been refined time and
again and inculcated in related investigations and
analysis. It should be noted that an adjustment and
alteration is required in behavior so as to cultivate
health and bypass illness. A deficiency in adhering to
acceptable healthy conduct can be clearly witnessed in
every sections of the society, irrespective of literacy
and socioeconomic status.
College going population also does not exhibit
any distinctive features when compared to their
synonymous groups. This population is no more in
their cocoons and in the immediate presence of their
parents to constantly emphasize them to brush their
teeth or clean their tongue. The simple oral hygiene
practices like brushing and flossing of teeth and
cleaning of teeth can completely escape from their
memories and they may even continue to do this for
several days. Students as a community cannot be
neglected because they offer a critical and crucial role
bringing about revolution in the field of behavioral
change. Consequently, it becomes very important to
construct an awareness in their minds in view of the
application of oral hygiene practices in day-to-day life.
The various psychological assumptions and
concepts that are seeded on oral health education
has immensely helped in advertising a change in
knowledge, attitudes, perceptions, all of this leading
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towards the wider goal of changing behavior. Taking
this into account, the current research was directed to
determine the efficacy of the variables of the Theory
of Reasoned Action (attitude, subjective norm and
perceived behavioral control) amongst the college
going students.
Till date, nowhere in the literature has tongue
cleaning behavior been scrutinized in relation to Ajzen
and Fishben’s model. Studies on the past have focused
on oral health behavior and oral self-care habits.
As per the Theory of Reasoned Action, analytical
decisions are made by individuals as per their
awareness, morals and mindset. Hence, an individual’s
aim to accomplish a behavior is the utmost important
interpreter of executing that behavior. Behavioral
beliefs and normative beliefs are two kinds of beliefs
that shape intentions. Intent to perform an action must
be constant and consistent to bring about the change
in behavior [14]. When faced with an unforeseen
hindrance, there may be a divergence from the path
of healthy behaviors. Social norms and community
expectations are powerful predictors of healthy action,
as per the Theory of Reasoned Action [15].
Study conducted by Pedrazzi et al [16] has
projected that around 85% of all halitosis have their
source in the mouth, of these 50% are triggered by
tongue residues. Thus, tongue cleaning advances to
be on the top position for halitosis management and
promoting good overall health when complemented
with toothbrushing and flossing.
The results of our study confirmed that subjective
norm concerning tongue cleaning was related
significantly to the tongue cleaning behavior. Studies
conducted by Kawakami et al [17] has shown that
social surroundings of an individual, which includes
friends, family and colleagues, are significant in
patient care. The significant effect of subjective norms
on preventive behavior was also justified by Bratt [18].
He stated that friends, family and colleagues, could
increase a person’s awareness to the consequences of
his/her actions and encourage the individual to take
responsibility for his/her action. He stated that social
norm revealed direct link to behavior.
However, our results are in dissimilarity with the
findings of Dumitrescu et al [13], which revealed that
attitude was of paramount importance in predicting the
intention. This difference in the study results could be
because of the fact that both affective and instrumental
attitudes were included as separate constructs in their
study and parental attitudes towards child’s oral
health were studied as well. Subjective norms did not
significantly contribute to the prediction of behavior
was supported by the findings of Rhodes et al [19],
Saunders et al [20] and Fen & Sabaruddin [21]. These
differences could be because of the fact that the
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Theory of Reasoned Action may perform differently
in different socio-cultural contexts.
In our study, the subjective norm seemed to be
important for tongue cleaning which advocates the
inclusion of significant others in oral health promotion
programmes.
The results of our study also suggested that women
had better oral health orientation than males, as they had
greater odds of tongue cleaning compared to the males.
This result was supported by the studies conducted by
Syrjala et al [22], Kneckt et al [23], Davidson et al [24]
and Sakki et al [25]. Female’s adherence to a healthier
behavior may be an implication of several contextual
psychological aspects.
Higher odds of 3.968 was observed amongst the
undergraduates as compared to post graduate students,
which suggests dearth of hours which they can actually
devote in maintaining a healthy oral cavity. Also, as
anticipated, tongue cleaning behavior odds was 1.77
times greater among those brushing their teeth two
times daily than once a day. Our results concluded,
that socio economic status did not significantly affect
the tongue cleaning behavior. Although demographic
factors strongly influence oral health yet they play
a negligible role because a clinician/ practitioner
cannot directly modify demographic factors [26].
In addition to this, tongue cleaning as a practice for
maintaining good oral hygiene does not cost an arm
and a leg and is a budget friendly practice, requiring
no special tools.
The use of structural equation modelling analysis,
permitted in identification of factors associated
positively with tongue cleaning behaviour, thereby
suggesting improvements in further educational
models and rendering our study statistically more
competent. The current results might pave a way for
dental professionals to educate masses and bring about
a change in person’s oral health promoting behaviour.
At last, health professions should enquire regarding
peer pressure evidenced by the subjects that might
eventually predict actions. Involvement of significant
others like partners, colleagues or other people in
the surroundings in oral health educational might be
further beneficial. When employed, these strategies,
in addition to traditional patient education, are likely
to result in more robust interventional efforts.

CONCLUSION
Present research suggested the importance of
subjective norms for tongue cleaning preventive
behaviour. In the companionship of significant
others, rendering oral health education to college
going students would be of help. Keeping in mind the
future prospective, it could be of use to objectify the
role of social surroundings which might reinforce the
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subjective norms and attitudes regarding the tongue
cleaning behaviour amongst college going students.
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