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IN MEMORIAM: PROFESSOR HALINA MAZUR (1929-2021)

Professor Halina Mazur, PhD passed away on February 4, 2021. She was a former long-standing 
Head of the Department of Food and Consumers’ Articles Research at the National Institute of Hygiene 
(PZH) in Warsaw, where she worked for 40 years.

Professor Halina Mazur (née Domagała) was born on February 8, 1929 in Sandomierz into a family 
of teachers. Both her parents were teachers. In 1947 she passed her matriculation examination and was 
admitted to the Faculty of Pharmacy at the University of Warsaw (later Medical Academy), which she 
graduated in 1952.

She started working at the Department Food and Consumers’ Articles Research of the National 
Institute of Hygiene immediately after graduation and worked there until her retirement in 1991. While 
working at the National Institute of Hygiene she obtained the following scientific degrees: doctor of 
pharmaceutical sciences on the basis of the thesis entitled Effects of dioctyltin and dibenzyltin bis-
isooctylthioglycolates on rats following per os administration under long-term experimental conditions, 
post-doctoral degree on the basis of the habilitation thesis entitled Health aspects of the use of polyvinyl 
chloride packaging for foodstuffs with particular reference to organotin stabilisers and then professor 
of pharmaceutical sciences. 

Professor Halina Mazur, as a scholarship holder of the World Health Organisation, completed two 
scientific traineeships in the Federal Republic of Germany, where she became acquainted with the 
analytical methods for determination trace amounts of contaminants in food and the health assessment of 
plastics intended into contact with food. She used the acquired knowledge in the laboratory she managed. 

 Prof. dr hab. n. farm. Halina Mazur
(1929-2021)
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At that time, methods for testing food contaminants and health evaluation of food packaging were not 
commonly used in Poland. Her activities in this field brought attention to the so far underestimated 
problem of health hazards caused by chemical substances migrating from plastics into food.

Professor Halina Mazur carried out a wide range of scientific activities. She had a cooperation 
with numerous research centres at both home and abroad. Her scientific activities focused on issues 
concerning the contamination of food and articles of common use, including food packaging, with 
substances harmful to health, analytical methods used to determine these contaminants, as well as 
the study of their impact on living organisms. She has also dealt with the analytical and toxicological 
health assessment of plastics and their suitability for contact with food and man. In this field she has 
published over 60 individual and collective papers and several chapters in specialist textbooks. One of 
the most important ones is published in 1972 the textbook: Hygienic evaluation of plastics in foodstuffs, 
medicines and objects of use and used in laboratories involved in the health assessment and testing of 
articles intended for contact with food. Professor Mazur was also the author of a number of expert 
opinions for the Polish Academy of Sciences, the Ministry of Health, various Scientific Institutes and 
other institutions, as well as reviews of scientific projects for the Scientific Research Committee. 

She was a leader of numerous scientific works. The scientific team led by Professor Mazur developed 
several dozen analytical methods published in the Methodical Manuals of the National Institute of 
Hygiene. These methods were then used for many years by the laboratories at sanitary-epidemiological 
stations in the sanitary supervision over the health quality of food and articles of common use. 

Professor Halina Mazur initiated and supervised monitoring studies on the hygienic evaluation of 
plastic products on the market. These studies resulted in the withdrawal from the market of products 
contaminated with lead and cadmium and excessive amounts of unbound monomers, unauthorised 
plasticisers and other substances in quantities harmful to health. Under government programmes, she 
carried out scientific supervision over food monitoring for chemical contaminants such as nitrates and 
nitrites, pesticides, antibiotics and heavy metals in daily food rations of selected population groups, as 
well as microbiological contaminants.

For many years she was the coordinator of scientific cooperation between the National Institute of 
Hygiene and the Nutrition Institute in Potsdam. This cooperation resulted in an exchange of scientific 
experience between the staff of both institutes. 

Professor Halina Mazur was an outstanding specialist and national expert in food safety and health 
assessment of packaging materials and articles intended for contact with food and humans. As a 
national expert, she chaired the Polish delegation for many years at meetings of specialists from other 
countries, members of the Council for Mutual Economic Assistance (Comecon), regarding the hygienic 
evaluation of plastic packaging for food and standardisation of its testing methods. 

Professor Halina Mazur was a member of Scientific Councils of the National Institute of Hygiene, 
the Institute of Dairy Industry and the Packaging Research Institute (COBRO) and of committees of 
Analytical Chemistry, Human Nutrition and Human Ecology at the Polish Academy of Sciences. She 
was also a member of the Polish Pharmaceutical Society. For many years she was the subject editor 
for food and common use articles safety quarterly Roczniki Państwowego Zakładu Higieny, and later 
became a member of the International Scientific Committee for this journal. She contributed to the 
journal until the end of her life. 

Besides her scientific work, Professor Halina Mazur participated in the Institute’s teaching activities. 
She conducted lectures, laboratory exercises and seminars on teaching courses regarding the health 
quality of food and articles of common use, as well as in food hygiene and toxicology; organised for 
staff from the Provincial Sanitary and Epidemiological Stations. Furthermore, she also took part in the 
Institute’s service activities related to health assessment of packaging materials and products intended 
for contact with food, as well as issuing official health certificates of the National Institute of Hygiene. 
This activity, which she began several years after taking up her post, was continued and developed 

In memoriam: professor Halina Mazur (1929-2021)



7No 1

throughout her employment at the Institute. She also found time for societal activities. She was active in 
the Trade Union of Health Care Workers and served as a judicial juror at the District Court in Warsaw.

For her professional and societal activities she was repeatedly decorated and honoured, among 
others with the Silver and Gold Cross of Merit for her activity for the benefit of health protection, with 
the badge “For exemplary work in the health service”, with the Silver and Gold Union Badge, with an 
individual award from the Minister of Health and Social Welfare and with a team award received from 
the Minister of Food Industry and Purchasing. 

During 1943-1944, she was active as an underground Home Army (Armia Krajowa) liaison officer 
under the pseudonyms “Bogda” and “Bogna”. For this underground activity during German occupation 
she was awarded the Cross of Valour, the Partisan Cross, and the Home Army Cross. She was also a 
member of the Union of Fighters for Freedom and Democracy, and since 1992 a member of the World 
Association of Home Army Soldiers, Warsaw District, “Jodła” Milieu.

After retiring, Professor continued to work at the National Institute of Hygiene. She was a member 
of the Examination Boards for the second degree specialisation in hygiene and the first degree 
specialisation in hygiene and epidemiology. She had also chaired the Governing Board of the Packaging 
Certification Centre at the Central Research and Development Centre in Warsaw.

Professor Halina Mazur will be remembered by her colleagues as a noble-hearted person, a warm-
hearted colleague and warm in direct contacts. As Head of the Department she was understanding 
towards her employees, but at the same time demanding and firm. She created an atmosphere of peace, 
good interpersonal relations, mutual kindness and friendship at her workplace. She was characterised 
by great sensitivity to human matters. She always gave advice and assistance to those who approached 
her. In difficult situations, both professional and personal matters, staff could always count on her help 
and support. 

I had the great pleasure and honour of working with Professor Halina Mazur over many years, and 
she will always remain in my memory as a wise, kind-hearted and wonderful person.

Kazimiera Ćwiek-Ludwicka

National Institute of Public Health - National Institute of Hygiene
 24 Chocimska str., 00-791 Warsaw

e-mail: cwludwicka@pzh.gov.pl

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

K. Ćwiek-Ludwicka

http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
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REVIEW ARTICLE

THE LEGITIMACY OF USING DIETARY SUPPLEMENT DIGLYCOSIDE 
SECOISOLARICIRESINOL (SDG) FROM FLAXSEED IN CANCER

Karolina Dobrowolska1, Bożena Regulska-Ilow2

 
1Wroclaw Medical University, Doctoral School, Wrocław, Poland

2Wroclaw Medical University, Department of Dietetic, Wroclaw, Poland

ABSTRACT
Linseed, commonly known as flaxseed, is a fibre-rich food product. According to the recent study prepared by the American 
Institute for Cancer Research (AICR), an adequate intake of dietary fiber contributes to reducing the risk of colorectal 
cancer. In addition, the flaxseed and the oil extracted from it are considered to be food products with a high content of 
anti-inflammatory, unsaturated α-linolenic acid (ALA). However, the authors of the most recent scientific research have 
assigned the anticancer significance of flax seeds to plant lignan - secoisolariciresinol diglycoside (SDG), of which flaxseed 
is the main food source. This article provides a review of the world scientific literature together with an assessment of 
the validity of dietary supplementation with SDG from flaxseeds in cancer and during chemotherapeutic treatment.  The 
paper also presents the European Food Safety Authority (EFSA) and the US Food and Drug Administration (FDA) view 
on dietary supplementation with flax seeds and its lignans. Additionally, selected dietary supplements available on the 
Polish market containing SDGs, linseed oil or linseed were analysed, together with a description of their intended use 
suggested by the manufacturers.

Key words: flax seeds, secoisolariciresinol diglycoside, SDG, dietary supplementation, cancer, unconventional treatment

STRESZCZENIE
Nasiona lnu, powszechnie zwane siemieniem lnianym, należą do produktów spożywczych obfitujących we włókno 
pokarmowe. Zgodnie z najnowszymi badaniami przygotowanymi przez  American Institute for Cancer Research 
(AICR) odpowiednia podaż błonnika pokarmowego przyczynia się do zmniejszenia ryzyka zachorowania na 
nowotwór złośliwy jelita grubego. Dodatkowo siemię lniane, oraz powstający z nich olej, zaliczane są do produktów 
spożywczych zawierających dużą zawartość przeciwzapalnego, nienasyconego kwasu α-linolenowego (ALA). Jednak 
autorzy najnowszych badań naukowych przeciwnowotworowe znaczenie nasion lnu, przypisują lignanowi roślinnemu 
- diglikozydowi secoisolariciresinolu (SDG), którego głównym źródłem spożywczym jest siemię lniane. W artykule 
dokonano przeglądu światowego piśmiennictwa naukowego wraz z oceną zasadności stosowania suplementacji diety 
SDG z nasion lnu w chorobie nowotworowej oraz w trakcie leczenia chemioterapeutycznego. W pracy przedstawiono 
również stanowisko Europejskiego Urzędu ds. Bezpieczeństwa Żywności (EFSA) oraz amerykańskiej Agencji Żywności 
i Leków (FDA) dotyczące suplementacji diety nasionami lnu oraz jego lignanami. Dodatkowo przeanalizowano wybrane, 
dostępne na polskim rynku suplementy diety, zawierające w swoim składzie SDG, olej lniany lub nasiona lnu wraz 
z opisem ich przeznaczenia sugerowanych przez producentów.

Słowa kluczowe: nasiona lnu, diglikozyd secoisolariciresinolu, SDG, suplementacja diety, choroby nowotworowe, 
leczenie niekonwencjonalne

INTRODUCTION

Nowadays, dietary supplements are a products 
desirable by consumers. The reason is the dominance 
of their advertisements in the media and their wide 
availability, both in pharmacies and markets. Dietary 
supplements, to some extent, are classified as food in 
a very specific form, analogous to pharmaceuticals. 

This involves some misunderstanding of their 
function and role in the patient’s body. International 
researches have shown that the society considers 
dietary supplements as medicines and uses them to 
treat illnesses or body dysfunctions [6, 51, 53, 59]. 
The increasing popularity of these products may be 
related to several factors, such as: increased public 
awareness of the association between nutrition and 
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angiogenesis and disease progression [5, 33]. Lignans 
from linseed demonstrate the ability to interfere with 
the phenotype of the malignant tumor, which affects 
its cellular characteristics. These compounds affect 
the connections between the molecular signalling 
networks, which means that they can modulate many 
signalling cascades at different stages of oncological 
disease. As a result of these properties, linseed 
lignans participate in inhibiting the progress of the 
disease in the patient’s body [55].

