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ROLE OF FRUIT AND VEGETABLES FOR THE MENTAL HEALTH
OF CHILDREN: A SYSTEMATIC REVIEW1
Dominika Guzek1, Dominika Głąbska2, Barbara Groele2, Krystyna Gutkowska1
Department of Food Market and Consumer Research, Institute of Human Nutrition,
Warsaw University of Life Sciences-SGGW, Warsaw, Poland
2
Department of Dietetics, Institute of Human Nutrition, Warsaw University of Life Sciences-SGGW,
Warsaw, Poland
1

ABSTRACT

Background. About 10-20% of children and adolescents worldwide experience a mental health problems, while among the
factors which may be preventive, there is a diet, especially fruit and vegetables intake.
Objective. The aim of the study was to conduct a systematic review of the observational studies analyzing the association
between the fruit and vegetables intake and the mental health in pre-schoolers and school-aged children.
Material and methods. The systematic review was conducted based on PubMed and Web of Science databases, while the human
studies, published in English until June 2019, conducted in populations of pre-schoolers and/ or school-aged children, verifying
the influence of fruit and/ or vegetables and products (e.g. juices) intake on a various aspects of mental health were included.
Results. The number of 12 studies were included, while a wide area of aspects of mental health was taken into account,
including general well-being, emotions, stress, behavioral difficulties and problems, as well as depressive symptoms, or
depressive symptoms combined with anxiety.
Conclusions. In majority of studies included to the systematic review of the observational studies analyzing the association
between the fruit and vegetables intake and mental health in pre-schoolers and school-aged children, the supposed positive
influence was confirmed. However, it must be indicated that it was studied only in a few research and the issue must be
analyzed in other populations. At the same time, in a number of studies, not fruit and vegetables intake alone was stated to be
beneficial, but rather a more general dietary pattern, including also other elements of healthy diet and healthy lifestyle.
Key words: fruit, vegetables, juices, mental health, child, diet

STRESZCZENIE

Wprowadzenie. Zaburzenia psychiczne są obecnie coraz powszechniejszym problemem zdrowotnym, dotykającym około
10-20% dzieci i młodzieży, podczas gdy wśród czynników mających znaczenie w profilaktyce wskazuje się prawidłową
dietę, w tym szczególnie spożycie warzyw i owoców.
Cel badań. Celem badań było przeprowadzenie przeglądu systematycznego badań obserwacyjnych dotyczących zależności między spożyciem warzyw i owoców a zdrowiem psychicznym u dzieci w wieku przedszkolnym i szkolnym.
Materiał i metody. Przegląd systematyczny przeprowadzono w oparciu o bazy PubMed i Web of Science i włączono badania z udziałem ludzi, opublikowane w języku angielskim do czerwca 2019 włącznie, realizowane w populacjach dzieci
w wieku przedszkolnym i/ lub szkolnym, które weryfikowały wpływ spożycia warzyw i/ lub owoców oraz ich przetworów
(w tym soków) na różne aspekty zdrowia psychicznego.
Wyniki. Włączono 12 badań, obejmujących szeroki zakres czynników związanych ze zdrowiem psychicznym, takich jak
generalny dobrostan, emocje, stres, zaburzenia i problemy związane z zachowaniem, jak również objawy depresyjne, lub
objawy depresyjne w połączeniu z niepokojem.
Wnioski. W większości badań włączonych do systematycznego przeglądu badań obserwacyjnych oceniających zależność
między spożyciem warzyw i owoców a zdrowiem psychicznym u dzieci w wieku przedszkolnym i szkolnym, spodziewana zależność została potwierdzona. Jednakże, należy wskazać, że była ona do tej pory analizowana w niewielu badaniach
i należałoby problem ten oceniać także w innych populacjach. Równocześnie, w wielu badaniach, to nie samo spożycie
warzyw i owoców było określone jako korzystne, ale raczej obserwowano wpływ generalnych wzorców żywieniowych,
obejmujących także inne elementy diety i prozdrowotnego stylu życia.
Słowa kluczowe: owoce, warzywa, soki, zdrowie psychiczne, dzieci, dieta
1 The study was financed by the Certified Product ‘CP’ Quality System (CEN.DRR.WFP.705.350.2018.MR.3) within the National Polish Promotion
Fund for Fruits and Vegetables Consumption.

Corresponding author: Dominika Guzek, Department of Food Market and Consumer Research, Institute of Human Nutrition, Warsaw
University of Life Sciences-SGGW, Nowoursynowska Street 159c, 02-776 Warsaw, Poland, phone: +48 22 5937134, fax: +48 22 5937018,
e-mail: dominika_guzek@sggw.pl
© Copyright by the National Institute of Public Health - National Institute of Hygiene
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INTRODUCTION
The World Health Organization (WHO) emphasizes
that about 10-20% of children and adolescents
worldwide experience a mental health problems, being
a leading cause of disabilities in case of young people
[26]. Taking it into account, the issues associated with
the mental health of children are currently becoming
a serious public health issue, being integrated into
general medical and primary care, as both mental
health promotion and early interventions are indicated
among global priorities [27]. Problems associated with
mental health of children are experienced in a school
settings [23] and in families [22], but the major issue
is how to provide an adequate help for children and
support them in their situation [25].
A systematic review of primary care practitioners’
perceptions by O’Brien et al. [18] emphasized the role
of significant barriers in primary care for mental health
problems, including a lack of providers and resources,
extensive waiting lists, and financial restrictions, that were
identified as main obstacles for managing the problem.
Taking them into account, the prevention is becoming
even more vital, as preventive programs may be effective
to assure not only proper mental health for the period of
childhood, but also adolescence and adulthood [24].
Among the factors which are associated with
a mental health of children, there is a diet, being
suggested as associated with the depression risk [13]
and other mental health problems [19]. Especially
the systematic review by O’Neil et al. [20] highlight
the potential importance of the relationship between
dietary patterns, or diet quality and mental health
in childhood. However, there is a need to indicate
a specific recommendations associated with mental
health problems prevention, so it is necessary to verify
the influence of a specific dietary behaviors on a general
mental health, while among suggested food products
and nutrients there are: fruit and vegetables, whole
grains, fish, lean meat, olive oil, folate, B vitamins,
magnesium, selenium, zinc, Monounsaturated Fatty
Acids (MUFA), Polyunsaturated Fatty Acids (PUFA),
polyphenols and fiber [12]. Especially for fruit and
vegetables, there are some proofs, as for young ones
a low fruit and vegetables intake is a longitudinal
correlate of poor mental health [10] and young
ones with depression commonly do not follow the
recommendations of fruit and vegetables intake [9].
However, especially for school children obtaining
the recommended intake of fruit and vegetables may
be straitened, as their common reluctance or avoidance
of unknown food products causes that they often limit
the fruit and vegetables intake [7,8]. It corresponds the
inadequate fruit and vegetables intake that is commonly
observed in various populations of children, including
Polish one [6,11]. Taking it into account, the aim of the

No 1

presented study was to conduct a systematic review
of the observational studies analyzing the association
between the fruit and vegetables intake and the mental
health in pre-schoolers and school-aged children.

MATERIAL AND METHODS
The systematic review was conducted based on
PubMed and Web of Science databases, while the
basic search strategy was to include human studies,
conducted in populations of pre-schoolers and/ or
school-aged children, verifying the influence of fruit
and/ or vegetables intake (both as a separate nutritional
factor and within the broader characteristics of diet).
Only peer-reviewed studies were included, which
were published in English until June 2019, while both
indicated databases were searched and the additional
manual search of the references of included studies
was applied.
For the assessment of fruit and vegetables intake,
both studies of the fresh unprocessed products were
taken into account, and the studies which included the
intake of juices, based on the proven role of juices in
obtaining a recommended 5-a-day recommendation
for fruit and vegetables intake [2]. However, only
habitual intake was taken into account and the studies
of a short-term dietary interventions were excluded.
For the assessment of mental health, all the
aspects were allowed, both in healthy populations
and populations with any chronic or acute diseases,
while excluding only potential groups with intellectual
disabilities, dementia, Attention Deficit Hyperactivity
Disorder (ADHD) or eating disorders. The applied
search strategy included the criteria for fruit and/ or
vegetables intake and mental health, while afterwards
the extracted studies were searched once again to
include only those conducted for a groups of preschoolers and school-aged children. Detailed search
strategy is presented in the Table 1 and the search
procedure is presented in the Figure 1. The studies
were searched independently by 2 researchers based on
the titles and afterwards verified by them based on the
abstracts, as well as based on the extracted full texts.
Any disagreement between researchers was discussed
and the final decision was made after consultation with
the third researcher. If needed, the authors of the study
were asked for the full text of their manuscript.
While the studies were included to the systematic
review, the following data were extracted: author,
country/location, study group, number of participants,
gender proportions, age, method of assessment of
fruit and vegetable intake, other fruit and vegetable
products included, method of outcome assessment,
psychological measure, observations, and conclusions.
The results were organized in tables and the narrative
review was prepared based on the gathered information.

No 1
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Figure 1. Flow chart of inclusion studies verifying the influence of fruit and vegetables intake on the mental health in children

Table 1. The search strategy detailed for PubMed and Web of Science databases to verify the influence of fruit
and vegetables intake on the mental health in children
Database

The applied full electronic search strategy

PubMed

(((fruit[Title/Abstract] OR fruits[Title/Abstract] OR vegetable[Title/Abstract] OR vegetables[Title/
Abstract] OR juice[Title/Abstract] OR juices[Title/Abstract])) AND (mental health[Title/Abstract]
OR mental disorder[Title/Abstract] OR mental disorders[Title/Abstract] OR psychological
distress[Title/Abstract] OR mood disorders[Title/Abstract] OR depression[Title/Abstract]
OR anxiety[Title/Abstract] OR suicide[Title/Abstract] OR suicidal[Title/Abstract] OR wellbeing[Title/Abstract] OR wellbeing[Title/Abstract] OR quality of life[Title/Abstract] OR selfesteem[Title/Abstract] OR self esteem[Title/Abstract] OR self-efficacy[Title/Abstract] OR self
efficacy[Title/Abstract] OR resilience[Title/Abstract] OR empowerment[Title/Abstract] OR life
skills[Title/Abstract] OR social participation[Title/Abstract] OR mental capital[Title/Abstract] OR
emotional[Title/Abstract] OR psychosocial[Title/Abstract] OR psychology[Title/Abstract] OR
psychiatry[Title/Abstract])) NOT (animal NOT (animal AND human)[MeSH Terms])
(TS=(fruit OR fruits OR vegetable OR vegetables OR juice OR juices) AND TS=(“mental health”
OR “mental disorder” OR “mental disorders” OR “psychological distress” OR “mood disorder”
OR depression OR anxiety OR suicide OR suicidal OR well-being OR wellbeing OR “quality
of life” OR self-esteem OR “self esteem” OR self-efficacy OR “self efficacy” OR resilience OR
empowerment OR “life skills” OR “social participation” OR “mental capital” OR emotional OR
psychosocial OR psychology OR psychiatry) NOT TS=(animal NOT (animal AND human)))

Web of Science

RESULTS
The number of 12 studies were included to the
systematic review based on the described inclusion

procedure. The characteristics of the studied group for
the included studies verifying the influence of fruit and
vegetables intake on the mental health in children is
presented in Table 2.
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Table 2. The characteristics of the studied group for the included studies verifying the influence of fruit and vegetables
intake on the mental health in children
Ref
No

Author, year

Country/ Location

Studied group of
children

Number of
patients (girls)

Age

[1]

Banta et al. 2013

USA/ California

5-11 years

11,190 (5,442)

5-11 years

[3]

Cartwright et al. 2003

UK/ South
London

Children observed
for 8 years from
the age of 11-12 to
15-16

4,320 (1,742) at
baseline

11.8 ± 0.3

[4]

Clevenger et al. 2018

USA/ Flint,
Michigan

Children from 4th6th grade

754 (354)

8-13 years

[5]

Dennison-Farris et al. 2017

USA/ Oklahoma

American Indian
children

121 (73)

10.5 ± 1.6

[14]

Kim et al. 2017

Korea/ Seoul

6-19 years

318 (168)

11.8 ± 3.6

[15]

Kohlboeck et al. 2012

Germany

Children

3,361 (1,649)

11.2 ± 0.5

[16]

McMartin et al. 2012

Canada/ Nova
Scotia

10-11 years

3,757 (1,954)

10-11 years

[17]

Michels et al. 2012

Belgium

5-12 years

437 (219)

Median of 8.96
(girls)/ 9.02
(boys)

[19]

Oellingrath et al. 2013

Norway/
Telemark County

12-13 years

789 (393)

12-13 years

[21]

Renzaho et al. 2012

Australia/ Victoria

4-12 years

3,370 (1,625)

4-12 years

[28]

Wu et al. 2016

Taiwan/ Taipei
city and
Hsinchu County

Children observed
for 8 years from
the age of 8-9 to
16-17

2,259 (1,129)

8-17 years

[29]

Yu et al. 2018

China/ Wuhan

Obese children

188 (42)

9.8 ± 0.7

The assessment of the fruit and vegetable dietary intake
and the psychological outcome for the included studies
verifying the influence of fruit and vegetables intake on the
mental health in children is presented in Table 3.

The results and conclusions for the included studies
verifying the influence of fruit and vegetables intake on
the mental health in children are presented in Table 4.

Table 3. The assessment of the fruit and vegetable dietary intake and the psychological outcome for the included studies
verifying the influence of fruit and vegetables intake on the mental health in children
Ref
No

Applied method of fruit and
vegetable dietary intake
assessment

Potentially included juices
and other fruit/ vegetable
products

Assessed outcome

Psychological measure
of outcome

[1]

Question about number of
servings yesterday with the
serving size

100% fruit juice included to
the study

Mental health

Strengths and Difficulties
Questionnaire (SDQ)

[3]

Food frequency questionnaire
with 34 food items;
Dietary Instrument for
Nutrition Education (DINE) –
2 items for typical frequency
of consumption of fruit and
vegetables

-

Perceived stress

Perceived Stress Scale
(PSS)

No 1
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Applied method of fruit and
vegetable dietary intake
assessment

Potentially included juices
and other fruit/ vegetable
products

Assessed outcome

Psychological measure
of outcome

[4]

The School Physical Activity
and Nutrition Survey

-

(1) Mindfulness
(2) Health-related quality
of life

(1) The Child and
Adolescent Mindfulness
Measure
(2) Kidscreen-27

[5]

Items from the Youth Risk
Behavior Surveillance survey
– question about the typical
frequency of consumption

Sweetened juices not
included to fruit/ vegetables
but to sugar-sweetened
beverages

Depressive symptoms

Child Depression Inventory
(27-items)

[14]

Food frequency questionnaire
with 76 food items

-

(1) Depression symptoms
(2) Anxiety

(1) Child Depression
Inventory (CDI)
(2) State–Trait Anxiety
Inventory–State (STAI-S)/
State–Trait Anxiety
Inventory–Trait (STAI-T)

[15]

Food frequency questionnaire
with 82 food items

Fruit juices/nectars not
included to fruit/ vegetables
but to beverages

Behavioral problems

Strengths and Difficulties
Questionnaire (SDQ)

[16]

Harvard Youth/Adolescent
Food Frequency Questionnaire
(YAQ)

-

Internalizing disorders
(symptoms of depression
and anxiety: low mood,
inhibition, excessive
worrying, physical
complaints, trouble
sleeping, shyness)

Diagnosis based on
International Classification
of Diseases (ICD-9/ ICD10)

[17]

The Children’s Eating
Habits Questionnaire – Food
Frequency
Questionnaire (FFQ)

Fruit and vegetables
including freshly squeezed
fruit juice

(1) Problems
(2) Life events
(3) Daily events: hassles
and uplifts
(4) Emotions
(5) Coping

(1) Strengths and
Difficulties
Questionnaire (SDQ)
(2) Coddington Life Events
Scale for children (CLES-C)
(3) Children’s daily hassles
(CHS) and daily uplifts
(CUS) scales
(4) Likert-scale for how
they felt recently
(5) Question about what
they usually do when
confronted
with problems or when are
upset

[19]

Food Frequency Questionnaire
to assess dietary patterns
including ‘Varied Norwegian’
dietary pattern (recommended
nutrient-dense foods like
fruits, vegetables, unrefined
grains and fish combined with
regular meals)

-

Mental health problems

Strengths and Difficulties
Questionnaire (SDQ)

[21]

Question about the typical
number of servings per day

Diced, canned and dried fruit
included to fruits

Child behavior difficulty

Strengths and Difficulties
Questionnaire (SDQ)

[28]

Unhealthy eating behaviors
measured with three questions
(fast foods, snacks, sugar
sweetened beverages)

Sweetened juice included to
sugar sweetened beverages

Depressive symptoms

Kovacs’ Children’s
Depression Inventory (CDI)/
Center for Epidemiological
Studies Depression Scale
for Children

[29]

Question about the typical
number of servings per day
during the last month

-

(1) Well-being
(2) Depressive symptoms

(1) WHO-5 well-being
index (WHO-5)
(2) Depression
Self-rating Scale for
Children (DSRSC)
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Table 4. The results and conclusions for the included studies verifying the influence of fruit and vegetables
intake on the mental health in children
Ref No

Results

Conclusions

[1]

Adjusting for relevant socio-demographic characteristics, logistic
regression found poor mental health to be significantly associated
with no consumption of vegetables (OR 0.6, p=0.005) on the
previous day.

Children with poor mental health are more likely
to consume calorie-dense but nutrient-poor foods
compared to their counterparts. Intake of such
foods may contribute to worse physical health as
these children mature.

[3]

Girls reported more stress than boys, t(3709) =- 4.39, p <0.01
(two-tailed), d = 0.15, and a higher fruit and vegetable intake,
t(4145) = -2.23, p = 0.03 (two-tailed), d = 0.07. In the multivariate
analyses, higher perceived stress was associated with an increased
likelihood of being in the unhealthy outcome group (Wald statistic)
for fruit and vegetable consumption, χ2 (4) = 13.68, p < 0.01 while
simultaneously controlling for gender, weight, ethnicity, and SES.
A trend also emerged for fruit and vegetable intake, for which greater
stress was associated with a reduced likelihood of consuming five or
more fruit and vegetables daily.

Stress may contribute to long-term disease risk by
steering the diet in a more unhealthy direction.

[4]

Mindfulness was unrelated to both vegetable and fruit intake.

Mindfulness was positively related to
psychological quality of life and inversely related
to junk food intake and parent- and autonomyrelated quality of life.

[5]

Depressive symptoms in children were not associated with
consumption of fruit, salad, potatoes, carrots, other vegetables, sweet
juice, as well as fruit and vegetables intake combined.

Depressive symptoms were associated with
dieting and screen time.

[14]

Higher scores on the CDI, STAI-S, and STAI-T indicate negative
emotions, and these scores were significantly decreased from the first
to the fourth quartiles. Intakes of natural foods such as legumes and
fruits correlate with lower theta/beta ratios (p < 0.05).

There is a link between overall nutritional
behavior, and emotion in apparently healthy
children.

[15]

A higher diet quality score was associated with lower likelihood
of emotional symptoms (OR adj 0.89, 95% CI 0.80–0.98). The
unadjusted significant relationship between diet quality and
hyperactivity/inattention was attenuated by adjusting for several
confounders to an OR adj of 0.92 (95% CI 0.82–1.03).

Lower diet quality is associated with a higher
likelihood of emotional symptoms in children.

[16]

Diet quality was not found to be associated with internalizing
disorder in a statistically significant manner (incidence rate ratio
= 1.09; 95% CI 0.73–1.63). However, relative to children with
little variety in their diets, children with greater variety in their diet
had statistically significant lower rates of internalizing disorder in
subsequent years (incidence rate ratio = 0.45; 95% CI 0.25–0.82).

Findings suggest the importance of variety in
children’s diet and opportunities in the prevention
of adolescent depression and anxiety.

[17]

Negative associations were observed between
events and fruit and vegetables consumption. Overall, stress was
associated with a more unhealthy dietary pattern and could thus
contribute to the development of overweight, also in children.

These results highlight the importance of stress
reduction and the related unhealthy behavior.

[19]

Children with high scores on a ‘varied Norwegian’ eating pattern
were less likely to have indications of any psychiatric disorders
(adjusted OR=0.5; 95% CI 0.3–1.0) and hyperactivity-inattention
disorders (adjusted OR=0.4; 95% CI 0.2–0.8) than children with low
scores on this pattern.

There was a significant association between
eating patterns and mental health problems in
young adolescents, independently of physical
activity, sedentary activity and background
variables. A diverse diet rich in unrefined
plant foods, fish and regular meals was associated
with better mental health, while energy-dense,
nutrient-poor diets and irregular meals were
associated with poorer mental health.

[21]

Children with behavior difficulties and low levels of prosocial
behaviors consumed fewer servings of fruit and vegetables than
children who did not experience any behavioral problems. Child
behavioral problems were associated with fruit and vegetables
consumption.

Programs aimed at promoting fruit and vegetables
consumption in children should target those
families with children experiencing behavioral
problems.
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Results

Conclusions

[28]

The frequency of unhealthy eating behaviors in the previous year and
the difference between the frequency in the previous and successive
year were positively associated with the initiation and growth rate
of depressive symptoms. Depressive symptoms in the previous year
and the difference in depressive symptoms between the previous and
successive year were positively associated with the initial state and
growth rate of unhealthy eating behaviors.

There is a reciprocal relationship between
depressive symptoms and unhealthy eating
behaviors.

[29]

Sufficient fruit and vegetables intake was associated with
significantly decreased risk for depressive symptoms (OR: 0.21,
95% CI: 0.08–0.55). Interactive inverse associations were observed
between combined high physical activity and sufficient fruit and
vegetables intake with poor well-being (OR: 0.16, 95%CI: 0.05–
0.55) and depressive symptoms (OR: 0.12, 95% CI: 0.03–0.48).

High physical activity and sufficient fruit and
vegetables intake are inversely associated with
the risks of poor well-being and depressive
symptoms among obese Chinese schoolchildren.

DISCUSSION
Majority of the included studies, were conducted
in USA [1, 4, 5], European countries [3, 15, 17, 19], or
Asian countries [14, 28, 29], but also in Australia [21] and
Canada [16], mainly in a population of preschoolers and
school-aged children [1, 4, 5, 15-17, 19, 21, 29], but also
in a general population of children [3, 14, 28]. Among the
included studies, one was conducted in a specific group
of obese children [29] and one in a specific group of those
of American Indian ethnicity [5].
While the fruit and vegetable intake was assessed,
some authors included the fruit and vegetable processed
products, such as 100% juices [29], freshly squeezed fruit
juices [17], but also a dried or canned ones [21], while
a number of them indicated sweetened juices as a separate
group [5, 15, 28]. Some authors assessed rather general
dietary patterns, which included fruit and vegetables intake
among other elements of it, such as ‘varied Norwegian’
dietary pattern (characterized by the content of fruit,
vegetables, unrefined grains and fish combined with
regular meals) [19], or did not include fruit and vegetables
intake among other elements of it, such as ‘unhealthy’
dietary pattern (characterized by the content of fast food,
snacks, sweetened beverages) [28].
While the mental health was assessed, the varied
elements and a wide area of it were included, such
as a general well-being [29], mental health [1], or
emotions [17], but also a mindfulness [4], or negative
issues, such as problems [17, 19], stress [3], life events
[17], behavioral difficulties and problems [15, 21], as
well as depressive symptoms [5, 28, 29], or depressive
symptoms combined with anxiety [14, 16].
In spite of the fact that a number of included studies,
namely 12 studies, was relatively small, there were
some coincident observations, that may indicate that
for this specific population, the fruit and vegetable
intake as an element of general healthy diet may be
perceived as this which contributes better mental health.
It was stated, that sufficient fruit and vegetables intake
was associated with significantly decreased risk for
depressive symptoms, but it was especially beneficial

while combined with physical activity, as in such case
it also promoted a better well-being [29]. It was also
associated with decreased risk of behavior difficulties
[21]. In general, the association was especially visible
for vegetables [1] and was indicated not only for general
amount of consumed fruit and vegetables, but for the
obtaining a recommended 5-a-day recommendation [3].
In other studies, not only fruit and vegetables
intake but the general beneficial dietary patterns were
associated with the reduces mental health problems [17],
lower likelihood of emotional symptoms [15], negative
emotions [14], internalizing disorders [16], depressive
symptoms [28], and psychiatric disorders [19].
However, it must be emphasized, that in some
studies the association for fruit and vegetables intake
was not statistically significant and it was not proven,
that they may promote a better mental health [4, 5].

CONCLUSIONS
In majority of studies included to the systematic
review of the observational studies analyzing the
association between the fruit, vegetables and the
products (including juices) intake and the mental health
in pre-schoolers and school-aged children, the supposed
positive influence was confirmed. However, it must
be indicated that it was studied only in a few research
and the issue must be analyzed in other populations.
At the same time, in a number of studies, not fruit and
vegetables intake alone was stated to be beneficial, but
rather a more general dietary pattern, including also
other elements of healthy diet and healthy lifestyle.
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ABSTRACT

Background. The proper nutrition is indicated as a factor of a potential importance for the mental health early in life span,
and among the potential products, which may influence, there are fruit and vegetables.
Objective. The aim of the study was to conduct a systematic review of the observational studies analyzing the association
between the fruit and vegetables intake and the mental health in adolescents.
Material and methods. On the basis of PubMed and Web of Science databases, the papers presenting human studies and
published in English until June 2019, analyzing the association between intake of fruit and/ or vegetables, as well as related
products (e.g. juices) and the mental health were included to the systematic review, while they analyzed a group of adolescents.
Results. Based on the conducted systematic review, 17 studies were indicated as those which assess the influence of fruit
and vegetables intake on the mental health in adolescents. For the assessment of mental health, diverse variables were
taken into account, including positive (happiness, self-esteem), neutral (health-related quality of life, mental health status),
and negative ones (loneliness, general difficulties, feeling worried, anxiety, stress and distress, depressive symptoms,
depression, suicidal behaviors).
Conclusions. Based on the conducted systematic review of observational studies, it may be indicated that in a groups of
adolescents there was a positive association between intake of fruit and vegetable products and mental health. Especially
beneficial for general mental health in adolescents, were such products as green vegetables, yellow vegetables and fresh fruit.
Key words: fruit, vegetables, juices, mental health, adolescents, diet

STRESZCZENIE

Wprowadzenie. Prawidłowe żywienie jest wskazywane jako potencjalny czynnik, który może przyczyniać się do kształtowania zdrowia psychicznego we wczesnym okresie życia, a wśród produktów których spożycie może odgrywać największe znaczenie, znajdują się warzywa i owoce.
Cel badań. Celem badań było przeprowadzenie systematycznego przeglądu badań obserwacyjnych dotyczących zależności między spożyciem warzyw i owoców a zdrowiem psychicznym u młodzieży.
Materiał i metody. Dokonano przeglądu systematycznego baz PubMed i Web of Science, w którym włączono badania
z udziałem ludzi, które były opublikowane do czerwca 2019 roku w języku angielskim i obejmowały ocenę, w grupie młodzieży, zależności między spożyciem warzyw i/ lub owoców (w tym przetworów, takich jak soki) a zdrowiem psychicznym.
Wyniki. W oparciu o przeprowadzony przegląd piśmiennictwa, do analizy włączono 17 badań, oceniających zależność
między spożyciem warzyw i owoców przez młodzież a ich zdrowiem psychicznym. W ocenie zdrowia psychicznego
wykorzystano różnorodne czynniki, w tym te pozytywne (szczęście, poczucie własnej wartości), neutralne (jakość życia
związana ze zdrowiem, status zdrowia psychicznego), i negatywne (samotność, generalne trudności, zmartwienie, niepokój, stres, objawy depresyjne, depresja, zachowania samobójcze).
Wnioski. W oparciu o przeprowadzony przegląd systematyczny badań obserwacyjnych, można wskazać, że w przypadku
młodzieży spożycie produktów z grupy warzyw i owoców ma pozytywny wpływ na zdrowie psychiczne. Szczególnie pozytywny wpływ obserwowano dla zielonych warzyw, żółtych warzyw oraz świeżych owoców.
Słowa kluczowe: owoce, warzywa, soki, zdrowie psychiczne, młodzież, dieta
The study was financed by the Certified Product ‘CP’ Quality System (CEN.DRR.WFP.705.350.2018.MR.3) within the National Polish Promotion Fund
for Fruits and Vegetables Consumption.

1)

Corresponding author: Dominika Głąbska, Department of Dietetics, Institute of Human Nutrition, Warsaw University of Life Sciences-SGGW,
Nowoursynowska Street 159c, 02-776 Warsaw, Poland, phone: +48 22 5937126, fax: +48 22 5937018, e-mail: dominika_glabska@sggw.pl
© Copyright by the National Institute of Public Health - National Institute of Hygiene

16

Fruit and vegetables intake in adolescents and mental health

INTRODUCTION
The age-of-onset worldwide distribution of mental
health problems indicate that they commonly begin
in the period of adolescence, while even 10-20% of
adolescents experience such disorders [12]. It results
from a multiple determinants of general mental
health being associated with this specific period of
life, such as developing own autonomy, self-control,
social interactions, and learning, as well as possible
social problems and their emotional consequences,
including family conflicts at home and school bulling
[27]. Based on the Health Behaviour in School-aged
Children (HBSC) survey [3], conducted in United
Kingdom, it was specified that in the age group of 1115 years old, 26% of adolescents declared “feeling
low” at least once a week, while for girls it was even
declared by 34% of respondents. Similarly, within the
National Comorbidity Survey-Adolescent Supplement
(NCS-A) survey [16], conducted in United States of
America, it was observed that in the age group of 1318 years old, general prevalence of disorders with
severe impairment and/ or distress was 22%, while
the Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition (DSM-IV) criteria were applied
for diagnosis.
Taking it into account, as well as, emphasizing that
currently suicide is the third leading cause of death
in the age group of 15-19 years old, World Health
Organization (WHO) formulated the statement,
that there is a need for mental health promotion
and prevention, combined with early detection and
treatment of detected mental health problems in this
age group [28]. Within a WHO Mental Health Gap
Action Programme (mhGAP) [26], a broad area of
actions that should be taken for an effective prevention
was specified, including those associated not only
with the government policy of reducing poverty and
its consequences, promoting education, enhancing
equity, gender equality and preventing violence, but
also those associated with promoting proper nutrition.
The proper nutrition is indicated as a factor of
a potential importance for the mental health early in life
span, that was confirmed for the specific dietary patterns
in the systematic review by O’Neil et al. [20]. However,
the dietary patterns, being defined as the overall
characteristics of diet, including the food products,
food groups, and nutrients, with their combination and
variety, as well as frequency and quantity with which
they are habitually consumed, must be afterwards
translated into nutritional recommendation, to obtain
a specific preventive aim [4]. To formulate the precise
guidelines, there is a need to specify the influence of
detailed food products, or food groups, so it is necessary
to verify which foods within the dietary pattern in fact
influence the mental health.
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Among the potential products, which may be
associated with general mental health, there are fruit and
vegetables. Not only the intake of fruit and vegetables
in respondents with mental health problems is lower
than recommended [19, 22], but also the association
between intake and mental status is stated. In a group
of male young adults it was proven that higher fruit and
vegetables intake was a significant predictor of reduced
risk of depression [24]. Similarly, in a group of young
adults higher intake of raw fruit and vegetables predicted
reduced risk of depressive symptoms, as well as higher
positive mood, life satisfaction, and flourishing, but
intake of processed fruit and vegetables predicted higher
positive mood only [2]. While analyzing the presented
results, that were observed for young adults, it may be
supposed, that not only fruit and vegetables may be
a positive dietary factors promoting a mental health,
but also that the similar influence may be observed for
younger age group. Taking it into account, the aim of
the presented study was to conduct a systematic review
of the observational studies analyzing the association
between the fruit and vegetables intake and the mental
health in adolescents.

MATERIAL AND METHODS
The peer-reviewed papers published in English
language until June 2019, presenting the results of
observational studies, were included to a systematic
review. They were included based on PubMed and
Web of Science databases, with additional manual
searching of the references lists from the included
studies. The search strategy applied to select the studies
for the systematic review is presented in Table 1.
Based on the titles of the papers, two researchers,
independently, selected studies, while in this stage they
excluded only those which based on the title may have
been with no doubts interpreted as not being within
the inclusion criteria. Afterwards, in the second stage,
those two researchers, also independently, verified
inclusion based on the abstract, while they excluded
only those which may have been with no doubts
interpreted as not being within the inclusion criteria.
In the last stage, based on the extracted full text,
the final assessment was made. If any disagreement
appeared and researchers did not have consistent
conclusion after their discussion, the opinion of the
third researcher was decisive.
The following inclusion criteria were applied while
the studies were included to the systematic review:
-- human studies,
-- populations of healthy individuals and individuals
with defined chronic or acute diseases,
-- studied group of adolescents, or general population,
but with adolescents analyzed separately as a subgroup,
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-- habitual dietary intake assessed with the intake of
fruit and/ or vegetables specified,
-- any aspect of mental health assessed.
The following exclusion criteria were applied while
the studies were included to the systematic review:
-- experimental intervention studies,
-- studied groups of individuals with intellectual
disabilities diagnosed,
-- studied groups of individuals with dementia
diagnosed,
-- studied groups of individuals with Attention Deficit
Hyperactivity Disorder (ADHD) diagnosed,
-- studied groups of individuals with eating disorders
diagnosed,
-- studies defining the influence of mental health on
intake (the reverse association).
While the studies were included, the broad areas of
aspects associated with fruit and/ or vegetables intake,
as well as mental health were allowed. Both studies
associated with the dietary intake assessed using dietary
records, recalls, or food frequency questionnaires, and
those associated with the dietary patterns including
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the increased share of fruit and/ or vegetables, were
taken into account. Studies including juices and
other processed fruit and/ or vegetable products were
also accepted, but not those with a highly processed
products, such as ketchup, or jam. Similarly, for the
mental health, all the aspects were allowed, including
both positive (e.g. happiness) and negative ones (e.g.
depression). The procedure of including studies to
the systematic review is presented as a flow chart, in
Figure 1.
After the studies were verified and included after
third stage of assessment (based on the full text of
the paper), the following information were extracted
from each publication: author, country/location, study
group, number of participants, gender proportions, age,
method of assessment of fruit and vegetable intake,
other fruit and vegetable products included, method
of outcome assessment, psychological measure,
observations, and conclusions. Based on the indicated
information, the narrative review was prepared, while
the data for each paper included to the systematic
review were organized in tables.

Figure 1. The flow chart presenting the procedure of including studies to the systematic review to assess the influence of
fruit and vegetables intake on the mental health in adolescents
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Table 1. The search strategy applied to select the studies for the systematic review to assess the influence of fruit and
vegetables intake on the mental health in adolescents
Database

The applied full electronic search strategy

PubMed

(((fruit[Title/Abstract] OR fruits[Title/Abstract] OR vegetable[Title/Abstract] OR vegetables[Title/
Abstract] OR juice[Title/Abstract] OR juices[Title/Abstract])) AND (mental health[Title/Abstract] OR
mental disorder[Title/Abstract] OR mental disorders[Title/Abstract] OR psychological distress[Title/
Abstract] OR mood disorders[Title/Abstract] OR depression[Title/Abstract] OR anxiety[Title/
Abstract] OR suicide[Title/Abstract] OR suicidal[Title/Abstract] OR well-being[Title/Abstract]
OR wellbeing[Title/Abstract] OR quality of life[Title/Abstract] OR self-esteem[Title/Abstract] OR
self esteem[Title/Abstract] OR self-efficacy[Title/Abstract] OR self efficacy[Title/Abstract] OR
resilience[Title/Abstract] OR empowerment[Title/Abstract] OR life skills[Title/Abstract] OR social
participation[Title/Abstract] OR mental capital[Title/Abstract] OR emotional[Title/Abstract] OR
psychosocial[Title/Abstract] OR psychology[Title/Abstract] OR psychiatry[Title/Abstract])) NOT
(animal NOT (animal AND human)[MeSH Terms])

Web of
Science

(TS=(fruit OR fruits OR vegetable OR vegetables OR juice OR juices) AND TS=(“mental health”
OR “mental disorder” OR “mental disorders” OR “psychological distress” OR “mood disorder” OR
depression OR anxiety OR suicide OR suicidal OR well-being OR wellbeing OR “quality of life” OR
self-esteem OR “self esteem” OR self-efficacy OR “self efficacy” OR resilience OR empowerment
OR “life skills” OR “social participation” OR “mental capital” OR emotional OR psychosocial OR
psychology OR psychiatry) NOT TS=(animal NOT (animal AND human)))

RESULTS
Based on the conducted systematic review, 17
studies were indicated as those which assess the
influence of fruit and vegetables intake on the mental
health in adolescents, as presented in Table 2.
The characteristics of the included studies verifying
the influence of fruit and vegetables intake on the

mental health in adolescents, for the applied method
of fruit and vegetable dietary intake assessment and
analyzed outcome associated with mental health is
presented in Table 3.
The characteristics of the included studies
verifying the influence of fruit and vegetables intake
on the mental health in adolescents, for the results and
conclusions is presented in Table 4.

Table 2. The basic characteristics of the included studies verifying the influence of fruit and vegetables intake on the mental
health in adolescents, for the country, studied group, sample size and age characteristics
Ref
No

Author, year

Country/ Location

Studied group of
adolescents

Number of patients
(number of girls)

Age

Global SchoolBased Health Survey
participants aged
11-17 years

14,968 (7,704)

11-17 years

[1]

Arat, 2017

Botswana, Kenya, the
Seychelles, Uganda,
the United Republic of
Tanzania, Zambia

[5]

Ferrer-Cascales et al.,
2019

Spain/ Alicante

High school students

527 (287)

14.43±1.52 years

[6]

Glozah et al. 2018

Ghana

Students younger
than 18 years

1,984 (908)

Median of 15
years

[7]

Hong & Peltzer, 2017

South Korea

Middle and high
school students

65,212 (31,725)

15.1±0.02 years

[8]

Huang et al. 2019

United Kingdom/
London

Secondary school
students

4,683 (2,135)

14-16 years

[9]

Jacka et al. 2011

Australia/ BarwonSouth Western region of
Victoria

Secondary school
students

2,915 (1,283)

11-18 years at
baseline

7,114 (3,719)

11.6±0.81 years

2,789 (1,433)

11-12 years and
13-14 years

[10]

Jacka et al. 2010

Australia

Australian Healthy
Neighbourhoods
Study participants
aged 10-14 years

[11]

Jacka et al. 2013

United Kingdom/ East
London

Socially deprived
young people
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Ref
No

Author, year

[13]

Khayyatzadeh et al. 2019

Iran/ Mashhad and
Sabzevar

Adolescent girls

670 (670)

14.5±1.5 years

[14]

Kim et al. 2015

South Korea

Adolescent girls

849 (849)

15.0±1.5 years

[15]

Kristjánsson et al., 2010

Iceland

Secondary school
students

5,810 (3,004)

14-15 years

[17]

Oddy et al., 2018

Western Australia

Raine Study
participants

843 (429)

14 and 17 years
at data gathering

[18]

Oddy et al, 2009

Western Australia

Raine Study
participants

1,598 (779)

14.01±0.2 years

[21]

Park et al. 2018

South Korea

Middle- and highschool students

65,528 (31,725)

14.99±1.74 years

[23]

Tanaka & Hashimoto,
2019

Japan/ Fukuoka
prefecture

Junior and senior
high school students

858 (496)

15.49±1.78 years

[25]

Weng et al. 2011

China/ Bengbu city

Junior high school
students

5,003 (2,397)

13.21±0.99 years

[29]

Winpenny et al. 2018

United Kingdom /
Cambridgeshire and
Suffolk

Secondary school
students

603 (362)

14.5±0.3 years

Country/ Location

Studied group of
adolescents

Number of patients
(number of girls)

Age

Table 3. The characteristics of the included studies verifying the influence of fruit and vegetables intake on the mental
health in adolescents, for the applied method of fruit and vegetable dietary intake assessment and analyzed outcome
associated with mental health
Applied method of fruit
and vegetable dietary
intake assessment

Potentially included
juices and other fruit/
vegetable products

[1]

Question about number of
portions

[5]

[6]

Ref
No

Assessed outcome

Psychological measure of outcome

-

(1) Suicidal ideation
(2) Suicide plan
(3) Suicide attempts
(4) Loneliness
(5) Anxiety
(6) Depression

(1) Question about seriously considering
attempting suicide during the past 12
months
(2) Question about making a plan about
how they would attempt suicide during
the past 12 months
(3) Question about suicide attempts
during the past 12 months
(4) Question about frequency of feeling
lonely during the past 12 months
(5) Question about frequency of being
so worried about something that they
could not sleep at night during the past 12
months
(6) Question about feeling so sad or
hopeless almost every day for 2 weeks
or more in a row that they stopped doing
their usual activities during the past 12
months

The Mediterranean Diet
Quality Index for children
and teenagers (KIDMED)
questionnaire

-

(1) Happiness
(2) Health-related
quality of life
(HRQOL)

(1) The Subjective Happiness Scale
(SHS)
(2) The KIDSCREEN-52

Question about frequency
of consumption

-

(1) Feeling lonely
(2) Feeling worried
(3) Suicidal ideation

(1) Question about frequency of feeling
lonely during the past 12 months
(2) Question about frequency of feeling
worried about something that they could
not sleep at night during the past 12
months
(3) Question about making a plan about
how they would attempt suicide during
the past 12 months
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Ref
No

Applied method of fruit
and vegetable dietary
intake assessment

Potentially included
juices and other fruit/
vegetable products

[7]

Questions about
frequency of engaging in
dietary behaviors

[8]

Validated question about
number of portions

[9]

Questions about frequency
of consumption, to
assess the Alternative
Healthy Eating Index, the
Mediterranean Index and
Unhealthy Diet Score

-

14-item dietary
questionnaire, to assess
the healthy diet score and
unhealthy diet score

-

Question about number
of portions, to assess the
healthy diet score and
unhealthy diet score

-

[10]

[11]

Fruit juice excluded
Vegetable dishes
(excluding Kimchi)
included

-

Lemon juice, other types
of juice, industrial juice
and fruit compote, dried
fruits, tomato sauce
included

[13]

Food frequency
questionnaire with 147
food items, to indicate
“Healthy”, “Traditional”
and “Western” dietary
pattern

[14]

Food frequency
questionnaire with 63
food items

-

[15]

Question about frequency
of consumption

-

[17]

Food frequency
questionnaire with 212
food items, to indicate
“Healthy” and “Western”
dietary pattern

-

No 1

Assessed outcome

Psychological measure of outcome

(1) Perceived
happiness
(2) Perceived stress
(3) Depression
symptoms

(1) Question about how happy do they
usually feel
(2) Question about to what degree are
they usually stressed
(3) Question about experienced sadness
or despair to the degree that stopped their
daily routine for the recent 12 months

Total Difficulties
Score (TDS)

Strengths and Difficulties Questionnaire
(SDQ)

Depressive
symptoms

Pediatric Quality of Life Inventory
(PedsQL)

Depression

Short Mood and Feelings Questionnaire
(SMFQ)

(1) Psychological
distress
(2) Depressive
symptoms

(1) Strengths and Difficulties
Questionnaire (SDQ)
(2) Short Moods and Feelings
Questionnaire (SMFQ)

Depression severity

Beck depression inventory (BDI-II)

Depression

Korean version of the Beck Depression
Inventory (K-BDI)

Self-esteem

Rosenberg Self-Esteem Scale

(1) Depression
(2) Other
internalising and
externalising
mental health
problems

(1) Beck Depression Inventory for Youth
(BDI-Y)
(2) Youth Self Report (YSR)

[18]

Food frequency
questionnaire with 212
food items, to indicate
“Healthy” and “Western”
dietary pattern

Fruit canned in syrup or
juice, pure fruit juice,
vegetable juice, cordial
fruit drink (≤35% fruit
juice) included

Mental health status

Child Behavior Checklist (CBCL/4-18)

[21]

Questions about
frequency of engaging in
dietary behaviors

Fruit juice excluded

(1) Perceived stress
(2) Self-perceived
happiness

(1) Question about to what degree are
they usually stressed
(2) Question about how happy do they
usually feel

[23]

Question about number of
portions

Depressive
symptoms

Center for Epidemiologic Studies
Depression scale (CES-D)

[25]

Self-administered food
frequency questionnaire
with 38 food items, to
indicate “Snack”, “Animal
food” and “Traditional”
dietary pattern

(1) Depression
symptoms
(2) Anxiety
symptoms

(1) Chinese version of the Depression
Self-rating Scale for Children (DSRS)
(2) Chinese version of the Screen Scale
for Child Anxiety Related Emotional
Disorders (SCARED)

Fruit and vegetable
juices, preserved fruit
(prunes, raisins) included

No 1

Ref
No
[29]
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Applied method of fruit
and vegetable dietary
intake assessment
4-days dietary record, to
assess Mediterranean
Diet Score (MDS)

Potentially included
juices and other fruit/
vegetable products
-

Assessed outcome
Depressive
symptoms,
including low
mood, loss of
appetite,
anhedonia,
irritability and
restlessness

Psychological measure of outcome
Moods and Feelings Questionnaire
(MFQ)

Table 4. The characteristics of the included studies verifying the influence of fruit and vegetables intake on the mental
health in adolescents, for the results and conclusions
Ref
No
[1]

[5]

[6]

[7]

[8]
[9]

[10]

Results
Higher fruit intake was indicated as a risk factor for depression, anxiety
(except the United Republic of Tanzania), loneliness, suicidal ideation
(except Zambia and Uganda), and suicide attempts (except Botswana).
Higher fruit intake was indicated as a protective factor for suicide plan
(except Botswana). Higher vegetable consumption was indicated as a risk
factor for depression, anxiety (except the United Republic of Tanzania
and Zambia), loneliness, suicidal ideation, and suicide attempts. Higher
vegetable intake was indicated as a protective factor for suicide plan.
High Mediterranean diet adherence was related to high scores in subjective
happiness and each health-related quality of life dimension (physical wellbeing, psychological well-being, moods and emotions, self-perception,
autonomy, parent relations, home life, financial resources, social support,
peers, school environment and social acceptance) (p < 0.001, in all cases).
“Ate vegetables 3+ times per day past 30 days” was the only health
behavior that was significantly associated with suicidal ideation (OR =
0.71) with youth who “ate vegetables 3+ times per day past 30 days” being
less likely to experience suicidal ideation. After controlling for the effects
of socio-demographic characteristics “ate vegetables 3+ times per day past
30 days” remained significant (OR = 0.73).
In logistic regression analyses, adjusted for age, sex, socioeconomic
status, school level, school types, body mass index, physical activity,
and substance use, positive dietary behaviors (fruit and vegetable
consumption) were associated with self-reported happiness. Positive
dietary behaviors were negatively associated with perceived stress and
depression symptoms.
In fully adjusted models, < 1 portion/day remained a significant correlate
with mean Total Difficulties Score (TDS) (Coef: 0.55, 0.29–0.81, p <
0.001) and TDS > 17 (Odds Ratio: 1.43, 1.11–1.85, p = 0.007).
There were cross-sectional, dose response relationships identified between
measures of both healthy (positive) and unhealthy (inverse) diets and
scores on the emotional subscale of the Pediatric Quality of Life Inventory
(PedsQL), where higher scores mean better mental health, before and after
adjustments for age, gender, socio-economic status, dieting behaviors, body
mass index and physical activity. Higher healthy diet scores at baseline also
predicted higher PedsQL scores at follow-up, while higher unhealthy diet
scores at baseline predicted lower PedsQL scores at follow-up.
Compared to the lowest category of the healthy diet score, the adjusted
odds ratios (95% confidence interval) for symptomatic depression
across categories (C) was: C2 = 0.61(0.45–0.84); C3 = 0.58 (0.43–0.79);
C4 = 0.47 (0.35–0.64); and C5 = 0.55 (0.40–0.77). Compared to the
lowest quintile, the adjusted odds ratios (95% confidence interval) for
symptomatic depression across increasing quintiles of the unhealthy diet
score were: Q2 = 1.03 (0.87–1.22); Q3 = 1.22 (1.03–1.44); Q4 = 1.29
(1.12–1.50); and Q5 = 1.79 (1.52–2.11).

Conclusions
Both high levels of fruit and higher
vegetable intake mostly predicted higher
likelihood of poor mental health.

Results obtained show positive associations
of Mediterranean diet adherence with higher
levels of subjective happiness and better
health-related quality of life.
Poor dietary habits could have a negative
effect on mental distress.

Healthy dietary behaviors were associated
with lower mental distress and higher
psychological well-being.

Low fruit and vegetable intake is
a longitudinal correlate of poor mental
health across adolescence.
Improvements in diet quality were mirrored
by improvements in mental health over
the follow-up period, while deteriorating
diet quality was associated with poorer
psychological functioning.

There is an association between diet quality
and adolescent depression that exists over
and above the influence of socioeconomic,
family, and other potential confounding
factors.
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Ref
No
[11]

[13]

[14]

[15]
[17]

[18]

[21]
[23]

[25]

[29]

Results

Conclusions

Compared to those in the lowest quintile of unhealthy diet score, those
in the highest quintile were more than twice as likely to be symptomatic
on the Strengths and Difficulties Questionnaire (SDQ) (OR 2.10, 95 %
CI 1.38–3.20) after taking all identified confounders into account. There
was also some evidence for a cross-sectional inverse association between
a measure of healthy diet and mental health problems. A prospective
relationship between the highest quintiles of both healthy (OR 0.63, 95
% CI 0.38–1.05) and unhealthy (OR 1.75, 95 % CI 1.00–3.06) diet scores
and SDQ scores at follow-up was also evident, but was attenuated by final
adjustments for confounders.
The multivariate-adjusted odds ratio of having depressive symptoms
was 0.55 (95% CI 0.34–0.89) for the highest versus lowest quartile of
the healthy dietary pattern score. However, there were no significant
associations between the “Traditional” and “Western” dietary patterns and
depression symptoms.

There is the evidence for an association
between an unhealthy diet and mental health
problems.

Multivariate adjusted regression analysis demonstrated that the risk of
depression was significantly negatively associated with the intake of green
vegetables and 1 to 3 servings/day of fruits, after adjusting for energy
intake and menstrual regularity.
Self-esteem was positively influenced by the consumption of fruits and
vegetables (β = 0.14).
The “Western” dietary pattern at 14 years was associated with higher
energy intake and BMI at 14 years (p < 0.05). A “Healthy” dietary pattern
(high in fruit, vegetables, fish, whole-grains) was inversely associated with
BMI and inflammation at 17 years (p < 0.05). Higher BMI at 14 years was
associated with higher BMI (p < 0.01), depressive symptoms (p < 0.05)
and mental health problems (p < 0.05) at 17 years.
Higher total (b = 2.20, 95% CI 1.06–3.35), internalizing (withdrawn/
depressed) (b = 1.25, 95% CI 0.15–2.35) and externalizing (delinquent/
aggressive) (b = 2.60, 95% CI 1.51–3.68) Child Behaviour Checklist
(CBCL) scores were significantly associated with the “Western” dietary
pattern. Improved behavioral scores were significantly associated with
higher intakes of leafy green vegetables and fresh fruit (components of the
“Healthy” pattern).
High intake of fruits and vegetables were associated with better selfperceived happiness.
Negative and significant partial correlation was found between regular
consumption of green and yellow vegetables and depressive symptoms
in both junior and senior high school students, after controlling for age,
sex, and sleep duration. Furthermore, a one-way analysis of covariance
(ANCOVA) revealed that adolescents who consumed green and yellow
vegetables every day (one or more times per day) had significantly lower
depressive symptoms than those from the “Never/1–2 times a week” group.
Compared with low consumption, adolescents in the highest tertile of
traditional dietary pattern scores had lower odds for ‘pure’ depression (OR
= 0.38; 95% CI 0.30–0.49), ‘pure’ anxiety (OR = 0.85; 95% CI 0.69–1.04)
and coexisting anxiety and depression (OR = 0.50; 95% CI 0.39–0.63).
At age 14 years, a negative association between fruit and vegetable intake
and Moods and Feelings Questionnaire (MFQ) score was seen in the
unadjusted cross-sectional regression model (β= − 0.40; 95% CI −0.71,
− 0.10), but adjustment for behavioral covariates, including smoking
and alcohol consumption, attenuated this association. No prospective
associations were found between Mediterranean diet score (MDS), fruit
and vegetable intake and later MFQ score.

Adherence to a “Healthy” dietary pattern
characterized by high intakes of fruits,
vegetables, fish and dairy products is
associated with a lower probability of
having depressive symptoms among Iranian
adolescent girls.
Low intake of green vegetables and fruits
were associated with increased risk of
depression in Korean adolescent girls.
Poor dietary habits negatively and health
behavior positively influence self-esteem.
A “Western” dietary pattern associates
with an increased risk of mental health
problems including depressive symptoms in
adolescents, through biologically plausible
pathways of adiposity and inflammation,
whereas a “Healthy” dietary pattern appears
protective in these pathways.
Better behavioral outcomes were associated
with a higher intake of fresh fruit and leafy
green vegetables.

Existing encouraged dietary habits mostly
have beneficial effects on perceived mental
health in Korean adolescents.
Regular consumption of green and yellow
vegetables is associated with lower
depressive symptoms in adolescents, that
is, the consumption of green and yellow
vegetables may be vital in the context of
adolescents’ mental health.
Dietary patterns should be considered as
important predictors of depression and
anxiety.
Diet quality was not associated with
depressive symptoms in mid-adolescence.
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DISCUSSION
Within the studies included to a systematic review,
there were such of various sample size, as some of
them assessed less than 1000 respondents [5, 13, 14,
17, 23, 29], but other studied large population-based
groups, as in the case of almost 15,000 participants
of Global School-Based Health Survey [1], or over
65,000 participants from South Korea, assessed in two
studies [7, 21]. Based on the presented data, it may be
supposed that some of the included studies assessed
populations which overlapped, as for indicated South
Korean studies [7,21], but for the presented systematic
review, they were treated as a separate analysis.
Included studies were conducted mainly in various
Asian countries [7, 13, 14, 21, 23, 25], European
countries [5, 8, 11, 15, 29], Australia [9, 10, 17, 18],
but also Ghana [6] and combined population of the
Botswana, Kenya, Seychelles, Uganda, Tanzania and
Zambia [1]. The assessed participants were recruited
mainly in a school-based manner [5, 6, 7, 8, 9, 15, 21,
23, 25, 29], while for majority of studies the samples
were population-based, but also in case of one study,
there was a specific group of socially deprived young
people included [11].
Within included studies, fruit and vegetable dietary
intake was assessed mainly using a simple question
about the frequency of consumption, or about the
number of portions in a specified period of time [1, 6, 7,
9, 10, 11, 15, 21, 23], including the validated questions
[8], or questionnaires [13, 14, 17, 8, 25]. However,
for some studies, based on the obtained data, dietary
patterns [13,17,18,25], or diet quality indexes were
specified [9,10,11]. But also the Mediterranean Diet
Quality Index for children and teenagers (KIDMED),
being a specific questionnaire, to assess the quality of
diet within a specific Mediterranean pattern [5], and
4-days dietary record, to assess Mediterranean Diet
Score (MDS) [29] were applied.
The majority of studies assessed only fruit and
vegetables intake, with no specified information
about potentially included juices and other fruit/
vegetable products, but some of them specified fruit
juices as excluded [21], or fruit juices as excluded, but
vegetable dishes as included [7]. At the same time,
in some studies, specific juices and other products
were analyzed, such as lemon juice, other types of
juice, industrial juice and fruit compote, dried fruits,
and tomato sauce [13], fruit canned in syrup or juice,
pure fruit juice, vegetable juice, and cordial fruit drink
(≤35% fruit juice) [18], or fruit and vegetable juices,
preserved fruit (such as prunes, raisins) [25].
For the assessment of mental health, diverse
variables were taken into account, both positive or

negative, and neutral, such as health-related quality of
life [5], or mental health status [18]. Among positive
variables characterizing mental health, there were:
happiness [5, 7, 21] and self-esteem [15], while among
negative variables characterizing mental health, there
were: loneliness [1, 6], general difficulties [8], feeling
worried [6], anxiety [1, 25], stress and distress [7, 11,
21], depressive symptoms [7, 9, 11, 23, 29], depression
[1, 10, 13, 14, 17, 25], suicidal ideation [1, 6], suicidal
plan [1], suicide attempts [1].
In all included studies a positive influence of fruit
and vegetables intake [6, 8, 15, 21], or dietary patterns
associated with higher intake of those products [5, 7,
9, 10, 11, 13, 25], on mental health were confirmed,
but for some of them the results were not consistent
for all factors associated with mental health, or were
not consistent in all analysis [1, 29]. At the same time,
based on analyzed studies, it may be supposed, that
the association is not direct, but the dietary patterns
influence body mass and body mass influences mental
health [17].
Some studies allow to indicate especially beneficial
products from the group of fruit and vegetables, such
as green vegetables [14, 18, 23], yellow vegetables
[23] and fresh fruit [18]. Moreover, based on the
included studies, the recommended frequency of fruit
and vegetables consumption may be justified. It was
stated, that consumption of less than 1 serving of fruit
or vegetables per day was associated with a higher
level of general difficulties [8]. At the same time,
consumption at least 3 servings of vegetables per day
during the previous 30 days was associated with lower
experience of suicidal ideation [6].

CONCLUSIONS
Based on the conducted systematic review of
observational studies, it may be indicated that in
a groups of adolescents there was a positive association
between intake of fruit and vegetable products and
mental health. Especially beneficial for general mental
health in adolescents, were green vegetables, yellow
vegetables and fresh fruit.
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ABSTRACT

Background. Overweight and obesity are a problem negatively affecting human health. Besides the excess of energy from
food, development of overweight can also result from food preferences, the frequency of meals and the speed of eating.
Objective. The aim of this study was to analyse the effect of eating habits and physical activity on the occurrence of
overweight and obesity.
Material and method. The questionnaire survey concerning eating habits and physical activity was conducted among
adults aged 20-59 (n=420) in Lublin province (Poland). The subjects were divided into two groups – normal (BMI 18.5-25
kg/m2, n=250) and overweight and obese (BMI≥25 kg/m2, n=170). One-way analysis of variance (ANOVA) and post-hoc
Tukey’s test as well as chi-square independence test were applied. In addition, the relative risk of overweight for groups
divided according to their habits was determined.
Results. The analysis of speed of eating was on the basis of subjective assessment of the subjects and as a relative speed
of eating compared to family members and friends. In both methods of assessment, it has been shown that overweight and
obesity facilitates fast food intake rate (p=0.0078 and p=0.0010, respectively) The relative risk of obesity and overweight
increases almost twice (RR 1.79) when the number of meals consumed daily is between one and two compared to those
having five meals a day. In addition, it has been shown that overweight facilitates low physical activity.
Conclusions. Slowly consumed meals, high physical activity and having more than two meals a day promotes maintaining
a normal body weight.
Key words: eating habits, obesity, overweight, frequency of meals, speed of eating

STRESZCZENIE

Wprowadzenie. Nadwaga i otyłość są problemem wpływającym negatywnie na zdrowie człowieka. Oprócz nadmiaru
energii pochodzącej z pożywienia, rozwój nadwagi może wynikać również z preferencji żywieniowych, częstotliwości
spożywania posiłków i szybkości jedzenia.
Cel. Celem badań była analiza wpływu nawyków żywieniowych i aktywności fizycznej na występowanie nadwagi i otyłości.
Materiał i metoda. Ankieta dotycząca nawyków żywieniowych i aktywności fizycznej została przeprowadzona wśród osób
dorosłych w wieku 20–59 lat (n = 420) w województwie lubelskim. Badanych podzielono na dwie grupy – o prawidłowej
masie ciała (BMI 18.5-25 kg/m2, n = 250) i z nadmierną masą ciała (BMI ≥25 kg/m2, n = 170). Zastosowano jednoczynnikową
analizę wariancji (ANOVA) i test post-hoc Tukeya, a także test niezależności chi-kwadrat. Dodatkowo wyznaczono względne
ryzyko wystąpienia nadwagi dla poszczególnych grup.
Wyniki. Analiza szybkości jedzenia była oparta na subiektywnej ocenie badanych oraz jako względna szybkość jedzenia
w porównaniu z członkami rodziny i przyjaciół. W obu metodach oceny wykazano, że nadmiernej masie ciała sprzyja
szybkie tempo spożywania posiłków (odpowiednio p = 0,0078 i p = 0,0010). Względne ryzyko otyłości i nadwagi wzrasta
prawie dwukrotnie (RR 1,79), gdy liczba spożywanych posiłków wynosi od jednego do dwóch w porównaniu do tych osób,
które spożywają pięć posiłków dziennie. Ponadto wykazano, że nadwadze sprzyja niska aktywność fizyczna.
Wnioski. Wolno spożywane posiłki, duża aktywność fizyczna i spożywanie więcej niż dwóch posiłków dziennie sprzyja
utrzymaniu prawidłowej masy ciała.
Słowa kluczowe: nawyki żywieniowe, otyłość, nadwaga, częstotliwość posiłków, szybkie jedzenie
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INTRODUCTION
Overweight and obesity are a growing global
social problem, affecting the deterioration of human
health [9]. Industrial development has influenced
changes in human life. Lower physical activity,
excessively high energy supply in relation to demand,
have become the main factors leading to overweight
and obesity. The excess fat tissue plays an important
role in the development of metabolic disorders [6,
18]. Even a small weight loss of 5 to 10% in obese
people may be conducive to improving the treatment
of metabolic disorders [23]. A proper diet combined
with regular physical activity helps in maintaining
a proper body mass [17]. Overweight, especially
obesity, contributes to an increased risk of a number of
diseases such as hypertension, atherosclerosis, type 2
diabetes and some cancers (e.g., breast, endometrium,
prostate, endometrial, large intestine) [11, 13, 24].
Contrary, weight reduction decreases the risk of
hypercholesterolemia, diabetes and cardiovascular
disease, including hypertension [4].
Many researchers focus on the analysis of the
effect of specific diet [25, 26] or diet components [1,
22, 27], genes [15], physical activity [7] and even the
role of microbiota on obesity [3]. However, there are
not many studies concerning eating habits, particularly
related to the rate of consumption. Recently Hurst and
Fukuda published a study concerning eating speed in
patients with type 2 diabetes and its effect on obesity
showing that eating slower inhibited the development
of obesity [8]. In our opinion it is still a need to study
this issue. To the best of our knowledge there are no
population-based cohort studies, especially in this part
of the world, analysing these habits. For this reason,
the main purpose of this study was to determine the
effect of eating habits such as intervals between meals,
snacks consumption and the speed of eating on the
occurrence of overweight and obesity.

MATERIAL AND METHODS
A survey based on PAPI (Paper and Pencil
Interview) author’s questionnaire [14] was completed
by 420 individuals (276 women and 144 men) aged
20-59. The questions concerned the behaviours and
eating habits related to the speed of eating, frequency
of meals, subjective frequency of snack consumption,
intervals between meals and subjective assessment of
physical activity. Besides those, there were questions
concerning anthropometric parameters (body weight
and height). The survey was carried out in Lublin
province (Poland) from April to May 2019. The
study was approved by the Bioethics Committee at
the Medical University in Lublin, Permit No. KE0254/110/2019.
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Statistical analysis was carried out with the use
of the Statistica 10 program. To compare the average
BMI level in many groups determined by features
measured on the ordinal scale, a single-valued ANOVA
was used, and when it was justified additional Tukey’s
simultaneous comparison test. If the use of ANOVA
was not possible due to the failure of assumptions
about the normality of distribution or homogeneity of
variances, the division of people into two groups was
introduced due to the BMI value and verified using the
chi-square independence test, if there is a relationship
between these groups and other results. The relative
risk determining the degree of exposure to overweight
for individual groups was also determined. Relevance
of relative risk values was estimated based on the
designated confidence division. In all analyses the
significance level α = 0.05 was assumed.

RESULTS
In order to analyse the collected results,
a simplified model was used to define the overweight
from 25 kg/m2 [9], being aware that some subjects in
this category will have a BMI 30 and more, which
is referred to as obesity. Because obesity concerns
people with excessive (over) weight of the body, it was
considered that it does not contradict the meaning of
the word “overweight” and for statistical analysis this
simplification is acceptable.
When analysing the influence of time between
meals on the occurrence of overweight, no statistical
trend was demonstrated (Table 1). Establishing the
speed of eating by subjects was a challenge because
our study was based on a survey. It was decided to
ask two questions related to this – the first, related to
the subjective speed of eating, the second, concerning
the relative speed of consumption in the group in
which the surveyed subject eats a meal. In both cases,
there was a significant difference but much stronger
statistical result was obtained in the second case.
It was shown that a small number of meals during
the day is significantly related to overweight (Table 2).
In the case of people who eat 3-4 meals a day, their
average BMI does not differ significantly from those
who consume 5 or more meals, but significantly differs
from those consuming only 1-2 meals. Both people
with normal BMI and those who are overweight often
reach for various snacks (Table 2). In our study the
frequency of reaching for snacks does not significantly
affect the mean BMI (Table 3).
Analysis of declared physical activity showed
significant dependence with BMI (Table 2). The higher
the physical activity, the lower the average BMI value,
although significantly higher BMI was recorded only
in subjects declaring low physical activity.
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Table 1. Analysis of the significance of the effect of the intervals between meals and the speed of eating on the overweight
(n = 420)
Overweight
Intervals between meals (h)

Subjective speed of eating

Relative speed of eating
compared to family members
and friends

no

yes

1-2

8

1

2-3

97

64

3-4

114

81

5 and more

31

24

I chew every bite slowly

29

17

at a moderate speed

158

84

fast

52

53

very fast

11

16

I finish first

48

60

I finish neither the first nor the last one

66

36

I finish last

136

74

p-value
0.3111

0.0078

0.0010

Table 2. Studies on the independence of overweight on the number of meals, snacks consumption and physical activity
(n = 420)
Overweight

Number of meals

Snacks consumption
between the meals
Physical activity

p-value in the
independence
test χ²

BMI
(mean ± SD)

no

yes

1-2

9

16

3-4

138

98

5 and more

102

57

never

37

34

sometimes

165

105

often

48

31

23.88 ± 4.32

low

63

73

25.35 ± 4.22a

moderate
high

137
50

80
17

0.0236

27.00 ± 5.74a
24.29 ± 3.71b
24.14 ± 3.87b

0.2497

0.0002

a, b – the same letter in the same feature means no significant difference according to the Tukey test

25.23 ± 3.99
24.33 ± 3.82

24.23 ± 3.90b
23.02 ± 3.09b

Table 3. Relative risk (RR) of overweight depending on the number of meals, snacks consumption and physical activity
(n = 420)
Overweight
RR
95% CI
no
yes
n2
n1
Number of meals:
1-2
3-4
>=5
Snack consumption:
never
sometimes
often
Physical activity:
low
moderate
high

9
138
102

16
98
57

1.79
1.14
1 (reference)

1.25-2.56
0.89-1.48

37
165
48

34
105
31

1.23
1 (reference)
1.01

0.93-1.64

63
137
50

73
80
17

2.12
1.45
1 (reference)

Further statistical analysis of results summarized in
Table 2 made it possible to estimate the relative risk
(RR, 95% CI) of overweight depending on the number

0.74-1.38
1.36-3.28
0.93-2.27

of meals, frequency of snacks consumption and
physical activity (Table 3). Assuming that the reference
value for the number of meals is at least five per day, it
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has been calculated that the relative risk of obesity and
overweight increases almost twice (RR 1.79) when the
number of meals consumed daily is from one to two. In
the case of snack consumption frequency, the reference
value was the answer “sometimes” and the results
were intriguing. With this assumption, frequent snacks
consumption does not increase the risk of overweight
(RR = 1.01), while the lack of snacks eating increases
the risk by 23%. It is possible that overweight people
are aware of this and try to avoid snacks eating, or at
least declare this. However, differences in obtained
RR are not statistically significant (no value 1 in the
range of 95% CI). In the case of physical activity, high
activity was assumed as the reference value. With this
assumption, the relative risk of overweight with low
activity increased more than twofold (RR = 2.12).

DISCUSSION
The numbers shown in Table 1 allow to conclude
that fast food intake correlates with a higher BMI. Of
course, the question arises as to what is a cause and
what is the result – whether higher BMI affects the
faster rate of eating, or people are overweight due
to the fact that they quickly consume meals. Fast
consumption allows people to eat more than they need,
due to the inertia of biochemical signals directed to the
centre of satiety. Eating at a lower rate allows the body
to stop further consumption due to satiety at the right
time, which in the long run results in maintaining the
normal body mass [2, 16].
Due to fundamental nutritional recommendations
for most people the number of meals during a day
ranges from three to five [9]. The obtained results
confirmed the validity of these recommendations
(Table 2). In a review of 10 papers on the role of meal
frequencies in weight management by healthy adults
aged 20-70 Palmer et al. did not show any significant
dependence on weight loss or maintenance [21]. On the
other hand, Kahleova et al. analysing data from 50,660
adult members aged ≥30 y Seventh-day Adventist
churches in the United States and Canada reports
relative increase in BMI during a year in subjects who
ate 3 meals/d compared with those who ate 1 or 2
meals/d [12]. It is worth to mention that such strategy
worked for those who ate breakfast and lunch 5-6 h
apart, consumed no snacks and made the overnight
fast last 18-19 h. In studies performed by O’Connor
et al. in a group of 1,092 adults with a normal body
weight, eating snacks between meals did not result in
weight gain as well [20]. Nijke et al. argue that eating
the wholesome snacks affects the feeling of fullness
and helps control appetite, which can contribute to
reduce the obesity [19].
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Many studies have shown that people with
excessive body mass characterise low level of physical
activity [5, 28, 29] and our results are not an exception
(Table 2). However, as for physical activity and
dependence with BMI, the question may again arise
what is the cause and what is the result. The answer
to this question can be found in the work of Li et al.,
who showed a dependence between the occurrence of
overweight and the presence of genes determining the
obesity [15]. The work involved analysis of physical
activity of 20,430 people and it was shown that despite
the same number of alleles determining the obesity,
physically active people had significantly lower BMI.
The present study had some limitations. Since
lifestyle habits as well as anthropometric data were
self-assessed they may be vulnerable to reporting bias.
However, bias may rather result from providing false
information received negatively as high body mass or
low physical activity. In this case, even if there was
an underestimation related to the aforementioned data,
the results obtained seem to be reliable, which we
believe confirm the value of the material presented.

CONCLUSIONS
Development of overweight and obesity is facilitated
by a fast food intake rate, consumption of less than three
meals a day and low physical activity. In the studied
group, no significant influence of snacks consumption
on the development of overweight and obesity was
demonstrated. The results of this study can help
dietitians and nutritionists to help patients lose weight
more effectively in the future.
Conflict of interest
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FREQUENCY OF OCCURRENCE OF METABOLIC SYNDROME RISK
FACTORS IN CHILDREN AND ADOLESCENTS FROM THE CITY OF
WROCŁAW AND SURROUNDINGS*
Ewa Piotrowska1, Danuta Figurska-Ciura1, Karolina Łoźna1, Maciej Bienkiewicz1, Dominika Mazurek1,
Joanna Wyka1, Marcelina Węgiel1, Jadwiga Biernat1, Michaela Godyla-Jabłoński1
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Department of Human Nutrition, Faculty of Food Sciences, Wrocław University of Life Sciences,
Wrocław, Poland

ABSTRACT

Background. A recently growing number of children and adolescents with overweight or obesity is indicative of the
need for diagnosing their complications that may appear in the early childhood. For this reason, diagnostic criteria were
developed for components of the metabolic syndrome (MS) also for these groups of the population.
Objective. This study was aimed at evaluating the frequency of metabolic syndrome risk factors occurrence in children and
adolescents from the city of Wrocław and surroundings depending on gender, age and physical activity.
Material and methods. Investigations on the frequency of occurrence of dietary and non-dietary risk factors of the
metabolic syndrome were carried out in the years 2010-2017 among 771 children and adolescents aged 10-18 year,
attending to primary schools, gymnasiums and secondary schools in Wrocław.
Results. The lack of any components of the metabolic syndrome was demonstrated in 14.78% of the children aged 10-12
years as well as in 17.38% of both adolescents aged 13-15 and 17-18 years. One risk factor was most frequently diagnosed
in children aged 10-12 years (17.89%) and it was arterial hypertension (16.08% of the whole surveyed population). Three
MS components were demonstrated in 15 persons (1.95% of the whole surveyed population), including in 7 girls and 8
boys. The persons with three MS risk factors from the age category 13-15 years constituted 0.26% whereas these from the
age category 17-18 years constituted 1.69% of the whole surveyed group.
Conclusions. It shall be concluded that the incidence of the fully symptomatic MS depended significantly on the age of the
surveyed, but not on their gender. Among the three adopted components of MS, the most frequently demonstrated disorders
included: arterial hypertension, abdominal obesity and increased concentration of triglycerides in blood serum.
Keywords: children, adolescents, metabolic syndrome, risk factors

STRESZCZENIE
Wprowadzenie. Ostatnio rosnąca liczba dzieci i młodzieży z nadwagą lub otyłością wskazuje na potrzebę zdiagnozowania
ich powikłań, które mogą pojawić się we wczesnym dzieciństwie. Z tego powodu opracowano kryteria diagnostyczne dla
składników zespołu metabolicznego (ZM), również dla tych grup populacji.
Cel. Badanie to miało na celu ocenę częstotliwości występowania czynników ryzyka zespołu metabolicznego u dzieci
i młodzieży z Wrocławia i okolic w zależności od płci, wieku i aktywności fizycznej.
Materiał i metody. W latach 2010-2017 przeprowadzono badania dotyczące częstości występowania dietetycznych i nie
dietetycznych czynników ryzyka zespołu metabolicznego wśród 771 dzieci i młodzieży w wieku 10-18 lat, uczęszczających do szkół podstawowych, gimnazjów i szkół średnich szkoły we Wrocławiu.
Wyniki. Brak jakichkolwiek składników zespołu metabolicznego wykazano u 14,78% dzieci w wieku 10-12 lat, a także
u 17,38% obu nastolatków w wieku 13-15 lat i 17-18 lat. Jeden czynnik ryzyka najczęściej diagnozowano u dzieci w wieku
10-12 lat (17,89%) i było to nadciśnienie tętnicze (16,08% całej badanej populacji). Trzy składniki ZM wykazano u 15
osób (1,95% całej badanej populacji), w tym u 7 dziewcząt i 8 chłopców. Osoby z trzema czynnikami ryzyka ZM z kategorii wiekowej 13-15 lat stanowiły 0,26%, zaś osoby z kategorii wiekowej 17-18 lat stanowiły 1,69% całej badanej grupy.
Corresponding author: Michaela Godyla-Jabłoński, Uniwersytet Przyrodniczy we Wrocławiu, Wydział Biotechnologii i Nauk o Żywności,
Katedra Żywienia Człowieka, ul. Chełmońskiego 37, 51-630 Wrocław, Poland , tel.: +48 884 734 030, e-mail: michaela.godyla@upwr.edu.pl
*) The study was conducted under the Polish Scientific Research Committee (KBN) grant no. 312183438 entitled ”Evaluation of the

frequency of occurrence of dietary and non-dietary risk factors of the metabolic syndrome in girls and boys at various stages of their
pubescence”.
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Wnioski. Należy stwierdzić, że częstość występowania w pełni objawowego ZM zależała w znacznym stopniu od wieku
badanych, ale nie od ich płci. Wśród trzech przyjętych składników ZM najczęściej wykazanymi zaburzeniami były: nadciśnienie tętnicze, otyłość brzuszna i zwiększone stężenie triglicerydów w surowicy krwi.
Słowa kluczowe: dzieci, młodzież, zespół metaboliczny, czynniki ryzyka

INTRODUCTION
The metabolic syndrome (MS) was defined for
adults in 2005 as the co-occurrence of such ailments
as: abdominal obesity (waist circumference ≥ 94 cm
in the European men and ≥ 80 cm in the European
women), increased serum level of triglycerides (≥ 150
mg/dl) or treatment of hypertriglyceridemia, reduced
concentration of HDL cholesterol fraction (<40 mg/dl
in men and <50 mg/dl in women) or treatment of dyslipidemia, increased blood pressure (systolic ≥ 130mm
Hg, diastolic ≥ 85 mmHg) or treatment of the earlier
diagnosed arterial hypertension, increased fasting glucose blood level (≥ 100 mg/dl) or earlier diagnosed

type 2 diabetes [1]. A continuously growing number
of children and adolescents with overweight and obesity has prompted experts to develop diagnostic criteria of components of the metabolic syndrome also for
these populations. It has become indispensable to refer
threshold values of particular MS criteria to standards
respective to age, and to consider the specific homeostasis and hormonal metabolism in the pubescence,
e.g. physiological insulin resistance [15]. Currently
valid are standardized guidelines for MS diagnostics
that were elaborated in 2007 by the International Diabetes Federation (IDF) for three age categories: 6-9
years, 10-16 years, and over 16 years. They are presented in Table 1 [22].

Table 1. Definition and criteria of diagnosis of the metabolic syndrome (MS) in children according to International Diabetes
Federation (IDF) [3]
Waist
Arterial blood
Age group
Triglycerides
HDL - Ch
Glycaemia
circumference
pressure
6 – 10 years

≥ 90th percentile

MS cannot be diagnosed, but further measurements should be made if there
is a family history of metabolic syndrome, type 2 diabetes, dyslipidemia,
cardiovascular diseases, arterial hypertension and/or obesity

10 – 16 years

≥ 90th percentile
or adult cut-off if
lower

≥ 150 mg/dl
(≥ 1.7 mmol/l)

> 16 years

< 40 mg/l
(< 1.03 mol/l)

Systolic
≥ 130 mmHg and/or
diastolic ≥ 85 mmHg

≥ 100 mg/dl
(> 5.6 mmol/l)
or diagnosed type
2 diabetes

Use existing IDF criteria for adults, i.e.:
– central obesity (defined as waist circumference ≥94cm for European men and ≥80cm for
European women)
plus any two of the following four factors:
– raised triglycerides: ≥ 150 mg/dl (1.7 mmol/l) or specific treatment of these lipid
abnormalities
– reduced HDL-cholesterol: < 40 mg/dl (1.03 mmol/l) in males and < 50 mg/dl (1.29 mmol/l)
in females, or specific treatment for these lipid abnormalities
– raised blood pressure: systolic BP ≥130 or diastolic BP ≥85mm Hg, or treatment of
previously diagnosed hypertension
– increased fasting glycaemia: ≥ 100 mg/dl (5.6 mmol/l) or previously diagnosed type 2
diabetes

Among children and adolescents aged 10-16 years,
the metabolic syndrome is diagnosed based on the occurrence of abdominal obesity and two or more ailments like: hyperglycemia, hypertriglyceridemia or
arterial hypertension. Overweight and obesity appearing as early as in child pubescence may lead to the
development of other metabolic disorders. Together
with low physical activity and improper eating habits, they are mainly responsible for the development
of insulin resistance and dyslipidemia. The connection
between disorders of lipids metabolism, carbohydrate

metabolism, arterial hypertension and visceral obesity has been undisputedly proved in the population of
adults. Experimental results point also to a strict correlation between the occurrence of risk factors and MS
components in the early period of life with the fullysymptomatic picture of this syndrome in the adult life
[14, 20].
Early diagnosis of MS components or fully-symptomatic MS in children and adolescents enables early
implementation of the principles of prophylaxis or
therapy, which enables effective reduction of the risk
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of the development of another metabolic abnormalities
and mortality of these in the adult age. In epidemiological surveys conducted among children and adolescent,
of key significance is detection of the incidence of such
ailments as: simple obesity, abdominal obesity, insulin
resistance, arterial hypertension, as well as incriminating family history [2]. In studies on the incidence of
the metabolic syndrome in children and adolescents,
authors have adopted very diversified diagnostic criteria, which have resulted in many divergent estimates
of the number of children affected with this syndrome.
Results of surveys conducted in many countries demonstrated that the fully symptomatic MS is diagnosed
more often in groups of young obese persons, but it
is also reported in adolescents without overweight
nor obesity. In groups of young people with obesity,
the frequency of MS diagnosis reaches even 30% of
the subjects [10,16]. Various diagnostic criteria were
applied and thus significantly different results were
achieved also in Polish studies on the incidence of MS
in children and adolescents. They, however, demonstrated that the fully-symptomatic MS referred to over
10% of the surveyed with diagnosed obesity [3,18].
This study was aimed at evaluating the frequency of
occurrence of metabolic syndrome risk factors in children and adolescents from the city of Wrocław and surroundings depending on gender, age and physical activity, based on the evaluation of their nutritional status.

MATERIAL AND METHODS
Characteristics of the studied population
Investigations on the frequency of occurrence of dietary and non-dietary risk factors of the metabolic syndrome were carried out in 2010-2017 among children
and adolescents aged 10-18 years, attending primary
schools, gymnasiums and secondary schools in the city
of Wrocław. The adopted risk factors of the metabolic
syndrome (MS) in children and adolescents included
the occurrence of: obesity (especially the abdominal
one), increased parameters of lipid metabolism (triglycerides in particular), increased blood pressure and
increased glucose concentration. The physical activity
of the surveyed was evaluated based on results of an
interview that included questions related to physical
activities undertaken at school and after school.
The selection of schools for the survey was intentional, and the main qualification criterion was participation
in the “School promoting health” program. In 3 primary
schools, the survey was conducted in all 4th grade and
5th grade classes, whereas in 3 gymnasium and 3 secondary schools - in all 1st grade and 2nd grade classes. Over
900 children were selected in total for the study, however all stages of the survey were completed by a group
of 771 schoolchildren. The survey was conducted in the
morning hours, during the first lesson, upon a consent of
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a leading teacher. Before the study, each child provided
a written consent of parents or in older groups - their own
consent for participation in all stages of the study including analyses of: nutritional pattern and eating behaviors,
knowledge regarding risk factors of civilization diseases,
socio-demographic conditions, anthropometric traits, and
selected biochemical blood parameters. The study was
approved by the Bioethics Commission at the Medical
University in Wrocław (approval no. KB - 376/2009).
Study inclusion criteria were as follows: appropriate age, lack of chronic diseases, written consent of the
surveyed or parents, and participation in all stages of the
study. Exclusion from the study occurred in a subject failed
to meet the conditions of participation in the project.
The age category of 17-18 years was constituted by
269 adolescents, including 160 girls and 109 boys. In
gymnasiums, the survey covered 232 pupils aged 1315 years (129 girls and 103 boys), whereas in primary
schools it was conducted among 270 children aged 1012 years (133 girls and 137 boys). The total surveyed
group counted 771 pupils. In all age categories of children and adolescents there were more girls (54.7%)
than boys (45.3%). The highest number of children and
adolescents lived in the city of Wrocław - 613 persons
(82.5%), whereas 130 persons (17.5%) lived outside
Wrocław and were commuting to schools. Among the
commuting persons, the greatest group was represented
by adolescents aged 17-18 years (56.2%), whereas the
smallest group - by children attending to gymnasiums
(14.6%). Most of the surveyed (77.8%) originated from
complete families, including: 38% of children aged
10-12 years, 29.5% of the surveyed aged 13-15 years,
and 32.5% of adolescents aged 17-18 years, whereas
22.2% of the children and adolescents were raising in
incomplete families. Furthermore, 28.1% of children
and adolescents originated from families in which both
parents had higher education, whereas 18.4% of the surveyed came from families in which at least one of the
parents had higher education. The remaining 53.5% of
the surveyed were from families in which parents had:
primary, occupational or secondary education.
In the whole studied group - 57.5% of the persons
declared medium physical activity. In turn, high physical activity was declared by 42.5% of girls and boys.
In the case of adolescents attending secondary schools,
there were no persons with declared high physical activity and ca. 20% of these adolescents declared to have
permanent exemption form physical education classes.
The largest groups of the surveyed (78.2%) was
represented by young persons with normal values of
the body mass index (BMI at 5-85pc.). Overweight
was demonstrated in 11.3% of girls and boys (BMI 8595pc.), whereas obesity - in 7% of the surveyed (BMI
exceeding 95pc). BMI values below 5pc. - indicative
of body mass deficiency and malnutrition, were demonstrated in 3% of the surveyed (Table 2).
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Table 2. Characteristics of the surveyed group of children and adolescents considering values of the body mass index (BMI) (n =771)
10-12 years
n = 270

13-15 years
n = 232

17-18 years
n = 269

n

%

n

%

n

%

% of the studied group

< 5 pc

6

2.2

7

3.0

14

5.2

3.5

5 - 85 pc

226

83.7

188

81.0

189

70.2

78.2

85 - 95 pc

29

10.7

25

10.8

33

12.3

11.3

> 95 pc

9

3.3

12

5.2

33

12.3

7.0

Age group
BMI
(percentiles)

Total
% of the studied group

35.0

30.1

Analytical methods
Basic anthropometric parameters: body height and
body mass, waist circumference and hip circumference, were measured in all groups of the surveyed
children and adolescents. The measurements were
taken of pupils wearing light clothes or sports suit, and
shoeless. Values obtained were compared with centile
charts elaborated in the framework of the nation-wide
research project OLAF [12].
Body height and body mass were measured using
a medical scale equipped in a stadiometer with the
accuracy of: 0.1 cm (body height) and 0.1 kg (body
mass). The correct values fitted within the range of 5
to 95 pc. Accordingly to the adopted ranges, values
below 5 pc indicated deficient body mass, and values
exceeding 95 pc were indicative of overweight and
obesity, whereas in the case of body height - were indicative of short and tall stature, respectively [13].
Waist and hip circumference were measured using
an anthropometric tape with the accuracy of 0.1 cm,
respectively at the height of the belly button and below
the iliac ala. Normal values were in the range of 5-95
pc. Abdominal obesity was diagnosed at waist circumference ≥ 95 pc.
Values of body height and body mass were further
used to calculate the body mass index (BMI). According
to centile charts, the resultant values were grouped as follows: < 5 pc - underweight; 5-85 pc - normal body mass;
85-95 pc - overweight; and ≥ 95 pc - obesity.
Arterial blood pressure was measured with the Korotkow’s auscultators method, using a monometer and
a stethoscope [21].
Blood samples for biochemical analyses were collected by a qualified worker of an analytical laboratory from the elbow vein, from fasted subjects, in the
morning hours. Assays of concentrations of biochemical parameters were conducted with standard methods
in blood serum and included: total cholesterol, HDL
and LDL fractions of cholesterol, triglycerides and
glucose. These analyses were conducted in the groups
of the surveyed attending gymnasiums and secondary
schools. They were not carried out in children from
primary schools because of lack of the consent of most
of the parents.