A pilot scientific study, conducted by Fabian et 
al. [24], concerned the modulation of biomarkers 
of breast cancer risk in premenopausal women 
after administration of plant-diglycoside 
secoisolariciresinol. In the study, 45 premenopausal 
women, with regular menstrual cycles, who did 
not use oral contraceptives for at least 6 months 
participated. The median age was 49 years, 73% of 
women had one or more first-degree relatives with 
diagnosed breast cancer. 22% of the participants 
had previously a biopsy with atypical ductal 
hypertrophy or lobular carcinoma. Women could 
be qualified for a random perioperative thin needle 
aspiration (RPFNA) tissue test if they met the 
malignant tumor risk criteria. To the risk criteria in 
the conducted study were considered: 5-year Gail 
risk ≥ 1.7%, 3 times the average risk determined 
by Surveillance, Epidemiology, and End Results 
(SEER) for the relevant age group, biopsy with 
atypical growth or lobular cancer, or breast cancer 
diagnosed and treated in the past. Additionally, the 
qualified patients had to have proper kidney and liver 
function and no hematological problems. During the 
6 weeks before the blood serum samples were taken, 
participants were required not to use antibiotics or 
linseed supplements to determine the initial lignan 
concentration in the patients’ blood. The women took 
50 mg of SDG daily for 12 months [24].

The concentration of lignans in the patients’ blood 
serum has increased 16 fold in total. The percentage 
of evaluated women with abnormal cytomorphology 
was higher at the beginning than at the end of the 
study (62% vs. 42%). Also the authors of the study 
noticed a significant change in the category of number 
of cancer cells with a decrease in their proliferation in 
80% of the participants. Fabian et al. [24] additionally 
observed a decrease in the percentage of women with 
cytological types [24].

SDG in physiological solutions provides protection 
against DNA irradiation by capturing active chlorine 
types and reducing chlorinated nucleic bases [38]. 
This property suggests that SDG can be effective 
in protecting the healthy tissues of an oncological 
patient during radiotherapy [37]. The molecular 
pathways associated with the antioxidant properties 
of flaxseed lignans contribute to the control of many 

The legitimacy of using dietary supplement SDG from flaxseed in cancer

health, increased diagnosis of diet-related diseases, 
and difficult access to doctors [59].

It is estimated that 50-73% of patients, 
diagnosed with oncological disease, decide to use 
unconventional methods to support their organism 
in the cancer treatment. Patients often use dietary 
supplements and other non-conventional preparations 
that they recommend among themselves [27, 50, 59]. 
Even about 75% of doctors do not know about the 
additional substances used by patients on their own 
[27, 59].

COMMON FLAX  
(LINUM USITATISSIMUM L.)

Common flax (Linum usitatissimum L.) belongs 
to the plants widely grown in the 60’s, 70’s and 
80’s in Poland. At that time, it was grown for fibre, 
but nowadays, it is increasing in importance as 
a raw material for seeds and oil. Common flax is 
characterized by a rare content of unsaturated fatty 
acids, in which α-linolenic acid (ALA) prevails. 
Flax seeds (or linseeds) are a valuable therapeutic 
raw material, they are characterized by the content 
of ingredients with anticancer and antithrombotic 
effects. Linseed has bioactive components: essential 
unsaturated fatty acids, mainly ALA, antioxidants, 
microelements (mainly selenium), lignans [54] and 
fiber [9]. In cancer diseases, flaxseed is used for both 
preventive and therapeutic purposes [16].

SECOISOLARICIRESINOL 
DIGLYCOSIDE (SDG)

Secoisolariciresinol diglycoside (SDG) belongs 
to polyphenolic plant lignans, which after oral use 
is hydrolysed to ecoisolariciresinol (SECO). In the 
gastrointestinal tract it is metabolized by intestinal 
bacteria to lignans, biologically active in mammals 
– enterodiol (END) and enterolactone (ENL) [24]. 
In an estrogenic environment, lignans act as partial 
antagonists of this hormone in a tissue-specific 
manner [10, 24, 39]. The highest SDG concentration 
is found in linseed, but it is also found in other 
oilseeds, nuts, full-fat products, pulses, as well as in 
some vegetables and fruits [24, 56]. These days, the 
most common dietary pattern (the so-called western 
diet) provides < 10 mg/day of lignans [7, 15, 24, 56].

IMPORTANCE OF SDG IN CANCER

The authors of available preclinical studies 
emphasize clear therapeutic benefits of a lignan-rich 
diet with demonstrated reduction of early stages of 
cancer, as well as inhibition of tumor growth [8, 32], 
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cancer characteristics, such as cell death resistance, 
genome instability and mutation, as well as cell 
energy deregulation [16].

In addition, the anti-inflammatory properties 
of flaxseed lignans are well known, which are 
also effective in cancer. These compounds can 
modulate the inflammatory process by means of 
several mechanisms, which include: modulation 
of immune cell activation through interference 
with NF-kB pathway signalling [13], reduction in 
number of proinflammatory cytokines (IL-1β, IL-6, 
TNFα, HMGB1 and TGFβ1) and cytokine receptors 
(TNFαR1 and TGFβR1) [44], as well as reduction of 
cyclooxygenase enzyme activity [19]. Furthermore, 
the ingredients present in linseed are regulated by 
miRNA, including miR-150, which is integrated into 
the intermediary networks with immune response 
[12]. Linseed lignans play an important role in 
inhibiting the spread of cancer-induced inflammation 
in the patient’s body [16].

Lignans also have an effect on signal glasses, 
which are involved in anticancer and antimutagenic 
processes [1, 42, 46, 47, 57, 61]. Ingredients present 
in flax seeds are able to positively modulate lipid 
and glucose homeostasis in the human body. High 
cholesterol, lipid and glucose levels in the patient’s 
blood serum increase the risk of malignant cancer 
[14, 20, 30, 35, 48, 52, 58]. Changed cholesterol 
metabolism and its accumulation in the mitochondria 
of cancer cells can promote continuous cell growth, 
increase their survival and progression [4, 16, 31, 
45, 49]. Lignans have a significant role in cellular 
energy pathways and lipid homeostasis, which 
includes the ability to reduce the expression and 
activity of carnitine palmitoyltransfer 1 (CPT 1), as 
well as modulation of protein kinase activated by 
5’adenosine monophosphate (pAMPK), proliferator-
activated peroxisome α receptor (PPARα), fatty acid 
synthase (FASN), expression and activity of sterol 
binding protein (SREBP1c). Additionally, lignans 
have an importance in the expression and activity 
of adipogenesis-related genes present in leptin, 
adiponectin, glucose 4 transporter (GLUT-4) and 
γ receptor, activated by peroxisome proliferator 
(PPARγ) [17, 21, 26, 40, 60].

Lignans contained in linseed also have the ability 
to chemically reduce the factors contributing to breast 
and colon cancer. Flaxseed compounds are considered 
as phytoestrogens capable of modulating estrogen 
receptors and other hormonal functions. The authors 
of the conducted research suggest that linseed lignans, 
formed as a result of their metabolism by intestinal 
bacteria (END and ENL), are able to inhibit hormone-
dependent proliferation of cancer cells, tumor growth 
and development of breast, uterus and prostate cancer. 
This is associated with their similar to estrogen form, 

which results in the combination of lignans with 
the same receptors on the surface of cancer cells as 
estrogen [9, 16, 18, 34].

The authors of scientific studies conducted so far 
suggest that dietary supplementation with linseed 
can inhibit the proliferation of cancer and prevent the 
cancer process initiation [3].

The main drugs used to treat prostate cancer are 
docetaxel and doxorubicin. Both drugs inhibited 
PC3 tumour cell growth with an IC50 value of 0.9 
nM and 0.2 µM, respectively. Di [18] in his PhD 
thesis observed that at a concentration of 50 µM of 
secoisolariciresino, the IC50 value of docetaxel was 
reduced by 60% (to 0.37 nM). Whereas enterolactone 
reduced the IC50 value of docetaxel to 0.09 nM with a 
90% growth inhibition at a concentration of 50 µM. 
The study reported no significant difference between 
50 µM of secoisolariciresinol or enterolactone with 
doxorubicin in PC3 cancer cells. Di [18] considers 
that the results obtained in his scientific study 
indicate that the linseed metabolites SECO and ENL, 
significantly increase the sensitivity of prostate cancer 
cells to many of the chemotherapeutic agents used 
in its treatment. However, he highlights that ENL 
lignan causes greater cytotoxicity to prostate cancer 
cells, either when used alone or in combination with 
chemotherapy, compared to the minor therapeutic 
effect of SECO observed in the study [18].

In the meta-analysis by Perez-Cornago et al. 
[43], a total of 241 cases and 503 controls from two 
Japanese prospective studies and 2828 cases and 
5593 controls from five European prospective studies 
were analysed. The studies considered for the meta-
analysis included data on serum phytoestrogen 
concentrations in participants prior to diagnosis of 
malignant prostate cancer. Five studies, eligible for 
meta-analysis, were concerned with enterolactone 
levels (2828 cases and 5593 controls) and 2 studies 
analysed with serum enterodiol levels (1002 cases 
and 1197 controls) in participants. Perez-Cornago 
et al. on the basis of their analysis of scientific 
studies did not note existing strong evidence 
supporting the importance of lignan concentrations 
in prediagnosis with prostate malignancy risk [43]. 
Additionally, Eriksen et al. in a cohort study reported 
no association between prediagnostic enterolactone 
levels and mortality among men diagnosed with 
prostate malignancy [23].

DIETARY LINSEED 
SUPPLEMENTATION 

– IS IT ABSOLUTELY SAFE?

In scientific studies with oncological patients, the 
benefits of linseed consumption are unclear. There is 
a confusion as to the most appropriate lignan intake, 

K. Dobrowolska, B. Regulska-Ilow
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which is associated with the problem of determining 
the lignan serum levels in patients’ blood [16]. It 
should be highlighted that an excessive dietary 
supplementation of omega-3 acids may increase 
the risk of hemorrhagic complications [29]. Some 
scientific reports have emerged about the possibility 
of reducing the anti-cancer drug tamoxyphene, 
whose action was to inhibit the estrogen activity 
on cancer cells in the patients’ organisms, during 
the pharmacological therapy of breast cancer. Their 
authors carried out studies with laboratory animals, 
in which they noted that flax seeds can reduce the 
absorption of drugs. Therefore, it is necessary to 
consume linseed at least 1 hour before or 2 hours 
after taking the pharmaceuticals [2]. 

Tamoxifen is cancer, particularly in estrogen 
receptor positive (ER+) women. According to Calado 
et al. [36] flaxseed does not interact with drugs 
used in the treatment of malignant breast cancer. 
Additionally, flaxseed supplementation may provide 
an additional protective effect during the course of 
treatment [36].

In a scientific study with laboratory animals, the 
authors observed that supplementation with flaxseed, 
linseed oil or SDG, combined with tamoxifen 
treatment reduced tumour size to a greater extent 
than chemotherapy alone [25].

Similar results were also obtained by researchers 
at the University of Toronto. In their study, mice were 
injected with MCF-7 breast tumours. The animals 
were divided into 3 groups, one taking 20-25 g of 
ground flaxseed, another tamoxifen (5 mg) and the 
third a combination of both methods. The authors 
of the study observed that combined treatment with 
the chemotherapeutic agent and flaxseed inhibited 
malignant tumour growth 53% more effectively than 
treatment with tamoxifen alone [11].

However, the efficacy of dietary flaxseed 
supplementation in combination with conventional 
therapies is not clear. A pilot scientific study 
involving 24 postmenopausal women diagnosed with 
ER+ breast cancer analysed the efficacy of flaxseed 
and the aromatase inhibitor anastrozole (one of 
the drugs used to treat breast cancer) and possible 
interactions between them. The women were divided 
into 4 groups. The first took 25 g of ground flax 
seeds and 1 placebo tablet per day, the second took 
1 mg of anastrozole per day, the third took 25 g of 
ground flax seeds and 1 mg of anastrozole per day, 
while group 4 took only 1 placebo pill per day. The 
authors of the study reported no effect of flaxseed on 
aromatase inhibitor activity in selected breast cancer 
characteristics and serum steroid hormone levels of 
the participants [36]. 