Total
n = 771

34.9

100.0

Statistical analysis of results
Results of anthropometric measurements and biochemical analyses were processed in Statistica 10.0 PL
software (StatSoft Inc. USA+). The Shapiro-Wilk’s test
was used to check the consistence of the results with
normal distribution in the entire studied group, in age
categories, in gender groups as well as in other groups
depending on the grouping variable. The Levene’s
(ANOVA) test was applied to check the variance homogeneity. In order to characterize the studied group
of children and adolescents: median (Me), minimum
(Min) and maximum (Max) values, as well as the bottom and upper quartile (Q1 ; Q3) were calculated in each
group. Most of the results of biochemical analyses and
anthropometric measurements were characterized by
high variability, were inconsistent with normal distribution and had no homogenous variances. Considering the
above, the Box-Cox transformation was applied which
enabled adjusting the system of data to normal distribution. Differences between mean values of anthropometric and biochemical parameters in the analyzed population of children and adolescents divided into groups
according to gender, age or a grouping variable were
evaluated with the one-way analysis of variance using
Tukey’s test (ANOVA). Multi-way tables and Chi2 test
were used for comparison and for determination of the
significance of differences in groups according to age,
nutritional status, and selected factors of lifestyle of
children and adolescents, and the frequency of occurrence of risk factors of the metabolic syndrome.

RESULTS
Table 3 presents the frequency of occurrence and
concurrence of the components of the metabolic syndrome in the surveyed groups of children and adolescents. According to IDF 2007 definition [18] and centile
charts for the Polish population [4], the risk factors of
MS development included: waist circumference ≥ 94
cm (boys) and ≥ 80 cm (girls) (≥ 95 pc), increased concentration of triglycerides ≥130 mg/dl, decreased concentration of HDL cholesterol fraction ≤ 40mg/dl, increased value of arterial blood pressure ≥130/85mm Hg
(≥ 90 pc), and incorrect fasting glycaemia ≥ 100 mg/dl.

0

0

Waist + HDL+ BP

Glu+ Waist +BP

0.00

0.00

0.00

0.00

0.00

0

0

0

0

0

0

0

0

0

0

0

0

0

11

0

11

0

0

3

81

0

84

42

n

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.43

0.0

1.43

0.00

0.00

0.39

10.51

0.00

10.89

5.44

%

Boys

0

0

0

0

0

0

0

0

0

0

0

0

0

18

0

18

0

0

14

124

0

138

114

n

%

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

2.33

0.00

2.33

0.00

0.00

1.82

16.08

0.00

17.89

14.78

Total

0

0

0

0

0

0

0

1

0

0

0

4

1

10

0

16

2

2

8

12

15

39

74

n

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.13

0.0

0.0

0.0

0.52

0.13

1.29

0.00

2.08

0.26

0.26

1.04

1.56

1.95

5.07

9.60

%

Girls

0

0

2

0

0

2

1

0

0

0

1

1

0

2

1

6

5

0

3

10

17

35

60

n

0.00

0.00

0.26

0.00

0.00

0.26

0.13

0.00

0.00

0.00

0.13

0.13

0.00

0.26

0.13

0.78

0.65

0.00

0.39

1.29

2.20

4.54

7.78

%

Boys

13-15 years

0

0

2

0

0

2

1

1

0

0

1

5

1

12

1

22

7

2

11

22

32

74

134

n

%

0.00

0.00

0.26

0.00

0.00

0.26

0.13

0.13

0.0

0.0

0.13

0.65

0.13

1.56

0.13

2.85

0.91

0.26

1.43

2.85

4.15

9.60

17.38

Total

1

2

2

1

1

7

0

0

3

0

0

4

2

10

2

21

0

2

18

21

11

52

80

n

0.13

0.26

0.26

0.13

0.13

0.91

0.0

0.0

0.39

0.00

0.00

0.52

0.26

1.29

0.26

2.72

0.00

0.26

2.33

2.72

1.43

6.74

10.37

%

Girls

0

1

0

3

2

6

0

0

4

0

5

1

3

5

1

19

0

11

3

14

2

30

54

n

0.0

0.13

0.0

0.39

0.26

0.78

0.00

0.00

0.52

0.00

0.65

0.13

0.39

0.65

0.13

2.21

0.00

0.26

0.39

1.81

0.26

3.89

7.01

%

Boys

17-18 years

1

3

2

4

3

13

0

0

7

0

5

5

5

15

3

40

0

13

21

35

13

82

134

n

%

0.13

0.39

0.26

0.52

0.39

1.69

0.00

0.00

0.91

0.0

0.65

0.65

0.65

1.95

0.39

5.18

0.00

1.69

2.72

4.53

1.69

10.64

17.38

Total
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TG, Glu - increased concentration of triglycerides or glucose in blood serum, BP – increased arterial blood pressure; Waist - excessive waist circumference; HDL – decreased concentration of HDL
cholesterol fraction in blood serum

0

Waist + TG +BP

0.00

0

0

BP + TG +HDL

0

3 including

Waist +TG + HDL

0.00

0

Glu + Waist

0.00
0.00

0

0

0.00

Waist + HDL

0

TG+ Glu

0.00

0.00

0.00

0.91

0.00

0.91

0.00

0.00

1.43

5.58

0.00

Glu + BP

0

HDL+ BP

0

TG+ BP

0

7

2 including

TG+ Waist

0

Glu

7

0

HDL

0

11

Waist

Waist + BP

43

BP

TG+HDL

0

TG

7.00

9.34

72

54

lack

%

n

Girls

1 including

Concurrent MS risk factors

10-12 years

AGE

Table 3. Concurrent components of the metabolic syndrome (MS) occurring in the surveyed groups of children and adolescents (n=771)
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Table 4. Frequency of occurrence of metabolic syndrome components in the surveyed groups (n=771) depending on age
Number of components of the metabolic syndrome
Gender

Age category

10-12 years
(n=133)

Girls
(n=422)

13-15 years
(n=129)
17-18 years
(n=160)

Age
10 years
11 years
12 years
Total
13 years
14 years
15 years
Total
17 years
18 years
Total

Girls in total
10-12 years
(n=137)

Boys
(n=349)

13-15 years
(n=103)
17-18 years
(n=109)

10 years
11 years
12 years
Total
13 years
14 years
15 years
Total
17 years
18 years
Total

Boys in total
10-12 years
(n=270)

Total
(n=771)

13-15 years
(n=232)
17-18 years
(n=269)
Whole group

10 years
11 years
12 years
Total
13 years
14 years
15 years
Total
17 years
18 years
Total

0
n
6
28
38
72
18
33
23
74
44
36
80
226
1
21
20
42
22
27
11
60
26
28
54
156
7
49
58
114
40
60
34
134
70
64
134
382

1
%
0.79
3.63
4.92
9.34
2.33
4.28
2.99
9.60
5.71
4.66
10.37
29.31
0.13
2.71
2.59
5.44
2.85
3.50
1.43
7.78
3.37
3.64
7.01
20.23
0.92
6.34
751
14.78
5.18
6.49
4.42
17.38
9.08
8.30
17.38
49.54

n
10
21
23
54
15
15
9
39
15
37
52
145
4
25
55
84
1
18
16
35
16
14
30
149
14
46
78
138
25
33
16
74
31
51
82
294

2
%
1.29
2.72
2.99
7.00
1.95
1.95
1.17
5.07
1.95
4.79
6.74
18.81
0.52
3.24
7.13
10.89
0.13
2.33
2.08
4.54
2.08
1.81
3.89
19.32
1.81
5.96
10.12
17.89
2.08
4.28
3.25
9.60
4.02
6.62
10.64
38.13

n
2
2
3
7
4
9
3
16
9
12
21
44
1
3
7
11
2
3
1
6
9
10
19
36
3
5
10
18
6
12
4
22
18
22
40
80

P

3
%
0.26
0.26
0.39
0.91
0.52
1.17
0.39
2.08
1.17
1.56
2.72
5.71
0.13
0.39
0.91
1.43
0.26
0.39
0.13
0.78
1.17
1.29
2.21
4.67
0.39
0.65
1.29
2.34
0.78
1.56
0.52
2.85
2.33
2.85
5.18
10.37

n
0
0
0
0
0
0
0
0
2
5
7
7
0
0
0
0
0
1
1
2
2
4
6
8
0
0
0
0
0
1
1
2
4
9
13
15

%
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.26
0.65
0.91
0.91
0.00
0.00
0.00
0.00
0.00
0.13
0.13
0.26
0.26
0.52
0.78
1.04
0.00
0.00
0.00
0.00
0.00
0.13
0.13
0.26
0.52
1.17
1.69
1.95

0.001

<0.00001

<0.00001

p<0.05- the level of significance of chi2 test used to compare the frequency of occurrence of metabolic syndrome components in groups
of boys and girls depending on age

The age categories of children and adolescents were
divided into 3 sub-groups considering the number of occurring components of the metabolic syndrome. The lack
of any components of the metabolic syndrome was demonstrated in 14.78% of the children aged 10-12 as well
as in 17.38% of both adolescents aged 13-15 and 17-18
years. One risk factor was most frequently diagnosed in
children aged 10-12 years (17.89%) and it was arterial
hypertension (16.08% of the whole surveyed population). In turn, in the two other age categories of pupils,

apart from arterial hypertension the analyses demonstrated also frequent occurrence of increased concentration of
triglycerides and abdominal obesity. The co-occurrence
of two MS risk factors was observed in 2.33% of children aged 10-12 years, in 2.85% of adolescents aged 1315 years and in 5.18% of these aged 17-18 years. In the
case of older girls from age categories: 13-15 and 17-18
years, two components of the metabolic syndrome occurred slightly more often compared to the younger girls,
and also compared to the boys from the same age cat-
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egories. The two most frequent concurrent components
of the metabolic syndrome included: excessive waist circumference and increased arterial blood pressure in the
youngest group of the surveyed. Three MS components
were demonstrated in 15 persons (2.0% of the whole surveyed population), including 7 girls and 8 boys. The persons with three MS risk factors from the age category 1315 years constituted 0.26% whereas these from the age
category 17-18 years constituted 1.69% of the surveyed.
No persons with three MS risk factors were shown in the
age category 10-12 years. In the group of adolescents
aged 17-18 years, the most frequent concurrent components of the metabolic syndrome included: increased
concentration of triglycerides, reduced concentration of
HDL cholesterol fraction in blood serum and excessive
waist circumference. In the group aged 13-15 years, the
concurrent risk factors included: increased concentration
of triglycerides, increased arterial blood pressure and excessive waist circumference.
The statistical analysis of results is presented in
Table 4. Significant correlations were demonstrated
between gender and age of the surveyed and the fre-

quency of co-occurrence of one, two or three MS risk
factors in the surveyed children and adolescents.
Physical activity plays one of the key roles in the
prophylaxis of cardio-vascular diseases. Diminished
participation of adolescents in various forms of physical activity as well as generally decreasing participation in physical activities with age are, however, observed these days. Table 5 summarizes results of the
frequency of occurrence of MS components in the
studied group depending on the physical activity.
A statistically significant correlation was demonstrated in the surveyed group between the number of occurring MS components and physical activity. No risk
factors of the metabolic syndrome were observed in
over 1/3 of the persons (33.2%) declaring high physical activity. The number of persons with equally good
health condition but declaring medium physical activity was lower by half (16.2%). The concurrence of
three risk factors of the metabolic syndrome, irrespective of the intensity of the undertaken physical activity,
was determined in the group of boys aged 13-15 years.

Table 5. Frequency of occurrence of metabolic syndrome components in the surveyed groups (n=502) depending on
physical activity
Gender

Age category

10-12 years
Girls
(n=262)

13-15 years
Girls in total
10-12 years

Boys
(n=240)

13-15 l years
Boys in total
10-12 l years

Total
(n=502)

13-15 years
Whole
surveyed group

Number of components of the metabolic syndrome

Physical
activity
Medium
High
Medium
High
Medium
High
Medium
High
Medium
High
Medium
High
Medium
High
Medium
High
Medium
High

0
n
25
47
23
51
48
98
12
30
21
39
33
69
37
77
44
90
81
167

1
%
5.0
9.4
4.6
10.1
9.6
19.5
2.4
6.0
4.2
7.7
6.6
13.7
7.4
15.3
8.9
17.9
16.2
33.2

n
22
32
17
22
39
54
15
69
11
24
26
93
37
101
28
46
65
147

2
%
4.4
6.4
3.3
4.3
7.8
10.7
3.0
13.7
2.2
4.8
5.2
18.5
7.4
20.1
5.6
9.1
13.0
29.2

n
5
2
10
6
15
8
7
4
5
1
12
5
12
6
15
7
27
13

P

3
%
1.0
0.4
2.0
1.2
3.0
1.6
1.4
0.8
1.0
0.2
2.4
1.0
2.4
1.2
3.0
1.4
5.4
2.6

n
0
0
0
0
0
0
0
0
1
1
1
1
0
0
1
1
1
1

%
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.2
0.2
0.2
0.0
0.0
0.2
0.2
0.2
0.2

<0.0001

<0.00001

<0.00001

p<0.05- the level of significance of chi2 test used to compare the frequency of occurrence of metabolic syndrome components in groups
of boys and girls depending on physical activity

The assessment of the effect of physical activity on the
frequency of MS risk factors occurrence did not include the surveyed from the age category 17-18 years,
as they all declared medium physical activity.

No significant differences were demonstrated in
this study between the place of living - large city or areas outside this city - and the frequency of occurrence
of MS components in the surveyed groups of children
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and adolescents. This outcome of the statistical analysis of the results could be influenced by relatively low
percentage of the surveyed persons living outside the
city.

DISCUSSION
In this study, the frequency of occurrence of the
fully-symptomatic metabolic syndrome in children and
adolescents was diagnosed based on the concurrence of
abdominal obesity and at least two metabolic disorders
manifested by increased concentrations of triglycerides and glucose in blood serum and arterial hypertension. These criteria are consistent with IDF guidelines
of 2007. In the whole surveyed group (771 persons),
the fully-symptomatic metabolic syndrome was diagnosed in 15 subjects, both boys and girls, which constituted 1.95% of the studied group. They were mainly
adolescents aged 17-18 years. Alarming is the fact that
the main risk factor of MS - overweight and obesity was demonstrated in over 17% of all surveyed. Obesity
was reported mainly among children aged 10-12 years
and adolescents aged 17-18 years, whereas overweight
prevailed among 17-18-year-olds. This points to the
maintenance of the incorrect body mass in part of the
surveyed children from the early years of their life till
the beginning of adulthood, which results in the appearance of severe metabolic disorders in this group at such
a young age. From Jenssen et al. [11] research conducted among 5890 people aged 11-16, overweight (before
obesity) was disturbed among 15% (13.9-16.1%) in relation to the whole group of examined persons, and obesity - in 4.6 % (4.0-5.2%). The incidence of overweight
and obesity was higher in the examined boys than in
girls. However, the prevalence rates of overweight and
obesity in the three age categories of children and adolescents did not differ. This study has shown that the
lack of physical activity and excessive TV viewing are
strongly associated with the prevalence of overweight
and obesity in adolescents from Canada. Data from Europe and North America collected in a review article by
Currie et al. [7] indicate that the prevalence of overweight and obesity in 11-year-old girls (n = 18.101,
in 29 countries, year = 2001/2002) and 15-year s (n =
27.878, in 34 countries, year = 2005/2006) ranges from
4% to 28%. Many authors whose works were discussed
by Fichna et al. [9] emphasize a close correlation between increased frequency of obesity occurrence and
increasing number of various metabolic disorders, including the metabolic syndrome, that are revealing in
the pubescence period.
Results of investigations addressing the evaluation of
the frequency of metabolic syndrome occurrence in children and adolescents are highly divergent. It is mainly
due to the adopted diagnostic criteria, age of the surveyed and place of the study. In the NHANES III survey,
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De Ferranti et al. [8] adopted very rigorous criteria acc.
to ATPIII guidelines. They demonstrated the occurrence
of fully symptomatic MS in 9.2% of American teenagers
(12-19 years). In turn, a study by Cook et al. [6] based
on determination of excessive waist circumference, increased blood concentrations of triglycerides, HDL
cholesterol fraction, and glucose as well as hypertension proved the occurrence of fully-symptomatic MS in
4.2% of American children and adolescents at the same
age. In a study conducted by Castillo et al. [4] in central
Mexico on a group of 1366 people aged 7 to 24 years, it
was found that about 1 person for every 5 subjects had
full MS criteria (19.2% for women and 20.2% for men).
Only 1 examined person for every 10 was free of any MS
component. In the group of subjects, low HDL (85.4%
of the group) was most frequently observed, while excessive waist circumference was observed in 27.9% of
the examined persons. Among children aged 10-14 with
a high BMI, about 66% were positive for MS.
In Polish surveys, the frequency of MS occurrence
demonstrated in these age categories was also diversified. Results of investigations conducted by Kolarzyk
et al. [12], based on ATP III criteria, showed that the
frequency of MS occurrence in schoolchildren reached
11.7% and that all these children were characterized by
visceral obesity. In turn, a study by Białokoz-Kalinowska
et al. [3] covered 112 obese teenagers at the age of 10-17
years. The main study inclusion criterion was diagnosed
obesity (BMI ≥ 97.pc) and simultaneous diagnosis of
visceral obesity > 90.pc being a prerequisite for MS
diagnosis according to IDF 2007. The metabolic syndrome was diagnosed in 10.7% of the surveyed, with
its higher frequency noted in the group of boys (16.6%)
than girls (3.8%). In a study conducted by Mikołajczak
et al. [14] among 778 adolescents (409 girls, 369 boys)
aged 16-18 years, the occurrence of metabolic syndrome consisting of 3 or 4 components was revealed
in 7.1% of adolescents. The three comorbid risk factors
were abnormal triglycerides, waist circumference and
blood pressure (43.5% of the group with three components of MS). Przybysz et al. [17] evaluated the frequency of MS occurrence in 106 children: 69 girls and
37 boys aged 6-18 years with simple obesity. The MS
recognized based on IDF criteria, likewise in our study,
was reported in 5.7% of the surveyed children. Pyrżak
et al. [18] evaluated the frequency of MS occurrence
based on criteria applied by Cook, de Ferranti and these
recommended by IDF. The study was conducted with
178 patients with simple obesity, including 93 girls and
85 boys, aged 7-18 years. Amongst 122 surveyed subjects over 12 years of age, 51.6% met MS criteria acc. to
Cook, and 67.2% met MS criteria acc. to de Ferranti. In
turn, diagnosis consistent with IDF criteria revealed the
occurrence of MS in 34.2% of the obese subjects aged
10-16 years. Even at the same qualification criteria, the
frequency of occurrence of the fully-symptomatic MS
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demonstrated in our study was significantly lower than
in the above-cited works. It may be due to different age
structure and population number of the surveyed groups
of children and adolescents and, thereby, to different
frequency of abdominal obesity occurrence. The fact
that the children examined in our study originated from
schools taking part in the “Network of schools promoting health” program may be the factor which distorts
the positive results obtained in the survey. Presumably,
owing to multiple health-promoting actions undertaken
in these schools, their pupils have gained greater health
knowledge and awareness. Nonetheless, demonstration
of so complex metabolic disorders typical of the MS
even in such a small group of young persons is a very
poor prognostics of both their life span and life quality.
Our survey demonstrated a statistically significant
correlation between the number of occurring MS components and physical activity. No risk factors of the
metabolic syndrome were demonstrated in 33.2% of
the surveyed declaring high physical activity. The outcomes of low physical activity, likewise ill-balanced
diet, include increased incidence of overweight and
obesity already in the early period of life. Stankiewicz
et al. [19] observed that children from older age groups
were spending more time in front of computer or TV
screens, which resulted in their lower physical activity.
A study by Chabros et al. [5] demonstrated that children aged 11-13 years more frequently participated in
after-school sports activities than the 14-15-year-olds.
The number of boys participating in such activities
was decreasing statistically significantly with age.

CONCLUSIONS
In summary, it shall be concluded that the frequency of occurrence of the fully symptomatic MS depended significantly on the age and physical activity
of the surveyed and did not depend on their gender.
Among the three components of MS, the most frequently detected disorders included: arterial hypertension, abdominal obesity and increased concentration
of triglycerides in blood serum.
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INDUSTRY IN THE WORLD AND IN POLAND – A REVIEW
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ABSTRACT

The contemporary market of food products is highly variable. The reason for this is, among others the significant number
of factors governing consumer choices in relation to food. Research results indicate that Polish consumers are increasingly
declaring their interest in food features such as sensory and health properties, and safety. Most likely, social education,
campaigns of food societies and own initiatives of food producers promoting new, “healthy” products have contributed
to this. Among other things, the ever increasing consumer knowledge on the relationship between lifestyle and diet and
health has become for many food businesses prerequisite for the development and marketing of new products. In food
production in the world and in Poland the so-called “clean label” trend is one of fastest growing initiatives aimed at
improving the health quality of foods. The “clean label” has not yet been defined in food law and is understood rather
subjectively. Generally, this term is attributed to products free from “artificial” additives and produced by “natural” or
based on a traditional recipe methods known to consumers. In the article, based on the available literature, selected trends
in food production at the beginning of the 21st century, with particular emphasis on “clean label” have been discussed.
Taking meat processing industry as an example, the measures undertaken by the companies of food industry to produce
“clean label” food products have been illustrated. In addition, consumer attitudes toward contemporary trends in the food
market, including meat and meat products, have been characterized. In conclusion, the need for legislative intervention to
provide appropriate definition for the term “clean label” and the need for consumer education about assessment of quality
of foods are emphasized.
Key words: clean label, food additives, food labeling, health, meat products, legislation

STRESZCZENIE

Współczesny rynek produktów spożywczych jest bardzo zmienny. Powodem tego jest między innymi znaczna liczba czynników rządzących wyborami konsumenckimi w odniesieniu do żywności. Wyniki badań wskazują, że polscy konsumenci coraz częściej deklarują swoje zainteresowanie cechami żywności, takimi jak właściwości sensoryczne oraz bezpieczeństwo i zdrowotne. Najprawdopodobniej przyczyniła się do tego edukacja społeczna, kampanie
towarzystw żywnościowych i własne inicjatywy producentów żywności promujące nowe, „zdrowe” produkty. Między innymi stale rosnąca wiedza konsumentów na temat związku między stylem życia a dietą i zdrowiem stała się
dla wielu firm spożywczych warunkiem rozwoju i wprowadzania na rynek nowych produktów. W produkcji żywności na świecie i w Polsce trend tzw. „czystej etykiety” jest jedną z najszybciej rozwijających się inicjatyw mających
na celu poprawę jakości zdrowotnej żywności. „Czysta etykieta” nie została jeszcze zdefiniowana w prawie żywnościowym i jest rozumiana raczej subiektywnie. Ogólnie termin ten przypisuje się produktom wolnym od „sztucznych”
dodatków i wytwarzanym „naturalnymi” metodami lub opartymi na tradycyjnych recepturach znanych konsumentom.
W artykule na podstawie dostępnej literatury omówiono wybrane trendy w produkcji żywności na początku XXI wieku, ze
szczególnym uwzględnieniem „czystej etykiety”. Biorąc za przykład przemysł przetwórstwa mięsa, zilustrowano działania
podejmowane przez firmy z branży spożywczej w celu wyprodukowania produktów spożywczych, które mogłyby zostać
opatrzone „czystą etykietą”. Ponadto scharakteryzowano postawy konsumentów wobec współczesnych trendów na rynku
żywności, w tym mięsa i produktów mięsnych. Podsumowując, podkreślono potrzebę interwencji legislacyjnej w celu
zapewnienia właściwej definicji terminu „czysta etykieta” oraz potrzebę edukacji konsumentów na temat oceny jakości
żywności.
Słowa kluczowe: czysta etykieta, dodatki do żywności, etykietowanie żywności, zdrowie, produkty mięsne, ustawodawstwo
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INTRODUCTION
Marketing trends are the basis for planning and
making decisions for every industry, and this is
also applicable for food sector companies. A keen
observation of the marketing activities is extremely
important as the modern food market is subjected to
continuous fluctuations. The reason for this variation
is, among others, increasing diversity in the needs
of consumers and a considerable number of factors
influencing the consumer choices of food products [5].
As a consequence of the globalization process, the
Polish food industry, including the meat industry, has
become an integral part of an open global economic
system. This means that industry is constantly subjected
to strong competitive pressure and needs to be modified
to meet the demand. Native producers successfully
undertake many measures to maintain the quality of
agri-food products according to global standards and
take advantage of market niches. They are very flexible
and their activities are modified according to the current
trends prevailing in the world food market [5].
One of the fastest-growing agricultural sectors in
Poland is meat production [85]. The meat products
have played a crucial role in human evolution. Till date,
they continue to be an important component of a wellbalanced and mixed diet due to the presence of rich
nutrients [13, 53, 83]. The importance of meat industry
in Poland is evidenced by the fact that producers of meat
and meat products constitute one of the three largest
groups of companies in the food sector, in addition to
alcohol producers and dairy industries. It is estimated
that in 2018, Poland has produced 2,350 thousand tons

of poultry meat, 1,957 thousand tons of pork, and 580
thousand tons of beef [85]. The statistical data with
regard to the consumption of meat in the culinary form
and as meat preparations for several years has indicated
that each person consumes close to or exceeding 70 kg
of meat per year [30]. However, like the other branches
of the food industry, the meat industry must adapt to
current market changes to increase sales. These changes
are largely shaped by consumer requirements and new
market trends.
The aim of this study was to review research
concerning new trends in food production in the world
and in Poland aimed at improving the health quality
of food, especially the “clean label” trend. Taking
meat processing industry as an example, the measures
undertaken by the companies of food industry to
produce food products with “clean label” have been
illustrated. In addition, consumer attitudes toward
contemporary trends in the food market, including meat
and meat products, have been briefly characterized.

“CLEAN LABEL” AND OTHER TRENDS
ADOPTED IN THE PRODUCTION OF
MEAT AND MEAT PRODUCTS AND
CONSUMER ATTITUDES
The new trends adopted in food production, which
on the one hand aim to meet the growing demand for
food and on the other hand adapting the product to
the new requirements of consumers, are presented in
Figure 1. The trends concerning the production of the
so-called “clean label” products are also included in
this article.

Genetically modified food
Food which, according to Regulation No 1829/2003: is
itself a genetically modified organism (GMO), contains or
consists of GMOs, or has been produced using GMOs or
containing ingredients produced from GMOs.

Functional food
Natural of processed food containing known or
unknown biologically active compounds which,
in specific, effective, non-toxic amounts, provide
clinically proven and documented health benefits in
the prevention or treatment of chronic disease
[definition of Functional Food Center, 2014].
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Convenience food
Food products subjected to industrial processing to
the extent that facilitates the preparation od a meal,
products with an increased degree of disposing
compared to conventional foods, ready to eat
immediately of after short-term preparation.

Organic food
Food produced by organic farming methods, in accordance with
the guidelines of Regulation (EC) No 834/2007 at all stages of
production, preparation and distribution.

Figure 1. Selected trends in food production in the world and in Poland in the 21st century [8, 9, 33, 34, 44, 94]
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As many aspects of food production are regulated
by law in European Union (EU), the selected acts of

food law referring to the issues raised in this article
have been summarized in Table 1.

Table 1. Selected legal acts regarding food safety and labeling, use of food additives, organic farming, and production of
novel and genetically modified foods
Regulated food production areas

Title of legal act

Food safety

• Regulation (EC) 178/2002 of the European Parliament and the Council of 28
January 2002 laying down the general principles and requirements of food law,
appointing the European Food Safety Authority, and laying down the procedures
concerning food safety. Off J EU L 31, 1.2.2002.
• Ustawa z dnia 25 sierpnia 2006 r. o bezpieczeństwie żywności i żywienia. Dz U
2017 r. poz. 149.

Food labeling

• Regulation (EC) No 1924/2006 of the European Parliament and of the Council
of 20 December 2006 on nutrition and health claims made on foods. Off J EU L
404, 30.12.2006.
• Regulation (EU) No 1169/2011 of the European Parliament and of the Council
of 25 October 2011 on the provision of food information to consumers,
amending Regulations (EC) No 1924/2006 and (EC) No 1925/2006 of the
European Parliament and of the Council, and repealing Commission Directive
87/250/EEC, Council Directive 90/496/EEC, Commission Directive 1999/10/
EC, Directive 2000/13/EC of the European Parliament and of the Council,
Commission Directives 2002/67/EC and 2008/5/EC and Commission
Regulation (EC) No 608/2004. Off J EU L 304, 22.11.2011.
• Ustawa z dnia 4 listopada 2016 r. o zmianie ustawy o jakości handlowej
artykułów rolno-spożywczych. Dz U 2016 poz. 2007.
• Rozporządzenie Ministra Rolnictwa i Rozwoju Wsi z dnia 16 grudnia 2016 r.
w sprawie wzoru znaku graficznego zawierającego informację “Produkt polski”.
Dz U 2016, poz. 2148.

Use of food additives

• Regulation (EC) No 1333/2008 of the European Parliament and of the Council
of 16 December 2008 on food additives. Off J EU L354, 31.12.2008.
• Commission Regulation (EU) No 1129/2011 of 11 November 2011 amending
Annex II to Regulation (EC) No 1333/2008 of the European Parliament and
of the Council by establishing a Union list of food additives. Off J EU L 295,
12.11.2011.

Organic farming and organic foods • Ustawa z dnia 25 czerwca 2009 r. o rolnictwie ekologicznym. Dz U 2009 nr
116 poz. 975.
• Regulation (EU) 2018/848 of the European Parliament and of the Council of 30
May 2018 on organic production and labeling of organic products and repealing
Council Regulation (EC) No 834/2007. Off J EU L 150, 14.6.2018.
Novel foods

• Regulation (EU) 2015/2283 of the European Parliament and of the Council of
25 November 2015 on novel foods, amending Regulation (EU) No 1169/2011
of the European Parliament and of the Council and repealing Regulation (EC)
No 258/97 of the European Parliament and of the Council and Commission
Regulation (EC) No 1852/2001. Off J EU L 327, 11.12.2015.

Genetically modified foods

• Regulation (EC) No 1829/2003 of the European Parliament and of the Council
of 22 September 2003 on genetically modified food and feed. Off J EU L 268,
18.10.2003.

Information available in the literature [5, 6, 12, 32,
50] indicates that many factors underlie the selection of
food products by Polish consumers. Among others, it
has become prerequisite for many food businesses, for
the development and marketing of new products, that
they satisfy the ever-increasing consumer knowledge
on the relationship between diet and health. According
to Białoskurski, the concept of “new” food product
development is recognized by consumers primarily as
a product that is upgraded to meet the new needs and
modified in various ways [12].

Polish consumers are increasingly showing their
interest toward food products featuring sensory and
health properties as well as safety. The findings of the
study of Ozimek and Żakowska-Biemans [50] indicate
at the same time that the perception regarding quality
of food is dependent on the evaluated product and its
place of purchase. Food products dedicated to specific
groups of consumers (e.g., infants and people struggling
with health problems) are perceived to be possessing
high quality. On the other hand, food products with food
additives and which are highly processed and genetically
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modified are more often considered to be of low quality.
In the context of the above findings, it has been noticed
that attitude toward food and the ability to classify it as
“healthy” and “unhealthy” are developed from an early
age onward. Such a subjective classification of foods can
be misleading because of a lack of nutritional knowledge.
Therefore, the role of the food industry seems to be
invaluable, because due to the production of a large
range of highly processed products, on the one hand, it
is responsible for public health, while on the other, it has
to modify its product according to the current dietary
recommendations [50, 91].
In response to the market demand, food producers,
including meat sector companies, are undertaking
various initiatives that are aimed at diversifying their
commercial product, and at the same time adapting it
to the current market trends. One of such activities is
the so-called “clearing” of food labels. Although the
term “clean label” is already mentioned on different
products and has appeared more frequently in literature
in recent years, no common objective and legally
binding definition of “clean label” for a food product
has been developed so far [8].
Consumers generally assess the quality of a product
and the “cleanliness and clarity” of its label through the
packaging information (or information accompanying it
during the sale). The results of research indicate that the
choice of a “clean label” food product is dependent on
a number of factors, most important among them being
health consciousness and a desire to lead a healthy
lifestyle. There has been an increasing interest among
the inhabitants of industrialized countries to know the
ingredients of the food they consume, its nutritional
value, and the bioavailability of various nutrients, as
well as food production methods. Most people have
a negative perception with regard to intensive farming,
which involves extensive processing of food and
excessive “chemization,” since they believe that the
food products produced by this technique negatively
affect the health of consumers. This problem also applies
to meat and meat products [47]. Moreover, there are
growing concerns about the impact of food production
methods on environmental sustainability and climate
changes. These demands have prompted the search for
less processed, more “natural” products that contain no
synthetic food additives, and hence are considered to
be “healthier.” Foods that meet the above-mentioned
criteria are referred to as “clean label” products [9].
The results of a recent consumer research study
indicate that interpretation of the term “clean label” is
largely subjective, because it depends on the consumer’s
knowledge of both health and food production.
Consumer behavior confirms the tendency to avoid
buying food which in their opinion does not meet the
adopted criteria or expectations. This is called “negative
attitude.” Taking the above factors into consideration, it
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seems that the key to successful selling of food product
with the so-called “clean label” is the manner in which
the food information is provided [1, 8].
In European Union, issues relating to the labeling
of food products are regulated by food law (Table 1).
Polish requirements in this area are designed based
on the EU legislation guidelines, which establish
the general principles, requirements, and obligations
regarding the provision of food information to
consumers. The food product label is a kind of
platform for communicating with the consumer and
providing him the food information. The provisions
of Regulation (EU) No 1169/2011 indicate which
information is mandatory on the product label and
which may be provided voluntarily. In the light of the
above provisions, statements such as “clean label,”
“natural product,” and “no artificial food additives”
are non-compulsory. When placing them, the food
business operator responsible for the food information
(i.e., the operator under whose name or business
name the food is marketed or if that operator is not
established in the EU, the importer into the Union
market) cannot mislead the consumer.
Consumers accept the fact that the price of a product
with a “clean label” may be higher than that of its
“conventional” counterpart. Not everyone, however,
realize that low-processed products, often described as
“natural,” “traditional,” with “improved health value,”
do not have to be produced using organic farming
methods or old production technologies; they can be
successfully manufactured using the conventional
food processing techniques [8].
Products with improved health quality, including
nutritional value, represent a fairly wide group of
innovative food products on the Polish market.
Under certain conditions, they may also be called as
functional foods. The study of consumer attitudes and
behavior toward various forms of functional foods
have shown that health-promoting values of food
are appreciated mainly by people interested in their
own health and families (especially women) [9]. In
the opinion of Polish female consumers, in order to
obtain meat of better health quality, one should use
natural methods of animal husbandry, in particular an
appropriate way of taking care of their health, feeding,
and keeping (so-called “free-range”); subject them
to humane slaughter; and use an appropriate method
for pretreatment, storage, and distribution of meat
products [32].
The variables affecting the consumption of meat
products with improved health quality and consumers’
buying habits were, among others, the following: own
assessment of the health benefits associated with the
diet, identification of special nutritional needs, health and
nutrition information on food labels, product type, having
prior knowledge about the product, and new product
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concept. The consumers showed high uncertainty toward
consumption of meat products with improved health
value. However, the respondents showed a positive
attitude toward concepts which involved modification
of the recipe composition, such as reducing the content
of salt (sodium chloride) and fat, and replacing sodium
nitrate (III) with ingredients of natural origin. A skeptical
opinion was expressed with regard to the addition of

“healthier” ingredients to meat products, such as n-3
polyunsaturated fatty acids and vitamin E [75, 76].
Many studies [3, 7, 21, 22, 23, 36, 46, 80, 81, 95]
concerning the methods to improve the health quality
and nutritional value of meat and meat products have
been published. More information on concepts aimed
at improving the health quality of meat and meat
products is presented in Table 2.

Table 2. Concepts to improve health quality of meat and meat products and examples of activities in this field
Concepts to improve health quality of meat and meat products
Modification of animal carcass
composition
• Reduction of fat content [39, 87]
• Lowering the cholesterol content [19]
• Change in the profile of fatty acids
[41]
• Increasing the content of certain minerals [35, 54]
• Increasing the content of antioxidants and vitamins [31, 79, 88]

Changes in the recipe composition of
meat products

Changes in the production process
and in technology

• Reduction of fat content [29]
• Reduction of nitrate (III) content in
• Change in the profile of fatty acids [4, 16]
favor of the ingredients of natural
• Elimination of allergenic ingredients [90, origin [2, 10, 44, 82]
92]
• Eliminating traditional smoking
• Incorporation of certain ingredients into method and replacing it with smoke
product recipe composition to obtain preparations [43, 78, 89]
• Biopreservation [40]
beneficial effects on health [52, 55]
• Addition of probiotics and prebiotics [18,
24, 38, 86, 93]

The range of potential buyers of meat products with
improved health benefits is very broad, and therefore the
market for these products has been steadily growing.
In addition to growing interest and market demand for
meat products with improved nutritional value and health
quality, stimulated through, among others, the campaigns
of nutrition societies and experts of international
organizations in the field of human nutrition and medicine,
it is worth emphasizing the importance of the initiatives
undertaken by the producers themselves. In recent years,
the meat industry has developed and implemented
a number of strategies aimed at improving the health value
of the products offered, ranging from measures adopted
in the area of animal production, through the processing
of raw material and design of product composition,

to the selection of appropriate storage conditions and
preparation of the final product for consumption. For
example, in Europe, the producers of meat products have
been focusing for several years on expanding the market
by offering products with reduced content of table salt
[36, 84] and fat [83]. Relevant information to facilitate
the identification of such products is included in the form
of statements on their packaging or labels.
Functional food is being discussed in Europe in
the context of nutrition and health claims provided
on the labels of individual packages of food products
[42]. The list of food claims authorized for use in the
EU and harmonized rules for their use are regulated by
Regulation (EC) No 1924/2006, as amended (Table 1).
The types of food claims and examples thereof are
summarized in Table 3.

Table 3. Types of food claims and examples thereof according to the Regulation (EC) No 1924/2006
Nutrition claim – definition
“Nutrition claim” means any claim which states, suggests,
or implies that a food has particular beneficial nutritional
properties due to: (a) the energy (calorific value) it (i)
provides, (ii) provides at a reduced or increased rate, or
(iii) does not provide; and/or (b) the nutrients or other
substances it (i) contains, (ii) contains in reduced or
increased proportions, or (iii) does not contain
Health claim—definition

Nutrition claim – examples
“Energy reduced”
“Low fat”
“High protein”
“Salt-free”
“Source of fiber”

Health claim—examples

“Health claim” means any claim that states, suggests, or “Calcium is needed for the maintenance of normal bones”
implies that a relationship exists between a food category, “Beta-glucans contribute to the maintenance of normal
blood cholesterol levels”
a food product, or one of its constituents and health
“Replacing saturated fats in the diet with unsaturated fats
contributes to the maintenance of normal blood cholesterol
levels. Oleic acid is an unsaturated fat”
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Producers quite often display the claims in the food
labels to highlight the characteristics of the product or
the health benefits associated with its consumption [42,
51]. The message available in the claim is an easily
available source of information about the product
and can facilitate the decision to buy it. However, the
presence of a claim is not always reflected in the intent
to purchase the product. The credibility of both types
of statements is comparable, although consumers rate
the health claims slightly better than the nutritional
claims [77].
It is now evident that consumers prefer food
products with a “clean label” because of the lack of
negatively perceived ingredients, such as allergenic
substances or food additives which sound like chemical
names. Instead, products with a “simple” composition
are preferred, i.e., containing only the necessary
ingredients that consumers know and perceive
as natural and associate with a product based on
a traditional recipe. When looking for a “clean label,”
many consumers avoid products with ingredients
which are unknown to them or are, in their opinion,
only unnecessary food additives [1].
According to consumers, food additives are defined
as both additives authorized for use in food and
ingredients added to food products during processing.
In the Member States of the European Union, the use
of food additives is regulated by law. The scientific
evaluation of food additives proposed for use in food
products is carried out by the European Food Safety
Authority (EFSA). Scientific opinions prepared by
EFSA constitute the basis for the development of legal
regulations in this field.
The definition of “food additive” has changed over
time, since its first formulation in 1995 by the joint
committee of FAO/WHO expert [14]. In the light of the
opinion of EFSA and the Food and Drug Administration
(FDA) of the United States, food additives are
intentionally introduced into food to obtain the intended
effect, and as a result become its components. In
Europe, food additives are marked with the letter E and
a sequence number. Food additives include a large group
of chemical compounds. They can be divided based on
various criteria, most common among them being origin
(natural, identical to natural, and synthetic) and basic
function (e.g., preservatives, coloring agents, flavoring
agents, texturizing agents, nutritional additives, and
miscellaneous agents) [14, 15].
Food ingredients are not considered as food
additives, according to Regulation (EC) No 1333/2008
(Table 1). However, they are intentionally added
during the production of a food product, in accordance
with the principles of Good Manufacturing Practice.
Their use does not raise - according to the current state
of knowledge - health concerns, which is expressed,
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inter alia, by not marking them with the letter E. A few
examples of such substances used in meat processing
are table salt, soy protein, potato starch, and gelatin.
Despite the fact that the addition of food additives
confers benefits to the food products, such as improving
quality, extending consumer durability, and reducing
manufacturing costs, consumer attitudes toward food
additives have mostly been unfavorable. Increased
knowledge about healthy lifestyle has led to increased
concerns about the quality of food with a long list of
additives. In addition, the European terminology of
food additives (E number) and the strange-sounding
“chemical” names of many of them do not support
their acceptance [8, 49].
Contrary to the concerns of some consumers, a food
additive may be included in the EU lists available in
Annexes II and III of Regulation (EC) No 1333/2008
only if at the proposed level of use it does not pose
a threat to consumer health and its presence in food
does not mislead the consumer. Fulfillment of the
condition that there is no risk to consumer health is
ensured by the EFSA’s safety assessment of the food
additives. EFSA’s reevaluation program regarding the
safety of food additives that were authorized in the EU
before January 20, 2009 is currently underway. This
program has been published in Commission Regulation
(EU) No 257/2010 [20]. It covers 316 substances and
the report should be completed by December 31,
2020. The criteria on the basis of which the order of
the reevaluation of individual groups of food additives
was adopted were, among others, availability of new
scientific evidence, scope for use of a given substance
in food, and data on the consumption of food additives
in the EU [20, 27, 28]. Some decisions on the use of
relevant food additives in the meat industry, taken
by the European Commission based on the safety
reevaluation carried out by EFSA, are presented in
Table 4.
In the light of the above-mentioned findings,
food producers are taking various actions to improve
the quality of their products according to the “clean
label” trend. One of them is product reformulation,
i.e., modifying the recipe composition in terms of the
possibility of eliminating synthetic food additives. For
products containing food additives of natural origin or
identical to natural ones, it may be a good option to
add its name in the food label which in turn can exert
a positive impact on consumers (e.g., “potato starch”).
A change in the attitude of consumers to a “disliked”
or unknown food additive or food ingredient may also
be addressed by explaining its role in the product and
/ or indicating consumer-oriented benefits on the food
label. Such benefits may include higher content of one
or more nutrients or vitamins, more desirable texture,
color stability, longer shelf-life of the product, etc. [1].
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Table 4. Some decisions on food additives taken by the European Commission based on safety reevaluation carried out by
EFSA [27, 28]
Food additive number and name [function]

Decision on the use of the food additive [EFSA opinion]

E128 Red 2G [food synthetic color]

The application of E128 in food has been suspended and
justified by the potential genotoxic effects of one of the
derivatives of metabolism [48]

E102 Tartrazine, E104 Quinoline yellow, E110 Sunset
Yellow FCF, E122 Azorubine/Carmoisine, E124
Ponceau 4R, E129 Allura Red AC [food synthetic
colors, the so-called “Southampton colors”]

Since July 2010, food labels should contain a warning if
the product contains at least one of the six colorants from
Southampton study: “May have an adverse effect on activity
and attention in children” [62, 63, 64, 65, 66, 67]

E 120 Cochineal, carminic acid, carmines [food
natural and identical to natural colors]

The name of E120 was changed to “carminic acid, carmines”;
new specifications have been established for cochineal extracts
(“carminic acid” is an aqueous, alcoholic, or aqueous-alcoholic
extract of cochineal) and “carmine,” i.e., hydrated aluminum
chelates (lakes) of carminic acid [71]

E150a–E150d Caramel colors [identical to natural
colors]

The value of the accepted daily intake (ADI) for all four
caramel colors was set at 0–300 mg / kg body weight × day,
including the individual ADI value for E150c ammonia
caramel at 0–100 mg / kg body weight × day [68]

E620 Glutamic acid and salts thereof (E621–E625)
[flavor enhancers]

The value of the ADI for glutamic acid and its salts (total intake
E620–E625) was set at 0–30 mg / kg body weight × day [74]

E311 Octyl gallate, E312 dodecyl gallate
[antioxidants]

E311 and E312 have been removed from the list of permitted
food additives [69, 70]

E249 Potassium nitrite, E250 sodium nitrite, E251
sodium nitrate, E252 potassium nitrate [food
preservatives]

The current ADI values have been maintained at previous levels
for nitrites and nitrates; the need to regulate the use of vegetable
extracts containing nitrates and nitrites for meat preparations
instead of curing salt has been emphasized [72, 73]

Like other industries, the meat industry, in response
to market demand, is trying to limit the use of food
additives by eliminating them from the formulation of
various products or replacing them with ingredients
of natural origin. On the labels of meat products
(mainly smoked meats and sausages), one can see
information placed by producers, which takes form
of claims or declarations, e.g., “without the addition
of monosodium glutamate,” “without the addition of
phosphates,” “without added preservatives.” At the
same time, to ensure safety and sufficient shelf-life
and maintain high sensory attributes of meat products,
producers have resorted to solutions such as the use
of spice preparations or yeast extract to improve
palatability, the use of plant (e.g., soy protein or lupine
protein) or animal (e.g., sodium caseinate or collagen
protein) preparations to maintain the desired structure
and production efficiency, as well as the use of plant
extracts rich in nitrates (V) together with bacterial
denitrifying cultures to give the sausages a pink-red,
durable color. The above measures simultaneously
serve to improve the nutritional value of meat products,
as mentioned earlier. Market information indicates
that Polish producers of meat preparations are also
implementing procedures to improve the quality of
their products. For example, allergenic ingredients

and food additives are eliminated from the product
composition [25, 56].
Substances or products that are known to cause
allergies or intolerances are other food ingredients
that are increasingly avoided by consumers. The aim
of the work of Cegiełka and Mańkowska was to assess
the presence of allergenic components in the selected
technological groups of meat products, i.e., cooked
and raw smoked meats as well as raw and thermally
processed sausages, which were available in retail
trade in Warsaw. Based on the information provided
by the producers on the product packaging (product
labels), it was found that substances or products
causing allergies or intolerances were found in 45% of
meat products. The possible presence of allergens was
demonstrated in 30% of the products, and information
on the presence of allergens among the ingredients of
the product was provided on the packaging of 14% of
all products. The availability of meat products free
of allergens is much less (11% of all products). The
greater number of substances causing allergies was
found in sausages than in smoked meats. Irrespective
of the technological group of meat products assessed,
the most commonly used components that may cause
allergic reactions in consumers were soybeans,
mustard, and milk and products thereof [17].

50

“Clean label” – one of the leading trends in the meat industry in the world and in Poland – a review

Trade mark „Produkt polski”
(„Polish Product”)

[Regulation 2016]

No 1

Conditions of use for unprocessed products:
products made from raw materials produced in the territory of
the Republic of Poland, which means that production,
cultivation of breeding, including harvesting, milking of cows,
sheep and goats, took place on the territory of the Republic od Poland.

Conditions of use for unprocessed products:
products made from raw materials produced in the territory of
the Republic of Poland;
all raw materials meet the requirement for unprocessed products that
can be marked with the information "Polish Product";
it is allowed to use imported ingredients in an amount od 25%,
provided that such ingredients are not produced in Poland

Figure 2. The “Polish product” mark and conditions of its use [59].

The production of food with controlled allergenicity
can be of significant importance to face market
competition and may contribute to building a positive
and well-associated image of the manufacturer, by
not only satisfying the requirements of high-quality
products, but also caring for the health of the buyers
of their products. The fact that such undertakings are
possible in the meat processing industry was confirmed
by a team of scientists from the Warsaw University of
Life Sciences (SGGW) and the Institute of Genetics and
Animal Breeding of the Polish Academy of Sciences
[90], who obtained a patent entitled “A method
for producing pork meat products with controlled
allergenicity”. The proposed innovative method for the
production of meat products with reduced allergenicity
and increased content of selenium and polyunsaturated
fatty acids is characterized by the appropriate selection
of raw material, functional additives, and the technology
of their production. Similar activities of Polish producers
in meat preparations are financially supported by the EU
from the European Regional Development Fund [25].
For a growing number of consumers, the concept
of healthy lifestyle has attributed to a growing
interest in organic foods (also referred to as “biofoods” or “ecological foods”). The use of organic raw
materials in food production is sometimes equated
with “cleaning” the label. Organic food is in fact
a product of organic farming (Figure 1), defined as
a system which involves plant and animal production
based on environment-friendly practices, by adapting
to the local conditions and biodiversity [61].
Consumers are convinced that organic products are
healthier than conventional foods and are characterized
by high quality, absence of harmful pesticides, high
nutrient value, etc. [57, 58, 61]. The use of organic
raw materials in food processing techniques usually
indicates that the finished product does not contain
food additives or contains only those necessary for

its production. This concept of a food product thus
corresponds to the idea of a “clean label” [8].
The consumers’ interest in ecological methods of
food production has increased significantly in Poland
following the accession of this country to the EU
[32, 60]. According to a study by Dolatowski [23],
lesser interest in meat and meat products produced
organically, in comparison with other food groups,
resulted in relatively low supply, high prices, and
unsatisfactory quality. However, according to
Salejda and Krasnowska [61], Polish consumers are
aware of the benefits of organic farming and hence
are prepared to compromise for a higher price and
slightly lower sensory features of smoked meats and
sausages, which they most often purchase.
Another aspect of understanding the “clean label”
of food products maybe - apart from the desire
to know the method of production - to know the
place of its manufacture. This behavior is typical
for ethnocentrically oriented consumers, being the
opposite of global consumers. In people in whom
globalization has not weakened their ties with the
country or region of residence, or the sense of national
and local identity, increased interest in national and
local products is being observed. The ethnocentric
consumer is convinced with the advantage of domestic
products over foreign ones, which in turn is guided by
rational and emotional criteria when choosing them
[5]. The BEUC [11] study showed that in countries
such as Austria, France, Poland, and Sweden, nearly
70% of consumers considered the origin of meat as
an important factor in purchasing it. For processed
foods - of both plant and animal origin - the majority
of respondents would want to easily identify the
country of origin of both the primary ingredient and
the final product. Finding such information was often
troublesome for consumers [11, 26]. In response to
this demand, the new EU legislation on food labeling

No 1

A. Cegiełka

(Table 1) has extended the obligation to label origin of
meat coming from beef to poultry, pigs, and sheep and
strengthened the obligation to inform consumers about
the place of processing of raw materials if the main
component has different origin from the product itself.
In order to meet the expectations of consumers in
Poland regarding easier identification of products made
from Polish raw materials and by Polish manufacturers,
the Ministry of Agriculture and Rural Development
developed rules for using the information and the
“Polish product” mark (Figure 2). In Poland, labeling
of food products with the information and the “Polish
product” mark is voluntary and does not require
registration. However, compliance of products marked
with the “Polish product” mark with statutory criteria
is subject to verification by the inspection services.

CONCLUSIONS
Identifying current trends and studying consumer
behavior in an extremely diverse food market still
seems necessary to better understand and, consequently,
better tailor the market offer to its needs. One of the
relatively new and still current direction toward the
development of food market is the concept of “clean
label.” Among the whole range of factors explaining
consumer preferences regarding “clean labeling” of
food, the results of previous studies emphasize in
particular the characteristic features of the product
and sociocultural factors determining the individual
attitude of the consumer, primarily related to health. The
“clean label” has not yet been defined in food law and
is understood rather subjectively. Generally, this term
is attributed to products free from “artificial” additives
and produced organically or by “natural” methods
based on a traditional recipe known to consumers. In
the absence of a clear definition of the “clean label”
for a food product, both producers and consumers
perceive the need for its precise description. On the
one hand, this would facilitate positioning of products
on the market and communication of producers with
consumers, while on the other hand, it would reduce
the risk of consumers being misled about the expected
quality features of food with the “clean label.”
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ABSTRACT

Background: Information about lead (Pb) and polycyclic aromatic hydrocarbons (PAHs) concentrations in honey and their
dietary intake is very important in human health risk assessment. Currently, there are paucity of data on the risk assessment
and concentrations of lead and PAHs in honey in Nigeria.
Objective: This study has determined the potential human health risk of lead and PAHs associated with the consumption
of honey in Enugu state, Nigeria.
Materials and methods: Lead and US EPA 16 priority PAHs in honey harvested from rural and urban communities in
March 2016 were determined using Atomic Absorption Spectrometer and Gas Chromatograph respectively. Carcinogenic
and non-carcinogenic risk assessments were carried.
Results: The mean concentration of Pb in honey ranged from 0.005 mg/kg – 0.08 mg/kg. The mean concentrations of 16
PAHs in honey ranged from 4.71E-03 – 2.72 mg/kg. The dietary intake of the PAHs for adults and children ranged from
0.0021 – 0.0259 mg/kg/day and 0.0011 – 0.0129 mg/kg/day respectively. The levels of BaPeq and their margin of exposure
MOE suggest non-significant health risk. The incremental life cancer risk ILCR of Pb were within safe range of <1E-04.
Conclusion: Consumption of honey from Enugu State, Nigeria may not pose a significant health risk.
Key words: risk assessment, lead, polycyclic aromatic hydrocarbons, public health

INTRODUCTION
The occurrence of polycyclic aromatic hydrocarbons
(PAHs), a group of chemicals with two or more aromatic
rings, in the environment and in food is of concern as
some have been proven to be carcinogenic [1, 2]. Usually
foods represent the major source of exposure. In 2002,
the Scientific Committee on Food (SCF) recommended
the monitoring of 15 PAHs with a conclusion that 15
out of 33 investigated PAHs, show mutagenic/genotoxic
effects and, with exception of benzo[ghi]perylene, have
also shown clear carcinogenic effects [2]. The need for
the continuous data collection on other PAHs levels in
foods for risk assessments has been stressed by SCF.

Lead (Pb), a multi organ toxicant and one of the
most ubiquitous environmental contaminants which can
be harmful even in low concentrations due to its ability
to accumulate in different parts of human body [3, 4,
5]. Lead is non-biodegradable and persists in nature [5].
Ingestion of lead can seriously cause depletion of some
essential ultra-trace elements like selenium and zinc
attendant immunological consequences, intrauterine
growth retardation, psychosocial dysfunctions,
disabilities association with malnutrition and cancer [6].
Honey is a sweet viscous liquid produced by bees
that serves both as food and medicine [7, 8]. It contains
carbohydrate, proteins, minerals, trace elements, vitamins,
aroma compounds and polyphenols. The composition of
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honey depends greatly on the botanical origin; climate,
environment, soil, manner of harvest, and storage
conditions [9]. Bees travel over long distances during
forage and are exposed frequently through air, soil, water,
vegetation etc, to accumulate various contaminants seen
in the honey they produce. Consequently, metal levels
and other contaminants in honey have been recognized
as biological indicators of environmental pollution [10].
Lead and polycyclic aromatic hydrocarbons may
coexist in diverse environments including foods and
have been implicated in mutagenesis, carcinogenesis,
and teratogenesis [11].
Information about lead and PAHs concentrations in
foodstuffs and their dietary intake is very important in
human health risk assessment [12].
Currently, there are paucity of data on the risk
assessment and concentrations of lead and polycyclic
aromatic hydrocarbons in honey in Nigeria. This study
has evaluated the human health risk assessment of lead
and polycyclic aromatic hydrocarbons contaminations
in honey from rural and urban communities in Enugu
state, Nigeria.

MATERIALS AND METHODS
Twenty-five honey samples, (1.50 g) were collected
from two rural sites considered (Enugu-Ezike and UzoUwani) and three urban sites considered (Opi-Nsukka,
Obollo and 9th miles) in Enugu state, Nigeria within
the February and March 2016. These honey samples
were extracted directly by squeezing the honey combs.
Ten honey samples originated from rural communities
while fifteen samples were from urban communities.
The honey samples were collected in amber coloured
glass bottles and stored at 4 °C prior to analysis.
Digestion of honey samples and led determination
0.50 g of honey from each sample was digested
in twenty-five millilitres aqua regia (1:3 70% HNO3
and pure 37% hydrochloric acid (HCl)) and allowed
to cool to room temperature. It was filtered through
a Whatman no. 1 filter paper and made up to 100
ml in volumetric flasks with deionized water before
analyses. Three blanks were prepared by following
the entire analytical procedure but omitting the
samples.
The concentrations of Pb in honey samples were
analysed in triplicates using an Atomic Absorption
Spectrophotometer (Perkin Elmer AAS-700). The
limit of detection (LOD) for Pb was 0.01 ppm, with
blank values reading as 0.00 ppm for deionized water
with electrical conductivity value of lower than 5 μS/
cm. Replicate analyses of several samples indicate
the range of error to be ± 2% for Pb in the honey
samples.
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Extraction and clean-up of PAHs
Extraction and assay of PAHs were done by
a modification of our previous method [12, 13, 14].
Briefly glass wares were washed thoroughly with hot
detergent solution followed by rinsing with purified
water and acetone (analytical grade) respectively. These
were finally baked in the oven at 100 0C overnight. The
extraction of PAHs from the 0.50 g honey samples was
done using a mixture of acetone and methylene chloride
(50:50 ratio) spiked with 1 ml of PAH internal standard
and shaken thoroughly for proper mixing before placing
in an ultrasonic bath. The concentrations of 16 PAH
(naphthalene, acenaphtylene, acenaphtene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene,
benzo[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3c,d]pyrene,dibenzo[a,h]anthracene, and benzo[g,h,i]
perylene) were analysed by gas chromatography
(Gas Chromatograph - GC-FID) with GC recorder
interfaced with a HP [12,13,14]. The EPA-16 PAHs
determination was conducted at Jaros Inspection
Services Limited, Port Harcourt, Rivers State, Nigeria
using Gas Chromatographic System (6890 series and
6890 plus) equipped with a dual detector (FID-ECD),
dual column and TriPlus AS auto-sampler with helium
carrier gas based on the United State Environmental
Protection Agency (US EPA) method 8100 (EPA
1984). A 2.00 μl of extracts were injected into the
GC port set at column conditions: HP-5 crosslinked
PH-ME siloxane, length of 30 m, I.D: 0.25 mm,
thickness of 1 μm with helium carrier gas set in the
spitless, constant flow mode with 1.2 ml/min flow
rate. Other GC operating set-up were done according
to the instrument’s method development as specified
in the operating instruction manual. Identification and
quantification of individual PAHs was based on internal
calibration standard containing known concentrations
of the 16 PAHs (EPA-16). The specificity of the 16
PAHs sought for in the samples was confirmed by the
presence of transition ions (quantifier and qualifier) as
shown by their retention times which corresponded to
those of their respective standards. The measured peak
area ratios of precursor to quantifier ion were in close
agreement with those of the standards.
The detection limit (LOD), estimated as three times
the background noise (IUPAC criterion), was similar
for all analysed compounds and results were less than
0.015 μg/kg d.w. (dry weight) for all analytes. The
blank values of analytical procedure remained always
below the quantification limit (LOQ): 0.05 μg/kg d.w.,
estimated as 10 times [12, 13, 14].
Quality control and quality assurance
All solvents used (e.g. dichloromethane) were pico
grade quality. External calibrations were obtained with
PAH solutions at five concentration levels. To evaluate
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the extraction efficiency for the target compounds,
recovery studies were done by introducing known
concentrations of standard PAH mixtures added to
selected analyzed samples and the entire analytical
steps from extraction to clean up were repeated. The
percentage recovery was 95% of the standard. The
matrix effect was evaluated by spiking the sample with
a concentration range used for calibration and then
comparing the correlation coefficient and slope of the
spiked standard to the matrix with the original standard
calibration curve. No matrix effect was observed.
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Cancer Risks
Incremental lifetime cancer risk (ILCR) is obtained
using the Cancer Slope Factor (CSF), which is the risk
produced by a lifetime average dose of 1 mg/kg bw
day-1 and is contaminant specific.

Where:
CDI – chronic daily intake of chemical, mg/kg bw day-1 represents
the lifetime average daily dose exposure to the chemical.

Cancer risk assessment
The carcinogenic risk was estimated by calculating
the incremental probability that an individual will
develop cancer over a lifetime because of chronic
exposure to a substance (that is, above baseline
lifetime risk).
Non-cancer risk assessment
Calculation of daily intake of lead
The Daily Intake of lead was calculated according
[15].

Where:
DIM – Daily Intake of lead (mg/kg/day); C – lead concentration in
honey; IR – honey intake; BW– average body weight for adult and
for child: 70 kg and 24 kg respectively.

Where:
EDI – estimated daily intake of metal via consumption of honey;
EFr – exposure frequency (365 days/year); ED – exposure duration
58 years; ATn – average exposure time for non-carcinogen in days
(Efr x ED) [21].

The total cancer risk because of exposure to multiple
contaminants due to consumption of a particular honey
sample will be assumed to be the sum of the individual
metal incremental risks.
Benzo[a]pyrene equivalent (B[a]Peq) estimation
Since benzo[a]pyrene is considered the most potent
carcinogenic PAH the total PAH concentration is
expressed as B[a]P equivalents (B[a]Peq) to illustrate
the toxic potency [22]. The B[a]Peq was calculated as
the sum of the B[a]Peqi values for individual PAHs.
The B[a]Peqi value was calculated for each PAH from
its concentration in the sample (cPAHi) multiplied by
its toxic equivalency factor (TEFPAHi) [23].

The THQ (Target Hazard Quotient) were calculated
using the method below [18].

Where:
Efr – exposure frequency (365 days/year); ED – exposure duration
(58 years, equivalent to average life time of a Nigerian adult);
IR – intake rate; C – concentration of metal; RfDo – oral
reference dose; BW – average body weight of adult (70 kg); ATn
– average exposure time for non-carcinogen in days (Efr x ED);
10-3 – conversion factor

The hazard index (HI) was used to estimate
total chronic-toxic risks of multiple metals on the
assumption of dose additivity [19]. In this study, the
average daily intake of honey and among adults and
children as obtained through questionnaire-based
survey study are 8.4 g/day and 4.2g/day respectively
[20].

Margin of exposure
The MOE is the ratio of the Benchmark-dose lower
limit (BMDL10) to the estimated human intake of
the compound. The BMDL10 is the lower bound of
a 95% confidence interval on the Benchmark Dose
corresponding to a 10% tumour incidence. This was
chosen as a reference point in the dose-response curve
[24, 25].
Statistical Analysis
Data analysis was done using SPSS statistical
package (SPSS-20). Student’s t-test was performed
to compare lead levels in different honey samples.
Difference between means was obtained using the
least significance difference (LSD) at p < 0.05.
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RESULTS

Human health risk assessment

Lead concentrations in samples of honey
Table 1 shows the concentrations of lead (Pb) in
samples of honey collected from the two different
rural sites and three different urban sites in Enugu.
The mean concentration of lead in honey ranged from
0.01– 0.081 mg/kg. The highest level of Pb (0.081 mg/
kg) contaminations was detected in honey sampled
from Opi-Nsukka while the least level was detected
in Uzo-Uwani.

Heavy metal – lead
The estimated daily intake (EDI) of lead for adult
(AD) and children (CH) population via consumption
of honey harvested in Enugu-Ezike, Uzo-Uwani, OpiNsukka, Obollo and 9th miles are shown in Table 2.
The EDIs of Pb for adult and children were in the
range of (5.88E-07– 9.72E-06) and (8.58E-07– 1.42E05) in mg/kg bw day-1 respectively.

Table 1. Concentrations of lead (mg/kg) in honey in rural and urban areas
Sample site
Rural

Urban

Enugu-Ezike

Uzo-Uwani

Opi-Nsukka

Obollo

9thMile

0.007±0.00a

0.005±0.00a

0.081±0.01b

0.06±0.01b

0.04±0.03c

Note: letters indicate that differences within groups (Rural and Urban sampling sites) were statistically significant.

Table 2. Estimated daily intake (EDI) of lead in honey samples among adults and children
Sample site
Rural
Enugu-Ezike

Urban
Uzo-Uwani

Opi-Nsukka

9thMile

Obollo

AD

CH

AD

CH

AD

CH

AD

CH

AD

CH

2.1E-04

3.06E-04

1.50E-04

2.1E-04

2.43E-03

3.54E-03

1.8E-03

2.63E-03

1.2E-03

1.75E-03

AD – adults; CH - children

Table 3 shows Target Hazard Quotient THQ of
lead in honey samples from rural (Enugu-Ezike and
Uzo-Uwani) and urban (Opi-Nsukka, Obollo and 9th
Mile) communities among adults and children. The
THQs of Pb are at the range of (1.50E-04 - 2.43E03) and (3.06E-04- 3.54E-03) for adults and children
respectively. All the THQs were less than 1.

The incremental life time cancer risk (ILCR) of lead
arising from consumption of honey harvested from
rural (Enugu-Ezike and Uzo-Uwani) and urban (OpiNsukka, Obollo and 9th Mile) communities among
adults and children is shown in Table 4. The cancer
risk ranged from 1.79E-06 - 2.07E-05 and 8.60E-07 –
3.01E-05 for adults and children respectively.

Table 3. Target Hazard quotient THQ of Lead in honey samples among adults and children
Sample site
Rural

Urban

AD

CH

AD

CH

AD

CH

AD

CH

AD

CH

8.40E-07

1.23E-06

5.88E7

8.58E07

9.6E-06

1.42E-05

7.20E-06

1.05E-05

4.80E-06

7.00E-06

AD – adults; CH - children

Table 4. ILCR for adults and children exposed to lead in honey
Sample site
Rural
Enugu-Ezike

Urban
Uzo-Uwani

Opi-Nsukka

Obollo

9thMile

AD

CH

AD

CH

AD

CH

AD

CH

AD

CH

1.79E-06

2.60E-06

5.10E-06

8.60E-07

2.07E-05

3.01E-05

1.53E-05

2.24E-05

1.02E-05

1.49E-05

AD - Adults; CH - Children; ILCR - Incremental lifetime cancer risk
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Polycyclic aromatic hydrocarbons contamination of
honey
The concentration of the 16 priority PAHs (naphthalene, acenaphthylene, acenaphthene, anthracene,
phenanthrene, flourene, flouranthene, pyrene, benzo[a]
anthracene, chrysene, benzo[a]pyrene, benzo[b]flouranthene, benzo[k]flouranthene, benzo[g,h,i]perylene,
dibenz[a,h]anthracene and ideno[1,2,3-cd]pyrene)
evaluated in this study ranged from (4.71E-03-2.72 )
mg/kg as shown in Table 5. Acenapthylene (ACEN)
was highest level (2.7 mg/kg) in honey sample from
9th mile (Urban sampling site). The lowest PAH level

was found in benzo[b]flouranthene (4.71E-03 mg/kg)
seen in honey sample from Uzo-Uwani (Rural sampling site). The same trend was also observed in the results of total PAH (∑PAH). Benzo(b)fluoranthene and
benz(a)anthracene were detected from honey in all the
five sampled sites. B(a)P levels ranged from 2.27E01 - 5.24E-01mg/kg but was below the level of detection in Uzo-Uwani. The B[a]Peq ranged from 3.32E05
for pyrene in honey from Uzo-Uwani to 8.70E01 for
dibenz(ah)anthracene in honey from Obollo. The
ΣB[a]Peq ranged from 9.77E-02 to 1.31 in honey from
Uzo-Uwani and Obollo respectively.

Table 5. Concentration of individual PAHs (mg/kg) and PAHs BaPeq (mg/kg) in honey
Individual
PAHs

Sample sites
EE

Rural

UU

OP
3.40E-01±0.00
3.40E-04*

Urban
OB
4.24E-01±0.00
4.24E-4*

9M
1.34±0.00
1.34E-3*

NAP

ND

ND

ACE

ND

ND

6.61E-01±0.00
6.61E-4*

3.58E-01±0.00
3.58E-4*

1.82±1.63
1.82E-3*

ACEN

ND

ND

4.40E-01±0.00
4.40E-4*

1.61E-01±0.00
1.61E-4*

2.72±2.38
2.72E-3*

FLR

5.96E-02
5.96E-5*

2.24E-02±0.00
2.24E-5*

4.38E-01±0.00
4.38E-4*

4.66E-01±0.29
4.66E-4*

ND

PHN

ND

ND

2.78E-01±0.00
2.78E-4*

1.77E-01±0.00
1.77E-4*

0.278±0.00
2.78E-4*

ANT

4.25E-02
2.8E-4*

ND

5.99E-01±0.50
5.9E-3*

6.50E-01±0.00
6.5E-3*

ND

FLT

ND

1.72E-02±0.00
1.72E-5*

4.49E-01±0.33
4.49E-4*

6.25E-01±0.45
6.25E-4*

0.62±0.00
6.20E-4*

PYR

ND

3.32E-02±0.00
3.3E-5*

4.64E-01±0.39
4.6E-4*

5.16E-01±0.39
5.2E-4*

ND

BAA

7.30E-02
7.30E-3*

1.89E-02±0.00
1.89E-3*

3.24E-01±0.26
3.24E-2*

6.85E-01±0.29
6.85E-2*

1.09±1.19
1.09E-1*

CHY

ND

2.03E-02±0.00
2.03E-5*
4.71E-03±0.00
4.71E-4*

3.33E-01±0.41
3.33E-3*
5.53E-01±0.62
5.53E-2*
6.35E-02±0.01
6.35E-3*

7.43E-01±0.00
7.43E-4*
8.08E-02±0.00
8.08E-3*

1.865±1.18
1.87E-03*
1.60±0.001
1.60E-2*
1.23±0.00
1.23E-1*

BBF
BKF

2.58E-01
2.58E-2*
7.86E-02
7.86E-3*

ND

ND

BAP

2.27E-01
2.3E-1*

ND

5.24E-01±0.43
5.24E-*

2.99E-01±0.20
2.9E-1*

0.1±0.00
0.1*

B(ghi)P

1.49E-01
1.49E-3*

ND

4.35E-01±0.39
4.35E-3*

ND

0.12±0.00
1.20E-3*

DBA

1.73E-01
1.73E-1*

9.48E-02±0.00
9.48E-2*

4.71E-01±0.39
4.71E-1*

8.70E-01±0.00
8.70E-1*

ND

INP

2.42E-01
2.42E-2*

ND

4.89E-01±0.26
4.89E-2*

5.53E-01±0.00
5.53E-2*

0.51±0.00
5.10E-2*

∑PAH

1.30E±0.00
4.67E-1*

2.51E-01
9.77E-2*

3.07±2.10
1.15*

1.86±2.58
1.31*

3.08±1.89
4.09E-1*

Note: BBF - benzo(b)fluoranthene, BKF - benzo(k)fluoranthene, BAP- benzo(a)pyrene, B(ghi)P -benzo(g,h,i)perylene, DBA - BaPeq
of PAHs values are presented in exterics. NAP - naphthalene, ACEN-acenapthylene, ACE - acenaphthene, FLR - fuorene, PHN
- phenanthrene, ANT - anthracene, FLT - fluoranthene, PYR- Pyrene, BAA - benz(a)anthracene, CHY - chrysene, BBF-dibenz(ah)
anthracene, INP - indeno(1,2,3-cd)pyrene, ND - not detected.
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The concentration of B(a)P, ∑PAH16, PAH4
PAH8 and ∑B(a)Peq ranged from (0.1-0.524) mg/kg
(0.251-3.08) mg/kg (0.0439-3.22) mg/kg, (0.04393.32) mg/kg and (0.0977-1.31) mg/kg respectively
as shown in Table 6. The concentration of B(a)P in
honey samples ranged from (0.1 – 0.524) mg/kg,
honey sample from Uzo-Uwani had no detectable

level of B(a)P, with highest B(a)P detected in Opi
Nsukka (0.524 mg/kg). The mean concentration of
the ∑PAHs in honey samples ranged from (0.2513.08 mg/kg) mg/kg. The highest level of ∑PAH was
detected in honey sampled from 9th miles (3.08 mg/
kg) while the lowest was detected in honey from
Uzo-Uwani (0.251 mg/kg).

Table 6. B(a)P, ∑PAH, PAH4, PAH8 concentrations (mg/kg) and ∑B(a)Peq in honey

Rural

Urban

Sample sites

B[a]P

∑PAH

PAH4

PAH8

∑B(a)Peq

Enugu-Ezike

0.524

3.07

1.73

2.25

1.15

Uzo-Uwani

ND

0.251

4.39E-02

4.39E-02

9.77E-02

Opi Nsukka

0.227

1.30

5.58E-01

0.785

4.67E-01

Obollo

0.299

1.86

1.81

2.11

1.31

9 Mile

0.1

3.08

3.22

3.32

4.09E-01

th

PAH8 - genotoxic 8 PAHs include the sum of benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene,
indeno[1,2,3-cd]pyrene, dibenz[a,h]anthracene, and benzo[ghi]perylene; PAH4 - benz[a]anthracene, chrysene, benzo[a]pyrene, benzo[b]
fluoranthene B[a]Peq - benzo[a]pyrene equivalent estimation.

The PAH4, PAH8 and ∑B(a)Peq levels range of
(0.0439 –3.22) mg/kg, (0.0439 – 3.32) mg/kg and
(0.0977–1.31) mg/kg respectively. Highest level of
PAH4 was detected in honey sampled from 9th mile
(3.22 mg/kg) while the lowest was in Uzo-Uwani
(0.0439 mg/kg). Highest level of PAH8was detected
in honey sampled from 9th mile (3.32 mg/kg) while
the lowest was in Uzo-Uwani (0.0439 mg/kg). The
highest level of ∑B(a)Peq was detected in honey
sampled from 9th mile (1.31 mg/kg) while the lowest
was in Uzo-Uwani (0.0977 mg/kg).

Table 7 shows the EDI of B(a) P, ∑PAH, PAH4,
PAH8 and ∑B(a)Peq in honey among adults and
children. The EDI B(a)P in adults and children ranged
from (8.40E-04- 4.40E-03) mg/kg/day and (4.20E-042.20E-03) mg/kg/day respectively. The highest level of
B(a)P intake for both adult and children was observed
in the honey sampled from Opi-Nsukka (4.40E-03) mg/
kg/day for adult and (2.20E-03) mg/kg/day for children
while the lowest EDI value was observed in honey from
9th mile (8.40E-04 mg/kg/day)for adult and (4.20E-04
mg/kg/day)for children. The concentration of B(a)P
was below the limit of detection in Uzo-Uwani.

Table 7. Estimated daily intake (EDI) of PAHs group in honey (mg/kg/day)

Urban

Rural

Sample sites
Enugu
Ezike
UzoUwani
Opi
Nsukka
Obollo
9THMile

B[a]P
AD

∑PAH
CH

AD

CH

0.0109

0.0055

0.0021

4.40E-03 2.20E-03

PAH4

∑B(a)Peq

CH

AD

CH

0.0047

0.0023

0.0066

0.0033

3.92E-03 1.96E-03

0.0011

0.0004

0.0002

0.0004

0.0002

8.21E-04 4.10E-04

0.0258

0.0129

0.0145

0.0073

0.0189

0.0095

9.66E-03 4.83E-03

2.51E-03 1.26E-03

0.0156

0.0078

0.0152

0.0076

0.0177

0.0089

1.10E-02 5.50E-03

8.40E-04 4.20E-04

0.0259

0.0129

0.0270

0.0135

0.0279

0.0139

3.44E-03 1.72E-03

1.91E-03 9.53E-04
ND

ND

AD

PAH8

AD

CH

EDIPAH - Σi PAHi, IR for children (CH) 24kg = 0.0042 kg, IR for adult (AD) 70kg = 0.0084 kg, ND- not detected, IR - ingestion rate.

The ∑PAH daily intake among adults and children
ranged from (0.0021-0.0259) mg/kg/day and (0.00110.0129) mg/kg/day respectively. The highest EDI level
of ∑PAH for both adult and children was observed in
the honey sampled in 9th mile (0.0259 mg/kg/day)for
adult and (0.0129 mg/kg/day) for children while the
lowest value was observed in Uzo-Uwani (0.0021 mg/
kg/day) for adult and (0.0011 mg/kg/day) for children.

PAH4 daily intake among adults and children ranged
from (0.0004-0.027) mg/kg/day and (0.0002- 0.0135)
mg/kg/day respectively. The highest EDI level of
PAH4 for both adult and children was observed
in the honey sampled from 9th mile (0.027 mg/kg/
day) for adult and (0.0135 mg/kg/day) for children
while the lowest value was observed in Uzo-Uwani
(0.0004 mg/kg/day) for adult and (0.0002 mg/kg/day)
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for children. PAH8 daily intake among adults and
children ranged from (0.0004- 0.0279) mg/kg/day and
(0.0002- 0.0139) mg/kg/day respectively. The highest
EDI level of PAH 8 for both adult and children was
observed in the honey sampled at 9th mile (0.0279 mg/
kg/day) for adult and (0.0139 mg/kg/day) for children
while the lowest value was detected in Uzo-Uwani
(0.0004 mg/kg/day) for adult and (0.0002 mg/kg/day)
for children. ∑B(a)Peq daily intake among adults and
children ranged from (8.21E-04- 9.66E-03) mg/kg/
day and (4.10E-04- 5.50E-03) mg/kg/day respectively.
The highest EDI level of ∑B(a)Peq for both adult and
children was observed in the honey sampled at Obollo
(9.66E-03 mg/kg/day) for adult and (5.50E-03 mg/kg/
day) for children while the lowest value was observed
in Uzo-Uwani (8.21E-04 mg/kg/day) for adult and
(4.10E-04 mg/kg/day) for children.

Table 8 is the margin of exposure (MOE) and ILCR
of B(a) P of PAHs groups in honey for adults and
children. The MOE of B[a]P ranged from 1.59E+07
- 8.33E+07 for adult and children respectively, PAH
4 ranged from 1.26 E+07 - 8.50 E+08 and 2.52 E+07
- 1.70 E+10 for adult and children respectively and
PAH8 ranged from 1.76 E+07 - 1.23 E+10 and 3.53
E+07 - 2.45 E+10 for adult and children respectively.
The ILCR of B(a)P among adults and children ranged
from (8.5619E-11- 1.1471E-09) and (1.25E-10- 1.67E09) respectively. The highest level of B(a)P for both
adult and children was detected in the honey sampled
from Obollo (1.1471E-09) for adult and (1.67E-09)
for children while the lowest value was detected in
Uzo-Uwani (8.40E-04) for adult and (1.25E-10) for
children.

Table 8. Margin of Exposure (MOE) of PAHs groups and Incremental Lifetime Cancer Risk (ILCR) of B[a]P

Rural

Sample sites
AD

PAH4
CH

PAH8
CH

7.2 E+07

1.48 E+08

7.42 E+07 1.48 E+08

8.50 E+08

1.70 E+10

1.23 E+10 2.45 E+10 8.5619E-11 8.5619E-11

Opi-Nsukka 1.59E+07 3.18E+07 2.34 E+07

2.59 E+07

2.59 E+07 5.16 E+07 1.0074E-09 1.0074E-09

3.66E+07 7.35E+07
ND

ND

AD

ILCR of B[a]P

AD

EnuguEzike
Uzo- Uwani

Urban

B[a]P

CH

AD

CH

4.088E-10

4.088E-10

Obollo

2.79E+07 5.56E+07 2.24 E+07

2.77 E+07

2.77 E+07 5.51 E+07 1.1471E-09 1.1471E-09

9thMile

8.33E+07 1.67E+08 1.26 E+07

1.76 E+07

1.76 E+07 3.53 E+07 3.5874E-10 3.5874E-10

CH - children (24 kg), AD - adults (70 kg), ILCR - Incremental lifetime cancer risk.

DISCUSSION
Honey is such a highly valued natural meal in
many parts of the world especially in Nigeria due
to several health benefits associated with it. Lead
and polycyclic aromatic hydrocarbons [26]. The
concentrations of Pb in our study were lower than
concentrations in previous studies [27, 28] where Pb
levels were reported Pb levels (<0.50 - 10.02 mg/kg)
and 10.2 mg/kg respectively. Proximity of bee hives to
vehicular emissions could contribute to high Pb levels
in honey [27]. Health implication of Pb exposure to
human and animal include immunotoxicity, nervous
and cardiovascular toxicity, and even musculotoxicity
[29, 30].
Since the main exposure to lead is through the diet
consequently the information about the dietary intake
is very important to assess the risk to human health
[18, 31]. Carcinogenic risk is an estimation of the
probability of an individual contracting cancer over
a lifetime estimated as 58 years (Nigerians). Risks
values exceeding 1×10−4 are regarded as intolerable,
risks less than 1×10−6 do not produce adverse health
effects, and risks lying between 1×10−4 and 1×10−6
are generally said to be a safe range [32]. With both

THQ less 1 and ILCR less than 1×10−6, consumption
of honey from Enugu State Nigeria may be safe from
any intolerable effect from lead.
PAHs can enter the food chain by deposition
from air, or by deposition and transfer from soil and
water [33]. In this study, honey samples from the five
sampling communities showed presence of 43.8-100%
of the total 16 PAHs. Food can be contaminated with
PAHs from environmental sources, techniques in
industrial food processing and from certain unhealthy
home cooking practices [25].
The carcinogenic potency of benzo[a]pyrene
(BAP) makes it the most widely studied of the PAHs
[34]. B(a)P equivalents (BAPeq) gives a conversion
of the concentrations of each targeted PAHs in the
honey to the carcinogenic equivalent of benzo[a]
pyrene while the total BAPeq is the summation of the
contributions of individual PAH B(a)P equivalents in
honey [35], using toxicity equivalent factors [36, 37,
38]. Toxic equivalency factor for individual is a unique
value for each PAH which is explored in calculation
of specific PAH, B(a)Peq values. The European Food
Safety Authority CONTAM Panel suggested the use
of the margin of exposure (MOE) approach for risk
assessment [25].
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The values of B(a)P, ∑PAH16 and PAH4 obtained
in this study were higher than the levels reported in rape
honey [39]. Honey from urban sampling communities
showed higher PAHs levels than samples from rural
communities. The EDI of B(a)P was observed to be
lower than the limit of detection in 20% of the samples.
There were 60% and 40% violations in levels of B(a)P
in our samples among adults and children respectively
as compared to EU standard of 1µg/kg/day.
In this study, all the honey samples have the MOEs
of the PAHs higher than 1.0 E+04. This indicated that
the consumption of honey from the region may not pose
any adverse health effects. The least MOE values were
observed in PAH4 (1.76 E+07). European Food Safety
Authority (EFSA) Scientific Committee expressed
the view that in general, a margin of exposure of 1.0
E+04 and above, based on the ‘Benchmark-dose lower
bound’ (BMDL) from animal study, would be of low
concern with respect to public health [25]. Our study
showed that all MOE values for both B(a)P, PAH 4,
PAH 8 and PAH 16 among adult and children were
above the critical limit of 1.0 E04 [25] indicating
negligible public health risk concern.
Co-existence of both lead and PAHs in the present
study may be of public significance given that exposures
to mixtures may synergize or be additive thus leading
to adverse health effects exceeding those noted upon
exposures to a single pollutant [40, 41]. Atmospheric
deposition, flooding and sediment deposition, sewage
sludge and application of fertilizers are the likely
sources of metals [42]. Lead as a redox inactive metal
show its toxic effect via bonding to sulfhydryl groups
of proteins and depletion of glutathione. In metabolism
of B[a]P, free radicals are formed as a by-product. In
addition, the reactive metabolites of B[a]P undergoes
a redox cycle and generates reactive oxygen species
[43]. Although low doses of a single metal may not
cause health effects, when combined with any other
contaminants may present increased health risk [41]
and the US EPA recognize this as a key gap in metal
risk assessment [42].