Nevertheless, a scientific study by Di et al. 
[17] examined whether linseed lignans increased 

the cytotoxicity of chemotherapeutic agents on 
selected groups of breast cancer cells. The authors 
observed that the combination of linseed lignans 
(secoisolaciresinol and enterolactone), with 
commonly used chemotherapeutic drugs (docetaxel, 
doxorubicin and carboplatin), exhibiting different 
mechanisms of therapeutic action, significantly 
increased the ability of chemotherapy to induce 
cytotoxicity in SKBR3 and MDA-MB-231 cancer 
cells. Di et al. claim that the in vitro results they 
received suggest a future direction for improving 
the efficacy of chemotherapy in the treatment of 
malignant breast cancer by introducing adjuvant 
therapy with flaxseed lignans [17].

The American Institute for Cancer Research 
recommends consultation with a doctor or health 
care professional regarding the possibility of 
consuming flax seeds while taking supplements or 
anticoagulants. The AICR, due to contradictory 
clinical evidences, also concludes that further 
scientific research is needed to confirm whether there 
is an benefit from flaxseed consumption as part of the 
prevention or treatment of specific types of diagnosed 
prostate malignant tumors [2].

Based on the available information, European 
Food Safety Authority (EFSA) concludes that the 
effects of flaxseeds and lignans on hormone secretion, 
as observed in in vitro studies and in laboratory 
animals on tumour cell growth and reproduction, 
may be beneficial or detrimental depending on the 
dose, duration and time of exposure to lignans. 
EFSA considers that not only the potential beneficial 
health effects, but also the possible adverse effects 
that consumption of lignans may cause at a certain 
stage of human development should be taken into 
account. EFSA also concludes that lignans present in 
flax seeds do not exhibit genotoxicity, but highlights 
that there are no scientific studies available on the 
carcinogenicity of lignans. According to the scientific 
studies reviewed, EFSA estimated the intake of 
lignans from food supplements to be in the range of 
35-312 mg/day. This equates to an intake of 0.58 to 
5.2 mg/kg/day by a person of 60 kg body weight [28].

In contrast, the safety range for the intake of 
lignans contained in food is from 31 to 275 mg/
day. EFSA also emphasises that the safety of use 
of dietary supplements whose main ingredient is 
lignans in pregnant or lactating women has not been 
established. It also recommends caution in the use 
of these supplements in women with a physiological, 
hormone-sensitive condition (e.g. endometriosis, 
polycystic ovarian syndrome, uterine fibroids, breast, 
uterine or ovarian cancer). EFSA also underlines that 
women diagnosed with hormone-dependent breast 
cancer should avoid lignans [28]. 

The legitimacy of using dietary supplement SDG from flaxseed in cancer
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In addition, long-term consumption of flaxseed 
has been shown to increase the concentration of 
thiocyanates in plasma and excreted in urine. Regular 
consumption of flaxseeds induces an accumulation 
of thiocyanates comparable to their concentration in 
the blood serum of compulsive smokers. However, 
consumption of up to 100 g of flaxseed per day 
does not cause any change in the concentration of 
cyanides in human blood serum. However, EFSA 
emphasises that the available scientific data on the 
cyanide content of flaxseeds and its potential risks for 
human health are insufficient and require additional 
scientific evidence [28].

EFSA has also published health claims for linseed 
oil and linseed. The health relationship and suggested 
wording of the claim for the individual food or its 
ingredients are shown in Table 1 [22]. 

COMMERCIALLY AVAILABLE 
DIETARY SUPPLEMENTS WITH SDG

The most available dietary supplements on the 
market, containing linseed lignans, are designed 
to regulate the concentration of sex hormones. In 
women’s hormone management, flaxseed lignans 
are supposed to contribute to alleviate the effects of 
the menopause and demonstrate antioxidant effects. 
Whereas manufacturers of dietary supplements for 
men, declare the protective effect of the prostate, 
increase in libido, free testosterone and also increase 
in strength and muscle mass. In the pharmaceuticals’ 
intended use descriptions, manufacturers also declare 
beneficial effects on patients’ cardiovascular system 
and removal of free radicals from their organisms.

In turn supplements, of which flax seeds are a 
component, are intended to improve the digestive 
tract function, by complementing the diet with 
dietary fiber. 

In case of using products made of linseed oil, it 
is intended to complement the diet with essential 
unsaturated fatty acids (mainly α-linolenic acid), 
support the immune and cardiovascular system 
as well as have a positive effect on the patient’s 
lipid profile. The dietary supplements selected and 
analysed in this study are presented in Table 2.

It should also be highlighted that one of the 
manufacturers, which declares on its website that the 
health claims it has made regarding the effectiveness 
of the food supplement have not been evaluated by 
the Food and Drug Administration (FDA). FDA 
also emphasizes that this product is not intended to 
diagnose, treat or prevent any disease. The website 
also contains information about differences in lignan 
content in the dietary supplement, by 3-5% [41].

CONCLUSIONS

From the review of the world’s scientific literature 
it is not possible to unequivocally confirm the 
effectiveness and validity of supplementation with 
flax seeds or their lignans alone, as monotherapy or 
in support of conventional therapies - chemotherapy 
or radiotherapy.

There are scientific evidence of their efficacy 
in oncological diseases, but the therapeutic effects 
of linseed in oncology are closely related to the 
type of malignant tumour and the specific cancer 
cells. Further clinical studies are needed to clearly 
establish the validity of dietary supplementation with 
SDG from flaxseed in cancer.

Examined pharmaceutical products available 
in pharmacies and e-stores, containing in their 
composition linseed lignans, linseed oil or linseed, 
are characterized by different therapeutic effects 
declared by the manufacturers. Most of the available 
dietary supplements, containing SDGs in their 
composition, were designed to alleviate menopausal 
symptoms, support the immune and the endocrine 
system. Pharmaceutical manufacturers of food 
supplements containing linseed lignans declared 
that the use of the supplement by men would have 
a beneficial effect on prostate function, libido and 
serum testosterone levels.

None of the pharmaceutical supplements analysed 
and found were directly intended for people with 
oncological disease. The only information that could 
suggest a benefit of using a dietary supplement by 
patients with malignant tumours is the claimed 
protection of cells against oxidative stress that occurs 
during the disease.

K. Dobrowolska, B. Regulska-Ilow
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ABSTRACT
Gastroesophageal reflux disease (GERD) is one of the most common diseases of the upper gastrointestinal tract. The most 
characteristic symptom of the disease is heartburn, which occurs at least once a week. The prevalence of the disease varies 
and, depending on the region of the world, it may affect from a few to over 30% of an adult population. It is estimated that 
in Poland this disease may affect up to 35.5% of adults reporting abdominal ailments. If untreated, the disease can lead to 
serious complications including precancerous conditions and esophageal adenocarcinoma. Pharmacotherapy is considered 
as the first-line treatment in GERD patients but lifestyle modifications, including diet changes, are an important element 
supporting the treatment of the disease. Many factors may contribute to the development of the disease. Among them, there 
are non-modifiable factors such as age, sex or genetic factors and modifiable factors, e.g. lifestyle, diet, excessive body 
weight. This review focuses on GERD risk factors related to lifestyle and nutrition that include both dietary components 
and nutritional behaviour. Lifestyle risk factors that may contribute to GERD symptoms include excessive body weight, 
particularly obesity, moderate/high alcohol consumption, smoking, postprandial and vigorous physical activity, as well as 
lack of regular physical activity. Many studies indicate fatty, fried, sour, spicy food/products, orange and grapefruit juice, 
tomatoes and tomato preserves, chocolate, coffee/tea, carbonated beverages, alcohol as triggers for GERD symptoms. 
Eating habits such as irregular meal pattern, large volume of meals, eating meals just before bedtime may correlate with 
the symptoms of GERD. The role of lifestyle, diet and eating habits as risk factors for GERD is not clearly understood, 
and the results of the available studies are often contradictory. Determination of modifiable risk factors for this disease 
and its symptoms is important for effective dietary prevention and diet therapy of GERD.

Key words: gastroesophageal reflux disease, GERD, diet, lifestyle, risk factors, nutrition 

STRESZCZENIE
Choroba refluksowa przełyku jest jedną z częstszych chorób górnego odcinka przewodu pokarmowego, a jej typowym 
objawem jest zgaga występująca co najmniej raz w tygodniu. Rozpowszechnienie choroby jest zróżnicowane i w zależności 
od regionu świata może dotyczyć od kilku do ponad 30% dorosłej populacji. Z szacunkowych danych krajowych wynika, 
że choroba występuje u 35,5% dorosłych Polaków uskarżających się na dolegliwości brzuszne. Nieleczona choroba  może 
prowadzić do poważnych powikłań włącznie ze zmianami przednowotworowymi przełyku i rakiem gruczołowym 
przełyku. Podstawową metodą leczenia choroby refluksowej przełyku jest farmakoterapia, jednak modyfikacja stylu 
życia, w tym sposobu żywienia, jest ważnym elementem wspomagającym terapię choroby. Jej rozwojowi może sprzyjać 
wiele czynników. Wśród nich można wymienić czynniki niemodyfikowalne takie jak wiek, płeć, czynniki genetyczne 
oraz czynniki modyfikowalne m.in. styl życia, sposób żywienia, nadmierną masę ciała. W niniejszym przeglądzie 
skupiono się na czynnikach ryzyka choroby związanych ze stylem życia i sposobem żywienia uwzgledniającym zarówno 
składniki diety jak również zachowania żywieniowe. Elementy stylu życia, które mogą przyczyniać się do wystąpienia 
choroby i jej objawów obejmują nadmierną masę ciała, zwłaszcza otyłość, umiarkowane/wysokie spożycie alkoholu, 
palenie tytoniu, po posiłkową i energiczną aktywność fizyczną, ale także brak regularnej aktywności fizycznej. Wiele 
badań wskazuje na tłuste, smażone, kwaśne, pikantne potrawy/produkty, sok pomarańczowy i grejpfrutowy, pomidory 
i przetwory pomidorowe, czekoladę, kawę, herbatę, napoje gazowane, alkohol jako czynniki wywołujące objawy GERD. 
Nawyki żywieniowe, takie jak nieregularne spożywanie posiłków, spożywanie posiłków o dużej objętości, spożywanie 
posiłku przed snem, mogą korelować z objawami GERD. Rola stylu życia, diety i zwyczajów żywieniowych jako 
czynników ryzyka choroby refluksowej przełyku nie jest jednak jednoznacznie wyjaśniona, a wyniki dostępnych badań 
są często sprzeczne. Poznanie modyfikowalnych czynników ryzyka choroby refluksowej przełyku i jej objawów ma 
znaczenie praktyczne i jest istotne w celu realizacji skutecznej dietoprofilaktyki i dietoterapii choroby.

Słowa kluczowe: choroba refluksowa przełyku, dieta, styl życia, czynniki ryzyka, żywienie
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is one of 
the most common diseases of the upper gastrointestinal 
tract. It develops as a result of the reflux of gastric 
contents into the esophagus, which may (but does 
not have to) cause inflammation of the esophageal 
mucosa and cause unpleasant symptoms. The most 
characteristic esophageal symptom of the disease is 
heartburn, which occurs at least once a week. In the 
definition of the disease, however, the multiformity 
of disease symptoms was indicated, distinguishing 
among them esophageal and extra-esophageal 
symptoms. The extra-esophageal symptoms include 
i.a. chest pain not related to heart disease, paroxysmal 
cough (mainly at night), sore throat, gingivitis or 
damage to tooth enamel [77]. In clinical practice, 
a distinction between the Non-Erosive Reflux Disease 
(NERD) and the Erosive Reflux Disease (ERD) is 
made. NERD is more common and may affect up to 
70% of GERD patients [5, 38]. If untreated, the disease 
can lead to complications such as esophageal stricture, 
gastrointestinal bleeding, precancerous conditions 
(Barett’s Esophagus) and esophageal adenocarcinoma 
[15].

Epidemiological data show that the disease spreads 
differently around the world. Symptoms of the disease 
are found in approximately one in five people in North 
and South America, and one in seven in Australia. 
The lowest percentage of patients is recorded among 
the inhabitants of Asian countries (<10%). In Europe, 
GERD may affect 15-21% of the population depending 
on the region [29]. It is estimated that in Poland this 
disease may affect up to 35.5% of adults reporting 
abdominal ailments [88]. A global pooled prevalence 
study estimated that about 14% of the world population 
experienced at least weekly reflux symptoms [29, 60].

Multiple mechanisms are involved in the 
pathogenesis of GERD including: motor abnormalities, 
such as impaired lower esophageal sphincter (LES) 
resting tone, transient lower esophageal sphincter 
relaxations (TLESRs), impaired esophageal acid 
clearance and delayed gastric emptying [15, 41]. 

Pharmacotherapy, most often with proton pump 
inhibitors (PPIs), is considered the first-line treatment 
in GERD patients. Modification of lifestyle, including 
diet changes, is an important element supporting the 
treatment of the disease.

RISK FACTORS FOR GERD

Many factors may contribute to the development 
of the disease. Among them, there are non-modifiable 
factors such as age, sex or genetic factors and 
modifiable factors, e.g. lifestyle, diet, excessive body 
weight.

Gastroesophageal reflux disease can occur in 
adults and children, and the risk of GERD symptoms 
in the adult population increases with age, which 
is confirmed, among others, by the results of meta-
analysis published in recent years. Eusebi et al. 
demonstrated that the risk of disease symptoms in 
people aged over 50 was 30% larger compared to 
younger respondents (OR 1.32; 95% CI 1.12 - 1.54) 
[29]. Nirwan et al. confirmed that the prevalence of 
GERD was higher in people aged 35–59 years than 
those aged 18–34 years but was slightly lower in those 
aged ≥ 60 years compared with those aged 35–59 
years [60].

According to some authors, the disease occurs 
with a similar frequency in men and women [51, 88]. 
However, several studies have shown that women are 
more likely to develop gastroesophageal reflux disease 
[29, 34, 60], but reflux oesophagitis is more common 
in men [11, 14, 43, 62, 79, 80]. 

The results of studies conducted in the population 
of mono- and dizygotic twins suggest the role 
of genetic factors in the pathogenesis of GERD. 
According to the data from the Swedish Twin Registry 
and the British Twin Registry, the presence of GERD 
is associated with a genetic factor in 31% and 43% of 
them, respectively [4, 10, 52].

This review focuses on GERD risk factors related 
to lifestyle and nutrition that include both dietary 
components and nutritional behaviour.

RISK FACTORS RELATED  
TO LIFESTYLE

The literature highlights the role of selected 
lifestyle variables as risk factors for GERD symptoms.

Smoking
Many studies concern the influence of smoking on 

the occurrence of disease symptoms [29, 32, 34, 59, 
60, 83, 85, 87]. Zheng et al. confirmed that smoking is 
a risk factor for reflux occurring at least once a week, 
and the risk increases with the number of cigarettes 
smoked per day and is higher in male smokers compared 
to female smokers. Smoking more than 20 cigarettes 
a day increased the risk of frequent reflux in women 
by 37%, in men - by 53% compared to non-smokers 
[87]. Similar observations were made by Nillson et al., 
who showed a 70% increase in the risk of heartburn 
and regurgitation in daily smokers, who smoked more 
than 20 years, compared to non-smokers [59]. The 
pooled prevalence of GERD according to smoking 
habits in meta-analysis of Nirwan et al. showed that 
subjects who currently smoke had a higher prevalence 
of GERD (18.40%) compared with ex-smokers 
(16.83%) and non-smokers (15.55%). The OR in 
current smokers compared with non-smokers was 1.04 

Risk factors for gastroesophageal reflux disease symptoms related to lifestyle and diet
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(95% CI 1.00–1.09) but it was statistically insignificant 
[60]. In other meta-analysis of 30 studies that reported 
the prevalence of gastrooesophageal reflux symptoms 
according to smoking status the pooled prevalence 
of gastrooesophageal reflux symptoms was higher in 
current smokers compared with non-smokers (19.6% 
vs 15.9%). The OR in those who smoked currently 
compared with those who did not was 1.26 (95% CI 
1.04–1.52) with significant heterogeneity between 
studies [29].

Physical activity
Many studies show a correlation between physical 

activity and GERD, but their results are ambiguous [22, 
25, 53, 59, 87]. It seems that the influence of physical 
activity on the occurrence of disease symptoms may 
be related, with the type of exercise, level of activity, 
and its duration. It has been found that some types of 
activity, such as weight lifting, significantly increase 
heartburn compared to others, such as recreational 
jogging or cycling [12, 44]. In healthy volunteers 
and sportsmen, it has been shown that postprandial 
physical activity and intense exercise physical activity 
favour the development of GERD symptoms [72, 78]. 
Zheng et al. demonstrated that there is a relationship 
between the occurrence of disease symptoms and 
occupational physical activity. The authors concluded 
that manual work involving lifting or carrying heavy 
objects was more favourable to GERD symptoms than 
sedentary work [87]. Nocon et al. showed that people 
with GERD symptoms are less active than people 
without symptoms [61], and lack of physical activity, 
defined as exercise less than once a month, was defined 
as a risk factor for GERD, especially in women [53]. 
A positive correlation between the occurrence of 
symptoms and the lack of physical activity was also 
found in the study by Yamamichi et al. [85].

Scientific evidence also points to a protective effect 
of physical activity [21, 59, 64, 87]. It was shown 
that regular, recreational physical activity such as 
running and swimming reduced the risk of GERD 
symptoms, and the degree of reduction depended 
on the frequency and duration of activity [59, 64]. 
A lower risk of postprandial GERD symptoms was 
observed in people who were walking after dinner 
compared to people who were lying down after 
a meal [72]. Djärv et al. showed that in healthy weight 
subjects with GERD, high physical activity reduced 
the risk of symptoms compared to low physical 
activity, but this effect disappeared after adjusting 
for confounding factors such as sleep problems and 
comorbidities. Moderate physical activity decreased 
the risk of GERD symptoms in obese people, and in 
overweight people no influence of physical activity on 
the symptoms of the disease was observed. Possible 
protective mechanism of regular physical activity 

may be related to the strengthening of the diaphragm 
and thus the improvement of the functioning of the 
natural anti-reflux barrier. Regular physical activity is 
also conducive to maintaining the energy balance and 
improve weight control [19]. 

Alcohol consumption
Study results concerning the influence of alcohol 

consumption on the occurrence of GERD symptoms 
are inconsistent [2, 26, 34, 35, 47, 59]. Some studies 
confirm the influence of alcohol consumption on the 
induction of symptoms of the disease, and the negative 
influence of alcohol on the esophageal mucosa, its 
motor function and the intensification of gastric juice 
secretion is described as a possible explanation for the 
association of alcohol consumption with the occurrence 
of GERD symptoms [46, 49]. The results of the meta-
analysis of data from different regions of the world 
indicate that the pooled prevalence of GERD according 
to alcohol intake showed a similar GERD prevalence in 
those who do not drink alcohol or have a low intake of 
alcohol compared with those who have a moderate to 
high intake of alcohol. The OR for GERD in those with 
a moderate/high intake of alcohol compared with those 
who do not drink alcohol or have a low intake of alcohol 
was 1.07 (95% CI 1.02–1.12; p = 0.004) [60].

Excessive body weight
Well-documented risk factor for GERD related 

to lifestyle is excess body weight, especially obesity  
[8, 16, 19, 23, 27, 34, 36, 48, 50, 54, 55, 64, 81]. Hallan 
et al. showed that the risk of GERD increases by 30% 
with the increase in BMI by one unit, regardless of 
the initial value of this indicator [34]. The results 
of the 24-hour pH-measurement study showed that 
people with a BMI > 30 kg/m2 compared to those with 
a BMI < 25 kg/m2 were significantly more likely to 
have an increase in the number and a longer duration 
of acid reflux episodes, regardless of conditions of 
measurement (postprandial measurement, supine 
position, vertical position) [23]. A positive correlation 
was found between increased BMI (≥ 25 kg/m2) and 
the risk of esophagitis [9, 11]. In meta-analysis of 
Nirvan et al. stratified pooled prevalence of GERD 
by BMI showed an increase in GERD prevalence 
as BMI increased. The lowest prevalence of GERD 
was for those with a BMI < 18.5 (6.64%, 95% CI 
3.40%–110.82%), whereas the highest prevalence of 
GERD was seen in those with a BMI ≥ 30.0 (22.63%, 
95% CI 17.33%–128.41%) [60]. Eusebi at al. showed, 
that the pooled prevalence was higher in obese 
subjects compared with non-obese (22.1%, 95% CI 
17.4%–27.2% vs 14.2%, 95% CI 10.8%–18.0%) and 
OR in obese compared with non-obese subjects was 
1.73 (95% CI 1.46 to 2.06), but there was significant 
heterogeneity between studies [29].
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Risk factors related to diet
Many symptoms of GERD frequently appear after 

meals, which suggests that the composition of diet 
may also play a role in promoting symptoms of the 
disease [31]. However, it should be noted that the study 
results are often inconsistent.

Many studies indicate fatty, fried, sour, spicy food/
products, orange and grapefruit juice, tomatoes and 
tomato preserves, chocolate, coffee/tea, carbonated 
beverages, alcohol as triggers for GERD symptoms 
[24, 40, 59, 60, 61, 64, 73].

Study results indicate a role of fat/fatty meals in 
the induction of GERD symptoms [24, 63, 73], and 
high-fat meals are considered a strong predictor of 
night heartburn [6]. Fatty foods lower LES pressure, 
increase TLESRs, and delay gastric emptying [6, 57]. 
It was shown that such meals reduced LES pressure 
significantly more than meals with protein as the 
dominant component [56]. Shapiro et al. observed that 
a higher percentage of energy from dietary fat, as well 
as increased consumption of saturated fatty acids and 
cholesterol, were significantly associated with a higher 
risk of reflux episodes [73]. Fat may also contribute 
to the symptoms of the disease indirectly. It is the 
most energetic component of food, which excessive 
consumption may disrupt energy balance and promote 
the development of overweight and obesity [1], and 
obesity is considered as an independent risk factor 
for GERD. Several studies did not confirm the role 
of fat in generating GERD symptoms, but authors of 
the studies did not take into account that the subjects 
with GERD could intentionally avoid eating fatty 
foods because of fear of disease symptoms, which 
could have an impact on the determined cause-effect 
relationships [13, 65, 70, 76, 82].

Only several studies have confirmed the effect 
of consuming orange/grapefruit juice, tomato 
juice, tomato products and raw tomatoes on the 
intensification of heartburn, which was explained by 
the irritating effect of the acidic pH of these products 
on the esophageal mucosa [18, 58, 63].

Many GERD patients report the presence or 
worsening of heartburn after eating spicy food, 
including chili pepper. It has been suggested that 
some of the symptoms associated with chili pepper 
consumption could be caused by the stimulation of 
nerve endings in the esophageal mucosa by capsaicin 
contained in hot peppers [7, 37, 69, 74].

Increased heartburn was also observed after 
consuming chocolate, and a reduction in LES pressure 
was indicated as the possible cause [63]. However, 
several observational studies did not confirm the 
relationship between chocolate consumption as trigger 
of GERD symptoms [21, 76].

GERD patients report the occurrence of heartburn 
after coffee consumption, and some of them also 

after tea consumption [3, 26, 53, 63, 74]. In a study of 
monozygotic twins, coffee consumption was identified 
as a moderate risk factor for GERD symptoms, but 
only among women. However, after adjusting for 
BMI, smoking and physical activity this factor lost 
the power [87]. In study of Nirwan at al., pooling 
prevalence of GERD according to intake of coffee/
tea revealed a higher GERD prevalence in subjects 
with a moderate/high intake of coffee/tea than those 
with a low/none intake (OR 1.47, 95% CI 1.36–1.59) 
[60]. On the basis of studies using the measurement 
of esophageal pH and/or pressure in the LES, it was 
found that coffee and tea consumption significantly 
decreased LES pressure and increased reflux [67]. 
At the same time, many studies have shown no 
relationship between coffee or tea consumption and 
the occurrence of GERD symptoms [17, 21, 53, 55, 
59, 61, 64]. Correct conclusions about the relationship 
between coffee/tea consumption and the occurrence of 
GERD symptoms are hindered by the fact that these 
drinks are often consume with or after a meal. Some 
authors even conclude that due to the contradiction of 
data and unclear relationship between the occurrence 
of GERD symptoms and coffee/tea consumption, it 
should not be routinely recommended to avoid coffee/
tea consumption in GERD patients [31].