CONCLUSIONS
Taken together consumption of honey from Enugu
State, Nigeria may be safe but biomonitoring of lead
and PAHs is recommended in the local population.
Conflict of interest
The authors declare no conflict of interest.
Advances in knowledge: Information on harmful
health effects of heavy metals and PAHs does not only
seem to represent a context unique to Africa but data
on exposures are quite scanty. There is therefore need
for more focus on current and emerging environmental
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and chemical health risks in sub Saharan African
research studies. This study is a contribution to address
the knowledge gap.
Application to patient care: As the advocacy for
physicians to be mindful of dietary risk factors in the
aetiology of certain diseases, honey consumption in
Enugu State, Nigeria can be rightly said to be devoid
of lead and PAHs risks.
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ATTITUDE TOWARD FOOD IN ASPECT OF RISKS AND BENEFITS
RELATED TO THE CONSUMPTION OF EDIBLE INSECTS BY POLISH
CONSUMERS
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ABSTRACT

Background. This study is an introduction to the of learning key factors affecting the process of acceptance of edible
insects by Polish consumers, currently only from Gdańsk, Gdynia and Sopot (the Tri-City) in northern Poland.
Objectives. The aim of this study was to assess the attitudes of Tri-City consumers towards edible insects. It was expressed
in the assessment of food diversity in relation to eating benefits of edible insects and to assessment of the levels of dietary
neophobia for consumers who perceive the risk of eating them. This study contributes to consumers’ getting used to edible
insects.
Material and methods. The study was carried out in 2015 among 788 participants ranged from 16 to 80 years. The
criterion for participation was the place of residence - the Tri-City. The respondents were qualified in three age groups
16-20 years old, 21-40 years old and over 41 years old. The study was conducted using a survey method. The survey
questionnaire included the following scales: the Food Neophobia Scale (FNS) and the Variety Seeking Tendency Scale
(VARSEEK) perceiving benefits and perception of health hazards associated with the consumption of edible insects
compared to traditional and culturally foreign food.
Results. The majority of seekers with a high degree of VARSEEK were men aged 21-40 with higher education. The degree
of search for diversity in food significantly depended on factors such as gender, age and education. Gender statistically
significantly differentiated the opinions of the respondents regarding the health benefits conditioned by the consumption of
various products only in the case of snakes and crickets. A statistically significant effect of age on the opinions of respondents
regarding health benefits was shown, which was related to the consumption of: snakes, locusts, horse, tarantula. Whereas it
was highly significant when it comes to consumption of: snails, crickets, poultry, beef and pork was demonstrated. Age and
education were the factors that had a significant influence of the neophobia level, while gender did not have a significant
influence.
Conclusion. Respondents from the Tri-City were characterized by high openness to new food. The 21-40 age group with
university education was particularly outstanding. More women than men had low levels of neophobia. At the same time,
it was mainly men who were looking for diversity in food. The obtained results try to explain the issue of acceptance
conditions of a new and rather controversial product, which are edible insects to the inhabitants of Europe.
Key words: edible insects, attitude, food neophobia, variety seeking, Polish consumers

STRESZCZENIE

Wprowadzenie: Niniejsze badanie jest wstępem do procesu poznawania kluczowych czynników wpływających na proces akceptacji owadów jadalnych przez polskich konsumentów, na chwilę obecną tylko z obszaru miast Gdańska, Gdyni
i Sopotu (Trójmiasta) północnej Polski.
Cel: Celem badań była ocena postaw trójmiejskich konsumentów (Polska) wobec owadów jadalnych, wyrażająca się
w ocenie stopnia poszukiwania różnorodności w żywności względem korzyści zdrowotnych związanych ze spożycia owadów jadalnych oraz ocenie poziomu neofobii żywnościowa konsumentów dostrzegających ryzyko w ich spożywaniu.
Materiał i metody: Badanie przeprowadzono wśród 788 osób w wieku od 16 do 80 lat. Kryterium udziału było miejsce
zamieszkania - Trójmiasto. Respondentów zakwalifikowano w trzech grupach wiekowych 16-20 lat, 21-40- lat i powyżej
41 roku życia. Badanie zrealizowano za pomocą metody ankietowej. Kwestionariusz ankiety zawierał skale: FNS (Food
Neophobia Scale) i VARSEEK (Variety Seeking Tendency Scale) postrzegania korzyści i zagrożeń zdrowotnych związanych ze spożyciem owadów jadalnych w porównaniu do żywności tradycyjnej i obcej kulturowo.
Corresponding author: Joanna Bartkowicz, Gdansk College of Health, Faculty of Physiotherapy and Helath Science, Pelplinska str 7, 80-335
Gdańsk, Poland, e-mail: viobart@op.pl
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Wyniki: Osobami poszukującymi, o wysokim stopniu VARSEEK w większości byli mężczyźni w wieku 21-40 lat z wykształceniem wyższym. Stopień poszukiwania różnorodności w żywności istotnie zależał od czynników takich jak: płeć,
wiek i wykształcenie. Płeć różnicowała istotnie statystycznie opinie badanych w kwestii korzyści zdrowotnych uwarunkowanych spożyciem różnych produktów jedynie w przypadku węży i świerszczy. Wykazano istotny statystycznie wpływ
wieku na opinie badanych dotyczące korzyści zdrowotnych związanych ze spożyciem: węży, szarańczy, koniny, tarantuli
oraz wysoce istotny w przypadku spożycia: ślimaków, świerszczy, drobiu, wołowiny i wieprzowiny. Czynnikami wpływającymi istotnie statystycznie na zróżnicowanie poziomu neofobii były wiek i wykształcenie.
Wnioski: Respondenci z Trójmiasta charakteryzowali się dużą otwartością na nową żywność. Szczególnie wyróżniała
się grupa wiekowa 21-40 lat, z wyższym wykształceniem. Więcej kobiet niż mężczyzn charakteryzowało się niskim poziomem neofobii. Jednocześnie to głównie mężczyźni byli poszukującymi różnorodności w żywności. Uzyskane wyniki
próbują wyjaśnić kwestię warunków akceptacji nowego i raczej kontrowersyjnego produktu, jakim są jadalne owady dla
mieszkańców Europy.
Słowa kluczowe: owady jadalne, postawy, neofobia żywnościowa, poszukiwanie różnorodności, polscy konsumenci

INTRODUCTION
Changing the perception of insects as an alternative
food source for consumers in Europe requires time
and overcoming many barriers. Disgust, fear, health
concerns, panic and anxiety are the emotions that
accompany consumers with regard to insects as food.
At the same time, one can also observe curiosity and
willingness to try new, unique food in Europe. Not
only are edible insects a natural and rich source of
protein, but they also contain other nutrients such as
fats including especially polyunsaturated fatty acids,
vitamins, minerals and dietary fiber. Edible insects
are known and consumed mainly in the tropical and
subtropical climate zone. This phenomenon is termed
entomophagy.
Contrary to the belief that insects are eaten only
in times of scarcity, people consume edible insects of
choice because they are tasty and have their permanent
place in the culture of many countries [38]. Currently,
for at least 2 billion people in the world edible
insects are part of the traditional diet and the highest
consumption is recorded in Africa, Asia and Latin
America [39].
European research indicates that consumers are
very interested in edible insects as food [5, 16, 7, 20,
11, 4]. It is difficult convince a Western consumer
to eat insects, despite rational arguments regarding
environmental protection, nutritional value and safety
of this type of food and their excellent taste. Emotional
and psychological obstacles make it difficult for
consumers to accept insects. There are experiments
showing that dietary patterns are constantly changing,
as was the case with raw fish in sushi or seafood. The
interpenetration of cultures and in this cuisine also
means that we reach for fruit, vegetables, alcohol,
sweets, cheese, seafood, coffee, tea, meats not from
our latitude. Consumers are increasingly choosing food
between known and unknown one. The term “known”
means both the fact that they have the knowledge and
experience associated with it. “Unknown”, “new”,
“novel” foods include foods that they have heard or

not heard about. It is likely that they have seen them,
but they have no experience with them, and have not
tried them.
Traditional food may be new and unknown to
people from other cultural backgrounds [13]. Rozin
and Fallon, 1987 [33] noted that an unknown object,
including culturally different food, may cause fear,
aversion and disgust, and that the reason for such
reactions is the lack of knowledge and experience
related to it as well as individual characteristics,
including a high level of neophobia.
Edible insects as food are culturally distant for
Europeans, although data confirm their consumption in
the world [1, 3, 9, 26]. Insects have been consumed by
people since the dawn of time [18] and are still being
consumed in many parts of the world [16, 19, 35].
The natural resources of both the flora and fauna of
Europe’s climate zone have determined food sources.
Climate values have determined the cultivation of
specific plants (cereals, legumes, and breeding, among
others, cattle, sheep, pigs, poultry, as well as the use of
forest resources - game and fruit. Religion was and is
now an important factor influencing the type of food
consumed.
From a consumer’s point of view, a product is new
if it is considered by a consumer as such. It affects the
state of arousal of a consumer, and as the gap between
known and unknown increases, the degree of arousal
increases as well. In addition to the level of arousal,
exploratory activity is affected by the level of felt
anxiety. The desire to explore reaches its maximum
level with a minimum level of anxiety. Some people
are susceptible to anxiety and their propensity to
explore is significantly reduced [14].
The choice of a specific product by a consumer is
also influenced by the opinion of others, advertising,
dedication - less time is spent on buying basic food
products. Each consumer has his own hierarchy of
preferences. He chooses the product that best meets
his requirements [23]. The food that will be accepted
is the one people expect, which will be good for their
health and taste [32].
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Indirect information on the taste and/or benefits
of novel foods may contribute to a reduction in the
level of neophobia and an increased propensity to try
them. For example, when others say it is tasty or good
for health, people tend to be more likely to try it [30].
However, when food is disgusting, positive information
about health benefits and taste is usually not effective
[27]. Only direct information obtained through one’s
own experience can have a positive impact on the level
of neophobia. People tend to generalize and positive
experiences with new foods reduce their overall level
of neophobia [30].
Shiv and Fedorikhin [ 34] put forward a thesis
that consumers’ behavior in food market significantly
shapes consumers’ attitudes. They are manifested as
the tendencies to permanent or stereotypical ways and
forms of responding to a given stimulus in a specific
situation. In relation to unknown food, one should
expect relatively frequent occurrence of ambivalent
attitudes, containing both positive and negative
components. Ambivalence may manifest itself when
there is a conflict between curiosity and fear of
consequences of the consumption, between appearance
and knowledge of the nutritional value of a product,
and ,thus, the conflict of seeking and avoiding.
The research of the phenomenon of neophobia in
relation to food has been carried out in many countries,
regardless of whether we are dealing with culture of
the East or the West. The increasing availability of
multicultural food also results in the interpenetration of
dietary habits and their constant change, and this makes
research on attitudes toward food timely and relevant in
the context of continuous and dynamic cultural change.

Overcoming the reluctance of the most potential
consumers to accept a new product - a novel food such
as edible insects - also requires a change in dietary
habits and encouragement to transform existing dietary
patterns. The social dimension of such an action will
be the development of steps to introduce edible insects,
a product with high health value as a food attractive
to consumers on the European market. In view of the
observed activities promoting the consumption of
insects in Europe, it may turn out that consumers from
the Tri-City area will constitute an appropriate target
group of these activities.
The aim of this study was to assess the degree of
search for diversity in food in relation to the health
benefits associated with the consumption of edible
insects and to assess the level of food neophobia of
consumers perceiving the risk in their consumption.

MATERIAL AND METHODS
Research material
The study was carried out in 2015 among 788
participants from Gdańsk, Gdynia and Sopot, (TriCity) in northern Poland, with age ranging between
16 and 80 years. The selection criteria of the sample
took Tri-City into account as the place of residence.
The respondents were classified into three age groups:
16-20 years old, 21-40 years old, over 41 years old.
The detailed profile of respondents was presented in
Table 1.

Table 1. Sample of sociodemographic characteristics
Gender

Age

Female

Male

16-20 years

21-40 years

592

196

284

293

Methods
The questionnaires included the scale of looking
for diversity in food called Variety Seeking Tendency
Scale (VARSEEK) [40], the scale of neophobia in
relation to food - Food Neophobia Scale (FNS) [29]
and also the assessment of risk and benefits of insects’
consumption. The items were rated on a five-point
Likert scale with all categories labeled, ranging from
completely disagree (=1) to completely agree (=5).
Items 6, 7 in VARSEEK scale (Table 2) and items 2, 3,
5, 7 and 8 in FNS scale (Table 5) were recoded before
analysis. Thus, on the FNS scale, the higher the total
individual score, the lower the level of food neophobia.
The degree of perception of health benefits was
also estimated [6 degrees scale: no health benefits

Education
over 41 years Professional
211

94

Secondary

Higher

425

269

(=1) - high health benefits (=6)] and the degree of
perception of health risk [6 degrees scale: no risk (=1)
- high risk (=6)] associated with the consumption of
edible insects compared to familiar (traditional) and
unfamiliar (culturally different foods).
Statistical analysis
The results were analyzed statistically using the
analysis of variance, reliability of Cronbach’ Alpha, Rho
Spearman, R Pearson against other scales and variable
benefits and risks of eating edible insects. The MannWhitney U test was used. A correction for normality
was applied and the Kruskal-Willis test was used.
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To investigate the relationship between variables,
the χ2 test of independence was used. Statistica 12.0
software (StatSoft Corp., Kraków, Poland) was used
to determine statistically significant differences at
a significant level of p-value≤0.05.

RESULTS AND DISCUSSION
Levels of Variety Seeking Tendency
The scale used to determine the level of search for
diversity in food was that of VARSEEK. For analysis,
the subjects were divided into three subsamples consumer high, medium and low in a variety of seeking

tendency - on the basis of the 33 and 67 percentiles
of the distribution of the VARSEEK scores. Scale
reliability was also calculated based on Cronbach’s
Alpha. The results are included in the table (Table 2).
Consumers for whom the scale value was 26 and
below were classified as people with a low tendency
to seek diversity in food, described in the literature as
avoiders. Scale values of 32 and higher characterized
consumers with a high tendency to search, called
seekers. The range of values between 27 and 31 was
specific for people with a medium search tendency
(Figure 1).

Table 2. Variety Seeking Tendency Scale (VARSEEK)
No

Statement

1.

When I eat out, I like to try the most unusual dishes, even if I am not sure I would like them

2.

While preparing food or snacks, I like to try out new recipes

3.

I think it is fun to try new food items one is not familiar with

4.

I like to eat exotic food

5.

I am eager to know what kind of food people from other countries eat

6.

Dishes on the menu that I am unfamiliar with make me anxious (R=recoded)

7.

I prefer to eat food products I am used to (R) (N)

8.

I am curious about food products I am not familiar with
Cronbach’s Alpha

0,794

First quartile

26

Third quartile

32

100
90
80
70
60
50
40

low level

30

medium level

high level

20
10
0

10

13

16

19

22

25

28

31

34

37

40

Figure 1.1.Variety
Seeking
Scale (VARSEEK)
results for population
Figure
Variety
Seeking
Scale (VARSEEK)
results for population

The majority of respondents (42.51%) including
246 women and 71 men represented the average level
of search
Frogfor
legs diversity in food. The low and high
level of search
for diversity in food was represented
Snails
by a similar percentage of respondents (30.58% and
Horse meat
26.90%), with 183 women and 58 men representing the
1
low level.Snakes
The seekers group was dominated by men
Tarantula
Locusts
Crickets

with a 10% advantage over women. Characteristics of
the studied population, such as: gender (χ2=7.6501 at
p=0.022), age (χ2=11.6512 at p=0.020) and education
(χ2=13.3205 at p=0.010) showed a statistically
significant relationship with the estimated level of
searching for diversity in food.
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Differences in the search for diversity in VARSEEK
based on gender were observed within medium and
high levels (Table 3). In the case of low levels of
diversity search, the percentage of women and men was
similar, 30.92% and 29.56% respectively. Men with

a high level of VARSEEK search were more likely to
explore food compared to women, with a nearly 10%
higher percentage (9.7%). Within the average level,
the share of women (44.56%) was higher than that of
men (36.22%).

Table 3. Attitude of participants according to Variety Seeking Scale (VARSEEK) in terms of gender, age and education (%)
Level of
VARSEEK

Gender

Age [years]

Education

p=0.022*

p=0.020*

p=0.010*

Total

Female

Male

16-20

21-40

over≥41

Vocational

Secondary

Higher

Low

30.92

29.59

31.34

24.91

37.44

43.61

31.53

24.54

30.58

Medium

44.59

36.22

44.72

43.34

38.39

35.11

43.06

44.24

42.51

High

24.49

34.19

23.94

31.75

24.17

21.28

25.41

31.22

26.90

*statistically significant differences at p<0.05

The group characterized by a high level of searching
for diversity in food was represented by people aged
21-40 years (31.75%). However, people belonging
to the other two age groups constituted a similar
percentage of the surveyed population: 23.94% (1621 years old) and 24.17% (over 41 years old). Despite
the distribution of obtained results, the highest values
could be expected among the youngest people aged 1620. Young people entering the adult life usually show
behaviors conducive to learning about it. A probable
reason for the distribution of results may be the
financial issue and the related lack of independence in
running households by young people and dependence
on parents. In the group characterized by a low level
of searching for diversity in food, people over 41 years
of age (37.44%) and 18-20 years of age (31.34%)
dominated. On the other hand, the average level of
searching for diversity in food dominated in all age
groups.
While analyzing the impact of education level, it
was observed that in the group of people with a low
level of search (30.58% of the respondents in total)
the least numerous group comprised of respondents
with higher education, whose share was 24.54%. On
the other hand, the highest percentage showed people
with vocational education (43.61%), while the average
percentage was 31.53%. The average level of diversity
search in the highest percentage was represented by
people with higher education (44.24%) and secondary
education (43.06%). Respondents with vocational
education had the lowest share (35.11%). Respondents
with higher education presented the highest percentage
of all categories of education, willingness to search for
diversity (31.22%). In turn, the group with vocational
education had the lowest percentage (21.28%) of
people willing to seek diversity in food. The group of
people with higher education levels showed a greater
willingness to explore food than the group with
vocational education levels. The observed phenomenon

may be connected with a higher income of people with
higher education level, which in consequence may
provide greater opportunities to travel and learn about
local specialties or new restaurants serving national
cuisines of other countries.
Similar studies were conducted by Januszewska
et al. [12]. In these studies, higher education also
turned out to be a factor distinguishing a group of
Belgians looking for diversity in food. This group
was characterized by an average income and their
place of residence was a village. These results indicate
that there is a certain similarity in the attitudes of
Belgians regarding the search for diversity in food
and neophobia with respect to food from the Tri-City
respondents, although the study conducted among the
Tri-City residents did not include income as a factor
differentiating the studied population. The cited study
concerned the assessment of attitudes to the search for
diversity in food and neophobia toward food among
the inhabitants of the region of Małopolska (Poland)
and East Flanders (Belgium). It was found that the
Polish group looking for diversity in food (high level
of VARSEEK) was represented by people with lower
income, and the price of new products was a very
important factor for them. Although these people
were characterized by lower income levels, they were
ready to spend larger amounts on the purchase of more
expensive products.
A study by Dodd et al. [8] on the search for
diversity in wines showed that those seeking high
diversity confessed to trying unusual kinds of this
alcohol, even if they were not sure whether they would
like them or not. Respondents tried exotic wines
from different parts of the world, in line with Kish
and Donnenworths’ [15] thesis that people who seek
new experiences have a stronger than average need
for action. In the Dodd et al. [8] study no significant
correlation was found between age, income, consumer
education and the degree of seeking diversity in food.
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Seekers of high diversity spent more money on wine that the identified differences result from different
and consumed more wine than those who avoided economic conditions in both countries.
diversity. However, no significant influence of income
and education
of the respondents on differentiation of Health benefits of consuming familiar and
100
diversity90search level was found.
unfamiliar products
By comparing the distribution of search levels
Opinion data on the health benefits of eating selected
80
obtained in the study by Olsen et al. [25] with the products of animal origin (frog legs, sea food, snails,
70
results for Tri-City consumers, it can be stated that it snakes, locusts, crickets, horse meat, tarantula, poultry,
60
differs particularly
in terms of a low level of diversity, pork, beef and venison) were analyzed. This group
50 as much as 14.62% (15.96% of the USA includes both native and unknown products, as well as
that is, by
40 of Polish consumers - from Tri-City). culturally unfamiliar products. The original empirical
vs. 30.58%
low level
medium level
high level
As far as30the high level of searching for diversity is data, being the respondents’ answers to the scale
20 the opposite relationship was observed. questions, were analyzed in clusters. In these scales, the
concerned,
The percentage
of Tri-City consumers with a high items were traditional (conventional) and non-traditional
10
search level
0 was 12.75% lower than those surveyed (unconventional) products. The criterion of cluster
10
13 39.65%).
16 The 19
22 of 25
31 on health
34
37
40
in the USA (26.90
vs.
percentage
searching28 focused
benefits
resulting
from
people with a medium level of searching was similar consumption of traditional and non-traditional products.
1. Variety
(VARSEEK)
results
population
inFigure
both groups,
with aSeeking
differenceScale
of 1.88%
(44.39% the
The for
conducted
analysis showed that the scale-of-benefits
USA vs. 42.51% Polish consumers). It can be assumed item was divided into two clusters (Figure 2).
Frog legs
Snails
Horse meat

1

Snakes
Tarantula
Locusts
Crickets
Seafood
Poultry

2

Beef, pork
Venison
0

50

100

150

200

Figure 2. Clustering health benefits of consuming traditional and non-traditional products (Ward’s method, Euclidean bond)

Figure 2. Clustering health benefits of consuming traditional and non-traditional products
(Ward's
bond)
Cluster method,
1 includedEuclidean
products such
as: poultry, beef, seafood is well established in the awareness and

pork, game and seafood, which should be treated as
known products with which consumers are already
“familiar”. Seafood was added to such objects as
game, beef, pork and poultry in the last knot of this
concentration, as a product more different from them.
The degree to which these products were linked
with each other was the greatest, and so they found
themselves in one cluster. These products were
combined (aggregated) into one cluster 1, which
differs from the other aggregated products in cluster 2.
Cluster 2 included products such as: frogs’ legs,
snails, snakes, locusts, crickets and horsemeat that
could be described as products other than those
normally consumed.
Based on the results of cluster analysis, concerning
the study of health benefits associated with the
consumption of a specific group of traditional and
non-traditional products, it can be concluded that

menu of the surveyed consumers. Venison, which has
been a traditional dish in Polish cuisine dating back
to hundreds of years, although it is not a product as
widely used in nutrition as poultry or pork and beef,
is still perceived as a product with beneficial health
values associated with its consumption. However,
horse meat, although also known and served in Poland
as food, was perceived similarly to other atypical
products by a native consumer. Although Poland is
the undisputed leader in horse meat production (the
second one in the European Union; export value of 21
million € in 2012), horse meat consumption in Poland
remains low [28].
The data show a clear tendency regarding the
perception of large and rather large health benefits
associated with culturally known products such as
poultry (62.3%), beef, pork (61.2%) and venison
(60.9%). This group also includes seafood (56.6%)
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perceived similarly to venison (4.3% difference).
Such a large percentage of indications related to
the perception of health benefits resulting from the
consumption of seafood may indicate how well they
have been accepted on the Polish market and how their
perception by Poles has changed. Horse meat (25.4%),
known and served in Poland for longer than seafood,
was found to be less beneficial for health, which was
reflected in more than half of the lower percentage
of indications compared to seafood. Tarantulas and
snakes were ranked by respondents in terms of benefits
at the end of the list of products (6.5% and 6.2% of
indications respectively). It is worth noting that in the
case of consuming products such as crickets (15.6%)
and locusts (12.9%) health benefits were noticed,
although they are not known or common on the Polish
market. At the same time it should be emphasized that
among the respondents there were people who did not
perceive health benefits resulting from consumption of
such products commonly found on the Polish market
as, for example, poultry (3.5%) or beef and pork
(4.1%). Also in the case of eating venison, 4.3% of
respondents did not see any benefits. In the case of

seafood, only 6.6% of respondents stated that there
were no health benefits resulting from including them
in their diet.
Gender slightly differentiated the opinions of the
respondents on the issue of health benefits caused
by the consumption of various products - significant
differences (p≤0.05) were found only in the case of:
snakes and crickets. However, a significant (level of
significance p≤0.05) influence of age on the opinions
of the respondents (concerning health benefits) related
to the consumption of: snakes, locusts, horsemeat,
tarantula and highly significant (level of significance
p≤0.001) when it comes to the consumption of: snails,
crickets, poultry, beef and pork.
VARSEEK levels and health benefits of familiar
and unfamiliar products
The relationship between the level of search
for diversity in food and health benefits of food
consumption has been assessed. For this assessment,
Rho Spearman’s rank correlations were used,
demonstrating a number of important relationships
between the studied variables (Table 4).

Rho
Spearman
VARSEEK

Venison

Pork, beef

Poultry

Tarantula

Horse
meat

Crickets

Locusts

Snakes

Snails

Sea Food

Correlation

Frog legs

Table 4. Spearman’s correlation between the Variety Seeking Scale (VARSSEK) level and the assessment of health benefits
associated with the consumption of selected products
Health benefits

0.179** 0.245** 0.188** 0.207** 0.190** 0.232** 0.155** 0.161** 0.035 0.022 0.111*

*Statistically significant differences at p<0.05; ** Statistically significant differences p<0.001

Analyzing the relationship between the level of
diversity search in food and health benefits resulting
from the consumption of edible insects (locusts and
crickets), a statistically significant relationship (at the
level of significance p≤0.001), with positive values
of 0.190 and 0.232 respectively, was found, which
means that this relationship cannot be considered as
strong [36]. While comparing the culturally foreign
products listed in Table 4, such as frog legs, seafood,
snails, snakes and tarantulas, the highest correlation
value added another crucial information to this study.
Generally, its role is to indicate the existence of
a relationship between the attitude to food seeking food
diversity and the perception of health benefits resulting
from consumption of various types of products. As it
turned out, the highest correlation value was recorded
for seafood (Spearman coefficient - 0.245) and the
lowest for tarantula (0.161).

The studied relationships were characterized by
a statistically significant but weak strength of this
relationship. Based on the comparison of the Rho
Spearman correlation values between VARSEEK and
the assessment of health benefits associated with the
consumption of specific products, it can be assumed that
respondents with a higher level of seeking diversity were
at the same time willing to see higher health benefits
associated with the consumption of unusual products,
including culturally unfamiliar ones. No statistically
significant relationships between variables were found
when analyzing the examples of poultry (0.035), pork
and beef (0.022). A surprising result is the finding of
low correlation values between the studied phenomena
in the case of game (0.111) and horse meat (0.155),
which were comparable to the values determined in the
case of frog legs (0.179) or snails (0.188). Wild game
has been a traditional dish in Polish cuisine dating back
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to hundreds of years. Currently, the consumption of
game meat in Poland is marginal and 90% of Polish
production is exported to Germany, France, Italy and the
Benelux countries. The production volume is estimated
at 7-8 thousand tons of chilled and frozen meat [28].
Also, the consumption of horse meat in Poland is very
low and not very popular in comparison with countries
such as Italy or France, despite the fact that Poland is
one of the largest exporters of horse meat in Europe. The
reasons for this state of affairs can be seen in the history
of Poland and Poles’ great attachment to horses which
increasingly often are associated with studs instead of
farming and perceived as a friend of man, just like dogs.
The results of the study may suggest that consumers
with strongly polarized views on the search for diversity
in food do not pay attention to the nutritional value of
traditional products (poultry, pork and beef) and at
the same time do not notice the risk associated with
their consumption. Both seekers and those who avoid
diversity in food perceive the values of traditional
products such as poultry, pork and beef in a similar
way. Traditional products, as basic sources of protein,
commonly used in households in Poland, are considered
as basic goods by the respondents, which results from
their availability on the market. Over the last fifteen
years, meat consumption in Poland has increased by
approximately 9%. Pork is still the most commonly
consumed type of meat (41 kg per capita in Poland in
2016), followed by poultry (29.5 kg per capita) and
beef (1.9 kg). In recent years, the structure of meat
consumption in Poland has been changing in favor of
white meat. The observed growing consumption of
poultry meat is consistent with the trends observed in
the western countries of the European Union and the
USA and is conditioned by a low price of poultry in
relation to other types of meat. At the same time, higher
consumption of poultry is facilitated by the growing
popularity of a healthy lifestyle and the related increased
demand for white meat [6]
Levels of Food Neophobia Scale (FNS)
The FNS scale was used to determine the level
of neophobia in new food. The scale is based on
10 statements (five neophilic and five neophobic
statements) (Table 5). Individual total scores were
obtained by summing the values of each scale item,
corresponding to the values 1-5 and totaling 10-50
points. A higher number of points corresponds to the
neophilic attitude. The mean value of sum (x̄) and
standard deviation (SD) were calculated and on this
basis three groups of respondents were separated.
The first group with values 28.98 and lower (x̄-SD;
34.54-5.56) are people with high levels of neophobia.
We describe them in literature as neophobics. The
range between 28.98 and 40.10 defined attitudes as
neutral (medium) on the level of neophobia. The third
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group with a low level of neophobia had FNS values
above 40.10 (x̄+SD; 34.54+5.56). These people had
a neophlic attitude to new food. The reliability of the
FNS scale (Alpha Cronbach’s), consisting of 10 items,
was estimated at 0.705.
Table 5. Mean, SD of Food Neophobia Scale (FNS), N=788
No

Statement

1. I am constantly sampling new and different foods
2. I don’t trust new foods (R)
3. If I don’t know what a kind of food is, I won’t try it (R)
4. I like food from different cultures
5. Ethnic food looks too weird to eat (R)
6. At dinner parties and trips abroad, I try new food
7. I am afraid to eat things I have never had before (R)
8. I am very particular about the food I eat (R)
9. I will eat almost anything
10. I like to try new ethnic restaurants

The dominant attitude toward novel food among the
respondents was neutral (63.45%), for which the total
response values to FNS statements were between 28.98
and 40.10. Strong attitudes of avoiding and wanting to
learn about new products were declared by a similar
percentage of respondents, represented by 18.15% of
neophobics and 18.40% of neophilics, although these
groups differed in terms of the participation of women
and men. Among people with neophobic attitudes there
were nearly 4% more men than women (17.23%).
However, among people with low neophobic attitudes
(neophilics) there were 6.15% more women than men
(13.78%). A similar percentage of women and men
were characterized by a medium level of neophobia
(62.84% and 65.31%). Among the respondents with
a willingness to try new food, the 21-40 age group was
characterized by the highest, almost doubled, percentage
of people with a low level of neophobia (25.60%)
compared to the remaining groups (15.15% of 16-20
year-olds and 12.80% of people over 41 years of age).
At the same time, this group had the lowest percentage
of people with a high level of neophobia (13.99%) also
compared to other age groups with a similar percentage.
In comparison with all age groups, the group of the 2140 years old stood out the most in terms of the level
of neophobia, constituting the lowest percentage among
the respondents. Socio-demographic factors that had
a statistically significant effect on the differentiation
in the level of neophobia were age (χ2=18.75778;
p=0.001) and education (χ2=12.45512; p=0.014), while
gender did not have a significant impact differentiating
the respondent group in terms of neophobia. The
characteristics of the study group, including gender, age
and level of education, are presented in Table 6.
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Table 6. Level of neophobia with regard to gender, age and education (%)
Level
FNS

Gender

Age [years]

Education

p=0.118

p=0.001**

p=0.014*

Total

Female

Male

18-20

21-40

over≥41

Vocational

Secondary

Higher

Low

19.93

13.78

15.15

25.60

12.80

12.77

18.82

19.70

18.40

Medium

62.84

65.31

64.08

60.41

66.82

56.38

65.18

63.20

63.45

High

17.23

20.91

20.77

13.99

20.38

30.85

16.00

17.10

18.15

* statistical differences p≤0.05; ** statistical differences p≤0.001.

Januszewska et al. [12] when surveying two groups
of consumers, from Poland (Wielkopolska region) and
Belgium (Flanders region), obtained a similar percentage
of people with a high level of neophobia toward food
(Wielkopolska 19.0% to Tri-City 18.4%), which may
indicate a similar attitude of respondents from Tri-City
to respondents from the region of Wielkopolska toward
food. Among the respondents from Flanders (Belgium)
as much as 28.0% were characterized by a high level of
neophobia toward food.
Finnish researchers who analyzed the determinants
of neophobic attitudes toward food showed that men
were characterized by higher neophobia than women.
A representative sample of Finns (n=1083) evaluated
the knowledge of 20 dishes classified as “known” or
“unknown” and expressed their willingness to try them.
Men were more neophobic than women and the elderly
(66-80 years old) were more neophobic than other age
groups. People with a high level of neophobia toward
food were less likely to consume “unknown” dishes than
people with a low level of neophobia toward food. These
studies also identified factors related to interest in new
food and aversion to try unknown products. According to
Finnish researchers, neophobia decreases with increasing
levels of education and urbanization of the place of
residence [37].
A survey of the level and determinants of neophobia
toward food among Polish consumers conducted
by Kowalczuk [17] allowed for a segmentation of
respondents in terms of their neophobia toward food.
People with a high level of neophobia accounted for
15.4%, an average of 70.6% and a low level of neophobia
toward food for 13.2%. It was found that gender did not
differentiate between the mean value of neophobia and
belonging to particular levels of neophobia. Education,
income and self-esteem were factors that significantly
differentiated neophobia levels. Education as a potential
factor differentiating the level of neophobia in relation
to food in the study of attitudes conducted among TriCity respondents also proved to be significant.
A study of students from Midwestern University
in Downers Grove (Illinois - the USA) measured their

level of neophobia in the perception of Chinese and
Thai cuisine in the context of attitudes toward food.
Analysis of the results obtained using the FNS scale
showed that there were no significant differences
taking into account factors such as age, gender and
place of origin. Respondents who declared that
they did not try dishes typical of Chinese or Thai
cuisine showed significantly higher average levels
of neophobia toward food than those who declared
previous experience with these national cuisines [2].
Another example of research on the level of food
neophobia was a study conducted among American and
Lebanese college students (n=1122) and concerned the
impact of variables such as the country of residence and
socioeconomic status on the level of food neophobia.
The impact of the level of neophobia on knowledge and
willingness to taste known and new food products was
also examined. Students characterized by food neophilia
showed a greater knowledge of products and a desire
to try known and new food. The percentage of people
in the neophilic group was significantly higher in the
United States of America compared to Lebanon (29.4%
vs. 7.9%). FNS ratings correlated negatively with the
desire to try all food products. Moreover, knowledge and
willingness to try them were higher in case of people with
low levels of neophobia compared to other neophobia
levels for both known and novel food groups. In addition,
the desire to try them was almost always higher regardless
of the specific level of neophobia for people who have
ever tasted food unknown to them compared to those
who have never had such an experience [24].
A study of the level of neophobia toward food
among Spanish consumers (N=309) from Barcelona,
Madrid and Valencia showed that gender was not
a differentiating factor while age was a statistically
significant factor (p<0.003) for differentiating
neophobic attitudes toward food. The 25-36 age
group showed significantly lower levels of neophobia
compared to the 49-60 age group and above 60 years
of age. The relationship between food neophobia and
readiness to try two unknown kinds of food (aloe drink
and sweet sesame rice) was confirmed (p<0.05) [10].
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The research results discussed so far have focused
on the western cultural circle, therefore, it is interesting
to compare them with the results of studies conducted
by Muhammad et al. among students of Klang Valley
University (Malaysia). The group of respondents was
not homogeneous due to their origin, as the subjects
came from Malaysia, China and India. Demographic
data made it possible to assess the relationship between
the level of neophobia in food and many of the
variables characterizing this group. Age (22-25 years
old), gender, race, status, occupancy, education and
monthly income significantly differentiated neophobia
from food. Malaysian students were more neophobic
than Indian and Chinese students. Students from rural
areas and small towns were more neophobic than
students from larger cities [21].
Interesting results were obtained by Muhammad
et al. in a study conducted among 300 young people
(aged 18-20) aspiring to the profession of chef at three
universities in Malaysia. Their level of neophobia
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toward food was examined using the FNS scale.
Contrary to the expectations of a low level of neophobia
among students toward new products and dishes
due to the field of study, the results turned out to be
surprising. Most of the respondents were characterized
by low and medium levels of food-related neophobia,
but there were also a small number of young chefs with
a high degree of food-related neophobia. It was found
that neophobia even occurred among people who have
had and will be in contact with a variety of foods due
to their profession [22].
Health risk of familiar and unfamiliar products
Cluster analysis that uses the Ward method was
also applied to assess the health risk associated with the
consumption of the same products for which the assessment
of health benefits connected with their consumption was
carried out based on the respondents’ opinion. Similarly to
the results of the assessment of health benefits in this case,
two clusters were also obtained (Figure 3).
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Figure 3. Clustering the assessment of health risks resulting from the consumption of familiar and unfamiliar products
Figure 3. Clustering the assessment of health risks resulting from the consumption of familiar
(Ward’s method, Euclidean bond)

and unfamiliar products (Ward's method, Euclidean bond)

Health risk

Cluster 1 included products that were unfamiliar assessment of consumption of traditional and non-typical
(culturally alien) to Polish consumers, such as snakes, products based on the opinion of respondents was also
6
locusts, crickets and tarantulas. The second cluster
(2) assessed and evaluated (Table 7). Rho Spearman’s values
included two subgroups. One of them covered products indicate that the relationships studied should be assessed
known and commonly consumed by consumers, such as as very weak. Only for horsemeat is there a statistical
beef, pork, poultry and game. The second subgroup of relationship between the perception of risk associated
benefits and the level of neophobia of the
risk, low
concentration 2 high
included
frogbenefits
legs, snails, seafood and high
withrisk,
the high
consumption
5
horse meat. The likely reason for this division in the risk respondents. It was found that the perception of high
Frog legs
assessment and the separation of the second subgroup risk associated with the consumption
of horsemeat is
in cluster 2 is that these products have been known for accompanied by a high degree of neophobia. In other
Seafood
a long or very long time, although rather rarely consumed. cases, the significance of correlation was not found. For
However, consumers are clearly “familiar” with4them.
products such as edible insects (crickets
Snails and locusts), the
Rho Spearman index ranged from 0.032 to 0.042 with
Snakes
FNS levels and health risks of familiar and
no significance. It was found that the
correlation between
unfamiliar1 products
the
degree
of
food
neophobia
and
the
risk assessment
2
3
4
5
6
Crickets
The Rho Spearman correlation between the resulting from the consumption of edible insects (locusts
parameters of the Food Neophobia Scale and3 the risk and crickets) by Tri-City consumersLocusts
did not occur.
Horse meat
2

Tarantulas

Snails
Seafood
Horse meat
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Rho Spearman’s correlation values between the
FNS scale parameters and health risk assessment
resulting from consuming traditional and known
as well as new, unknown and atypical products for
Tri-City consumers were estimated and evaluated.
Regarding edible insects (crickets and locusts), no
statistically significant correlation was found, which
means that the surveyed consumers with a high degree
of neophobia did not perceive the risk associated with
their consumption. The Speraman’s coefficient values
determined for crickets (0.032) and poultry (0.033)
were at a similar level, which may be surprising on the
one hand, and positively surprising on the other.
These results may indicate the openness of Tri-City
consumers to new, unknown products. In the case of
products known and often consumed in our culture,
such as poultry, pork, beef, venison or even horse, and
with which the Polish consumer is already “familiar”,
such as frogs’ legs, seafood or snails, it has been found
that greater benefits associated with their consumption
were accompanied by lower levels of neophobia. The
relationship between benefits and neophobia, related
to the consumption of products unknown to Polish
consumers (such as snakes, locusts, crickets or tarantula)

was reversed. It was found that the perception of the
significant benefits associated with their consumption was
accompanied by a high level of neophobia. This result,
however, is not surprising because if there are indications
in the minds of consumers that these are safe products
and their consumption is beneficial in terms of nutrition
and health, then the lack of one’s own experience arising
from contact in everyday life with these products may
cause to some extent a justified feeling of fear.
The perception of the abovementioned products
as potential health risk factors associated with their
consumption showed that gender significantly and
statistically differentiated opinions in the cases of
products such as: frogs’ legs, seafood, snails, snakes
and crickets (p≤0.05) and locust (p≤0.001 ). The age
criterion differentiated the opinions of respondents
about the most products, except seafood and
horsemeat. In the case of frogs’ legs, snails, snakes,
crickets and tarantula, the significance of the effect of
age as a feature differentiating the perception of risk
associated with the consumption of these products
was found to be p≤0.05, while in the case of locusts,
poultry, beef and pork at p≤0.001.
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Health benefits vs. risk in familiar and unfamiliar
products
The evaluation also assessed how respondents
qualified selected products of animal origin depending
on the benefits and health risks associated with
their inclusion in a diet. On the basis of average
assessments of health benefits and risks resulting from
the consumption of selected products, Figure 4 was
prepared for all the respondents. The chart shows its
quarters, which differ in terms of risk-benefit ratio. To
the area corresponding to high risk and small benefits
associated with consumption, the respondents qualified
tarantulas, locusts, snakes and crickets that were
already beyond the boundaries of division. Another
focus within the low-risk and low-value area was on
products such as snails, frogs’ legs and horsemeat. The
least risky and most profitable group included beef and
pork, poultry and game, as well as seafood and seafood
products. No product was assigned to the high-risk and
high-value area.

of neophobia. Age and education were the factors that
had a significant influence on the neophobia level,
while gender did not have a significant influence.
Gender was the factor that differentiated opinions
on health risks in products such as frogs’ legs, seafood,
snails, snakes, crickets and locusts. It was found that
there was no correlation between the degree of food
neophobia and the risk assessment resulting from the
consumption of edible insects (locusts and crickets) by
consumers.
The obtained results try to explain the issue of
acceptance conditions of a new and rather controversial
product, which are edible insects to the inhabitants
of Europe. The lack of results of consumer research
conducted in Poland on the acceptance of edible
insects as food should be an incentive to undertake
such research on a larger scale and in different regions
of the country.
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The conducted study of consumers’ attitudes of
the Tri-City toward edible insects as food allowed to
formulate the following conclusions:
The majority of seekers with a high degree
of VARSEEK were men aged 21-40 with higher
education. The degree of search for diversity in food
significantly depended on factors such as gender, age
and education. The avoiders group was represented
in equal proportions by men and women aged 41 and
above with vocational education.
Gender statistically and significantly differentiated
the opinions of the respondents regarding health
benefits conditioned by the consumption of various
products only in the case of snakes and crickets.
A statistically significant effect of age on the opinions
of respondents regarding health benefits was shown,
which was related to the consumption of: snakes,
locusts, horse and tarantula. Whereas it was highly
significant when it comes to consumption of: snails,
crickets, poultry, beef and pork.
The results of FNS scale indicate that the dominant
attitude toward food among the Tri-City residents
was average (neutral). The age group of 21-40 years
old was characterized by a low level of neophobia in
comparison to other age groups. At the same time,
this group was characterized by the lowest percentage
of people with high levels of neophobia. Among
the respondents with low levels of neophobia, the
dominating group comprised of people with secondary
and higher education. The group of women was
characterized by a higher percentage of people with
a low level of neophobia than men. At the same time,
men dominated in the group of people with high levels
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ABSTRACT

Background: Glycemic index (GI) and glycemic load (GL) are often used to assess diet quality in relation to the risk of
diabetes, cardiovascular diseases and cancer development. Taking into account differences in nutritional value of food
products in different countries it is often suggested to used national databases to assess dietary intake in different populations.
Objective: To assess the glycemic index and glycemic load of the selected groats available on the Polish food market.
Material and methods: GI of the following groats available on the Polish food market was assessed: couscous, buckwheat
(roasted) groats, millet groats, spelt groats, barley (hulled) groats and bulgur groats. The GI was assessed as the incremental
area under the blood glucose response curve of a 50g carbohydrate portion of a test food expressed as a percent of the
response to the same amount of carbohydrate from a standard food taken by the same subject. GL was calculated for the
100 g of the cooked product.
Results: The lowest GI was found for buckwheat (34.7±8.2%) and barley (31.3±13.4%) groats. The GL for these groats
was 8.1±1.9 and 8.0±3.4, respectively. The GI for millet, spelt and bulgur groats amounted to 56.2±20.6%, 69.8±35.0%,
64.5±36.8%, respectively, while for couscous amounted to 99.0± 36.0%. The highest GL was observed for couscous
(24.7±9.0).
Conclusions: The groats tested in this study can be classified as follows: barley and buckwheat as a low GI food, millet and
bulgur as a medium GI food, spelt and couscous as a high GI food. Buckwheat and barley groats should be chosen the most
often among these products, while the intake of couscous should be limited especially by people with diabetes.
Key words: glycemic index; groats; carbohydrates; area under the curve; glycemic load; glucose

STRESZCZENIE

Wprowadzenie: Indeks glikemiczny i ładunek glikemiczny są często wykorzystywane do oceny jakości diety w odniesieniu do ryzyka rozwoju cukrzycy, chorób sercowo-naczyniowych i nowotworów. Biorąc pod uwagę różnice w wartości
odżywczej produktów spożywczych w różnych krajach, często zaleca się stosowanie krajowych baz danych w celu oceny
sposobu żywienia w różnych populacjach.
Cel badań: Ocena indeksu glikemicznego (IG) i ładunku glikemicznego (ŁG) wybranych kasz dostępnych na polskim
rynku spożywczym.
Materiał i metody: Oceniono IG następujących kasz dostępnych na polskim rynku spożywczym: kuskus, kasza gryczana (prażona), kasza jaglana, kasza orkiszowa, kasza jęczmienna (pęczak) i kasza bulgur. Wartość IG obliczono jako stosunek pola
powierzchni pod krzywą glikemiczną po spożyciu produktu zawierającego 50 g węglowodanów w badanej żywności do pola
powierzchni pod krzywą glikemiczną po spożyciu 50 g glukozy u tej samej osoby. ŁG obliczono dla 100 g gotowanego produktu.
Wyniki: Najniższy IG stwierdzono dla kaszy gryczanej (34,7±8,2%) i jęczmiennej (31,3±13,4%). Wartość ŁG dla tych kasz
wynosiła odpowiednio 8,1±1,9 i 8,0±3,4. Wartość IG dla kaszy jaglanej, orkiszowej i bulgur wynosiła odpowiednio 56,2±20,6%,
69,8±35,0%, 64,5±36,8%, natomiast dla kaszy kuskus 99,0±36,0%. Najwyższy ŁG stwierdzono dla kaszy kuskus (24,7±9,0).
Wnioski: Analizowane kasze można sklasyfikować następująco: jęczmienną i gryczaną jako produkty o niskim IG, jaglaną
i bulgur jako produkty o średnim IG, orkiszową i kuskus jako produkty o wysokim IG. Spośród analizowanych produktów
kasza gryczana i jęczmienna powinny być wybierane najczęściej, podczas gdy spożycie kaszy kuskus powinno być ograniczone, szczególnie przez osoby z cukrzycą.
Słowa kluczowe: indeks glikemiczny; kasza; węglowodany; pole powierzchni pod krzywą; ładunek glikemiczny; glukoza
Corresponding author: Dorota Różańska, Department of Dietetics, Wroclaw Medical University, Parkowa 34, 51-616 Wroclaw, Poland,
e-mail: dorota.rozanska@umed.wroc.pl
*) This research was conducted as a part of the Project No. ST.E110.16.062, founded by the Wroclaw Medical University (Poland).
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INTRODUCTION
The glycemic index (GI) is a value used to
classified food products in regard to its influence
on blood glucose level in relation to the reference
product (glucose or white bread). Food can be divided
as a low GI (≤ 55%), medium GI (56-69%) or high
GI (≥ 70%) [2, 5]. The concept for GI was published
first time in 1981 [5]. Glycemic index is a constant
value for each food and do not include the amount
of carbohydrates in the portion of the consumed
food. The value that joins this two parameters: GI
and the amount of carbohydrates in the portion of the
consumed food is glycemic load (GL) [1, 2].
GI and GL are often used to assess diet quality
in relation to the risk of diabetes, cardiovascular
diseases and cancer. The meta-analysis conducted by
Dong et al. [10] gave the evidence about significant
association between dietary GI and GL in the risk of
type 2 diabetes. In the EPIC-MORGEN study in the
group of men higher dietary GL was associated with
an increased risk of coronary heart disease (CHD)
and GI was associated with increased risk of stroke
in men [6]. Other authors based on the meta-analysis
proved that higher dietary GL was associated with the
risk of CHD and stroke in women [11]. There are also
many studies which shown the positive correlation
between dietary GI and/or GL and the risk of cancer,
for example colorectal [18], bladder [3], endometrial
[22], and breast [19].
Taking into account differences in nutritional
value of food products in different countries it is
often suggested to used national databases to assess
dietary intake in different populations. International
Tables of Glycemic Index and Glycemic Load have
been published [1, 13], however it should be more
adequate to use GI and GL values assessed for the
typical national products. There is no Polish database
with GI and there are only few studies were GI of
typical Polish food were assessed [4, 8, 9, 16]. This
study was conducted to assess the GI and GL of the
selected groats available on the Polish food market.
The aim of the study was to assess the glycemic
index and glycemic load of the selected groats
available on the Polish food market.