A significant percentage of people with GERD (up 
to 50% depending on the study) report the occurrence 
of heartburn, regurgitation after consumption of 
carbonated beverages [30, 63, 75]. Several studies 
have shown that carbonated beverages most likely 
affect the occurrence of symptoms by lowering LES 
pressure and increasing TLESRs. In the meta-analysis 
of research from different regions of the world, 
developed by Nirwan et al. subjects with a moderate/
high intake of carbonated drinks had a higher pooled 
prevalence of GERD than those with low/none intake 
(OR 1.29, 95% CI 1.14–1.46; p = 0.0001) [60].

Risk factors related to eating behaviours
According to the available data, eating habits such 

as fast, irregular eating, snacking, large volume of 
meals, eating meals just before bedtime may correlate 
with the symptoms of GERD [28, 33, 84, 85].

Irregular consumption of meals, including frequently 
skipping breakfast, the habit of snacking at night, eating 
dinner just before bedtime, may be a risk factor for 
typical symptoms of GERD, increasing the probability 
of their occurrence by up to 20% [28, 74, 85].

According to healthy nutrition recommendations, 
the recommended number of meals is 4 to 5 a day [42]. 
However, there is little data in the literature regarding 
the relationship between the occurrence of GERD 
symptoms and the number of meals [28, 40, 68]. In 
study by Jarosz and Taraszewska, based on univariate 
logistic regression analysis, it was shown that eating 

Risk factors for gastroesophageal reflux disease symptoms related to lifestyle and diet
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1–2 meals a day was a risk factor for GERD (OR 3.50, 
95% CI: 1.75–6.98; p <0.001), however, this factor was 
losing power in the multivariate analysis [40 ]. It can 
be assumed that eating a small number of meals a day 
results in their greater volume, and the relationship 
between a large volume of meals and inducing reflux has 
been demonstrated in studies conducted, among others 
by Iwakiri et al. or Salvia et al. [39, 71]. In Jarosz and 
Taraszewska study eating one, big meal in the evening 
instead of dinner and super was risk factor for GERD but 
only in univariate logistic regression analysis (OR 1.80, 
95% CI: 1.05–3.11; p = 0.034). In multivariate logistic 
regression analysis this factor was not statistically 
significant [40]. In study by Pehl et al. [65] it was 
found that volume of meals influenced the appearance/
intensification of reflux episodes by increasing the 
intra-gastric pressure caused by the retention of food in 
the stomach. Consumption of a heavy meal contributes 
to the stretching of the stomach and, consequently, 
may induce reflux due to transient lower esophageal 
sphincter relaxations [20, 41].

Eating a meal (especially high in fat) shortly or 
just before bedtime is considered as a possible risk 
factor for reflux symptoms [28, 33, 45, 66, 85, 86]. 
The recommendation to eat last meal at least 2-3 
hours before bedtime may have particularly positive 
results in patients with night heartburn problem [45]. 
Fujiwara et al. showed that patients who went to bed 
within 3 hours after a meal were 7 times more likely to 
develop heartburn than those who consumed their last 
meal at least 4 hours before bedtime [33]. Increasing 
the time between the last meal and bedtime has been 
shown to reduce the risk of heartburn. The short time 
between supper and bedtime is probably associated 
with more food remaining in the stomach, which may 
result in increased LES pressure in the supine position, 
deterioration of its functioning and, as a result, favour 
the reflux [28].

The relationship between the rapid food intake 
and the occurrence of reflux symptoms is not clear 
[28, 74, 84, 85, 86]. The relationship between the rate 
of eating and the occurrence of reflux symptoms has 
been confirmed in a few studies. Wildi et al. showed 
that eating a standard meal in 5 minutes by healthy 
volunteers generated a statistically significantly greater 
number of reflux episodes in the first postprandial hour 
than eating the same meal in 30 minutes. Due to the fact 
that the functioning of the natural anti-reflux barrier is 
impaired in people with GERD, the authors suggested 
the need for research in GERD patients to assess whether 
slow eating could constitute a “lifestyle modification” 
aimed at reducing unpleasant symptoms [84]. Results of 
study conducted by Yamamichi et al. in Japanese, adult 
population showed an obvious correlation between 
GERD symptoms and dietary habits such as habit of 
quick eating, having dinner a few hours before going to 

bed, the habit of eating a midnight snack and frequently 
going without breakfast. I was even suggested that these 
four diet-related factors presented more significant 
effects than alcohol consumption or smoking on GERD 
symptoms [85].

As the authors of some of mentioned studies 
noted, their conclusions may have been distorted by 
the influence of other factors, e.g. a large volume 
of meals or excessive body weight of some of the 
respondents. Therefore, further studies are needed to 
assess the relationship between the rate of eating and 
the occurrence of GERD symptoms.

SUMMARY

The role of lifestyle, diet and eating habits as 
risk factors for GERD is not clearly understood, and 
the results of research conducted in this direction 
worldwide are often contradictory. This may result 
not only from methodological differences, but also 
from geographic or cultural differences (e.g. culinary 
traditions), which may influence the diet of the 
surveyed populations. Based on the available data, 
patients with GERD should be advised, as part of non-
pharmacological therapy, to normalize body weight in 
overweight/obese people, smoking cessation, reduce/
eliminate alcohol consumption and avoid eating 
meals just before bedtime. It is also worth to consider 
reducing or eliminating consumption of products 
defined as potentially refluxogenic, i.e. fatty, fried, 
sour, spicy food/products, orange and grapefruit 
juice, tomatoes and tomato preserves, chocolate, 
coffee/tea, carbonated beverages. Moderate, regular 
physical activity is also recommended. Lifestyle 
and diet are modifiable factors, therefore further 
research and analysis of disease risk factors related 
to diet, eating habits and lifestyle are advisable. An 
additional reason is the significant spread of GERD 
in the world, especially in highly developed countries. 
Determination of modifiable risk factors for this 
disease and its symptoms is important for effective 
dietary prevention and diet therapy of GERD.
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ABSTRACT
The aging population is a significant social, medical and economic problem due to increasing prevalence of chronic 
diseases in elderly population. Alzheimer's disease (AD) is the most common form of dementia and the most common 
neurodegenerative disease. It is characterized by a progressive deterioration of memory and cognitive function. So far, 
there is neither an effective prevention nor cure for dementia, so more and more attention is paid to the prevention of 
this group of diseases, particularly to the appropriate diet. Preventive intervention gives the best results if introduced 
before the first symptoms of dementia, i.e., around the age of 50. This is when the nutritional status, number of synapses, 
cognition, and neuropathological changes in the nervous system compensate each other, which increases the chances 
of staying healthy for a longer period of time. It has been proven that dietary habits, which lead to the development of 
cardiovascular and metabolic diseases, significantly increase the risk of dementia. On the other hand, a Mediterranean diet 
rich in antioxidants, fiber and omega-3 polyunsaturated fatty acids may have a protective effect on the neurodegenerative 
process. The beneficial effect of many nutrients on the course of AD has been demonstrated. These include: glutathione, 
polyphenols, curcumin, coenzyme Q10, vitamins B6, B12, folic acid, unsaturated fatty acids, lecithin, UA, caffeine and 
some probiotic bacteria. A diet rich in saturated fatty acids and branched-chain amino acids (BCAA) promotes the 
progression of dementia. Dietary intervention should be introduced as early as possible to minimize the risk of developing 
dementia. The Mediterranean and DASH diets have been documented to protect against AD. However, the MIND diet 
is reported to be much more effective in preventing cognitive decline/dementia than either the Mediterranean or DASH 
diets alone.

Key words: Alzheimer’s disease, nutrients, Mediterranean diet, MIND diet

STRESZCZENIE
Starzenie się społeczeństwa stanowi istotny problem społeczny, medyczny oraz ekonomiczny ze względu na częstsze 
występowanie chorób przewlekłych w tej grupie wiekowej. Choroba Alzheimera jest najczęściej występującą postacią 
demencji i jednocześnie najpowszechniejszą chorobą neurodegeneracyjną. Charakteryzuje się pogorszeniem pamięci 
i funkcji poznawczych oraz ma charakter postępujący. Do tej pory nie wynaleziono skutecznego sposobu leczenia chorób 
otępiennych w związku z tym coraz częściej zwraca się uwagę na prewencję tej grupy chorób, szczególnie odpowiedniego 
sposobu żywienia. Najlepsze efekty interwencji profilaktycznej występują wtedy, gdy jest ona wprowadzona jeszcze 
przed pojawieniem się pierwszych objawów otępienia, czyli około 50 r. ż. Wtedy stan odżywienia, liczba synaps, funkcje 
poznawcze oraz zmiany neuropatologiczne w układzie nerwowym wzajemnie się kompensują, co zwiększa szanse na 
zachowanie zdrowia przez dłuższy czas. Wykazano, że nawyki żywieniowe prowadzące do rozwoju chorób układu 
krążenia oraz zaburzeń metabolicznych, znacząco zwiększają ryzyko wystąpienia demencji. Ochronny wpływ na proces 
neurodegeneracyjny może mieć żywienie o charakterze diety śródziemnomorskiej, bogatej w antyoksydanty, błonnik 
oraz wielonienasycone kwasy tłuszczowe omega 3. Udowodniono również korzystny wpływ wielu składników diety na 
przebieg choroby Alzheimera. Należą do nich: glutation, polifenole, kurkumina, koenzym Q10, witaminy B6, B12 i kwas 
foliowy, nienasycone kwasy tłuszczowe, lecytyna, kwas moczowy, kofeina oraz niektóre bakterie probiotyczne. Dieta 
bogata w nasycone kwasy tłuszczowe oraz aminokwasy o rozgałęzionym łańcuchu wykazuje działanie promujące postęp 
otępienia. Interwencja dietetyczna powinna być wprowadzona możliwie jak najwcześniej, by zminimalizować ryzyko 
rozwoju chorób otępiennych. Diety o najlepiej udokumentowanych korzyściach w przebiegu choroby Alzheimera to dieta 
śródziemnomorska i DASH. Natomiast dieta MIND okazała się znacznie skuteczniejsza w prewencji otępienia niż dieta 
śródziemnomorska i dieta DASH.

Słowa kluczowe: choroba Alzheimera, składniki diety, dieta śródziemnomorska, dieta MIND
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INTRODUCTION

Alzheimer’s disease (AD) is the most common 
form of dementia and, at the same time, the most 
common neurodegenerative disease characterized 
by the progressive deterioration of memory and 
cognitive functions. Acetylcholine (Ach) deficiency, 
abnormal brain amyloid deposits and disorders of 
cholinergic transmission play an important role in the 
pathomechanisms of AD [5, 35, 41]. Currently, there 
are no effective therapies to treat dementia syndromes. 
Currently, patients with AD receive only symptomatic 
treatment, which has been proven to slow down the 
disease progression [64]. Nevertheless, preventative 
measures help reduce the risk of disease. Proper diet, 
in addition to being physically and mentally active, can 
also be effective [12, 34]. Dietary habits that lead to the 
development of cardiovascular and metabolic diseases 
have been reported to significantly increase the risk 
of dementia [9, 12]. A Mediterranean diet rich in 
antioxidants, fiber and omega-3 polyunsaturated fatty 
acids may also have a protective effect on degenerative 
process in AD [15, 53].

Preventive intervention gives the best results if 
introduced before the first symptoms of dementia 
appear, i.e., around the age of 50. This is when the 
nutritional status, number of synapses, cognition, 
and neuropathological changes in the nervous system 
compensate each other, which increases the chances of 
staying healthy for a longer period of time [36].

Our study aimed to describe the role and effectiveness 
of a diet in the course and treatment of AD.

ANTIOXIDANTS

Brain tissue is very susceptible to damage, 
including the one caused by free radicals. Oxidative 
stress is a condition in which the amount of endogenous 
or exogenous reactive oxygen species (ROS) exceeds 
the antioxidant capacity of the cell or organism. There 
are also non-enzymatic antioxidants such as vitamin 
E, vitamin C, provitamin and vitamin D3, vitamin 
A, UA, carotenoids, glutathione, cysteine, creatinine, 
tocopherols, coenzyme Q10, bilirubin, polyphenols 
and anthocyanins. In addition, some essential 
elements, such as selenium, zinc and copper, serve 
as cofactors for protein cofactors or enzymes with 
antioxidant activity. It has been shown that oxidative 
stress may mediate the pathogenesis and progression 
of dementia, so dietary antioxidants are protective 
against the risk of cognitive decline [38]. However, 
these results are not conclusive. Some studies 
demonstrated that middle-aged taking with their diet 
vitamins E and C, carotenoids and flavonoids had 
lower risk of developing AD in the future. However, 
most of the studies do not confirm the effectiveness 

of vitamin C and β-Carotene in improving cognitive 
functions [15]. Regardless of the study results, patients 
are encouraged to follow antioxidant-rich diet. 
Vegetables and fruits are rich in antioxidants and their 
regular consumption may positively affect health and 
slow down AD development [50]. Moreover, elderly 
people have significant vitamin deficiencies due to 
impaired digestion, nutrients absorption or metabolic 
disorders. They need less energy so they consume less 
food, which, in result, leads to insufficient supply of 
vitamins and minerals [7].

The main antioxidant in human plasma, vitamin C, 
acts as a scavenger of ROS, such as superoxide radical 
ion, hydroxyl radical or singlet oxygen. Moreover, 
it has a protective effect against tocopherols by 
regenerating them from the radical form. However, 
most of the studies have not demonstrated the positive 
effect of ascorbic acid on the improvement of cognitive 
functions. Similar conclusions apply to vitamin A [50].

Vitamin E (tocopherol) is recognized as the one 
of the most potent lipophilic antioxidants. It prevents 
the oxidation of unsaturated fatty acids, which are 
important building blocks for cell membranes, by 
interrupting the production of free superoxide radicals. 
Research regarding the effectiveness of vitamin E give 
contradictory results. Some studies have demonstrated 
that the incidence of dementia and AD decreased with 
the increasing supply of vitamin E in diets of people 
aged 55 or 65, whereas other studies have failed to show 
such effects [50]. However, researchers indicate that 
elderly people are frequently deficient in tocopherol, 
so it is recommended to ensure its adequate dietary 
intake. The main sources of vitamin E are products 
of plant origin, i.e., vegetable oils, nuts, seeds, green 
leafy vegetables and some fatty fish (sardines, salmon, 
herring, trout) or chicken egg yolk [7].

The effectiveness of antioxidant vitamins in AD 
treatment should be considered taking into account 
the status of an active smoker. The protective effect 
of antioxidants was more pronounced among tobacco 
smokers. This correlation suggests that increased intake 
of dietary antioxidants may have clinical application 
under conditions of high oxidative stress [69]. 

Glutathione is a tripeptide comprised of three amino 
acids (glutamate, cysteine and glycine), which plays an 
important role in the antioxidant system. Glutathione is 
commonly found in food, although in small amounts, 
so its daily intake does not significantly increase 
plasma glutathione levels. Nevertheless, consuming 
glutathione-rich foods help decrease oxidative stress. 
A decreased concentration of glutathione is observed 
in the course of neurodegenerative diseases, and it 
is indicated that its increased cellular concentration 
may contribute to slowing or mitigating disease 
progression [27]. The best dietary sources of 
glutathione include fresh fruits and vegetables such 

The role of nutrition in Alzheimer's disease
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as spinach, broccoli, asparagus, cabbage, garlic, 
onions, avocado, watermelon and strawberries, as 
well as walnuts, milk thistle, turmeric and freshly 
cooked meat. Food processing significantly decreases 
the amount of glutathione found in food, so canned 
products are not a good source of this antioxidant. We 
should also pay attention to the appropriate supply of 
glutathione precursors, e.g., cysteine and methionine, 
which can be found in beef, poultry, eggs, as well as 
in goat’s, sheep’s and cow’s milk. The neuroprotective 
activity of glutathione involves removing reactive 
oxygen species and regenerating antioxidant vitamins 
C and E [68].

Ubiquinol, the reduced form of coenzyme Q10 
(CoQ10), has similar antioxidant properties as 
glutathione. By removing ROS, it prevents damage to 
proteins and DNA and suppresses lipid peroxidation. 
It stabilizes cell membranes and regenerates vitamin 
E. Moreover, CoQ10 has been proven to protect 
against amyloid-β-induced neurotoxicity and improve 
synaptic plasticity [29]. Physiologically, the body 
produces an optimal amount of coenzyme Q10, but its 
cell concentration decreases due to the aging process 
and in the course of some diseases. In such cases, it is 
crucial to include food sources of Q10, i.e., rapeseed 
oil, beef, pork liver, tuna, herring, trout and chicken. In 
smaller amounts, CoQ10 can be found in blackcurrant, 
cauliflower, peas, and yoghurt. CoQ10 supplement 
should be consider if dietary intake is insufficient. 
Many studies have shown that B vitamins (i.e., B2, 
B6, B12, folic acid and pantothenic acid) enhance the 
biosynthesis of coenzyme Q10 [15, 51]. 

Polyphenols are a large heterogeneous group of 
compounds with antioxidant properties, naturally 
found in plants. There is known a few thousands 
various polyphenols considering different subtypes 
such as flavonols, flavanols, flavones, flavonones, 
and catechines as well as phenolic acids, lignans, and 
stilbenes [28]. The most significant polyphenols in AD 
are described in the following review. The antioxidant 
properties of polyphenols include capturing, 
scavenging and limiting ROS production. Moreover, 
flavonoids protect vitamins C and E and glutathione 
against oxidation and are able to chelate transition 
metals, such as iron and copper. These metal ions 
catalyze the autoxidation of neurotransmitters such as 
dopamine, serotonin and norepinephrine, and promote 
peroxidation of lipids contained in the cell membrane, 
leading to its destabilization. Curcumin and resveratrol 
are naturally occurring polyphenols. Results from in 
vitro studies showed that curcumin, isolated from the 
rhizome of turmeric, prevents amyloid-β aggregation. 
Similar observations were reported in in vivo studies, 
which additionally proved that curcumin not only 
prevents aggregation of new amyloid deposits but even 
reduces the size of remaining ones [18, 69]. Moreover, 

curcumin has been proved to increase the concentration 
of glutathione and antioxidant enzymes (superoxide 
dismutase and catalase) in the brains of rats exposed 
to lead and significantly reduced the damage from 
lead poisoning. Moreover, curcumin reduced levels 
of oxidized proteins and interleukin 1B in the brains 
of experimental mice. In vivo studies have shown 
that curcumin protects neurons from toxic effects of 
amyloid-β protein and human endothelial cells from 
amyloid-β-induced oxidative stress. Additionally, 
it binds to transition metals (iron and copper) and 
neutralizes the damage caused by inflammation. 
Human studies have shown that curcumin increases 
uptake of amyloid-β by macrophages of AD patients 
and inhibits peroxidase in AD patients [45, 58].

Resveratrol, which also belongs to the family of 
polyphenolic compounds, has significant antioxidant 
properties. In addition to its anti-inflammatory 
and antiviral effects, resveratrol has been shown to 
protect against neurological diseases by activating 
antioxidant enzymes in cells (such as glutathione) and 
protect microglia cells. The neuroprotective effects of 
resveratrol include the inhibition of toxic amyloid-β 
aggregation in hippocampus by improving the activity 
of kinase C and proteasome complex and facilitating 
the breakdown of amyloid precursor protein. 
Resveratrol is claimed to be a promising agent in AD. 
However, some studies demonstrated negative effects 
of resveratrol. High-dose resveratrol supplementation  
(3 g/kg b.w./day) led to reduced appetite and weight loss. 
Moreover, resveratrol and its metabolites can penetrate 
the blood-brain barrier and lead to diarrhea, vomiting, 
leukocytosis, and decrease in hemoglobin, hematocrit 
and erythrocytes. Further negative symptoms of 
high-dose resveratrol supplementation include 
hyperplastic changes of kidneys and gallbladder. On 
the other hand, low-dose resveratrol supplementation 
(0.3 g/kg b.w./day for 4 weeks) did not cause any 
side effects [19, 30]. Despite inconclusive results, 
authors of these studies suggested positive correlation 
between increased consumption of products rich in 
polyphenols and lowered risk of cognitive decline and 
neurodegenerative diseases [49]. Studies in animals 
have shown that flavonoids found in berries, tea and 
cocoa can improve cognitive performance. Similar 
results were obtained in human studies, which showed 
an inverse relationship between dietary flavonoids and 
the incidence of AD and dementia, and a lower risk 
of dementia in older age [15]. Polyphenols are rapidly 
absorbed and metabolized, so they should be consumed 
with the diet. Polyphenols can be found in many foods 
such as berries, apricots, apples, kiwi, citrus fruits, red 
onions, tomatoes, peppers, lettuce, broccoli, cabbage, 
celery, parsley, cereals, soybeans, cocoa, as well as 
in drinks: tea, grapefruit juice, blueberry juice, grape 
juice, cherry juice, and red wine. Another disadvantage 



32 No 1

of polyphenols is their low bioavailability. Heat-
treatment of vegetables and fruits reduces the amount 
of flavonoids. It has been reported that combining 
the piperine in black pepper with curcumin enhances 
curcumin bioavailability. Moreover, divalent 
elements, fiber-rich meals and protein may lower the 
bioavailability of polyphenols [21, 62].

VITAMINS B6, B12 AND FOLIC ACID

Vitamin B12 deficiency is associated with 
cognitive impairment [40]. Moreover, vitamins B6, 
B12 and folic acid play a key role in metabolism of 
homocysteine, a by-product with different mechanisms 
of toxicity. It has been shown that a 5 µmol/L 
increase in serum homocysteine concentration may 
lead to ischemic stroke and atherosclerosis of large 
blood vessels. In addition to its atherogenic effect 
and inducing atherosclerosis, homocysteine is also 
considered a neurotoxin. Moreover, its elevated serum 
concentration is observed in patients with AD. It has 
been shown that elevated homocysteine levels can 
destroy dopaminergic neurons in vitro, induce motor 
impairment in rats, inhibit hippocampal neurogenesis 
in adult animals, disrupt the blood-brain barrier, and 
generate ROS. Moreover, elevated homocysteine levels 
can induce and enhance inflammation, increase the 
concentration of amyloid-β precursor protein, promote 
tau protein phosphorylation, and exacerbate amyloid-β 
pathology. Therefore, elevated homocysteine promotes 
cognitive dysfunction [10]. 

Homocysteine, the demethylated derivative of 
methionine, can be metabolized into cysteine or 
methionine, and these two different metabolic pathways 
require vitamins B2, B12, B6, and folic acid cofactors. 
Hyperhomocysteinemia arises from disrupted trans-
methylation of homocysteine to methionine, which 
may result from vitamin B12 and B6 deficiency or 
excessive intake of methionine. Homocysteine induces 
neurotoxicity, so in the prevention and treatment 
of AD it is important to monitor the concentration, 
intake and supplementation of vitamins B12 and B6. 
There is a relationship between oxidative stress and 
neurological disorders [53, 65].