MATERIAL AND METHODS
Groats preparation
We used six following groats available on the Polish
food market: couscous, buckwheat (roasted) groats,
millet groats, spelt groats, barley (hulled) groats and
bulgur groats. The nutritional value from the labels of
the analyzed groats is presented in Table 1.
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The content of digestible carbohydrates was
computed as a difference between total carbohydrates
and dietary fiber content in each groats. To the analysis
we used a portion of each groats that contained 50 g
of available carbohydrates (Table 2). Each groats
was weighted and prepared with cooking instruction
attached on the package. Time of cooking of each
product is shown in Table 2. Groats were prepared just
before the consumption.
Glycemic index assessment
The GI is defined as the incremental area under the
blood glucose response curve of a 50g carbohydrate
portion of a test food expressed as a percent of the
response to the same amount of carbohydrate from
a standard food taken by the same subject.
The area under the curve has been calculated as
the incremental area under the blood glucose response
curve (IAUC), ignoring the area beneath the fasting
concentration. In the calculation we applied the
trapezoid rule. When a blood glucose value falls below
the baseline, only the area above the fasting level was
included [5, 12].
The first stage of the study was to measure the
area under the curve (AUC) after the consumption
of the standard food (50 g of glucose in 200 mL of
water). First of all we measured fasting blood glucose
and then after 15, 30, 45, 60, 90 and 120 minutes
after glucose intake. Then the AUC was calculated
according to the trapezoid rule. The results of each
of the 7 measurements were plotted on the coordinate
axes, where OX was glucose level [mg/dL] and OY
was time (0, 15, 30, 45, 60, 90 and 120 minutes). Next,
the AUC was divided into triangles and trapezoids. The
AUC was equals the sum of the areas of the triangles
and trapezoids. Negative values of areas of particular
figures (when a blood glucose value falls below the
baseline) were not included in the calculations [12].
In the second stage, after at least one day break
but not more than 7 days, we measured the AUC after
the consumption of the tested food containing 50 g
of available carbohydrates. First of all we measured
fasting blood glucose and then after 15, 30, 45, 60,
90 and 120 minutes after the food intake. Then the
AUC was calculated as it was described above. The
volunteers were instructed to eat the grains in the time
not exceeded 10 minutes.
According to the FAO/WHO recommendations
[12] a capillary blood was used to assess GI. Capillary
blood was taken using an automatic disposable lancing
device and blood glucose level was measured using
a Bayer Contour TS glucometer.
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Table 1. The nutritional value of the analyzed groats (per 100 g)
Energy
Protein
Carbohydrates
Groats
(kcal)
(g)
(g)

Fats
(g)

Dietary fiber
(g)

Digestible
carbohydrates (g)

Couscous

344

12.0

68.0

1.8

4.0

64.0

Millet

348

10.5

68.4

2.9

3.2

65.2

Spelt

339

11.0

63.0

2.6

9.6

53.4

Bulgur

330

13.0

62.0

1.5

8.0

54.0

Buckwheat,
roasted

358

11.2

68.3

3.2

5.8

62.5

Barley, hulled

362

8.4

74.9

2.0

5.4

69.5

Table 2. Methods of preparation of each groats
Groats

Portion of raw product
containing 50 g of available
carbohydrates (g)

Preparation
pour with boiling water, cover and set
aside for 3 minutes
boiled for about 15 minutes until all
the water has been absorbed

Product weight
after cooking (g)

Couscous

78

201.0±9.2

Millet

77

Spelt

94

boiled for 13 minutes

272.3±1.2

Bulgur

92

boiled for 15 minutes until all the
water has been absorbed

265.0±2.6

Buckwheat, roasted

80

boiled for 13 minutes

213.3±5.5

Barley, hulled

72

boiled for 15 minutes

195.7±2.5

223.0±2.6

Each food was tested in 8 volunteers. Volunteers
have to be after 12 hours of night fasting and meet
the inclusion criteria described below in section
“volunteers”. During the study volunteers could not
consume any other food products, chew gum or drink
flavored/sweetened beverages. They were instructed
to sit and not to walk during the study.
Glycemic index for each groats was the average
value of 8 results obtained in different volunteers.

Glycemic load assessment
Glycemic load was computed according to the
formula:
GL = (GI x carbohydrate content in the portion)/100
GL was calculated for the 100 g of the cooked
product. GI value for each groats was the average value
of 8 measurements obtained in different volunteers.

Volunteers
The volunteers were adults who signed an informed
consent for participation in the study. The inclusion
criteria were:
• age ≥ 18 years old
• without diabetes or insulin resistance in the
history
• no pharmacotherapy
• fasting for 12 hours before the study
The study group included 44 individuals (35
women, 9 men). Four volunteers agreed to take part in
the study for two products within one week. The mean
age of the volunteers was 23.7±5.8 years old.
The study was approved by the Polish Ethics
Committee (No. KB-342/2016).

Table 3 shows the mean value of blood glucose
level [mg/dL] after the intake of 50 g of glucose or
the portion of product contains 50 g of digestible
carbohydrates. The highest blood glucose level after
the intake of glucose was observed in the 30th minute
of the study. The glycemic curve for couscous groats
has reached its maximum in the 30th minute but was
almost unchanged until 45th minute. The glycemic
curve for millet, buckwheat and barley groats have
also reached the maximum in the 30th minute of the
study. The glycemic curve for spelt groats has reached
its maximum in the 15th minute, while for bulgur groats
in 60th minute.
Figure 1 shows the glycemic curves for each
groats and the reference glycemic curve for glucose.

RESULTS

84

Assessment of the glycemic index of groats available on the Polish food market

No 1

Table 3. The mean value of blood glucose level [mg/dL] after the intake of reference or tested product
Glucose or groats
Glucose
(n=44)
Couscous
(n=8)
Millet
(n=8)
Spelt
(n=8)
Bulgur
(n=8)
Buckwheat,
roasted
(n=8)
Barley,
hulled
(n=8)

X±SD
Me
min-max
X±SD
Me
min-max
X±SD
Me
min-max
X±SD
Me
min-max
X±SD
Me
min-max
X±SD
Me
min-max
X±SD
Me
min-max

0 min
86.5 ± 7.4
88
64-100
87.0 ± 5.8
88
77-94
91.4 ± 6.8
94
81-100
84.1 ± 9.1
85
71-101
86.6 ± 9.1
85
73-101
88.5 ± 8.3
84.5
79-104
85.6 ± 3.2
85
81-91

15 min
129.0 ± 17.0
128
96-168
117.6 ± 13.2
116
96-133
115.6 ± 11.6
118
101-130
121.4 ± 8.0
122.5
108-131
120.5 ± 9.2
121.5
102-130
112.6 ± 13.2
109
93-131
97.4 ± 4.9
95
92-105

Blood glucose level [mg/dL]
30 min
45 min
60 min
146.0 ± 17.3 135.7 ± 20.2 121.3 ± 23.9
147
131.5
119
100-188
105-181
83-199
126.6 ± 8.5
126.0 ± 20.0 120.0 ± 15.5
127
122.5
117.5
109-137
94-157
102-146
122.0 ± 14.1 111.4 ± 11.1 111.9 ± 11.3
124
105
111
104-147
103-133
96-127
117.9 ± 21.7 109.6 ± 26.0 100.4 ± 22.3
118.5
105
94
90-154
85-158
81-148
115.8 ± 21.5 111.4 ± 20.0 130.9 ± 10.7
118
108
102.5
73-144
80-139
88-118
119.5 ± 15.6 102.9 ± 14.4
99.0 ± 10.3
116
102
98
98-145
81-129
79-114
101.9 ± 8.7
98.0 ± 9.5
95.0 ± 9.0
105.5
100.5
96
83-109
82-111
82-106

90 min
107.5 ± 22.9
105
64-180
114.3 ± 33.5
106
88-194
92.5 ± 11.7
86
82-112
101.1 ± 15.3
101
83-131
93.9 ± 10.6
93
83-109
92.0 ± 16.8
89
72-123
94.0 ± 7.0
93
87-109

120 min
92.0 ± 15.0
93
61-125
99.1 ± 23.1
92
71-148
96.8 ± 10.8
94.5
85-114
90.5 ± 9.6
93
77-101
95.9 ± 13.4
97
66-108
90.4 ± 6.7
91.5
78-98
87.9 ± 5.8
87.5
78-97

X±SD – mean ± standard deviation; Me – median

Figure 1. The blood glucose curves after the intake of glucose and tested groats: A – couscous, B – millet, C – spelt,
D – bulgur, E – roasted buckwheat, F – pearl barley
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Table 4. Mean values (X±SD) of glycemic index and glycemic load of the tested products

Glycemic index (%)

Groats

Glycemic load (g) per 100g
of cooked product

X±SD

Me

min-max

X±SD

Me

min-max

Couscous (n=8)

99.0 ± 36.0

99.7

50.3-153.5

24.7 ± 9.0

24.8

12.5-38.2

Millet (n=8)

56.2 ± 20.6

45.8

32.0-83.8

12.6 ± 4.6

10.3

7.2-18.8

Spelt (n=8)

69.8 ± 35.0

61.0

34.2-142.1

12.8 ± 6.4

11.2

6.3-26.1

Bulgur (n=8)

64.5 ± 36.8

56.9

25.4-138.9

12.2 ± 7.0

10.8

4.8-26.3

Buckwheat, roasted (n=8)

34.7 ± 8.2

34.5

25.5-47.6

8.1 ± 1.9

8.1

6.0-11.1

Barley, hulled (n=8)

31.3 ± 13.4

29.1

12.3-53.4

8.0 ± 3.4

7.4

3.1-13.6

X±SD – mean ± standard deviation; Me – median

The glycemic curve for couscous was very close to the
glycemic curve for glucose. The glycemic curve for
glucose varied the most in comparison to the glycemic
curve for buckwheat and barley groats.
The values of glycemic index for each groats and
the values of glycemic load (per 100 g of cooked
product) are shown in Table 4. The lowest GI was
calculated for buckwheat (34.7±8.2%) and barley
(31.3±13.4%) groats. They also had the lowest GL
amounted to 8.1±1.9 and 8.0±3.4, respectively. The
GI for millet, spelt and bulgur groats amounted to
56.2±20.6%, 69.8±35.0%, 64.5±36.8%, respectively,
while for couscous amounted to 99.0±36.0%.

DISCUSSION
The study herein was conducted to assess the
glycemic index and glycemic load of the following
groats available on the Polish food market: couscous,
buckwheat (roasted) groats, millet groats, spelt groats,
barley (hulled) groats and bulgur groats. Groats are
food items usually associated with healthy diet as they
are a source of fiber, vitamins and minerals. However
among different types of groats there are some with high
GI thus they cannot be recommended in everyday diet.
In the International Tables of Glycemic Index and
Glycemic Load Values there are few GI values for
barley ranged from 20% (Barley kernels, high-amylose
(hull-less) boiled in water for 25 min, reference food
- bread) to 37% (Barley, pot, boiled 20 min, reference
food - bread). The mean of eight studies given in the
international tables is 28%, what is similar to the
results obtained in this study [1]. According to FAO/
WHO report [12] the GI for pearled barley is 36%,
while for cracked barley 72%. For buckwheat there is
only one data in the international tables [1]. The GI for
this groats is 45% (reference food - bread), however
it is difficult to compare this value with the results
observed in this study, because in the international
tables buckwheat was more processed. It was

hydrothermally treated, dehusked and boiled for 12
minutes. In the University of Sydney database [20] GI
for buckwheat is 51%. According to FAO/WHO report
[12] the GI for buckwheat is 78%. Both, barley and
buckwheat groats, used in our study can be classified
as a low GI food.
The GI for millet and bulgur groats amounted to
56.2±20.6% and 64.5±36.8%, respectively. Based on
the results from this study these groats can be classified
as a medium GI food. GL for these products were
very similar and amounted to 12.6±4.6 and 12.2±7.0.
GI for millet porridge (reference food – glucose) in
the international tables is higher that assessed in this
study (62%), but it is still a medium GI food [1].
According to FAO/WHO report [12] millet has very
high GL equal to 101%. In The University of Sydney
database [20] GI for millet boiled is 71% but for millet
flour porridge 107%. GI values for bulgur groats are
not available in the International Tables of Glycemic
Index and Glycemic Load Values [1], however are
available in the University of Sydney database [20].
The GI for bulgur cracked wheat, boiled 20 minutes
is 46% (time period of test 3 hours) so it is lower than
assessed in this study. However FAO/WHO [12] data
shows that GI for bulgur is 68%, what is very similar
to the results observed in this study. There is no data
in the literature about GI for spelt groats. In this study
it was assessed that the GI for spelt is 69.8±35.0% and
the GL is 12.8±6.4.
The GI for couscous assesses in this study was very
high and amounted to 99.0±36.0%. FAO/WHO [12]
data shows that GI for couscous is 93%, what is very
similar to the results observed in this study. This value
was significantly higher than those in international
tables (65%). In the University of Sydney database
[20] GI for couscous ranged from 53 to 65% [1].
According to the results obtained in this study couscous
can be classified as a high GI food. Couscous had also
the highest GL, about 3 fold higher than barley or
buckwheat groats.
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The individual values of GI were very different for
one product. The greatest differences were observed
for bulgur, spelt and couscous. To obtain more precise
results the number of samples probably should be
higher, however Mikolajczak et al. [16] had included
about 20 volunteers to assess GI for one product and
standard deviation was also very high. Moreover in
the study conducted by Mikolajczak et al. [16] the
values of GI were analyzed separately for men and
women. For some products the values of GI were
higher among men than women (oat cereals instant:
62.0±15.8% vs. 48.4±24.5%, chocolate cereals:
51.5±19.4% vs. 46.5±24.7%), but for another among
women in comparison to men (cheerios multigrain
cereals: 92.8±42.9% vs. 42.3±14.8%, oat cereals:
48.6±28.3% vs. 36.5±16.1%). On the other hand, the
value of GI assessed for muesli tropical was almost
equal in the group of men and women [16]. Also in
the study conducted by Bator et al. [4] the individual
values of GI differed for one product. For example the
minimum GI for Wasa crispbread with sesame was
11%, while the highest 121% and the minimum GI
for Wasa crispbread sport was 36%, while the highest
160% [4].
The Central Statistical Office in Poland [7] assessed
that the intake of grain products (excluding bread, flour
and bakery products) in Poland in 2017 amounted only
to 0.8 kg per month per capita. Within this amount 0.15
kg contained rice, 0.38 kg pasta and 0.15 kg breakfast
cereals. There is no data about groats, however in regard
to the consumption of other grains product, the intake
of groats was lower or about 0.12 kg per month per
capita. Groats products are very important in everyday
diet and their consumption should be higher. They are
source of carbohydrates, dietary fiber, minerals and B
vitamins. Taking into account the nutritional value from
the food label the content of dietary fiber in the analyzed
groats ranged from 3.2 g/100 g in millet to 9.6 g/100 g
in spelt. The content of minerals in these products is as
follows: potassium from 166 mg in couscous to 443 mg
in buckwheat, phosphorus from 170 mg to 459 mg and
magnesium from 44 mg to 218 mg, respectively. The
content of zinc is more than 3 mg/100 g in millet, spelt
and buckwheat, but lower than 1 mg/100 g in couscous
and barley. The highest content of thiamine is in millet
(0.73 mg/100 g), of niacin in spelt (6.84 mg/100 g), of
vitamin B6 in millet (0.75 mg/100 g). The lowest content
of these vitamins is in barley (0.14 mg/100 g), buckwheat
(1.95 mg/100 g) and couscous (0.11 mg/100 g),
respectively [14, 21].
High dietary GI and/or GL in many studied was
associated with higher risk of type 2 diabetes, CHD,
stroke and cancer [3, 6, 11, 18, 19, 22]. Moreover
Schwingshackl and Hoffmann [17] based on a metaanalysis found beneficial effects of long-term use
of a low GI/GL diet with respect to fasting insulin
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and C-reactive protein what is also important in the
primary prevention of non-communicable chronic
disease, mainly associated with obesity. The low
GI/GL of the diet may be achieved by the replacement
of high GI/GL food by low GI/GL food and/or by
reducing the intake of carbohydrates. More advisable
is reduction of dietary GL through the intake of low
GI food, not through the very restricted limitation in
carbohydrate intake overall. McMillan-Price et al.
[15] compared the effect of four diets with different
amount and type of carbohydrates in weight loss and
reduction of the cardiovascular risk. The first diet
contained 55% of energy from carbohydrates and GL
116 g; 2nd - 55% energy from carbohydrates and GL
65 g; 3rd 25% energy from carbohydrates and GL 84
g; 4th 25% energy from carbohydrates and GL 43 g,
respectively. Dietary GL was significantly associated
with the glucose and insulin level in blood. Each diet
caused weight loss, but the lowest effect was for the
1st and the highest for the 2nd diet. After 12 weeks of
the study the 2nd diet caused a reduction of total and
LDL cholesterol level by 0.18 and 0.17 mmol/l, while
the 3rd caused an increase level of these parameters by
0.24 and 0.26 mmol/l, respectively. The authors also
observed the highest reduction of leptin level in blood
in the group on the 2nd diet [15].
Taking into account the results obtained in this
study the most valuable among the tested groats in
view of the prevention of non-communicable chronic
diseases will be buckwheat and barley. These groats
can be also chosen by people with diabetes, because
they do not caused hyperglycemia. Bulgur and millet
have medium GI, however they are rich in minerals
and vitamin, so they can be chosen from time to time,
however their consumption by people with diabetes
should be limited. Couscous have the highest GI and
the content of minerals and vitamin is rather small, so
the intake of this groats should be limited in view of
the prevention of chronic diseases, and even excluded
by people with diabetes.
There is no Polish database with the values of GI
for typical Polish food. The obtained results may be
important for dietary recommendation in the prevention
and treatment of non-communicable chronic diseases
but also for healthy population who take care about
healthy lifestyle and healthy nutrition. It should be
obligatory recommend to include the value of GI on
the food labels, what would help people in making an
aware decisions.

CONCLUSIONS
The groats tested in this study can be classified as
follows: barley and buckwheat as a low GI food, millet
and bulgur as a medium GI food, spelt and couscous as
a high GI food. Simultaneously, barley and buckwheat
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groats had the lowest, while couscous had the highest
GL. Buckwheat and barley groats should be chosen
the most often among these products, while the intake
of couscous should be limited especially by people
with diabetes.
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ABSTRACT

Background: The most important element of a well-balanced diet is a proper energetic value. Energy deficiencies are often
observed in athletes, especially women. Energy deficiencies can lead to low energy availability which can cause serious
health problems and affect exercise capacities. There is, therefore, a risk of health complications and reduced physical
performance among female soccer players.
Objective: The aim of this study was to check the frequency of low energy availability appearance in a group of women
training soccer, which could results in negative health effects due to Relative Energy Deficiency in Sport (RED-S).
Material and methods: Thirty-one professional female soccer players practicing on different league levels (Extra-league,
I league, II league) participated in the study. The participants had their height and body mass measured. To assess the
Energy Intake the method of 3-day dietary food recording was used. Total Energy Expenditure (TEE) and Exercise Energy
Expenditure (EEE) was measured by means of an Armband SenseWear Pro3 device. The content of fat free mass was
assessed with Akern BIA 101 Anniversary Sport Edition device.
Results: The body mass median of participants was 58 kg. The average height was 166±5 cm, and the average BMI was
21.4±2 kg/m2. TEE was 2703±392 kcal/day, while EEE was 515 kcal (203-597 kcal). Energy intake was 1548±452 kcal/
day. Energy availability was 25±11 kcal/kg fat free mass/day. Twenty of the study participants had low energy availability.
The percentage of EEE in TEE was 17.93±3.14%.
Conclusions: Low energy availability was demonstrated in the vast majority of studied group, which may lead to negative
health consequences or reduction of exercise capacity.
Keywords: women; female athlete; low energy availability; exercise energy expenditure; female athlete triad
STRESZCZENIE
Wprowadzenie: Najważniejszym elementem dobrze zbilansowanej diety jest jej odpowiednia wartość energetyczna. Niedobory energetyczne są często obserwowane wśród sportowców, zwłaszcza kobiet. Niedobory energii mogą prowadzić
do wystąpienia niskiej dostępności energii, co może powodować poważne problemy zdrowotne i wpływać na zdolności
wysiłkowe. Istnieje zatem ryzyko powikłań zdrowotnych i obniżonej sprawności fizycznej wśród kobiet-sportowców,
w tym żeńskich zawodniczek piłki nożnej.
Cel badań: Celem badań była ocena jaki odsetek kobiet trenujących piłkę nożną jest narażonych na negatywne skutki zdrowotne
wynikające z niskiej dostępności energii oraz ryzyka wystąpienia syndromu względnego niedoboru energii w sporcie (RED-S).
Materiał i metody: W badaniu wzięło udział 31 zawodniczek grających na trzech różnych poziomach ligowych (Ekstraliga, I liga, II liga). Zmierzono wysokość i masę ciała uczestniczek. Aby ocenić spożycie energii z dietą zastosowano metodę
3-dniowego bieżącego notowania. Całkowity wydatek energetyczny (TEE) i wydatek energetyczny w trakcie treningu
(EEE) mierzono za pomocą opasek naramiennych SenseWear Pro3. Zawartość masy beztłuszczowej oceniono za pomocą
urządzenia Akern BIA 101 Anniversary Sport Edition.
Wyniki: Mediana masy ciała uczestniczek wyniosła 58 kg. Średnia wysokość ciała wynosiła 166 ± 5 cm, a średnie BMI
21,4 ± 2 kg/m2. TEE wynosił 2703 ± 392 kcal/dzień, podczas gdy EEE wynosił 515 kcal (203-597 kcal). Spożycie energii
wyniosło 1548 ± 452 kcal / dobę. Dostępność energii wynosiła 25 ± 11 kcal / kg masy beztłuszczowej / dzień. Dwadzieścia
uczestniczek badania miało niską dostępność energii. Procentowy udział EEE w TEE wynosił 17,93 ± 3,14%.
Wnioski: Wykazano niską dostępność energii u zdecydowanej większości kobiet z badanej grupy, co może prowadzić do
negatywnych konsekwencji zdrowotnych i/lub zmniejszenia zdolności wysiłkowych.
Słowa kluczowe: kobiety; sportsmenki; niska dostępność energii; wydatek energetyczny w trakcie treningu; triada atletek
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INTRODUCTION
Diet is one of the important factors benefiting
manual efforts. A well-balanced diet, which is
calculated to satisfy the increased energy demand of
athletes and provide the right amount of nutrients,
helps to maximize physical efficiency during the
sporting activities [11]. The most important element
of a well-balanced diet is a proper energetic value.
Appropriate energy intake is the cornerstone of the
athlete’s diet because it supports optimal body function,
determines the capacity for the intake of macronutrient
and micronutrients, and assists in manipulating body
composition [1]. Energy deficiencies often observed
in athletes, especially women, in turn, reduce physical
performance, growth and adversely affect health [22].
Energy availability is a term which refers to the
amount of energy available for metabolic processes
after using some of the supplies needed for physical
exercise and calculated per kg of fat free mass [32].
When energy availability is too low, body reduces
the amount of energy used to maintain cell function,
thermoregulation, growth, and reproduction. This
compensation restores energy balance and increases
survivability but, on the other hand, affect health
negatively [29]. The proper energy balance for optimal
health is 45 kcal/kg fat free mass/day [8], while
negative health effects are observed when reducing the
energy available to less than 30 kcal/kg fat free mass/
day [1].
Initially, among women practicing sport, attention
was primarily paid to the female athlete triad, i.e. three
components coexisting and dependent on each other low energy availability, menstrual disorders and low
bone mineral density [3, 29, 30, 38]. Although, in
2014 the International Olympic Committee expanded
the known spectrum of disorders due to low energy
availability (while stating that this problem does not
only affect women) and name it Relative Energy
Deficiency in Sport (RED-S) [27]. The consequences
of low energy availability include serious health
problems (impairment of immunological functions,
menstrual functions disorder, osteoporosis, disorder of
endocrine, metabolic, hematological, psychological,
gastrointestinal, cardiovascular systems and growth
disorder) and affect exercise capacities (increased injury
risk, decreased training response, impaired judgment,
decreased motor coordination and concentration,
irritability, depression, decreased glycogen supplies,
decreased muscle strength and stamina) [26, 27].
Only a few studies have investigated the amount of
energy supplied with food ration in a group of female
soccer players. Martin et al. (2006) in their research
showed the energy consumption of 1904±366 kcal/
day (30.9±5.5 kcal/kg body mass/day) [25]. Slightly
higher values were obtained by Mullinix et al. (2003)
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– 2015±19 kcal/day (34 kcal/kg body mass/day)
[28]. Clark et al. (2003) in their research based on
female soccer players, which was conducted before
and after the season, achieved comparable results 2290±310 kcal/day (37±5 kcal/kg body mass/day)
in questionnaire obtained before the start of soccer
season and 1865±530 kcal/day (30±18 kcal/kg body
mass/day) after soccer season ended [9]. Gravina et
al. (2012) received the energy value of food ration at
the level of 2271±571 kcal/day [14], and Gibson et
al. (2011) 2079±460 kcal/day (35±10 kcal/kg body
mass/day) [13]. In addition, if energy expenditure was
measured in these studies, then in no case did the diet
covered energy needs in the study group [13, 25, 28].
These studies showed energy consumption slightly
higher than 30 kcal/kg body mass/day. This suggests
that at least some of the tested female players did
not exceed the limit of 30 kcal/kg fat free mass/day
of energy available. In addition, research indicates
energy deficits in the study groups. Therefore, there
is a risk of health complications and reduced physical
performance among female soccer players. The aim of
this study was to check the frequency of low energy
availability appearance in a group of women training
soccer, which could results in negative health effects
due to Relative Energy Deficiency in Sport (RED-S).

MATERIALS AND METHODS
This research involved 31 professional female
soccer players playing professionally in different
league-level clubs (Extra-league, I League, and II
League; n = 13, n = 11, and n = 7, respectively; according
to the Polish soccer league system: Ekstraliga, I Liga,
and II Liga, respectively). Mean age of the players
was 21.5±4.9 years old (23.3±5.4 years old; 20.1±4.6
years old; 20.4±3.5 years old for extra-league, I league
and II league team, respectively). The research and
all procedures were approved by the local Ethics and
Scientific Research on Humans Commission (approval
number: 24/2017, 19 June 2017). All participants or (if
underage) their legal guardians consented to take part
in the study, to have all the measurements taken and to
undergo various tests during the research.
Inclusion criteria were: to be under 35 years old,
to be registered in the local Soccer Association,
and to take an active part in training sessions. The
participants with long-term injuries (not permitted
to train within the last 6 months), diagnosed with
any long-term disease, those who underwent metal
implants operation, and those who had failed to submit
or submitted incomplete 3-day dietary food records
were excluded from the examination.
Participants’ body mass and height were measured
twice by means of a standard scale and stadiometer,
accurate to within 0.1 kg and 0.1 cm, respectively. The
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final result was computed on the basis of the arithmetic
average of the measurements. During body mass
measurements participants were asked to only wear
underwear, whereas during height measurements no
footwear or socks were allowed.
To assess the energy intake (EI) the method of 3-day
dietary food recording was used. The participants
completed the recording on 2 training days and 1 day
without the training during which there were no official
league games. To help determine the portion size,
participants used the help of Album of Photographs of
Food Products and Dishes (in Polish: Album fotografii
produktów i potraw) [35] and website www.ilewazy.pl
[17]. These are tools containing a significant number
of product and dishes photos presented in various
combinations (in cups, on plates, in the palm of a hand,
etc.) with the stated product weight. The design of the
photos makes it much easier to estimate the mass of
the meal consumed, which increases the accuracy of
the data obtained in the questionnaire. The energetic
value of food intake was estimated by means of Dieta
5.0 software (IŻŻ, Polska).
To measure Total Energy Expenditure (TEE) and
Exercise Energy Expenditure (EEE), the Armband
SenseWear Pro3 device was used (Body Media Inc.,
USA). Through galvanometers, heat flow sensors, skin
temperature sensor, and a three-axis accelerometer, the
device is able to measure the electrical resistance of the
skin, the amount of heat released into the environment,
movement, intensification of a physical activity and
the resulting energy expenditure. According to this
construction of the device, it is possible to read the
TEE, active energy expenditure (AEE), physical
activity level (PAL), the average METs (METs; 1 MET
is the equivalent of aspirated oxygen in 3.5 mL O2/
kg body mass/min), the time expenditure of different
intensity activities, and relaxation time expenditure,
including resting and sleeping. Research conducted
by means of this method is marked by high accuracy
measurements [21, 36], repeatability (TEE and AEE)
[21] and low mean error date [5]. Participants wore
armbands on the triceps of their right arm for at least
24 hours. At the time of measurement, the players’
training unit was located. After the measurement, from
collected records of TEE, an EEE was separated. The
Separation of EEE and analysis of the records was
completed by means of the SenseWear 8.1. software
(Body Media Inc., USA)
The fat free mass content was measured by means
of bioelectrical impedance method (BIA), with the use
of Akern BIA 101 Anniversary Sport Edition (Akern
srl., Italy) device. BIA is a simple, non-invasive and
accurate [34], as well as reliable and valid method to
body composition assessment [23, 24], showing a low
predictive error or standard error [23]. Through the
examination, the participants did not suffer from any

mental or physical stress. During the measurement, the
participants were not during their menstruation. The
results were achieved by positioning the participant’s
limbs in compliance with the producer’s instruction.
The analysis was carried out in a tetrapolar system.
Before placing the electrodes, the contact points were
cleaned with alcohol to remove the stratum corneum
and dried. The participants were also asked to remove
all metal items and jewelry. During the analysis, all the
conditions of measurement correctness recommended
by the manufacturer were used. The results were
analyzed by means of Bodygram 1.31 software.
Energy availability (EA) was calculated
conforming to the formula EA = (EI-EEE)/kg FFM,
according to the guidelines contained in the Position
of Academy of Nutrition and Dietetics, Dietitians of
Canada, and the American College of Sports Medicine
[1]. The percentage of training in daily energy needs
was calculated according to the formula TR% = (EEE/
TEE)*100.
Statistical analysis was conducted by means of the
SPSS v. 20 software (IBM Corp., USA). To verify the
normality of distribution, the Shapiro-Wilk test was
used. To compare obtained results between different
groups the ANOVA (in the case of parametric values)
and Kruskal-Wallis test (in case of non-parametric
values) were applied. The correlation was based on
Spearman’s test in terms of non-parametric values.
Pearson’s test was used for correlations in terms of
parametric values. The study’s defined significance
level was set to α=0.05.

RESULTS
The results of anthropometric measurements are
presented in Table 1. The body mass median of players
was 58 kg (49.1-77.2 kg). The average height in the
study group was 166±5 cm, and the average BMI was
21.4±2 kg/m2. Body composition analysis showed
average fat free mass of 42.4±3.9 kg. We found the
significant difference between teams on different
league levels in lean body mass content (p=0.005,
ANOVA). The post-hoc analysis showed that the
extra-league team had a higher percentage of fat free
mass compared to I league team (p=0.027, Scheffe
test) and II league team (p=0.017, Scheffe test). Other
correlations with anthropometric measurements were
not found (p>0.05).
Total energy expenditure, exercise energy
expenditure, energy intake, and energy availability
are presented in Table 1. TEE in the study group was
2703±392 kcal/day. Instead, they consumed 1548±452
kcal/day. Energy intake was 1421±321 kcal/day in
the extra-league team, 1577±497 in I league team,
and 1739±571 kcal/day in II league team. However,
there were no statistical differences between groups.
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Table 1. The results obtained during the measurements in the study
EA
Body mass [kg] Height [cm] BMI [kg/m2] FFM [kg] TEE [kcal] EEE [kcal] EI [kcal]
mean ±SD
mean ±SD mean ±SD mean ±SD mean ±SD mean ±SD
mean±SD
mean ±SD
median
median
median
median
median
median
median
median
min-max min-max
min-max
min-max
min-max
min-max
min-max
min-max
Extra-league
61.7±6.7
167±6
22±1.9
44.9±3.6* 2841±383
503±63
1421±321
21±8
59.1
167
22.2
44.1
2732
521
1419
18
54.1-77.2
156-180
19.6-25.3
40.5-53.9 2353-3545
339-578
920-1997
9-35
I League
57.2±5.9
165±3
20.9±1.8
41.0±3
2743±327
496±110
1577±497
26±13
57.2
166
20.8
40.1
2827
527
1418
23
49.1-71.3
160-170
17.6-25
37.6-48.3 2256-3253
203-597
923-2606
11-51
II League
57.2±5.9
166±4
20.9±2.4
40.1±3.6
2384±368
427±106
1739±571
33±11
57.2
165
21.1
38.5
2299
449
1951
34
49.1-71.3
162-173
18-24.9
37.4-47.1 2098-3128
259-542
822-2391
12-44
Overall
59.1±6.5†
166±5
21.4±2
42.4±3.9
2703±392
483±94†
1548±452
25±11
58
167
21.1
42
2701
515
1419
23
49.1-77.2
156-180
17.6-25.3
37.4-53.9 2098-3545
203-597
822-2606
9-51
FFM – Fat Free Mass; TEE - Total Energy Expenditure; EEE - Exercise Energy Expenditure; EI - Energy Intake; EA - Energy Availability
[kcal/kg fat free mass]
* Significant higher than other groups (p<0.05. ANOVA test)
† Significant correlation between parameters (p<0.05. Spearman test)

Study participants expended 515 kcal (203-597 kcal)
on training. The average energy availability in the study
group was 25±11 kcal/kg fat free mass/day. Eleven
soccer players achieved energy availability higher
than, or equal to 30 kcal/kg fat free mass/day, while
the additional 3 players approached this number (>25
kcal/kg fat free mass /day). There were no significant
differences between groups (p>0.05 ANOVA test;
p>0.05 Kruskal-Wallis test).

The percentage of energy expenditure related to
exercises in total energy expenditure is presented
in Figure 1. In the study group, it amounted to
17.93±3.14%. In the ekstraleague team it amounted
to 17.78±1.7%, in I league team 18.07±38%, while
in II league team 18±4,4%. There were no significant
differences between groups (p>0.05, ANOVA).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

17.93%

17.78%

18.07%

18%

Overall

Ekstraleague

I League

II League

EEE

Non-EEE

Figure 1. Percentage of Exercise Energy Expenditure (EEE) in daily energy needs

We found a significant correlation between exercise
energy expenditure (EEE), and participants` body mass
(p=0.032, rho=0.386; Spearman test). However, no
correlation between EEE and fat free mass was found
(p=0.135, Spearman test). Also, other correlations
between EEE, TEE or EI and other parameters were
not found (p>0.05).

Apart from the ones mentioned above, no other
statistically significant differences between the groups
or correlations between the tested parameters were
observed.
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DISCUSSION
To the best of our knowledge, our study is the first
one presenting a low energy availability phenomenon
in a group of Polish female soccer players. There is
also little research describing this phenomenon among
female soccer players in other countries. According to
our knowledge, there is also no research comparing
the amount of energy availability between teams at
different league levels.
Results referring to TEE and EI were presented
and published elsewhere [12]. In those studies, an
analysis of the fulfillment of daily energy needs (TEE)
was carried using the method of 3-day dietary food
recording (EI). This research is an analysis of some of
the results in relation to the lean body mass of athletes
in the context of the phenomenon of low energy
availability. Moreover, the subject of the analysis in
this study was the share of soccer training in the daily
energy needs of female soccer players. It should be
pointed, however, that the daily energy needs in the
study group were not met, as it was in the case of other
authors’ studies [13, 25, 28].
Twenty female soccer players (64.1%) participating
in the study did not achieve a limit of 30 kcal/
kg fat free mass/day. With long-term use of such
a low-energy diet, serious complications can occur,
which can cause both, poor health deterioration and
impaired exercise capacity. Slightly better results
were obtained in the work conducted by Braun et al.,
2018 [6]. They showed that more than half (53%) of
the elite female soccer players consumed <30 kcal/
kg fat free mass/day [6]. However, these authors
examined the nutritional status of a relatively young
group (14.8±0.7 years old). Such young people very
rarely prepare food on their own, which could cause
potentially better results than those obtained in our
study. In turn, Reed et al. (2013) [31] achieved much
better results. In their research with the participation of
female soccer players conducted before, in the middle,
and also after the end of the soccer season, a low
energy availability was observed at 26.3%, 33.3% and
11.8% women participating in the study, respectively
[31]. Our results were obtained in research conducted
at the beginning of the soccer season, so the results
Reed et al. [31] obtained before the beginning of the
soccer season in their study are the closest to compare
with results we obtained in our study. Regardless of
which moment of the test we choose, all the results
are definitely more optimistic than those obtained
by us. At each stage of the study, a relatively small
percentage of women with low energy availability was
detected, compared to our results. It should be noted,
however, that 19, 15 and 17 women respectively took
part in the measurements before, during, and after the
soccer season. The difference in results may, therefore,
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be the result of more women participating in our
study. Research on energy availability in female teams
was also carried out in the context of other sports.
Research conducted with 20 women training Lacrosse
on different competitive season moment showed that
only in one of the five phases of the study located at
different periods during the season, the competitors
exceeded the average energy availability of 30 kcal/kg
fat free mass/day. However, in the remaining phases
of the study these values were lower [39]. This study
did not indicate how large the percentage of the study
group did not reach these values though. Surely, better
results were presented in their study by Woodruff &
Meloche (2013), wherein studies on 10 volleyball they
obtained the results of energy availability at the level
42.5 kcal/kg fat free mass/day, and only 2 players
did not exceed the 30 kcal/kg fat free mass/day [37].
However, it should be emphasized that this study did
not have a large group, hence the results of this study
may significantly differ from the others observed in
the literature. Research conducted by showed that
30% of 27 women training football were at risk of low
energy availability [10]. However, these studies only
calculated the risk of low energy availability using
the questionnaire method, they did not include energy
expenditure measurement. The results obtained in our
study, although in some cases similar to those obtained
by other authors, in each case presented a greater
number of athletes at risk of the consequences of low
energy availability.
The extra-league team had a lower level of energy
availability compared to other teams. On the other hand,
this relationship was not statistically significant. It
could result from a significantly higher lean body mass
of the extra-league team, compared to other teams, as
well as the lowest EI and the highest EEE. However,
this team can feel the negative effects of low energy
availability most acutely. In the II league team, in turn,
the opposite relationship is observed – higher EI and
lower EEE. This team also as the only team presented
in this study exceeded the appropriate threshold of
available energy and provided 33±11 kcal/kg fat free
mass/day of energy not spent on training. All teams
should, however, strive to increase energy intake with
diet, not only to exceed the level of available energy
30 kcal/kg fat free mass/day but also to reach a level
of 45 kcal/kg fat free mass/day, as a level conducive to
optimal health and physical fitness [8].
The percentage share of training in daily energy
needs in each team was about 18%, while the
average share in the studied group was 17.93±3.14%.
Knowledge of this value can be of great importance for
planning optimal around-workout nutrition. Naturally,
the percentage of energy distribution for individual
meals depends on their quantity. However, it can be
a subject to consideration to increase the energetic value
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of meals that are a short distance away from training or
constructing separate additional meals at the expense of
those further away from physical activity. Meals before,
during and after exercise are key to optimizing exercise
capacity. The supply of carbohydrates up to 4 hours
before physical activity can contribute to increased
exercise capacity [7, 15]. Lee et al. (2014) found, that
giving women athletes a portion of carbohydrates before
starting physical activity contributed to increasing the
efficiency of the repeated sprint [19]. Ali et al. (2007),
in turn, found that the supply of carbohydrates during
exercise made it possible to maintain soccer skills and
sprint compared to the placebo group [2]. Also, Russel
et al. (2012) in their research showed that the supply
of carbohydrates lowered the decrease in performance
during the simulated game [33]. Research shows that
the supply of 20 g of proteins or 9 g of EEA stimulates
the process of muscle protein synthesis during and up to
2 hours after exercise [4]. In addition, as demonstrated
by Levenhagen et al. (2001), eating a meal immediately
after physical activity brought better regenerative effects
than if eating this meal 3 hours after the end of activity
[20]. In addition, it should be noted that the presence
of carbohydrates and proteins in beverages can increase
fluid absorption in the small intestine [16, 18] which
is helpful during the rehydration period. The optimal
supply of macronutrients, and thus also the energy value
of meals in the period bordering on increased physical
activity is, therefore, crucial for maximizing exercise
processes and increasing the regeneration and hydration
process.
The significant correlation between EEE and the
body mass of the players is a relationship that could be
expected. Energy expenditure depends on many factors,
including body mass. As the exercise intensity during
training will be increasing, the energy expenditure
will be on the rise too. Given the relationship between
body mass and energy needs, one can come to the
conclusion that energy expenditure during exercise
will increase more in athletes with higher body mass,
compared to the participants with lower body mass.
Despite a well-designed study, some of its
limitations should be indicated. A small study group
may be a less representative sample. Other studies,
however, were also conducted on small groups of
athletes. In addition, too short a period of measuring
energy expenditure can give a misleading picture of
energy needs in the studied group. Finally, energy
expenditure may vary over the soccer season so
measurements should be carried out in different parts
of this season. However, the aim of this study was to
check what percentage of women training soccer is at
risk of low energy availability and its consequences.
Because we detected days with low energy availability
occurrence, there is a reasonable risk that there may be
many more such periods during the season.
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CONCLUSIONS
In conclusion, our results showed low energy
availability in a large part of the studied group, which
may lead to negative health effects or reduced exercise
capacity. A fairly large share of training in daily energy
expenditure in the studied group has also been shown
which may be an indication for sports nutritionists
when planning around-training nutrition. Next studies
should be carried out on a larger group, with a longer
measurement period spread over different stages of
the soccer season. Considering the numerous cases
of low energy availability recorded, diagnostics
towards the female athlete triad and RED-S in a group
of professional female soccer players seems to be
advisable.
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ABSTRACT

Background: Mistakes in dietary choices and an unbalanced diet reduce the exercise capacity of athletes. Nutritional
behaviours are conditioned by environmental and individual factors.
Objective: The aim of the study was to assess the scale of improper eating behaviours among high-performance Polish
athletes depending on gender, sports level and type of discipline.
Material and methods: The study was conducted among 610 athletes (391 men and 219 women). The group consisted
of 289 athletes of individual disciplines and 321 team sports athletes representing the championship sports class (282
individuals) as well as the first and second classes (328 subjects). The authors’ validated nutritional behaviour questionnaire
was used, referring to the recommendation of the Swiss nutrition pyramid for athletes. In statistical analysis, the Chi2 test
was applied (α=0.05).
Results: Athletes most often demonstrated improper behaviours regarding: insufficient frequency of consuming vegetable
fats (61.78%), fruits (59.89%), wholegrain products (59.90%), vegetables (53.62%) and dairy products (52.09%), and not
limiting the intake of energy drinks (59.89%). Compared to women, men, to a larger extent, did not include the following
in their daily diet: raw vegetables (p<0.001), wholegrain products (p<0.05) and vegetable fats (p<0.01). Significantly more
often, they also did not limit the consumption of: animal fats (p<0.001), sweetened carbonated beverages (p<0.001), energy
drinks (p<0.05) or fast food products (p<0.001). Women consumed meals less regularly (p<0.01), rarely ate fish (p<0.01),
and were more likely to be inadequately hydrated (p<0.05). Athletes training individual sports disciplines compared to
those training team sports consumed hydrating beverages (p<0.001) less often, but included fruit in their daily diet more
frequently (p<0.05). Athletes from the master class consumed meals irregularly (p<0.01) in a smaller percentage than
athletes with a lower sports class, not limiting animal fats (p<0.05) and implementing inadequate hydration (p<0.05).
Conclusions: The scale of incorrect nutrition choices among athletes indicated variations depending on gender, sports
level and type of sport practiced, with incorrect behaviours more often presented by men than women and competitors
with a lower sports level (non-master class). The nature of the performed discipline was a factor less differentiating the
nutritional choices of athletes.
Key words: athletes, nutritional behaviours, dietary conditions, gender, sport level, nature of sport

STRESZCZENIE

Wprowadzenie: Wadliwe wybory żywieniowe i niezbilansowana dieta wpływają na obniżenie zdolności wysiłkowych
sportowców. Zachowania żywieniowe są warunkowane czynnikami środowiskowymi i osobniczymi.
Cel: Celem badań była ocena skali nieprawidłowych zachowań żywieniowych polskich sportowców wyczynowych w zależności od płci, poziomu sportowego i rodzaju uprawianej dyscypliny.
Materiał i metody: Badania przeprowadzono wśród 610 sportowców (391 mężczyzn i 219 kobiet). Grupę stanowiło
289 zawodników dyscyplin indywidualnych i 321 zawodników dyscyplin zespołowych, reprezentujących klasę sportową
mistrzowską (282 osób) oraz pierwszą i drugą (328 osób). Zastosowano autorski walidowany kwestionariusz zachowań
żywieniowych, nawiązujący do rekomendacji szwajcarskiej piramidy żywienia dla sportowców. W analizie statystycznej
zastosowano test Chi2 (α = 0,05).
Wyniki: Sportowcy najczęściej wykazywali nieprawidłowości dotyczące: niewystarczającej częstości spożywania tłuszczów roślinnych (61,78%), owoców (59,89%), pełnoziarnistych produktów zbożowych (59,90%), warzyw (53,62%)
Corresponding author: Barbara Frączek, Institute of Biomedical Sciences, University School of Physical Education, Al. Jana Pawła II 78,
31-571 Kraków, Phone: 00 48 12 683 10 02, Fax: 00 48 12 683 12 23, e-mail: barbara.fraczek@awf.krakow.pl
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i produktów mlecznych (52,09%) oraz nieograniczania napojów energetyzujących (59,89%). Mężczyźni w większym odsetku niż kobiety nie uwzględniali w codziennej diecie: surowych warzyw (p<0,001), pełnoziarnistych produktów zbożowych (p<0,05) i tłuszczów roślinnych (p<0,01). Istotnie częściej także nie ograniczali spożycia: tłuszczów zwierzęcych (p<0,001), słodkich napojów gazowanych (p<0,001), napojów energetyzujących (p<0,05) i produktów fast food
(p<0,001). Kobiety mniej regularnie spożywały posiłki (p<0,01), rzadziej spożywały ryby (p<0,01) i częściej nieodpowiednio się nawadniały (p<0,05). Zawodnicy trenujący dyscypliny indywidualne w porównaniu z trenującymi gry zespołowe rzadziej stosowali odpowiednie napoje nawadniające (p<0,001), a częściej uwzględniali owoce w codziennej diecie
(p<0,05). Zawodnicy klasy mistrzowskiej w mniejszym odsetku niż zawodnicy z niższą klasą sportową spożywali posiłki
nieregularnie (p<0,01), nie ograniczali tłuszczów zwierzęcych (p<0,05) i nieodpowiednio nawadniali się (p<0,05).
Wnioski: Skala nieprawidłowych wyborów żywieniowych sportowców wykazywała zróżnicowanie w zależności od płci,
poziomu sportowego oraz rodzaju uprawianej dyscypliny sportu, przy czym wadliwe zachowania żywieniowe częściej
prezentowali mężczyźni niż kobiety oraz zawodnicy o niższym poziomie sportowym (klasy nie-mistrzowskiej). Charakter
uprawianej dyscypliny był czynnikiem mniej różnicującym wybory żywieniowe sportowców.
Słowa kluczowe: sportowcy, zachowania żywieniowe, uwarunkowania sposobu żywienia, płeć, poziom sportowy, charakter dyscypliny sportu

INTRODUCTION
Maintaining health potential and optimizing the effects
of sports training is favoured by the implementation of
a diverse and balanced diet with high nutritional density,
covering the increased demand for energy, selected
nutrients and liquids [39, 42]. An illustration of current
recommendations for athletes is the model of the Swiss
pyramid, which at the base comprises unsweetened
beverages, while at the top, we may find sweets, salty
snacks and sweetened beverages. Intermediate levels
of the pyramid, in turn, include: vegetables and fruits,
wholegrain, legume, protein products as well as fats and
nuts, recommended for consumption in varying amounts,
and at specific frequency [5].
The cited nutritional model emphasizes the special
importance of water and other unsweetened beverages for
the effective regulation of water and electrolyte balance,
as well as vegetables and fruits (products with low and
medium glycaemic index, rich in dietary fibre, potassium,
magnesium, group B vitamins and antioxidants) for
restoring antioxidant status and acid-base balance of the
body under physical stress [5, 19, 23, 32, 39, 42, 49].
Incorrect nutritional choices and an unbalanced diet
reduce exercise capacity, both indirectly (through negative
impact on health and body composition) and directly (via
improper nutritional preparation for exercise, improper
hydration and weaker post-workout regeneration), and in
combination with high intensity training, accelerate the
development overtraining syndrome [19, 30, 39, 42].
Assuming that nutritional behaviours (conditioning
health, and also, athletes’ exercise capacity) are
determined by a wide spectrum of environmental and
individual factors [4], research has been undertaken
regarding selected determinants of nutritional choices
among Polish athletes. Previous studies on the
determinants of nutritional behaviour of Polish athletes
training selected disciplines concerned, among others,
the predictive role of psychological factors as well as
gender, age and sports level. In these studies, a tendency

was shown to make more rational dietary choices
among people with a high level of personal resources
(self-efficacy, optimism and life satisfaction) [16, 18]
and women and athletes with a higher sports level [13,
15, 17, 18] At the same time, however, these and other
works on determinants of nutrition among competitive
athletes, generally focusing on the scale of rational
nutritional behaviours, pointed to the legitimacy of
further research to verify and clarify relationships
between variables and to look for other factors related to
the quality of nutritional behaviours. The diet of athletes
should be optimized and adapted to individual needs,
adequate to gender and type of discipline [34, 40].
Therefore, the conducted study falls under the area of
research on factors determining the nutritional behaviour
of a representative group of Polish competitive athletes.
The aim of the presented research was to assess the
scale of incorrect dietary choices among Polish athletes
depending on gender, sports level and type of discipline,
in relation to the qualitative recommendations of the
Swiss sports nutrition pyramid.

MATERIALS AND METHODS
The research was conducted among Polish athletes
competitively training various Olympic sport disciplines,
associated in 92 sports clubs from 11 voivodeships. The
study included 610 subjects aged 18 to 30 (average
age: 22.05±3.08), including 391 men (64.10%) and 219
women (35.90%). Considering the group as a whole, the
most popular were athletes training handball (15.08%),
football (14.43%), volleyball (13.77%), track-and-field
(11.97%), swimming (7.87%), slalom kayaking (6.89%),
cross-country skiing (5.08%), hockey (4.75%) and
basketball (4.59%). The largest percentage of women
trained volleyball (20.09%), handball (17.39%), trackand-field (15.53%), swimming (9.59%), basketball and
cross-country skiing (5.94%). The largest percentage
of men trained football (21.74%), handball (13.81%),
volleyball (10.23%), track-and-field (9.97%), slalom
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kayaking (8.44%), swimming (6.91%), hockey (6.14%),
ski jumping (5.12%), cross-country skiing (4.60%) and
basketball (3.58%). Other disciplines were represented
less frequently. Individual disciplines were practiced
by 289 people (47.38% of the sample, including 115
women), and team disciplines by 321 individuals
(52.62% of the sample, including 104 women). Athletes
represented a high but varied sports level, from master
class to sports class II. The highest, championship,
sports class was represented by 282 people, and the
I and II sports classes, by a total of 328 subjects.
An original questionnaire was used to assess eating
behaviours, which includes 20 diagnostic statements
referring to the qualitative assumptions of the Swiss
nutrition pyramid for athletes. The claims concerned the
frequency and regularity of eating meals, consuming
recommended food products (vegetables and fruits,
wholegrain cereal products, dairy products, fish and
other protein and vegetable oil products), limiting foods
not recommended in rational nutrition (confectionery
and fast food products, sweetened carbonated beverages
and energy drinks), and observing the rules of proper
hydration among athletes. With regard to subsequent
claims, two categories of choice were adopted: yes and no.
The applied questionnaire was subjected to a validation
procedure among a group of 43 people from the study
population, conducting a retest after 6 weeks. The
questionnaire on nutritional behaviour in psychometric
assessment, using the McNemar Chi2 test, obtained high
 not
repeatability of results. McNemar Chi2 test values did

show statistically significant differences between test and
retest results for any of the statements (p>0.05). Statistical
analysis of the results was carried out using Statistica 10
Pl. The distribution of eating behaviours depending on
sex, nature of the discipline (team vs. individual) and
sports level (master class vs. other) were compared using
the Chi2 test. A test probability of level of p<0.05 was
considered statistically significant.

RESULTS
Regarding the qualitative assumptions of rational
nutrition, the whole examined group of athletes, showed
incorrect behaviour in the highest percentage regarding:
insufficient frequency of vegetable fat (61.78%),
fruit (and/or fruit juice) (59.89%), wholegrain cereal
(59.90%) and vegetable (53.62%) as well as dairy
product (52.09%) consumption. In addition, a high
percentage of the athletes did not limit the consumption
of energy drinks (59.89%) or sweetened carbonated
beverages (45.11%). About half of the total group
consumed meals irregularly (48.46%), did not limit the
consumption of animal fats (48.46%), while fish were
eaten less than once a week (40.36%). About 1/3 of the
group did not hydrate properly during exercise (39.93%)
and did not prefer water for hydration (30.67%). Other
improper consumption (less than 3 meals a day, not
avoiding fast food and salty or sweet snacks, as well as
the implementation of a varied diet) was less common
(Table 1).

Table 1. Distribution of irrational nutrition behaviours among Polish athletes according to gender (%)
Total

1. Less than three meals a day
2. Irregular meals
3. Breaks between meals <3 or >5 hours
4. No fruit (and/or 200 ml of fruit juice) in everyday diet
5. Vegetables less frequently than twice a day
6. Raw vegetables less frequently than once a day
7. No cereal products in every meal
8. Wholegrain products less frequently than twice a day
9. Dairy products less frequently than twice a day
10. Protein products (eggs, meat) more frequently than 3 times (or less than twice) a week
11. Fish less frequently than once a week
12. Not limiting consumption of animal fats
13. Vegetable fats less frequently than every other day
14. Improper hydration during exercise (much less or much more than 1 litre/h)
15. Not preferring water for body hydration
16.Not avoiding consumption of sweetened carbonated beverages
17. Not avoiding consumption of energy drinks
18. Not avoiding consumption of fast food products
19. Not limiting consumption of sweet and salty snacks
20. Monotonous, unvaried diet

13.59
48.46
52.18
59.89
53.62
48.37
20.00
59.90
52.09
13.43
40.36
48.46
61.78
39.93
30.67
45.11
59.89
23.77
25.00
27.77

16.34
55.45
50.25
63.37
48.51
37.62
22.86
51.24
49.50
10.40
48.51
36.82
56.93
46.27
30.35
35.15
53.96
13.67
21.29
28.35

12.00
44.41
53.30
57.88
56.57
54.57
18.24
63.61
53.58
15.19
35.63
55.14
64.57
36.29
30.86
50.86
63.32
29.80
27.14
26.86

0.172
0.009
0.426
0.824
0.082
<0.001
0.620
0.023
0.252
0.134
0.005
<0.001
0.008
0.038
0.708
<0.001
0.049
<0.001
0.118
0.643

Total index (averaged percentage)

40.13

38.84

42.49

0.380

p – statistical significance of differences in the Chi test
2

Females Males

p
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In the statistical analysis, it was shown that men, in
a significantly higher percentage than women, did not
include the following in their daily diet: raw vegetables
(p<0.001), wholegrain cereal products (p<0.05) or
vegetable fats (p<0.01). Furthermore, they did not
limit the consumption of the following to a greater
extent: animal fats (p<0.001), sweetened carbonated
beverages (p<0.001), energy drinks (p<0.05) and fast
food products (p<0.001). Women, however, ate less
regularly (p<0.01), rarely consuming fish (p<0.01),
and were more likely to inadequately hydrate the body
during exercise (p<0.05) (Table 1).
The assessment of nutritional behaviours
depending on the nature of the performed discipline

showed that athletes training individual disciplines
compared to those training team games significantly
less frequently consumed appropriate beverages for
hydration (p<0.001), but included fruit in their daily
diet more often (p<0.05) (Table 2).
Analysis of nutritional behaviours depending
on the sports level showed that the championship
class athletes, in a significantly smaller percentage,
consumed meals irregularly (p<0.01), did not limit
animal fats (p<0.05) and inadequately hydrated the
body (p<0.05) compared to competitors of lower
(I and II) sports classes (Table 2).

Table 2. Distribution of irrational nutrition behaviours among Polish athletes according to nature of discipline and sports level (%)
Type of discipline
Incorrect nutritional behaviours w

Individual Team

Sports class
p

Championship

Other
(I&II)

p

1. Less than three meals a day

11.81

15.30

0.250

13.75

13.46

0.998

2. Irregular meals

47.23

49.64

0.970

40.83

54.34

0.004

3. Breaks between meals <3 or >5 hours

55.11

53.21

0.748

42.08

60.00

<0.001

4. No fruit (and/or 200 ml of fruit juice) in everyday diet

55.93

63.70

0.043

58.75

60.77

0.973

5. Vegetables less frequently than twice a day

52.03

55.16

0.223

50.42

56.09

0.302

6. Raw vegetables less frequently than once a day

49.08

47.69

0.686

45.83

50.32

0.558

7. No cereal products in every meal

17.22

23.39

0.246

16.10

22.93

0.161

8. Wholegrain products less frequently than twice a day

55.93

62.14

0.237

55.42

61.94

0.154

9. Dairy products less frequently than twice a day

49.82

54.29

0.275

53.33

51.13

0.564

10. Protein products (eggs, meat) more frequently
than 3 times (or less than twice) a week

14.81

12.1

0.3556

11.25

15.11

0.167

11. Fish less frequently than once a week

66.67

40.71

0.949

35.15

44.37

0.053

12. Not limiting consumption of animal fats

47.97

48.93

0.751

42.08

53.38

0.016

13. Vegetable fats less frequently than every other day

60.15

63.35

0.607

63.75

60.26

0.457

14. Improper hydration during exercise (much less or
much more than 1 litre/h)

41.33

38.57

0.536

35.00

43.73

0.043

15. Not preferring water for body hydration

38.15

23.49 <0.001

30.13

31.09

0.818

16. Not avoiding consumption of sweetened
carbonated beverages

43.17

46.98

0.330

43.75

46.15

0.502

17. Not avoiding consumption of energy drinks

60.37

59.43

0.938

64.44

56.41

0.077

18. Not avoiding consumption of fast food products

21.85

25.62

0.329

21.76

25.32

0.310

19. Not limiting consumption of sweet and salty
snacks

28.04

22.06

0.100

22.92

26.60

0.352

20. Monotonous, unvaried diet

26.57

28.93

0.405

25.52

29.49

0.424

Total index (averaged percentage)

42.16

41.73

0.906

38.61

43.14

0.264

p - statistical significance of differences in the Chi2 test

No 1

B. Frączek, M. Gacek, A. Pięta et al.

DISCUSSION
In the presented research, the prevalence of
qualitative nutritional mistakes has been shown,
therefore, the limited scale of implementation of the
qualitative recommendations of the Swiss nutrition
pyramid for athletes and the differentiation of some
(including incorrect) nutritional behaviours depending
on gender, the nature of the discipline and sports level
of athletes.
Nutritional mistakes of the examined athletes
particularly concerned: insufficient frequency of
consuming fruits and vegetables, wholegrain cereal
products, dairy products as well as vegetable fats and
fish. In addition, the high prevalence of consuming
meals irregularly and non-limiting the intake of energy
drinks as well as sweetened carbonated beverages and
animal fats has been indicated as high. To a lesser
extent, athletes demonstrated improper behaviours
regarding fluid replenishment strategies. The indicated
nutritional mistakes are important for the practice of
sports nutrition, because it is reasonably postulated
that people representing high physical activity plan
their diet and compose meals with the utmost care and
nutritional awareness [34].
In sports nutrition, it is recommended to implement
dietary strategies to increase, among others,
antioxidant potential of the diet [38, 49]. A diet rich
in fresh fruit and vegetables, wholegrains, legumes,
and sprouts as well as seeds is an effective and safe
way to meet the antioxidant needs of physically active
people [14]. It has been confirmed that satisfying
the increased nutritional needs, also in the field
of antioxidants, accelerates muscle regeneration
processes and glycogen resynthesis, counteracting
fatigue and increasing immunity, while improving the
efficiency of preparation for subsequent training and
competitions [23, 31].
Mistakes and qualitative nutritional errors found in
the examined group of athletes, generally corresponded
to the trends described in other studies conducted at
both Polish and foreign centres, among competitive
athletes of various disciplines. In these studies, the
inadequate consumption of some groups of foods
with high nutritional density was confirmed, including
vegetables and fruits, wholegrains, dairy products and
fish, considering Polish athletes participating in team
[13] and individual disciplines [18], as well as Spanish
[44], Iranian [27] and Portuguese athletes [34], as well
as English and Australian footballers [26, 35], Irish
and British rugby players [1, 45], Lithuanian athletes
of endurance disciplines [3], women training mediumand long-distance running [22] and rally drivers [2].
The low frequency of fruit and vegetable
consumption, widespread among athletes, can
potentially promote the unbalanced supply of some
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antioxidant vitamins, which has been confirmed,
among others, endurance athletes [36, 41, 43, 46]
and athletes participating in the 2010 Games of the
Commonwealth of Nations in Dehli [6]. This is
unfavourable due to the oxidative stress generated
under conditions of physical exercise [49], which
justifies implementing dietary strategies that increase
the antioxidant potential of the diet (the so-called
antioxidative food ration) [49]. The low level of
consumption of low-milled cereal products, as well
as vegetables and fruits, also promotes deficiencies in
B vitamins and magnesium, affecting the reduction of
exercise capacity, also described among athletes [10].
It also increases the risk of fibre deficiency in food
rations, which has been confirmed among physically
active people [2, 50]. The low consumption of dairy
products creates a risk of calcium deficiency, as
demonstrated among athletes of various disciplines
[6, 11, 29, 33, 50]. At the same time, it increases the
risk of developing osteoporosis, which is an element
of the so-called triad of sportswomen. The proper
supply of calcium among athletes is particularly
important because of its participation in regulating
neuromuscular excitability and the acid-base balance
of the body [48]. Low consumption of fermented dairy
products reduces the consumption of probiotics that
affect the maintenance of a diverse and rich intestinal
microflora with numerous health-promoting properties
[7, 9]. Low consumption of sea fish may reduce
the supply of omega 3 PUFAs with lipid-lowering
properties, optimizing blood lipid profile [21]. The
small scale of limiting animal fat described in the
authors’ research corresponds to studies confirming
the frequent oversupply of fats, especially saturated
fatty acids, e.g. in the diet of Spanish footballers
[20], Lithuanian endurance athletes [3] and AZS
volleyballers in Białystok [50].
The discussed studies also indicate the diversity
of some food choices depending on gender, with an
indication of less rational selections among men than
women, particularly associated with less frequent
consumption of recommended products, including: raw
vegetables, wholegrain cereal products and vegetable
fats, and higher consumption of non-recommended
products, including those high in saturated fatty acids
(animal fats), simple sugars (sweetened carbonated
beverages, energy drinks) and trans isomers (fast food).
However, different trends have been described in the
area of other

behaviours (irregular meal consumption,
insufficient consumption of fish and inadequate
hydration during exercise), more often concerning
women. Also, in other studies, a variation in eating
behaviours has been shown according to gender,
including the greater incidence of fruit and vegetable
consumption among women [12]. Trends for more
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rational women’s food choices than men have also
been described among high-class Portuguese athletes
during the preparatory and starting periods [34].
Also, in other Polish studies among athletes training
individual disciplines and team sports, tendencies
towards more rational dietary behaviours of women
than men have been shown, which are particularly
related to the more frequent consumption of raw
vegetables and dairy products with reduced fat content
[13, 18]. The consumption of less recommended
products (rich in saturated fatty acids and/or simple
sugars) more widespread among the surveyed men
corresponded to the tendencies shown among Polish
athletes training team games [13], and the youth of
Warsaw sports schools [28] as well as American
sports students [25]. The less favourable structure of
fat intake (animal vs. vegetable) among the surveyed
men refers to the results of studies among American
students practicing sport, according to which men
consumed more saturated fatty acids and cholesterol
than women [24].
In the discussed studies, the diversity of some
dietary choices has also been shown, depending
on the type of discipline and sport level, with an
indication of less rational choices among athletes
with a lower sports class, particularly associated with
greater irregularity of meal consumption, not limiting
animal fats and inadequate hydration during exercise
compared to athletes representing the championship
sports class. The summary of results depending on
the type of discipline is less marked (competitors of
individual disciplines chose appropriate beverages for
hydration to a lesser extent, but consume more fruit
than athletes of team disciplines). The differentiation
of some dietary choices depending on the level of
sport found in this study corresponded to the results of
research by other authors’. The works available in the
literature relate to the importance of the sports level
and variables correlated with it, including age and
sports experience [15, 17]. In the tests conducted for
footballers and volleyballers, more rational nutritional
behaviours were found among the athletes with higher
sports level, including the area of fluid replenishment
and fish consumption [15, 17].
The trends obtained in the authors’ research and
the works of other authors confirmed the importance
of gender and sports level for the formation of sports
nutrition model. These data are also a suggestion for the
directions of rationalization of diet depending on the
examined individual variables. At the same time, the
incomplete implementation of qualitative nutritional
recommendations among athletes confirmed the
legitimacy of monitoring and targeted rationalization
of the diet, taking the quality of nutritional choices
into account, including on gender and sports level.

Monitoring nutrition and nutritional status is the basic
task of dietitians, implemented in cooperation with the
coaching team, playing an important role in motivation
and control, aiding the improvement of the nutritional
behaviours of athletes [8, 47]. The legitimacy of
nutritional education among athletes should be pointed
out, which was also claimed by other authors [37, 50].
The significance of the work is related to the
large size of the group, representing various Olympic
sport disciplines, with a high but diverse sports
level, from almost the entire country (11 out of 16
voivodeships). Three basic individual characteristics
having predictive significance for the quality of food
choices were included. Further research could address
more psychological and environmental variables as
determinants of athletes’ nutritional behaviours.

CONCLUSIONS

1. With reference to the recommendation of the
Swiss nutrition pyramid for athletes, numerous
mistakes were found in the studied group of Polish
high-performance athletes, particularly related to
insufficient consumption of vegetables, fruit, lowmilled wholegrain cereal products, dairy products,
fish and vegetable fats, and furthermore, without
limitation in the consumption of sweet carbonated
and energy drinks as well as irregular consumption
of meals.
2. The scale of incorrect nutrition choices among
athletes showed variation depending on gender,
sports level and type of sport practiced, with
malnutrition behaviours more often presented
by men than women and athletes with a lower
sports level (non-master class). The nature of the
cultivated discipline was a factor less differentiating
the nutritional choices of athletes.
3. The ambiguity of the obtained results suggests the
legitimacy of further research into the determinants
of nutritional behaviour among high-performance
athletes in order to effectively direct dietary
counselling.
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ABSTRACT

Background. Diet and physical activity are very important lifestyle features with an impact on the development and proper
functioning of the body.
Objective. The aim of the study was to assess the relationship between the level of physical activity and selected somatic
indicators and the diet quality of students studying in the field of Health Sciences.
Material and methods. The studied group consisted of 609 students aged 18-30. The study identified four categories
of diet quality indicators based on the index of a healthy diet and the index of an unhealthy diet. These indicators were
subjected to statistical analysis in relation to the level of physical activity determined by the International Physical Activity
Questionnaire (IPAQ) method and selected somatic features of the subjects: Body Mass Index (BMI), Waist-Hip Ratio
(WHtR) and Waist Circumstance (WC).
Results. A high level of physical activity statistically significantly differentiated the categories of diet quality indicators.
A larger percentage of respondents with a high level of physical activity had an indicator with the best health features of diet
characteristics among all diet quality indicators selected in the study. Also, obesity according to the BMI and abdominal
obesity with a high risk of metabolic complications according to the WC index statistically significantly differentiated the
categories of diet quality indicators. A larger percentage of obese subjects according to BMI and WC, characterized the
indicator about the worst health features of diet among all diet quality indicators selected in the study.
Conclusions. Education programs related to healthy eating should be implemented among students of Health Sciences,
especially those who are overweight or obese.
Key words: diet quality, physical activity, somatic indicators, BMI, WC, WHtR, students, youth

STRESZCZENIE

Wprowadzenie. Sposób żywienia i aktywność fizyczna stanowią bardzo ważne elementy stylu życia mające wpływ na
rozwój i prawidłowe funkcjonowanie organizmu.
Cel. Celem badań była ocena zależności między poziomem aktywności fizycznej i wybranymi somatycznymi wskaźnikami stanu ożywienia a dietą studentów kształcących się na kierunkach w dyscyplinie Nauk o Zdrowiu.
Materiał i metody. W badaniu wyłoniono 4 kategorie wskaźników jakości diety opartych na indeksie diety sprzyjającej zdrowiu i indeksie diety nie sprzyjającej zdrowiu. Wskaźniki te poddano opracowaniu statystycznemu w odniesieniu do poziomu
aktywności fizycznej określonego metodą IPAQ oraz wybranych badanych cech somatycznych: BMI, WHtR i WC.
Wyniki. Wysoki poziom aktywności fizycznej istotnie statystycznie różnicował kategorie wskaźników jakości diety. Największy odsetek badanych, o wysokim poziomie aktywności fizycznej, charakteryzował wskaźnik o najlepszych cechami
zdrowotnymi diety spośród wszystkich wyłonionych w badaniu kategorii wskaźników jakości diety. Również otyłość według wskaźnika BMI oraz otyłość brzuszna z wysokim ryzykiem powikłań metabolicznych według wskaźnika WC statystycznie istotnie różnicowały kategorie wskaźników jakości diety. Największy odsetek badanych z otyłością, według BMI
i WC, charakteryzował wskaźnik o najgorszych cechach zdrowotnych diety spośród wszystkich wyłonionych w badaniu
kategorii wskaźników jakości diety.
Wnioski. Wśród studentów kierunków Nauk o Zdrowiu, szczególnie z nadwagą lub otyłością, należy wdrożyć programy
edukacji związane z prozdrowotnym sposobem żywienia.
Słowa kluczowe: jakość diety, aktywność fizyczna, wskaźniki somatyczne, BMI, WC, WHtR, studenci, młodzież
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INTRODUCTION
The way people are fed is determined by many factors,
especially economic, individual and environmental ones
[14, 15, 26]. Physical activity is among the individual
determinants differentiating the way people are fed
[11, 27]. Diet and physical activity are very important
lifestyle elements affecting the development and proper
functioning of the body and more complete use of the
physical and mental capabilities of the body [20].
The concept of diet quality has recently gained much
attention in nutrition research. Despite its widespread use,
the concept of diet quality is poorly defined and difficult
to measure. So far, no consensus has been established
on how to universally define diet quality and develop
a standard indicator of diet quality assessment [1].
A lot of research has been done on methods for
assessing diet quality using scenarios identifying healthy
dietary patterns [6]. Among them, we distinguish the
following diet quality indicators: HEI (Healthy Eating
Index), AHEI-2010 (Alternative Healthy Eating Index2010), HDI (Healthy Diet Index), DQI (Diet Quality
Index), and AMED (Alternative Mediterranean Diet
score). In the global literature, there is a relationship
between these indicators and the level of physical activity
[7] and/or somatic indicators, e.g. BMI (Body Mass
Index), WC (Waist Circumference) and WHR (WaistHip Ratio) [25]. Unfortunately, in many countries,
a change in dietary patterns, especially in children and
adolescents, associated with increased consumption

of sweetened non-alcoholic beverages, sweets, potato
chips and processed or unprocessed red meat, as well
as reduced consumption of vegetables and fruits, whole
grains, low-fat dairy products and nuts, is associated
with an increase in obesity [19, 21], concomitant with
a change in the body’s somatic features. In addition, in
the study of “unhealthy” dietary patterns (the so-called
Western diet), the combination of these patterns with
a low level of physical activity is seen [23, 30].
The aim of the study was to assess the diet quality
of students studying in the discipline of Health
Sciences in relation to their level of physical activity
and somatic indicators.

MATERAL AND METHODS
This empirical study was carried out between
October and December 2018 among full-time
students. The studied population group consisted of
609 respondents aged 19-30. Students represented
two universities. The surveyed students were educated
in six fields in the discipline of Health Sciences, i.e.
cosmetology – 233 people, dietetics – 165 people,
physiotherapy – 96 people, emergency medical
services – 57 people, nursing – 49 people and electroradiology – 9 people. The detailed characteristics of
the studied population group in terms of the level of
physical activity and selected somatic indicators,
taking into account the sex and age of the subjects, are
presented in Table 1.

Table 1. Characteristics of the studied population group [%]
Features of the
Generally
Gender
population group
(N=609)
men
women
(N=106)
(N=503)
Generally
100.0
17.4
82.6
Level of physical activity
moderate
24.7
16.0
26.4
highP. W
75.3
84.0
73.6
Selected somatic indicators
BMI
underweight
10.0
1.9
11.7
norm
73.8
59.4
76.9
overweightP. W
13.8
33.0
9.7
obesityP. W
2.4
5.7
1.6
WHtR
norm
79.5
65.1
82.9
abdominal obesityP
20.5
34.9
17.1
WC
norm
78.8
75.5
79.5
*abdominal obesity with
IR of MC
14.1
17.9
13.3
**abdominal obesity
with HR of MCW
7.1
6.6
7.2

19-21
(N=430)
70.6

Age in years
22-24
25-27
(N=128)
(N=35)
21.0
5.7

28-30
(N=17)
2.7

23.5
76.5

28.3
71.7

20.0
80.0

42.9
57.1

11.4
73.7
13.0
1.9

6.3
76.4
12.6
4.7

8.6
77.1
14.3
0.0

5.9
52.9
41.2
0.0

82.3
17.7

72.4
27.6

77.1
22.9

64.7
35.3

81.6

70.1

80.0

70.6

12.6

18.1

17.1

17.6

5.8

11.8

2.9

11.7

*Abdominal obesity with an increased risk of metabolic complications; ** Abdominal obesity with the high risk of metabolic complications
P. W
Statistically significent differences between the feature of the population group and its gender (P) and its age (W); level of significant
p ≤ 0.05 (Chi2 test)
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The study was conducted by means of a survey.
The research sample was selected arbitrarily, i.e.
a survey was conducted, and the WC was measured
among all students present at the university on the day
of the study who agreed to participate in the study. As
a result of the study, 609 surveys were collected.
The survey used in the study consisted of two research
tools. The first of these was the QEB questionnaire for
researching nutritional behaviours and opinions on food
and nutrition developed by the Group of Behavioural
Nutrition Conditions of the Committee on Science of
Human Nutrition PAN. Based on the QEB questionnaire,
intake was assessed for 16 groups of food products by
using a 6-grade intake frequency scale, where grade 1
meant “never” and grade 6 “several times a day”. The
second research tool was the shortened version of the
IPAQ (International Physical Activity Questionnaire),
enabling the collection of information on various forms
of physical activity of respondents over the last 7 days.
The collected data on weekly physical activity were
calculated according to a strictly defined scheme into
MET units (Metabolic Equivalent of Task) [12]. On
the basis of physical activity expressed in MET units
(MET-minutes/week), people with moderate (600-3000
MET-minutes/week) and high levels of physical activity
(>3000 MET-minutes/week) were distinguished. None
of the subjects had low levels of physical activity
(<600 MET-minutes/week). In addition, as part of the
survey, respondents were asked to provide body weight
in kilograms and body height in centimetres. WC was
measured in a standing position using anthropometric
tape at the greatest narrowing of the torso at the waist,
with the abdominals relaxed.
In the statistical analysis, the number and percentage
of students with a given feature were used to describe
the population structure. During the statistical analysis,
based on the frequency of consumption of 16 groups
of food products, two diet quality indicators were
distinguished, in accordance with the procedure for
the preparation of nutritional data from the QEB
questionnaire by Wądołowska and Krusińska, 2014 [29].
The first of the extracted indicators was the “healthy diet
index” with the acronym pHDI-8, which was calculated
by summing the frequency of consumption (fold/
day) of the eight indicated food groups (wholemeal
bread, milk, fermented milk drinks, cottage cheese,
preparations and dishes from fish, dishes from legumes,
fruit and vegetables). The second indicator extracted
was the “unhealthy diet index”, with the acronym
nHDI-8, which was calculated in the same way using
the following eight other food groups (fast food, fried
foods, pillow cheese, sweets and confectionery, canned,
sweetened carbonated drinks, energy drinks, and
alcoholic drinks). Indexes were calculated by adding up
the intake frequencies, previously expressed as fold/day,
and then converted to a 100-point scale. On the basis of

this scale, the intensity of dietary traits favourable or un
favourable to health was decided, while the intensity of
traits was assumed to be low (0-25 points), moderate
(26-75 points) or high (76-100 points).
Based on the calculated point values of the
“healthy diet index” (pHDI-8) and “unhealthy diet
index” (nHDI-8) of all observations, four categories
of variables describing the diet quality of respondents
were derived, i.e. category 1 – low intensity of pHDI-8
and nHDI-8; category 2 – moderate intensity of pHDI-8
and low intensity of nHDI-8; category 3 – low intensity
of pHDI-8 and moderate intensity of nHDI-8; category
4 – moderate intensity of pHDI-8 and nHDI-8.
When assessing the somatic parameters (body weight,
height, WC), basic nutritional assessment indicators
were calculated, i.e. BMI, WC, WHtR (waist-to-height
ratio). WHO recommendations were adopted as BMI
diagnostic criteria for assessing nutritional status [30].
According to these criteria, BMI <18.5 kg/m² indicates
underweight, 18.5-24.9 kg/m² normal weight, 25.0-29.9
kg/m² overweight, and ≥30.0 kg/m² obesity. The WHO
Report 2008 regarding WC recommendations were
adopted as diagnostic criteria assessment of abdominal
obesity and the risk of metabolic complications
associated with it [22]. According to this report,
a WC above 94 cm for men and 80 cm for women is
associated with abdominal obesity with a significant
risk of metabolic complications, and values above 102
centimetres for men and 88 centimetres for women
indicate abdominal obesity with a very high risk of
metabolic complications. As the WHtR diagnostic
criterion for abdominal obesity and an increased risk of
heart disease and diabetes, we adopted the cut-off point
of 0.5. A WHtR value ≥0.5 indicates abdominal obesity
and these complications [4, 5].
The comparison of qualitative features i.e. the BMI,
WC and WHtR criteria, and the intensity categories of diet
quality indicators, including the evaluation of statistically
significant differences, was performed by using the Chi²
test. The significance level was assumed to be 0.05.
Statistical analysis was performed by using the
Statistica Basic 13 PL statistical program.

RESULTS
Almost 4/5 of the study population group was
characterized by low-intensity pHDI-8 and nHDI-8
features. At the same time, almost 1/5 of respondents
were characterized by moderate-intensity pHDI-8
features and low-intensity nHDI-8 features. Only in
the case of 2.0% of academic youth was there lowintensity pHDI-8 and moderate-intensity nHDI-8,
according to dietary assessment, and in the case of
0.8%, moderate-intensity pHDI-8 and nHDI-8. None
of the examined people were characterized by highintensity pHDI-8 and nHDI-8 features (Table 2).
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Table 2. Categories of intensity of features of diet quality indicators of the studied population group. ta king into account
its level of physical activity and selected somatic indicators of nutritional status [%]
Features of the
population group

N
Generally
Physical activity
Level of physical activity
moderate
highIS

Generally
category 1
low intensity of
features pHDI-8*
and nHDI-8**

Categories of diet quality indicators
category 2
category 3
low intensity of
moderate intensity
features pHDI-8 and
of features pHDI-8
moderate intensity of
and low intensity of
features nHDI-8
features nHDI-8
119
12
19.5
2.0

category 4
moderate
intensity of
features pHDI-8
and nHDI-8
5
0.8

609
100

473
77.7

24.7
75.3

25.8
74.2

20.0
80.0

25.0
75.0

20.2
79.8

10.1
73.2
14.2
2.5

10.1
74.8
14.3
0.8

8.3
74.8
14.3
8.4

0.0
100.0
0.0
0.0

79.7
20.3

79.8
20.2

75.0
25.0

60.0
40.0

Selected somatic indicators of nutritional atatus
BMI
underweight
10.0
73.8
norm
overweight
13.8
obesityIS
2.4
WHtR
norm
***abdominal obesity

79.5
20.5

WC
norm
78.8
79.9
75.6
83.3
40.0
**** abdominal obesity
with IR of MC
14.1
12.9
17.6
8.4
60.0
***** abdominal obesity
with HR of MC IS
7.1
7.2
6.8
8.3
0.0
*pHDI-8 – „Index of health diet”; **nHDI-8 – „Index of non-healthy diet”; ***Abdominal obesity with an increased risk of heart disease
and diabetes ; **** Abdominal obesity with an increased risk of metabolic complications; ***** Abdominal obesity with the high risk
of metabolic complications; ISStatistical significent differences between the feature of the population group and the categories of intensity
of the features of diet quality indicators (Chi² test. p≤0.01)

Slightly less than ¼ of the respondents were
characterized by moderate and over ¾ by high levels
of physical activity. Studying the relationship between
the intensity of diet quality traits and the level of
physical activity, it was demonstrated that this high
level of activity statistically significantly differentiated
the percentage of people belonging to individual
categories of intensity of diet quality indicators. It
was demonstrated that a statistically significantly
higher percentage of respondents with a high level of
physical activity was characterized by an indicator with
a moderate intensity of pHDI-8 and a low intensity of
nHDI-8 than the percentage of respondents belonging
to other categories of diet quality indicators (Table 2).
A comparative analysis of the BMI, WC and WHtR
criteria showed that approximately ¾ of respondents
had somatic values characteristic of body weight due.
Overweight and obesity were present 16% of the
surveyed population according to the BMI criteria.
Of those surveyed, 10% were underweight according
to the criteria of the same indicator. Over 1/5 of
respondents were characterized by abdominal obesity
according to the criteria of the WC and WHtR index
(Table 2). Statistically significant differences were

shown only when the relationship between obesity
according to BMI criteria and abdominal obesity with
a high risk of metabolic complications according to
WC and the intensity of diet quality indicators was
examined. It was shown that a higher percentage of
those who were obese according to the BMI criteria and
had abdominal obesity with a high risk of metabolic
complications according to the WC criteria were
also characterized by a low intensity of pHDI-8 and
a moderate intensity of nHDI-8 than the percentage of
respondents characterized by other categories of diet
quality indicators (Table 2).