The main sources of vitamin B6 are whole grains, 
pulses, nuts and seeds. Vitamin B12 is naturally found 
in dairy and meat, as well as in fortified foods. Rich 
source of dietary folate are leafy green vegetables, 
oranges, grapefruits and legume seeds. To prevent 
hyperhomocysteinemia, it is recommended to increase 
vitamin B6 intake to 2 mg, vitamin B12 to 3 μg, and 
folic acid to 400 μg. Higher doses are recommended 
for homocysteinemia treatment: 6-25 mg of vitamin 
B6, 100-600 μg of vitamin B12, and 500 μg of folic 
acid. Supplementation should be considered if such 
amounts of vitamins cannot be supplied with the diet 

[50, 53]. Hyperhomocysteinemia is caused not only 
by vitamin B deficiency, but also by environmental 
factors such as excessive alcohol consumption and 
smoking. Elevated serum homocysteine levels are 
also associated with the use of certain drugs, such 
as levodopa [15]. Although the relationship between 
hyperhomocysteinemia and AD has not been fully 
investigated, it is believed that increased dietary 
intake of vitamins B6, B12 and folic acid may have 
a protective effect on the nervous system, thus reducing 
the risk of developing AD [50, 65]. 

FATTY ACIDS

Improper dietary intake of saturated fatty acids 
(SFAs) and unsaturated fatty acids may be a risk factor 
for many diseases, including neurological disorders 
[22]. High intake of SFAs and trans isomers is 
a serious risk factor for civilization diseases, including 
cardiovascular disorders. Excessive intake of SFA can 
exacerbate cognitive impairment. On the other hand, 
individuals consuming large amounts of foods rich in 
monounsaturated (MUFAs) and polyunsaturated fatty 
acids (PUFAs), especially from the omega-3 family, 
had a significantly lower risk of dementia [16, 53].

Fatty acids are the main structural components of 
cell membranes. The properties of fatty acids depend 
on their chain length and the number of double bonds. 
Polyunsaturated fatty acids are major building blocks 
of neurons of particular importance for the brain. Due 
to double bonds, MUFAs and PUFAs, unlike SFAs, 
act as antioxidants. There is a negative correlation 
between increased consumption of PUFAs and 
increased homocysteine levels. Moreover, MUFAs 
promote glucose metabolism by improving pancreatic 
β-cell function, thereby improving postprandial 
glycaemia and insulin sensitivity. It has been shown 
that diet rich in MUFAs prevents deterioration of 
cognitive functioning [48]. Monounsaturated fatty 
acids can be found in olive oil, rapeseed oil, avocados, 
hazelnuts, peanuts, almonds and pistachios [16, 53].

Polyunsaturated essential fatty acids (PUFAs), 
including linoleic acid (LA) of the omega-6 family 
and alpha-linolenic acid (ALA) of the omega-3 family 
play the most important role in the human body. 
Humans cannot synthesize PUFAs, thus PUFAs must 
be obtained from the diet. Linoleic acid is found in 
vegetable oils such as soybean, sunflower, corn, 
safflower and evening primrose oils. Foods high 
in alpha-linolenic acid include walnuts, as well as 
linseed, rapeseed, and soybean oils. Linoleic acid is 
a precursor in the synthesis of arachidonic acid (AA) 
and α-linolenic acid is a substrate for the synthesis of 
longer chain omega fatty acids like eicosapentaenoic 
(EPA) and docosahexaenoic (DHA) acids [15, 37].
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It has been shown that DHA accelerates the 
formation of new synapses and promotes neuronal 
development by extending axonal and dendritic 
branching. Moreover, DHA has cytoprotective, 
neuroprotective and anti-inflammatory properties. 
Ageing is accompanied by a decreased activity of 
enzymes, including ∆-4-desaturase, which leads to 
impaired DHA synthesis, thus to disturbances in the 
functioning of the nervous system, and in consequence 
to AD [37]. Due to their antioxidant properties, DHA 
derivatives eliminate toxic effects of free oxygen 
radicals and protect against neuronal damage and 
apoptosis. Moreover, DHA helps maintain optimal 
concentration of brain phosphatidylserine, which can 
inhibit neuronal cell death [52, 63]. Polyunsaturated 
fatty acids can improve cognitive functions and 
support learning and memory processes. It has also 
been shown that high dietary DHA intake inhibits 
neurodegenerative processes and formation of 
amyloid-β deposits. Moreover, it protects against 
brain atrophy during AD progression [22, 31]. Foods 
rich in EPA and DHA include oily sea fish such as 
herring, mackerel, sardines, salmon and tuna, as well 
as some shellfish. Recommended intake of EPA and 
DHA is 250 mg per day for Polish adults which is 
equivalent to consuming 2 servings of oily fish per 
week [24]. European Food Safety Authority (EFSA) 
dietary recommendations for EPA and DHA based on 
cardiovascular risk considerations for European adults 
are between 250 to 500 mg/day. It is also important 
to maintain an optimal balance between n-3 and n-6 
PUFAs. Even a short-term imbalance may disrupt 
the nervous tissue. Arachidonic acid (AA) displaces 
DHA from membrane phospholipids, which enhances 
cell aggregation and leads to the synthesis of pro-
inflammatory cytokines and neurotoxic metabolites 
[56]. Dietary sources of AA include meat, lard, fish, 
and egg yolks. The optimal n-6: n-3 (linoleic acid: 
alpha-linolenic acid) recommended by the Polish 
Cardiac Society is 4-5:1 or less. An adequate intake 
of omega-3 PUFAs, especially DHA, is crucial for 
nervous system development and functioning, both in 
adolescents and in the elderly [15, 53].

Conjugated linoleic acid (CLA) is the one of naturally 
occurring trans fatty acid. CLA, both with vaccenic 
acid, are found in ruminant derived products such milk 
and meat [20]. CLA’s double bonds are conjugated, 
which means that they are separated by a single bond. 
A reduced phospholipase A2 (PLA2) activity in the 
cell membrane has been reported in patients with AD. 
Phospholipase A is known to play an important role 
in the pathogenesis of neurological diseases, including 
AD. It has been demonstrated that CLA modulates the 
activity of PLA2, thus improving cognitive function 
and memory [17]. Another enzymatic disorder that 
can lead to the development of neurodegenerative 

diseases is deregulation of cyclin-dependent kinases 
(CDKs), enzymes controlling all aspects of cell 
division. Recent studies in mice indicate that the 
supplementation with CLA may restore the proper 
regulation of CKDs and protect against oxidative 
mitochondrial damage. Moreover, it has been reported 
that decreased accumulation of amyloid-β and its 
precursor protein in the brains of mice prevented 
cognitive decline. Researchers indicate that the 
supplementation with CLA may prevent or delay 
the onset of neurodegenerative diseases such as AD 
or Creutzfeldt-Jakob disease [6]. In addition to its 
neuroprotective effect, CLA is also used to treat 
obesity and cardiovascular diseases. Moreover, CLA 
stimulates thermogenesis and inhibits the activity of the 
lipoprotein lipase (LPL) by reducing the accumulation 
of adipose tissue. Conjugated linoleic acid occurs 
naturally in ruminant milk and dairy products, lamb, 
beef, and pork. However, the majority of studies on 
CLA have been performed in vitro or in experimental 
animals. Moreover, dietary interventions carried out 
in animals and humans were performed with the use 
of synthetic CLA, which has a different isomer balance 
to the naturally occurring CLA found in dairy [6].

Phospholipid fatty acids are fundamental building 
blocks of cell membranes. Phosphatidylcholine, 
a major component of lecithin, is one of the main 
phospholipids that make up nerve cell membranes, 
myelin sheaths, receptors and enzymes [56]. Lecithin 
has been shown to improve cognitive abilities, 
memory and concentration [8, 32]. It can be found 
in egg yolks, liver, soybeans, sunflower seeds, wheat 
germ and peanuts. Docosahexaenoic acid, uridine 
and choline (a substrate for acetylcholine synthesis) 
are phosphatidylcholine precursors. As a result of 
neuronal atrophy, patients with AD have lower levels 
of phosphatidylcholine, serotonin and noradrenaline. 
Choline-containing phospholipids such as lecithin 
and sphingomyelin are necessary for their synthesis. 
Choline is found predominantly in animal-derived 
foods such as beef, pork, poultry, eggs and fish, which 
are also sources of betaine. Plant products, such as nuts 
and broccoli, have lower levels of choline and contain 
only small amounts of betaine [66]. The adequate 
intake (AI) of choline recommended by the (EFSA) 
has been set at 400 mg per day for adults. However, 
in a study conducted by Moreno Moreno [13], 
a therapeutic effect in AD patients was achieved after 
supplementation with 400 mg of choline alfoscerate 
(Alpha-GPC) three times daily, for 180 days.

URIC ACID

In many epidemiological studies, hyperuricemia has 
been recognized as an independent risk factor for 
cardiovascular diseases. However, uric acid (UA) may 
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also be beneficial due to its antioxidant properties, 
which may be particularly important in the context of 
neurodegenerative diseases [10, 54]. Besides its strong 
antioxidant properties, UA also acts as an iron chelator 
[1]. The use of UA should be analyzed with regard to 
the etiology of cognitive impairments.

It has been shown that in the case of AD and 
subcortical dementia syndrome of Parkinson’s disease, 
elevated serum UA levels inhibited the disease 
progression [10, 57]. Similar results were obtained in 
patients with mild cognitive impairment, but it should 
be emphasized that UA was a protective factor only 
if its levels were high long before AD onset. The 
protective effect against degenerative diseases was 
moderate but significant [70]. 

It has been shown that elevated levels of serum 
UA are associated with the progression of cognitive 
impairment in vascular or mixed dementia. Moreover, 
elevated UA can increase the risk of stroke and affect 
vascular cognitive impairment [57].

Diet affects serum UA concentration. Uric acid 
is the end product of purine metabolism. Purines are 
obtained from the breakdown of body proteins. They 
are found in meat, offal, fish, seafood, mushrooms and 
vegetables such as broccoli, Brussels sprouts, leek, 
green peas, cauliflower, corn, spinach, paprika, as well 
as in alcoholic beverages such as beer, vodka and wine. 
Products rich in fructose (honey and sweets) are also 
linked with elevated serum UA levels. Cruciferous 
vegetables, such as kale, savoy cabbage, red cabbage, 
napa cabbage, as well as legume seeds, pumpkin, green 
beans and some fruits such as melon and banana, are 
moderately high in purines. High consumption of 
dairy products and grains lowers blood UA levels. 
Some vegetables (beets, zucchini, white cabbage, 
lettuce, carrots, onions, tomatoes, cucumbers, potatoes, 
radishes) and fruits (pineapple, gooseberries, peaches, 
kiwi, pears, oranges, grapes, sweet and sour cherries, 
and berries), as well as nuts and seeds have a similar 
effect. Hypouricemia is associated with a faster 
progression of cognitive disorders and is regarded as 
a marker of malnutrition [57].

CAFFEINE

Caffeine occurs naturally in coffee beans, cocoa and 
guarana, yerba-mate, tea leaves and Cola acuminata, 
as well as in 60 other plant species. Caffeine or its 
metabolites (guaranine, theine, methyltheobromine 
or methyltheophylline) are added to energy drinks. 
Caffeine is quickly absorbed by the gastrointestinal 
tract and it rapidly penetrates cell membranes and the 
blood-brain barrier (BBB). Its bioavailability is nearly 
100%. Caffeine is pharmacologically active within 
a few minutes after consumption and reaches peak 
plasma concentration after 40 minutes [15].

Caffeine, a psychoactive and neurostimulating 
substance and one of the main ingredients in coffee, 
can enhance cognitive activity in the elderly people. 
Caffeine stimulates the central nervous system and 
antagonizes adenosine A1 and A2 receptors, which 
affects the release of neurotransmitters (acetylcholine, 
dopamine and noradrenaline), increases the activity of 
dopamine, strengthens its affinity for the D2 receptor, 
and protects dopaminergic receptors against toxic 
factors. Nevertheless, many other mechanisms might 
also explain beneficial effects of caffeine. Studies 
carried out on animal models demonstrated that 
caffeine has strong anti-inflammatory and antioxidant 
properties, increases mitochondrial function and 
supports glucose metabolism. Consuming products 
rich in caffeine improves concentration, alertness, 
mood, cognitive and psychomotor functions, as well as 
physical performance. Moreover, coffee polyphenols 
have protective effects in the treatment of AD [15, 67].