DISCUSSION
The results of a study by Dąbrowska-Galas et al.
[8], regarding the level of physical activity of students
of the Medical University of Silesia, reported that
depending on the field of study, 0-26% of respondents
had low levels of physical activity, 52%-86% of
respondents had moderate levels of physical activity
and 8%-46% of respondents had high levels of
physical activity. A large share of respondents in the
present study with a high level of physical activity and

No 1

R. Gajda

the lack of respondents with low levels of physical
activity could have resulted from a large participation
in the study of persons declaring performing
professional activity in addition to academic activity.
Angyán et al. [3] pointed out that medical students
were characterized by low levels of physical activity
due to the burden of academic activity and limited free
time. However, Frank et al. [9] reported that American
medical students had higher levels of physical activity
than their peers.
Overweight and obesity is a global problem,
in particular concerning the countries of North
America, southwest Europe and Great Britain. This
phenomenon applies to all social groups [13]. A low
level of physical activity is a factor determining
overweight and obesity [13], with these metabolic
disorders usually being multifactorial, and a decrease
in the level of physical activity is positively correlated
with the deterioration of diet quality, aggravating this
type of metabolic disorder. For example, the analysis
of two observational cohort studies on diet quality
indicators, i.e. AHEI and AMED, showed that those
respondents who adhered to these indicators more
had a higher level of physical activity than those who
adhered less to these indicators [7]. Also, in the present
study, it was observed that a statistically significantly
larger percentage of respondents with a high level of
physical activity had an indicator with the best dietary
health features among all categories of diet quality
indicators selected in the study.
In our study, 16.2% of the student population was
characterized as overweight or obese according to the
BMI criteria. Similarly, according to another Polish
study conducted by Likus et al. [16], overweight and
obesity was present in 13.4% of students. In addition
to obesity, another equally important problem for
young people is underweight, which affected up
to 10% of respondents in this study and 9.6% of
students in medicine and health sciences in Likus et
al. study [16]. At the same time, it should be pointed
out that, although the study showed a relationship
between the selected categories of diet quality
indicators and overweight and obesity according to
the BMI index and abdominal obesity with a high
risk of metabolic complications according to the
WC index, no statistically significant differentiation
between these categories of quality indicators was
demonstrated between diet and underweight, body
mass norm and overweight according to BMI, body
mass norm according to WC and WHtR, but also
abdominal obesity with an increased risk of metabolic
complications according to WC.
In our study, the highest percentage of respondents
with obesity according to the BMI criteria and
abdominal obesity with a high risk of metabolic
complications according to the WC criteria was

109

characterized by the indicator with the worst diet
health characteristics among all diet quality indicators
selected in the study. In turn, several studies found
a significant relationship between compliance with
healthy diet quality indicators, weight loss and
abdominal obesity [28]. Especially often, such
a relationship is observed between AMED-type
indicators and somatic indicators [25]. Most crosssectional studies report a strong negative correlation
between adherence to the Mediterranean diet and the
occurrence of obesity, and this has been confirmed by
cohort studies [25]. From analysis 2, observational
cohort studies on quality indicators for AHEI and
AMED diets showed that those subjects who followed
these indicators more often had lower BMIs than
those who did not (7). In turn, research from Sahrai
et al. published in 2019 showed that compliance with
healthy AMED diet quality indicators statistically
significantly corresponded to lower WC and WHR
indicators but did not correspond to the BMI
indicator [25]. Such observations are also confirmed
by the EPIK-PANACEA study [24]. The results of
intervention dietary studies showed that adherence to
the Mediterranean diet was associated with a lower
BMI and significantly lower abdominal obesity [2, 10,
17]. In the study by Sahrai et al. [25], there was no
significant relationship between the quality indicators
of diet type HEI or DQI and the somatic indicators WC,
WHR and BMI. Regarding HEI indicators, Mexican
Americans also showed no relationship between HEI
and WC in women, but the results were significant in
men [25]. A recent study showed that DQI compliance
was associated with a decrease in WC and BMI in men,
while no relationship was found in women [18]. These
gender differences can be explained by the different fat
deposits in men and women. Women have a tendency
to store fat around the hips and lower limbs, while men
tend to accumulate fat in the abdominal area [31].
The main limitation of the study was its nature
(cross-sectional studies) and survey method. In
addition, the study showed an exceptionally high share
of respondents with a high level of physical activity
and a lack of respondents with a low level of physical
activity in relation to data on the level of student activity
in Poland [8]. Most of the students of the surveyed
universities declared that they did work outside of
academic activity, which had an impact on the results
of the assessment of the studied levels of physical
activity and which could significantly underestimate
the relationship between the studied categories of diet
quality indicators and the somatic indicators of the
respondents. However, the international standardized
IPAQ questionnaire was used in the study. It is the
most frequently recommended tool for measuring the
level of physical activity [12]. The research sample
was selected arbitrarily and included all students
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of two universities present on the day of the study.
Furthermore, only the WC indicator was measured.
The body weight and height of respondents were
recorded in the study based on the values declared by
students, which could further reduce the reliability of
BMI and WHtR indicators.

CONCLUSIONS
Nutrition education program should be
implemented among students studying in the field of
health sciencees, especially those who are overweight
or obese and have a low physical activity.
Conflict of interest
The author declares no conflict of intrest.

REFERENCES
1. Alkerwi A.: Diet quality koncept. Nutrition 2014;30:613
doi: 10.1016/j.nut.2013.10.001.
2. Andreoli A., Lauro S., Di Daniele N., Sorge R., Celi
M., Volpe S.L.: Effect of a moderately hypoenergetic
Mediterranean diet and exercise program on body cell
mass and cardiovascular risk factors in obese women.
Eur J Clin Nutr 2008;62:892–897.
3. Angyán L., Téczely T., Mezey B., Lelovics Z.: Selected
physical characteristics of medical students. Med Educ
2003;8:1 doi: 10,3402/meo.v8i.4328.
4. Ashwell M., Hsieh S.D.: Six reasons why the waistto-height ratio is a rapid and effective global indicator
for health risks of obesity and how its use could
simplify the international public health message on
obesity. Int J Food Sci Nutr 2005;56(5):303 doi:
10.1080/09637480500195066.
5. Browning L.M., Hsieh S.D., Ashwell M.:
A systematic review of waist-to-height ratio as
a screening tool for the prediction of cardiovascular
disease and diabetes: 0,5 could be a suitable global
boundary value. Nutr Res Rev 2010;23(2):247 doi:
10.1017/S0954422410000144.
6. Coulston A.M.: The search continues for a tool to
evaluate dietary quality. Am J Clin Nutr 2001;74:417
doi: 10.1093/ajcn/74.4.417.
7. Ding M., Ellervik Ch., Huang T., Jensen M.K., Curhan
G.C., Pasquale L.R., Kang H., Wiggs J.L., Hunter D.J.,
Willett W.C., Rimm E.B., Kraft P., Chasman D.I., Qi L.,
Hu F.B., Qi Q.: Diet Quality and genetic association
with body mass index: results from 3 observational
studies. Am J Clin Nutr 2018;108:1291 doi: 10.1093/
ajcn/ngy203.
8. Dąbrowska-Galas M., Plinta R., Dąbrowska J.,
Skrzypulec-Plinta V.: Physical activity in students of
the Medical University of Silesia in Poland. Phys Ther
2013;93(3):384 doi: 10.2522/ptj.20120065 (in Polish).
9. Frank E., Tong E., Lobelo F., Carrera J., Duperly J.:
Physical activity levels and counseling practices of US
medical students. Med Sci Sports Exerc 2008;40:413
doi: 10.1249/mss.0b013e31815ff399.

No 1

10. Goulet J., Lamarche B., Nadeau G., Lemieux S.:
Effect of a nutritional intervention promoting
the Mediterranean food pattern on plasma lipids,
lipoproteins and body weight in healthy FrenchCanadian women. Atherosclerosis 2003;170:115 doi:
10.1079/BJN20041198.
11. Gronowska-Senger A.: Zarys oceny żywienia [Qutline
of nutrition assessment]. Warszawa, Wydawnictwo
SGGW, 2013 (in Polish)
12. International Physical Activity Questionnaire – IPAQ
Portal. Available http://www.ipaq.ki.se. (Accessed
2.01.2017).
13. Janssen I., Katzmarzyk P.T., Boyce W.F., Vereecken
C., Mulvihill C., Roberts C., Currie C., Pickett W.:
Comparison of overweight and obesity prevalence
in school-aged youth from 34 countries and their
relationship with physical activity and dietary
patterns. Obes Rev 2005;6:123 doi: 10.1111/j.1467789X.2005.00176.x.
14. Jeżewska-Zychowicz M.: Zachowania żywieniowe i ich
uwarunkowania. Wydanie 2 [Nutritional behaviors and
their determinants. Edition 2]. Warszawa, Wydawnictwo
SGGW, 2007 (in Polish).
15. Lallukka T., Laaksonen M., Rahkonen O., Roos E.,
Lahelma E.: Multiple socio-economic circumstances
and healthy food habits. Eur J Clin Nutr 2007;61:701
doi: 10.1038/sj.ejen.1602583.
16. Likus W., Milka D., Bajor G., Jachowicz-Łopata M.,
Dorzak B.: Dietary habits and physical activity in
students from the medical university of Silesia in
Poland. Rocz Panstw Zakl Hig 2013;64(4):317-324.
(PMID: 24693717)
17. Martinez-Gonzalez M.A., Garcia-Arellano A., Toledo
E., Salas-Salvado J., Buil-Cosiales P., Corella D., Covas
M.I., Schroder H., Aros F., Gomez-Gracia E., Fiol M.,
Ruiz-Gutiérrez V., Laperta J., Lamuela-Raventos R.M.,
Serra-Majem L., Pinto X., Muñoz M.A., Wärnberg
J., Ros E., Estruch R.: A 14-item Mediterranean diet
assessment tool and obesity indexes among highrisk subjects: The PREDIMED trial. PLOS ONE
2012;7(8):e43134 doi: 10.1371/journal.pone.0043134.
18. Mertens E., Deforche B., Mullie P., Lefevre J., Charlier
R., Knaeps S., Huybrechts I., Clarys P.: Longitudinal
study on the association between three dietary indices,
anthropometric parameters and blood lipids. Nutr
Metab 2015;12:47 doi: 10.1186/s12986-015-0042-1.
19. Mozaffarian D., Hao T., Rimm E.B., Willett W.C., Hu
F.B.: Changes in diet and lifestyle and long-term weight
gain in women and men. N Engl J Med 2011;364:2392
doi: 10.1056/NEJMao1014296.
20. Pilch W., Janiszewska R., Makuch R., Mucha D., Pałka
T.: Racjonalne odżywianie i jego wpływ na zdrowie
[Rational nutrition and its impast on health]. Hyg Pub
Health 2011;46(2):244-248.
21. Report of Joint WHO/FAO Experts Consultation on
Diet, Nutrition and the of Chronic Disease. Technical
Report Series 916, Geneva 2003.
22. Report of a WHO Expert Consultation. Waist circumference
and Waist-Hip Ratio: Genewa 2008. Available https://
www.cdc.gov/nchs/data/nhanes/nhanes_07_08/manual_
an.pdf.

No 1

R. Gajda

23. Robinson T.N.: Reducing children’s television viewing
to prevent obesity: a randomized controlled trial. JAMA
1999;282:1561–1567.
24. Romaguera D., Norat T., Vergnaud A.C., Mouw T., May
A.M., Agudo A., Buckland G., Slimani N., Rinaldi S.,
Couto E., et al.: Mediterranean dietary patterns and
prospective weight change in participants of the EPICPANACEA project. Am J Clin Nutr 2010;92:912 doi:
10.3945/ajcn.2010.29482.
25. Sahrai M.S., Huybrechts I., Biessy C., Gunter M.J.,
Romieu I., Rorres-Mejia G., Dossus L.: Association of
a priori-defined dietary patterns with anthropometric
measurements: A Cross-Sectional Study in Mexican
Women. Nutrients 2019;11:603 doi: 10,3390/
nu11030603.
26. Schur E., Noonan C., Polivy J., Goldberg J., Buchwald
D.: Genetic and environmental influences on restrained
eating behavior. Int J Eat Disord 2009;42(8)765 doi:
10.1002/eat.20734.
27. Sowa I.: Determinanty a racjonalność zachowań
konsumpcyjnych dzieci i młodzieży [Determinants and
rationality of consumer behavior of children and youth].
Katowice. Wydawnictwo Akademii Ekonomicznej
w Katowicach, 2005 (in Polish).

111

28. Stoody E.E., Spahn J.M., McGrane M.M., MacNeil
P.C., Fungwe T.V., Altman J.M., Lyon J., Obbagy
J.E., Wong Y.P.: A Series of Systematic Reviews on
the Relationship between Dietary Patterns and Health
Outcomes; United States Department of Agriculture:
Alexandria, VA, USA, 2014:501.
29. Wądołowska L., Krusińska B.: Procedura opracowania
danych żywieniowych z kwestionariusza QEB
[Procedure for prepering nutrition data from the QEB
questionnaire]. Available https://www.researchgate.
net/publication/271653184_ Procedura_opracowania_
danych_zywieniowych_z_kwestionariusza_QEB
(Accessed 17.01,2019) (in Polish).
30. WHO. Body Mass Index – BMI Portal. Available www.
euro.who.int/en/health-topics/disease-prevention/
nutrition/a-healthy-lifestyle/body-mass-index-bmi
(Accessed 16.01.2019).
31. Yoshida Y., Scribner R., Chen L., Broyles S., Phillippi S.,
Tseng T.S.: Diet quality and its relationship with central
obesity among Mexican Americans: Findings from
National Health and Nutrition Examination Survey
(NHANES) 1999–2012. Pub Health Nutr 2017;20:1193
doi: 10.1017/S1368980016003190.
Received: 08.01.2020
Accepted: 28.02.2020

Rocz Panstw Zakl Hig 2020;71(1):113-122
http://wydawnictwa.pzh.gov.pl/roczniki_pzh/

https://doi.org/10.32394/rpzh.2020.0103

ORIGINAL ARTICLE
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ABSTRACT

Objectives. To determine the complete range of carious conditions and furthermore to compare the risk factors and patterns
of dental caries amongst schoolchildren aged 12 and 15 years in Bhubaneswar.
Material and Methods. Cross-sectional descriptive survey was performed among 800 schoolchildren to assess the dental
caries status by Caries Assessment Spectrum and Treatment (CAST) scoring. Chi-square, parametric t-test, one-way
ANOVA with post hoc Bonferroni and stepwise multiple linear regression were utilized for statistical analysis.
Results. Study population comprised of 476 (59.5%) boys and 324 (40.5%) girls, of which 356 (44.5%) and 444 (55.5%)
represented the 12- and 15-years age group respectively. Prevalence of dental caries was 60.6% (Mean 0.38+0.545).
Younger age group children presented a significant (p<0.05) lower caries prevalence (54.8%) as against 65.3% in 15 years
children. Majority, 189 (23.6%) revealed distinct visual change in enamel (code 3). Acuteness of disease constructed
on maximum CAST score for each subject showed that teeth with morbidity (28.5%) is higher followed by reversible
pre-morbidity (23.6%) and serious morbidity (6.5%). Predominantly first molars were generally influenced. Significant
interpreters in plunging order for DMFT were frequency of cleaning teeth and sweet score.
Conclusions. A creative instrument named CAST index describes full continuum of dental caries. Its utilization in
epidemiological studies is exceptionally encouraging as it is less tedious and more cost effective. It can possibly be a useful
tool for planning caries control programs in both individual and community levels.
Key words: Caries status, caries assessment spectrum and treatment index, children, risk factors

INTRODUCTION
Being a multifactorial oral disease, dental caries shows
clinically as a strategy from introductory visual change in
enamel to blunt cavitation. Assessing the different phases
of enamel carious lesions prepares for dental specialist
and patient to control caries advancement by execution
of different caries-preventive strategies. This likewise
encourages policy makers to introduce a more unflinching
portrayal of caries status of a specific population [20].
Predominance of dental caries in developed nations
is diminishing, while in underdeveloped and developing
nations, prevalence is on the rise [3, 25]. According to
statistics available from World Health Organization

(WHO), caries prevalence among 12-year-old children
from several European Union States (EU) has decreased
significantly from 1970’s to 2006. It is the most common
illness among school going children and its commonness
is multifactorial relying upon age, sex, socioeconomic
status, geographical location, food habits particularly
sugar/sucrose utilization and oral cleanliness propensities.
WHO announced 60-90% of schoolchildren worldwide
has encountered caries with the ailment being most
pervasive in Asian and Latin American countries [25].
Dental caries, whenever left untouched can prompt
agony, loss of teeth, and impaired quality of life. Demand
exists for outlining procedures to govern, avoid, and
treat caries lesions and their outcomes through legitimate
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and consistent information from people and societies.
Henceforth a constant scrutiny of dental epidemiological
position and its risk factors is of foremost importance.
For substantial populations, such information must be
gathered using epidemiological studies [9].
From the applied viewpoint, greatest beneficial
arrangement in epidemiological studies is to utilize a solitary
index portraying the comprehensive range of a disease.As of
late, an advanced tool named Caries Assessment Spectrum
and Treatment (CAST) was presented by Frencken et al.
for epidemiological examinations [12]. Consequently, this
CAST tool has exhibited to be a promising instrument for
practice universally in oral health surveys. It is presently
being operated in populace of diverse age clusters and
circumstances in a number of nations illustrated by the
report from Poland [8].
Although CAST has been utilized in various
studies [8, 11, 20] to our knowledge there has been
no studies previously reported on the schoolchildren
in Bhubaneswar. Hence, the current study was aimed
to determine the complete range of carious conditions
and also to compare the risk factors and patterns of
dental caries amongst schoolchildren of Bhubaneswar.

MATERIAL AND METHODS
This cross-sectional descriptive survey was steered
from July to October 2018. Schoolchildren who were
permanent residents of Bhubaneswar city and were
logically and physically proficient of responding to
questionnaire were included in the study. Medically
compromised children or children with physical
impediments and on antibiotic treatment in the
preceding six months, also those having mixed dentition
and undergoing orthodontic treatment were excluded.
Survey procedure was studied and ethical clearance
granted by Institutional Ethical Committee (Ref No/
DMR/IMS.SH/SOA/180047). Prior to initiation of
primary investigation, certified list of all schools

(Government and Private) of Bhubaneswar was attained
from District Education Office (DEO), Bhubaneswar.
An official authorization was obtained from respective
Heads of selected schools. Subjects who decided to take
part got consent form signed from their parents and also
provided the assent independently.
A preliminary survey was done amongst 80
students from 2 schools to determine the plausibility
of utilizing CAST index in our population. Regarding
content, language, recording technique and relevance
- its application was found to be simple. Modifications
were not required, and the subjects stated satisfaction
with the investigation convention, which was
subsequently utilized for directing the examination.
Based on the earlier reported prevalence of dental
caries in schoolchildren aged 12 and 15 years in
Odisha (54% and 63%), 5% allowable error and 95%
confidence level, the sample size was calculated as
382 which was rounded off to 400 per age group.
Study sample were enrolled by a two-stage cluster
sampling procedure. In the first stage, Bhubaneswar
city was randomly alienated into 4 topographical areas,
and 5 schools from each area were arbitrarily chosen.
Out of the total number of Government (65) and private
schools (119), 8 Government and 12 private schools
were randomly picked. In the second stage, eligible
schoolchildren were stratified by age and gender and
randomly selected in proportion to aggregate number
of 12 and 15-year-old students registered into each
school for accomplishing the sample of about 800.
Data were collected on a structured proforma,
which comprised of two sections. Initial segment was
utilized to gather information on sociodemographic
data and the next portion encompassed oral hygiene
practices and CAST index scoring. Dental examination
was performed by trained and calibrated examiner
alongside a recording assistant. Teeth were evaluated
according to CAST recommendations (Table 1) [12].

Table 1. Description of Caries Assessment Spectrum and Treatment (CAST) codes
Characteristics
Sound
Sealed
Restored
Enamel

Code
0
1
2
3

Dentin

4

Pulp

5
6

Abscess/ Fistula

7

Lost
Other

8
9

Description
No visible evidence of a distinct carious lesion is present
Pits and/or fissures are at least partially sealed with a sealant material
A cavity is restored with a (in) direct restorative material
Distinct visual change in enamel only. A clear caries discolouration
is visible with or without localised enamel breakdown
Internal caries-related discolouration in dentine. The discoloured
dentine is visible through enamel which may or may not exhibit a
visible localised breakdown of enamel
Distinct cavitation into dentin. The pulp chamber is intact
Involvement of pulp chamber. Distinct cavitation reaching the pulp
chamber or only root fragments are present
A pus containing swelling or a pus releasing sinus tract related to a
tooth with pulpal involvement
The tooth has been removed because of dental caries
Does not correspond to any of the other categories

Concept of health
Healthy
Reversible
premorbidity
Morbidity

Serious morbidity

Mortality
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Preceding the survey, a training session entailing
theoretical and practical sections was conducted.
The theoretical portion incorporated the learning of
literature and resources provided by authors of CAST
index. The practical part incorporated, training and
intra‑examiner calibration which was carried out
by a senior Faculty member on 20 schoolchildren
to confirm even interpretations, comprehension and
application of codes and criteria for dental caries
assessment and furthermore to ensure consistent
examination. The intra-examiner reliability for CAST
was evaluated with kappa statistics, which was
observed to be 90%.
A plain dental mirror and periodontal probe ending
with a 0.5 mm ball was used for examination of dental
caries. Tooth surface was not air-dried but relatively,
when essential, surplus saliva was removed with
cotton rolls [as endorsed for application of CAST]
[12]. If an abscess or a fistula was existing, all surfaces
with an open cavity were counted with code 7. The
maximum code for individual tooth was chosen for
additional scrutiny. Approximately 5% of the assessed
population were re-evaluated toward the finish of each
day to determine the intra-examiner reliability.

Statistical analysis
SPSS version 21.0 (SPSS Inc., Chicago, Illinois, USA)
was used for data analysis. Chi- square test (χ2) was used for
comparisons of dental caries prevalence amongst different
age and gender groups. The parametric t- test and one-way
ANOVA with post hoc analysis (Bonferroni) was used for
comparison of mean dental caries scores between various
variables. Stepwise multiple linear regression analysis was
executed to estimate the linear relationship between DMFT
as dependent variable and other independent variables. For
all tests, confidence interval and p value were established
at 95% and < 0.05 respectively.

RESULTS
A total of 800 schoolchildren, 476 (59.5%) boys
and 324 (40.5%) girls were examined, out of which
356 (44.5%) and 444 (55.5%) represented the 12- and
15-years age group respectively (Table 2). Majority
(55.1%) parents had pre-university level of education
followed by graduates (39.4%). None of the parents were
illiterate or had post-graduation qualifications. About
two-third 542 (67.8%) had a family income of rupees 30
to 50,000 per month and only 160 (20%) were having
income above rupees 50,000. Around 490 (61.3%)
children were representatives of Government schools and
the remaining 310 (38.8%) were from private schools.

Table 2. Prevalence of dental caries according to demographic variables
Independent variables
Age (years)@
12
15
Gender@
Male
Female
Parents education#
Illiterate
Primary
Higher Secondary
Pre-University
College
Graduate
Post Graduate
Family Income (INR)#
<30,000
30,000 – 50,000
50,000 – 1,00,000
>1,00,000
Type of School@
Government
Private
Total

Study subjects
n (%)

Caries affected
subjects n (%)

χ2
value

p-value

DMFT
(Mean±SD)

356 (44.5)
444 (55.5)

195 (54.8)
290 (65.3)

4.882

0.027*

0.39±0.56
0.46±0.21

0.311

0.035*

476 (59.5)
324 (40.5)

290 (60.9)
195 (60.2)

0.044

0.834

0.39±0.55
0.38±0.52

0.308

0.758

0 (0)
16 (2)
28 (3.5)
441 (55.1)

0 (0)
15 (93.8)
24 (85.7)
284 (64.4)

32.033

0.001*

0.38±0.5ab
0.36±0.42a
0.33±0.546b

8.262

0.001*

315 (39.4)
0 (0)

162 (51.4)
0 (0)

98 (12.3)
542 (67.8)
160 (20)
0 (0)

40 (40.8)
331 (61.1)
114 (71.2)
0 (0)

23.721

0.001*

0.34±0.536a
0.37±0.555b
0.46±0.512ab
-

1.938

0.021*

490 (61.3)
310 (39.8)
800 (100)

294 (60)
191 (61.6)
485 (60.6)

0.207

0.649

0.38±0.57
0.39±0.502
0.38±0.545

0.404

0.686

t/F value p-value

0.29±0.12ab
-

Test applied: Chi square test or Fischer’s exact test, @t test, #One way ANOVA, *indicates statistically significant difference
Post hoc analysis: Values with same letters superscripted shows statistically significant difference
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Overall caries prevalence in our population was
60.6%, Mean DMFT was 0.38+0.545. Younger children
presented a lower caries prevalence of 54.8%, (mean
DMFT 0.39+0.56) as against 65.3%, (mean DMFT
0.46+0.21) in 15 years children and the difference
observed was found to be statistically significant
(P=0.035). Almost a similar gender wise prevalence
(60.9% males and 60.2% females) was observed
which was not statistically significant (P=0.758).
Those children whose parents were less qualified and
also belonged to higher income class had greater caries
prevalence which were again statistically significant
(P=0.021). This difference was quite evident among
the primary and graduate level of education.
Almost all the participants reported use of
toothbrush and toothpaste for cleaning their teeth
(Table 3). Majority, 630 (78.8%) practiced the

frequency of once daily tooth brushing, 732 (91.5%)
used soft bristles toothbrush and method of cleaning
practiced was predominantly circular followed by
combined method among 422 (52.8%) and 362
(45.3%) subjects respectively. Those using soft and
medium bristles toothbrush demonstrated a caries
prevalence of 60.5% and 61.8% respectively which
was significant (P=0.016). Subjects brushing once
daily showed higher caries prevalence (66.7%)
which was statistically significant (P=0.001). Method
and material used for cleaning was not statistically
significant. Furthermore, a favourable sweet score
was found as none were in the watch out zone which
resulted in lower proportion of caries (44.1%) among
subjects with excellent sweet score that was found to
be significant.

Table 3. Prevalence of dental caries according to oral hygiene practices and sweet score

Independent
variables

Study subjects
n (%)

Caries affected
subjects n (%)

χ2
value

p-value

DMFT
(Mean±SD)

t/F value

p-value

800 (100)

485 (60.6)

-

-

0.38±0.545

-

-

0 (0)

-

-

0 (0)

-

4.183

0.016*

1.695

0.184

0.004

0.947

27.919

0.001*

25.53

0.001*

Type of cleaning
Tooth Brush
Finger
Twig
Type of toothbrush bristles

@

Soft

732 (91.5)

443 (60.5)

68 (8.5)

42 (61.8)

Horizontal

0 (0)

-

Vertical

16 (2)

15 (93.8)

Medium

20.889

0.001*

0.45±0.54
0.29±0.49

Method of cleaning

#

Circular
Combination

13.729

0.126

0.38±0.5

422 (52.8)

270 (64)

0.42±0.57

362 (45.3)

200 (55.2)

0.35±0.515

Material used for cleaning teeth@
Tooth paste
Tooth powder

795 (99.4)

481 (60.5)

0.791

0.374

0.38±0.545

5 (0.6)

4 (80)

0.4±0.548

Sand

0 (0)

-

-

Brick Powder

0 (0)

-

-

Charcoal

0 (0)

-

-

Frequency of cleaning per day

@

Once

630 (78.8)

420 (66.7)

136.048

0.001*

0.39±0.528

Twice

170 (21.3)

65 (38.2)

0.35±0.563

Thrice

0 (0)

-

-

Excellent

136 (17)

60 (44.1)

Good

664 (83)

425 (64)

0.34±0.511

0 (0)

-

-

800 (100)

485 (60.6)

0.38±0.545

Sweet Score@

Watch out Zone
Total

12.770

0.001*

0.4±0.648

Test applied: Chi square test or Fischer’s exact test, @t test, #One way ANOVA, *indicates statistically significant difference
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Distribution of study population according to
highest Caries Assessment Spectrum and Treatment
index scores is as exemplified in Table 4. About
315 (39.4%) participants demonstrated sound tooth
structure (code 0). Among those affected, 189
(23.6%) participants revealed distinct visual change

in enamel (code 3) followed by code 4 - internal
caries related discolouration in dentin (16.3%), code
5 -distinct cavitation into dentin (12.3%) and code 6 involvement of pulp chamber (6.5%). It was surprising
to observe that there were no missing teeth and only 16
(2%) children had his or her tooth filled.

Table 4. Distribution of study population according to highest Caries Assessment Spectrum and Treatment (CAST) Index Score

CAST score

Number of subjects (n)

Percentage of subjects (%)

Code 0
Code 1
Code 2
Code 3
Code 4
Code 5
Code 6
Code 7
Code 8
Code 9

315
0
16
189
130
98
52
0
0
0

39.4
0
2
23.6
16.3
12.3
6.5
0
0
0

Table 5. Distribution of different carious stages (Frencken et al.) according to demographic variables among study population

Independent variables
Age (years)
12 (n= 356)
15 (n=444)
Gender
Male (n=476)
Female
(n= 324)
Parents education
Illiterate (n=0)
Primary (n=16)
Higher Secondary
(n=28)
Pre-University
College
(n= 441)
Graduate
(n= 315)
Post Graduate (n=0)
Family Income (INR)
<30,000 (n=98)
30,000 – 50,000
(n=542)
50,000 – 1,00,000
(n=160)
>1,00,000 (n=0)
Type of School
Government
(n=490)
Private (n=310)
Total (n=800)

Healthy
dentition
n (%)

Reversible
premorbidity
stage n (%)

Teeth with
morbidity
n (%)

Teeth with serious
morbidity
n (%)

Teeth with
mortality
n (%)

171 (48)
160 (36)

77 (21.6)
112 (25.2)

98 (27.5)
130 (29.2)

10 (2.8)
42 (9.4)

0
0

0.036*

192 (40.3)
139 (42.9)

106 (22.2)
83 (25.6)

150 (31.5)
78 (24)

28 (5.8)
24 (7.4)

0
0

0.872

3 (18.8)
0

10 (62.5)
13 (46.4)

3 (18.7)
11 (39.2)

0
4 (14.2)

0
0

0.001*

205 (46.5)

91 (20.6)

117 (26.5)

28 (6.3)

0

123 (39)

75 (23.8)

97 (30.7)

20 (6.3)

0

-

-

-

-

-

52 (53.1)
229 (42.3)

21 (21.4)
132 (24.3)

24 (24.4)
159 (29.3)

1 (1)
22 (4.0)

0
0

50 (31.2)

36 (22.5)

45 (28.1)

29 (18.1)

0

-

-

-

-

-

201 (41)

112 (22.8)

155 (31.6)

22 (4.4)

0

130 (41.9)
331 (41.4)

77 (24.8)
189 (23.6)

73 (23.5)
228 (28.5)

30 (9.6)
52 (6.5)

0
0

Test applied: Chi square test or Fischer’s exact test, *indicates statistically significant difference

p-value

0.001*

0.341
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Severity of the disease based on maximum CAST
score per subject shows that teeth with morbidity
(28.5%) was higher followed by reversible premorbidity (23.6%) and serious morbidity (6.5%). This
difference observed was statistically significant in
relation to age, education and income only (P<0.05)

(Table 5). Correspondingly, type of bristles used,
method followed and frequency practiced for oral
hygiene maintenance also showed significance along
with sweet score (P<0.05). Likewise, statistically
significant results were observed in relation to sweet
score (Table 6).

Table 6. Distribution of different carious stages (Frencken et al) according to oral hygiene practices and sweet score among study
population

Independent variables

Healthy
dentition
n (%)

Type of cleaning
Tooth Brush (n=800)
331 (41.4)
Finger (n=0)
Twig (n=0)
Type of toothbrush bristles
Soft (n=732)
291 (39.8)
Medium (n=68)
40 (58.8)
Methods of cleaning
Horizontal (n=0)
Vertical (n=16)
3 (18.8)
Circular (n=422)
158 (37.4)
Combination (n=362)
170 (47)
Material used for cleaning teeth
Tooth paste (n=795)
329 (41.4)
Tooth powder (n=5)
2 (40)
Sand (n=0)
Brick Powder (n=0)
Charcoal (n=0)
Frequency of cleaning per day
Once (n=630)
216 (34.2)
Twice (n=170)
115 (67.6)
Thrice (n=0)
Sweet Score
Excellent (n=136)
50 (36.7)
Good (n=664)
281 (43.9)
Watch out Zone (n=0)
Total (n=800)
331 (41.4)

Reversible
premorbidity
stage n (%)

Teeth with
morbidity
n (%)

Teeth with
serious
morbidity
n (%)

Teeth with
mortality
n (%)

p-value

189 (23.6)
-

228 (28.5)
-

52 (6.5)
-

0
-

-

171 (23.4)
18 (26.5)

218 (29.8)
10 (14.7)

52 (7.1)
0

0
0

0.01*

5 (31.2)
114 (27.0)
70 (19.3)

8 (50)
125 (29.6)
95 (26.2)

0
25 (5.9)
27 (7.4)

0
0
0

0.044*

188 (23.6)
1 (20)
-

226 (28.4)
2 (40)
-

52 (6.5)
0
-

0
0
-

0.685

159 (25.2)
30 (17.6)
-

208 (33)
20 (11.7)
-

47 (7.4)
5 (2.9)
-

0
0
0

0.001*

25 (18.3)
164 (24.6)
189 (23.6)

43 (31.6)
185 (27.8)
228 (28.5)

18 (13.2)
34 (5.1)
52 (6.5)

0
0
0
0

0.001*

Test applied: Chi square test or Fischer’s exact test, *indicates statistically significant difference

Table 7 shows the distribution of CAST codes
among the dentition. Code 3 is mostly found among
maxillary (5.3%) and mandibular first molars (5.5%)
followed by second molars (3.8%) and (0.2%)
respectively along with couple of right central incisors
(0.2%). Codes 4 and 5 also was mainly recorded
in maxillary first molars (3.5% and 2.5%) and
mandibular first molars (3.6% and 2.9%). None of the
maxillary second molars showed deep caries (code 5
or 6). Couple of children required pulpal therapy for
second molars. Filled teeth were more in mandibular
compared with maxillary teeth.

Stepwise multiple linear regression analysis was
performed to assess the linear relationship between
DMFT as dependent variable and other independent
variables (Table 8). The best predictors in downward
order for DMFT were frequency of cleaning teeth
and sweet score. Amount of variance obtained for
frequency of cleaning teeth and sweet score was 1.9%
and 3.5% respectively. Based on F-value (15.748
and 14.646) and P-value (<0.05), both predictors
were found to be statistically significant.
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Table 7. Distribution of CAST codes among maxillary and mandibular teeth

Tooth
number
11
12
13
14
15
16
17
21
22
23
24
25
26
27
31
32
33
34
35
36
37
41
42
43
44
45
46
47

0
797 (99.6)
800 (100)
800 (100)
796 (99.5)
799 (99.8)
708 (88.5)
796 (99.5)
799 (99.8)
800 (100)
800 (100)
798 (99.7)
786 (98.3)
698 (87.2)
798 (99.7)
800 (100)
800 (100)
800 (100)
789 (98.6)
789 (98.6)
692 (86.5)
795 (99.4)
800 (100)
800 (100)
800 (100)
795 (99.4)
791 (98.8)
687 (85.8)
794 (99.2)

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
0
0
0
0
0
3 (3.8)
0
0
0
0
0
0
3 (3.8)
0
0
0
0
0
0
3 (0.3)
0
0
0
0
0
2 (0.2)
5 (0.6)
0

3
2 (0.2)
0
0
1 (0.1)
0
34 (4.2)
3 (3.8)
1 (0.1)
0
0
1 (0.1)
1 (0.1)
42 (5.3)
1 (0.1)
0
0
0
7 (0.9)
3 (0.3)
44 (5.5)
2 (0.2)
0
0
0
1 (0.1)
1 (0.1)
43 (5.3)
2 (0.2)

CAST Codes n (%)
4
5
0
1 (0.1)
0
0
0
0
1 (0.1)
2 (0.3)
1 (0.1)
0
25 (3.1)
20 (2.5)
1 (0.1)
0
0
0
0
0
0
0
0
1 (0.1)
1 (0.1)
3 (0.3)
28 (3.5)
18 (2.3)
1 (0.1)
0
0
0
0
0
0
0
2 (0.2)
2 (0.2)
8 (1)
0
24 (3)
23 (2.9)
1 (0.1)
1 (0.1)
0
0
0
0
0
0
2 (0.2)
2 (0.2)
4 (0.5)
2 (0.2)
29 (3.6)
11 (1.4)
2 (0.2)
2 (0.2)

6
0
0
0
0
0
10 (1.3)
0
0
0
0
0
1 (0.1)
11 (1.3)
0
0
0
0
0
7 (0.9)
14 ((1.8)
1 (0.1)
0
0
0
0
14 (1.8)
5 (0.6)
0

7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Table 8. Stepwise multiple linear regression analysis with DMFT as dependent variables

Model

R

R2

F-value

p-value

1

0.139a

0.019

15.748

0.000a

2

0.188b

0.035

14.646

0.000b

DMFT

a. Predictors: (Constant), Frequency of cleaning teeth.
b. Predictors: (Constant), Frequency of cleaning teeth, sweet score.
R= Correlation coefficient, R2= Coefficient of determination

DISCUSSION
Our current investigation analyzed the progression
and pattern of dental caries and the impact of
sociodemographic influences among schoolchildren
utilizing CAST index. Children of 12 and 15 years
were decided for this study, as these are international
scrutinizing ages for dental caries for worldwide
correlations and nursing of disease inclinations.
Correspondingly, at these ages all permanent teeth,
except third molars will be erupted. Schoolchildren
from both Government and private schools were
chosen to represent children from all societal, financial
and cultural backgrounds.

In both age groups nearly, every individual utilized tooth
brush and tooth paste for cleaning their teeth. This obviously
demonstrates their mindfulness about oral cleanliness.
Brushing once a day was practiced among a large portion
of the children (78.8%) which was similar with findings
of Joshi and Rajesh [18]. In our study, as the frequency of
brushing improved, prevalence of dental caries decreased
(66.7% to 38.2%) which was predictable with other studies
[6, 22]. There was no significance of supervised tooth
brushing on school premises in preventing cavitated
dentine carious lesions in high-caries risk occlusal surfaces
of first permanent molars [16]. Nonetheless advantages
and cost effectiveness of supervised tooth brushing in
children for preventing dental caries over other treatment
modalities are reported [14, 16].
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WHO, 2005 bulletin reports 60-90% occurrence of
dental caries among schoolchildren in various countries
[25]. Caries prevalence in the present study was 60.6%,
alike to outcomes reported in other studies [23]. Higher
caries prevalence was found in contemplates done by
Sudha et al 82.5% [27] and Aragannal et al 68.8% [1].
Age wise proportion of dental caries reported in the
National Oral Health Survey was 53.8% among 12-yearold and 63.1% in 15-year-old children [23]. Caries
prevalence in our sample population was higher at the
age of 15 years (65.3%) than at 12 years (54.8%) which
corresponds to outcomes reported earlier [15, 21]. Caries
being a consistent and cumulative process might have
obviously increased over a range of 3 years; besides,
number of teeth are more at the age of 15 years. Higher
caries prevalence with advancing age could also be
due to susceptibility of newly erupted teeth to become
decayed in the existing poor oral hygiene conditions [1].
In addition, absence of protective actions like application
of pit and fissure sealants may well be an alternative
cause which enhances the risk [2, 28].
No significant relationship between prevalence of
dental caries and gender was found (p>0.05), however
boys were marginally observed to be influenced more
as conveyed in other studies [19, 27]. On the contrary,
girls were found to have higher caries prevalence [1].
The augmented vulnerability of girls to caries might
be ascribed to early eruption of teeth; morphological
contrasts among teeth; greater inclination towards
sweets and hormonal changes [10].
The load of oral disease is predominantly high for
deprived and underprivileged people in both emerging
and industrialized countries. Adding to deprived living
situations, the foremost risk factors relate to unhealthy
lifestyles (i.e. poor diet, nutrition and oral hygiene),
and inadequate availability and accessibility of oral
health care facilities [25]. A factually noteworthy
distinction and an immediate relationship was found
between mean DMFT and level of education which is
predictable with findings of de Almedia et al. [7], yet as
opposed to outcomes detailed by Ojofeitimi et al. [24].
Higher DMFT might be due to lack of awareness with
respect to significance of timely dental care, scarcity
of health care information and underutilization of
accessible facilities.
Caries was too high in those children whose
guardians had a higher pay (71.2%). Contrasts in their
dietary patterns and extravagant lifestyles may build
the susceptibility to caries in this group of population.
Dietary propensities, and continuous nibbling by
children might also clarify these perceptions. Few
studies have identified the predominance of dental
caries among children belonging to family with
a lower income and also those having in excess of one
kin[3]. The likely cause might be related to benefits of
prevention not reaching these population.
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Overall mean DMFT was clearly observed to be
higher among 15-year-old children in our present
study. Bhoopathi et al, reported similar results 0.22
and 0.29, respectively, which shows that caries
experience for the 15-year old subjects is higher
than 12-year-olds [5]. Global Oral Health Data Bank
reports a mean DMFT of 2.97 among 12-year-old for
the South East Asian countries. Despite the fact that
India relatively reports better mean DMFT of 1.95,
it is as yet higher contrasted with developed nations
in African, European and Eastern Mediterranean and
Western Pacific areas of World Health Organization
who report a mean DMFT of 1.06, 1.64, 1.81 and
1.05 respectively [17]. This could likely be credited
to absence of any sorted-out projects for dental caries
reduction/prevention in India.
Children from higher financial foundations were
by and large selected in private schools, and those
from lesser financial foundations essentially get
connected with government schools. Thus, school
type was selected to evaluate children from diverse
socioeconomic upbringings. We observed a relatively
comparative caries distribution in these groups, though
contrasting findings were reported in other literature
which demonstrated that private schoolchildren
had a lesser mean DMFT value (4.62±3.08) than
government schoolchildren (5.11±3.6) [23].
Among all participants, 315 (39.4%) have sound
tooth structure with no visible evidence of a distinct
carious lesion and 16 (2%) have undergone sealant
restorations and one fourth were in the stage of reversible
pre-morbidity. This indicates the lack of awareness for
prevention of oral diseases and firmly suggests application
of pit and fissure sealants for susceptible tooth surfaces in
high risk population employing appropriate material and
technique [26]. More than one third of the study population
required curative services which requires accessibility of
skilled professionals and different assets. These findings
recommend that absence of alertness for inhibition of
oral diseases is essentially important to deteriorating oral
health status of developing countries [20]. Number of
filled teeth was less in our study population, which might
be because of negative attitude and low dental awareness
among parents of children which is replicated in child’s
oral health care.
In the current study, proportion of molars with
a thoughtful morbidity (involvement of pulp and tooth
surrounding tissues) was particularly excessive for first
molars (3.6%), and these additionally demonstrated the
maximum tooth mortality (CAST code 5 and 6). This
perception is like numerous past examinations where
first molars were accounted for to be more influenced
than second molars [11]. First molars were observed to
be exceptionally helpless for caries than second molars
due to number of variables, for example, age, early
eruption, anatomy, large crown size and position in the
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oral cavity [13]. A certain level of symmetry in caries
distribution was also observed for teeth in upper and
lower jaws, which is as per past reports [29]. However,
in 2004, Batchelor and Sheiham [4] have established
that a factual symmetry of dental caries does not occur.
Occlusal surfaces of permanent molars and buccal
pits of lower molars are utmost inclined to advancement
of caries lesions, sealants are strongly suggested
in the high peril populaces. Participants who have
internal caries related discolouration in dentin (code
4) demonstrated that there is an elevated possibility of
progression toward cavity unless timely attention and
monitoring is provided. Reporting the advanced nature
of dental caries using CAST, will enable the health
care workers to present the genuine representation of
preventable carious lesions to the strategy creators,
which up till currently was just accounted as cavities
in epidemiological study [23].
In our study, the best predictors for dental caries
prevalence was frequency of cleaning teeth and
sweet score. This reconfirms the significance of sugar
(sucrose) as one of the prime etiological components.
However, this was precisely inverse to the findings
of Weissenbach et al [30] who found no relationship
between consumption of sugary snacks and beverages
and dental caries.
This epidemiological survey provided baseline
information to support the execution of oral health
programmes. In light of high prevalence of dental
caries, wellbeing strategy that stresses oral health
promotion and prevention would appear more
worthwhile in addition to traditional curative
care. Nature of the study was cross-sectional, thus
blocking the capacity to draw inductions about causal
relationships. Different confinements can be that CAST
does not give information on treatment or preventive
measure required for each code. Furthermore,
additional research is required including longitudinal
examination on a similar target population impinging
different other risk factors engaged with causation of
oral illness.

CONCLUSIONS
CAST file has presented another worldview by
reassessing the pathogenesis of dental caries. Its
utilization in epidemiological reviews is extremely
encouraging as it is less tedious and more cost
effective. Despite logical advances and the way
that it is a preventable infection, dental caries keeps
on being a noteworthy general medical issue. Its
high commonness among our school youngsters
likewise becomes a social issue. Instilling great oral
cleanliness propensities for standard brushing, less
sugar consumption, through dynamic association of
guardians and instructors can go far in lessening dental

caries. Normal dental wellbeing examinations ought
to be led in all schools with reliable subsequent meetups. Oral wellbeing training ought to be consolidated
inside the normal exercises of the school.
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