In addition to its short-term effects, caffeine can also 
prevent cognitive impairment and dementia thanks to 
its neuroprotective and neuromodulatory properties. 
Experimental studies on animals demonstrated that 
caffeine decreases brain amyloid-β levels by inhibiting 
enzymes involved in amyloid-β synthesis. Moderate 
coffee intake, i.e., 5 cups per day (about 500 mg of 
caffeine), showed therapeutic effects in humans 
[3]. However, a study assessing cardiovascular risk 
factors, aging and dementia showed that daily intake 
of 3-5 cups of coffee in middle-age lowered the risk of 
dementia or AD by 64% in older age [10]. Moreover, it 
has been demonstrated that caffeine prevents memory 
impairment caused by hyperhomocysteinemia [2]. On 
the other hand, some studies reported no relationship 
between caffeine intake and improved cognitive 
functions or even its negative impact on cognitive 
performance [53, 67].

PROBIOTICS

Metabolites secreted by gut bacteria may affect 
cognitive performance of people with neurological 
diseases. It has been shown that changes in the 
composition of gut microbiota may influence 
depressive disorders as both an etiological and 
therapeutic factor. Beneficial properties of probiotic 
bacteria result from anti-inflammatory effect on 
the digestive system. Probiotics maintain intestinal 
barrier integrity, thereby preventing its permeability 
and leakage of pro-inflammatory substances from 
the intestinal lumen into the bloodstream (e.g., 
metabolites of pathogenic bacteria, food allergens). 
Released pro-inflammatory cytokines, interleukins 
and chemokines intensify the inflammation, which 
is associated with neurological diseases, including 
cognitive and depressive disorders [25, 42].
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It has been demonstrated that gut microbiota 
influences human brain function via the microbiome-
gut-brain axis. Gram-positive Lactobacillus brevis 
and Bifidobacterium dentium produce gamma 
aminobutyric acid (GABA), which is the main 
inhibitory neurotransmitter in the central nervous 
system responsible for decreasing corticospinal 
excitability during muscle relaxation. Postmortem 
examination of patients with AD showed a decreased 
GABA concentration in the frontal, temporal and 
parietal cortex as compared to patients without 
cognitive impairment. It has been shown that 
there is a correlation between GABA levels in the 
central nervous system and GABA receptors in the 
gastrointestinal tract [55].

Animal studies have shown that gut microbiota 
can alter the levels of neurotransmitter-related 
metabolites. Moreover, it has the ability to release 
other bioactive signaling molecules such as short 
chain fatty acids, catecholamines and serotonin. In 
turn, increased serotonin signaling is associated with 
reduced amyloid plaque formation, and thus with the 
lower risk of developing AD [55]. It has been shown 
that probiotics, particularly Lactobacillus spp., can 
improve synaptic plasticity, stimulate hippocampal 
neurogenesis by increasing the concentration of 
brain-derived neurotrophic factor (BDNF) and 
regulate the hypothalamus-pituitary-adrenal axis. 
Increased BDNF levels can reduce the expression of 
inflammatory cytokines, oxidative stress and the risk 
of malnutrition [61]. The correct balance of microbiota 
aids in proper absorption of nutrients. It has been 
shown that intestinal bacteria increase intestinal 
absorption of, e.g., PUFAs from the omega-3 family 
and polyphenols [23].

Probiotics supplementation can be used in the 
treatment of depressive disorders. An 8-week 
supplementation with Lactobacillus acidophilus, 
Lactobacillus casei and Bifidobacterium bifidum 
improved symptoms of depression as compared to 
placebo treatment. Patients also showed a significant 
reduction in inflammatory markers, insulin levels, and 
serum C-reactive protein. Moreover, authors observed 
increased glutathione concentration and improved 
insulin sensitivity [42].  

BRANCHED-CHAIN AMINO ACIDS

Evidence suggests that diabetes is a risk factor 
for AD, because altered insulin signaling impairs 
metabolism of lipids and branched-chain amino acids 
(BCAAs) in peripheral organs such as the liver and 
adipose tissue [33]. Therefore, patients with diabetes 
and AD have higher plasma BCAA concentration 
[47, 59]. Branched chain amino acids include valine, 
leucine, and isoleucine.

 Animal studies have shown that although 
leucine increases tau phosphorylation, it does not 
affect amyloid-β accumulation in nervous tissue 
[33]. Mice fed with BCAA-enriched diet displayed 
cognitive impairment and higher mortality, although 
their motor functions were not impaired. In contrast, 
mice on the low-BCAA diet showed higher cortical 
threonine and tryptophan levels (and hence serotonin) 
and performed better on the novel object recognition 
task [59]. Researchers suggest that excessive intake 
of BCAA inhibits transport of other amino acids to 
the brain, which can directly influence synthesis of 
different neurotransmitters [33]. 

It has been shown that impaired BCAA metabolism 
may contribute to the development of dementia and 
AD may increase the risk of diabetes. Therefore, 
plasma BCAA concentration is a potential biomarker 
for metabolic diseases in patients with AD [47].

Increased dietary intake of BCAA has been found 
to give the same results as supplementation. Meat, 
fish, eggs, brazil nuts and peanuts are particularly rich 
in BCAA. Smaller amounts of BCAA can be found in 
other nuts, legume seeds and soybean products like 
tofu or tempeh [46].

DIETS IN ALZHEIMER’S DISEASE

Mediterranean diet can be recommended for 
patients with AD. This dietary pattern characterized 
by the abundant consumption of whole grains, fruits, 
vegetables, pulses, fish, olive oil; moderate intake of 
dairy products and alcohol (mainly dry red wine); 
and low consumption of foods rich in saturated fatty 
acids, such as meat. This diet is rich in antioxidants, 
B vitamins and unsaturated fatty acids [43, 50]. It 
has been shown that Mediterranean diet not only 
reduces inflammation and oxidative stress, but is 
also associated with reduced loss of brain volume 
and slower progression of AD [4, 48]. In addition, it 
reduces the risk of cardiovascular disease, cancer, type 
2 diabetes, and metabolic syndrome. These diseases 
have a significant impact on the development of 
dementia, therefore their prevention is also an element 
of AD prevention [53, 60].

The Dietary Approaches to Stop Hypertension 
(DASH) diet shares similarities with the Mediterranean 
diet, as it also involves high intakes of fruits, 
vegetables, low-fat dairy products and whole grains, 
vitamins and antioxidants. In addition, DASH diet is 
rich in minerals such as potassium, magnesium and 
calcium, and emphasizes the limited intake of refined 
grain products, sodium and SFAs [53]. However, 
DASH diet is not effective in alleviating symptoms 
of AD; it only lowers the risk of disease occurrence. 
This diet prevents cardiovascular diseases such as 
arterial hypertension and has a beneficial effect on 
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the lipid profile [44, 48]. The positive effects of the 
implementation of the DASH diet are a consequence of 
its use for a long time, even before the first symptoms 
of dementia, and can only be used in the prevention of 
cognitive disorders [11]. 

A combination of the Mediterranean and 
DASH diets is called the MIND diet (MIND 
stands for Mediterranean-DASH Intervention for 
Neurodegenerative Delay). This diet is designed to 
improve cognitive performance and lower the risk of 
developing neurodegenerative diseases such as AD. 
In addition to DASH and Mediterranean diets, MIND 
diet emphasizes the consumption of food products 
that have a positive effect on brain function such as 
green leafy vegetables (spinach, kale, lettuce) and 
berries (strawberries, blueberries, blueberries and 
raspberries). These products should be eaten 6 times 
a week. Other food products recommended on the 
MIND diet include vegetables, nuts, pulses, whole 
grains, fish, poultry, olive oil, and red wine. On the 
other hand, the MIND diet encourages limiting the 
consumption of red meat, butter, margarine, cheese, 
sweets and fried foods. The above modifications to 
the diet turned out to be strongly correlated with the 
lower risk of cognitive disorders. The MIND diet is 
much more effective in preventing dementia than the 
Mediterranean diet and the DASH diet alone [26, 39]. 

SUMMARY

The diet of patients with AD should be balanced 
and provide the right amount of energy. Elderly 
people should know the principles of rational nutrition 
and remain independent for as long as possible, 
because this will help slow down the progression 
of the disease. For this reason, third parties should 
provide help only if necessary. The clinical value of 
antioxidants for the prevention of AD is ambiguous. 
Vitamins C and A do not inhibit the progression of 
cognitive disorders. Research on the protective effect 
of vitamin E is contradictory. However, research has 
revealed that curcumin not only prevents aggregation 
of new amyloid-β deposits, but also reduces the size 
of remaining ones. Vitamins B6, B12 and folic acid 
maintain a healthy nervous system and may be helpful 
in the treatment of AD. Supplementation should 
be considered with a physician if such amounts of 
vitamins cannot be supplied with the diet. Excessive 
intake of saturated fatty acids can aggravate cognitive 
disorders. On the other hand, consuming unsaturated 
fatty acids prevents cognitive decline. Hyperuricemia 
may prevent the development of dementia and 
alleviate the disease course of AD. Caffeine may 
protect against cognitive disorders and dementia 
due to its neuroprotective and neuromodulatory 
properties. Probiotics, particularly Lactobacillus 

spp., can improve synaptic plasticity, stimulate 
hippocampal neurogenesis, regulate hypothalamic-
pituitary-adrenal (HPA) axis and reduce the level of 
oxidative stress. High levels of BCAA may contribute 
to cognitive decline and higher mortality. However, 
a diet low in these amino acids may indirectly raise 
brain serotonin levels.

The Mediterranean diet not only reduces 
inflammation and oxidative stress, but is also 
associated with reduced loss of brain volume and 
slower AD progression. DASH diet has positive 
results if followed for a longer period of time, even 
before the first symptoms of dementia begin to appear, 
and therefore it can only be used as the prevention of 
cognitive decline. However, the MIND diet turned out 
to be much more effective in preventing dementia than 
the Mediterranean and DASH diets alone.
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ENVIRONMENTAL NOISE, ITS TYPES AND EFFECTS ON HEALTH 
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ABSTRACT
Noise can be defined as an undesirable sound that pollutes the environment. If noise is continuous and exceeds certain 
levels, negative effects on health can be observed. In recent years, the impact of environmental noise (road traffic noise, 
railway traffic noise, air traffic noise and industrial noise) on human health has come under increasingly intense scrutiny. 
Noise can cause a number of negative effects on health that directly or indirectly affect humans. The occurrence of some 
certain and harmful health effects drives the onset of others and may contribute to the development of various diseases. 
Health is not only a state of physical well-being, but also mental well-being. Mental health primarily depends on the 
quality of life, which can be affected by various environmental factors, such as noise. An important aspect of fighting noise 
is the most effective protection of the population by avoiding sources of noise and reducing it. This can be achieved by 
introducing new technical solutions and new technologies, including devices that generate less noise. Another important 
measure is educating the society and influencing the change of individual and collective behavior, which may contribute 
to reducing the harmful factor, which is noise in human life, and minimize the resulting negative effects on health.

Key words: sound, environmental noise, health aspects

STRESZCZENIE
Hałas jest to dźwięk niepożądany stanowiący zanieczyszczenie środowiska. Jeśli hałas występuje stale i przekracza ustalone 
poziomy można zaobserwować negatywne skutki zdrowotne. W ostatnich latach zaczęto badać coraz częściej wpływ hałasu 
środowiskowego (hałas drogowy, kolejowy, lotniczy czy przemysłowy) na zdrowie ludzi. Hałas może powodować szereg 
negatywnych skutków zdrowotnych, które działają na człowieka pośrednio lub bezpośrednio. Wystąpienie niektórych 
negatywnych i szkodliwych efektów zdrowotnych wpływa na pojawianie się kolejnych i może przyczyniać się do rozwoju 
różnych chorób. Zdrowie to nie tylko stan dobrego samopoczucia fizycznego ale również psychicznego. Zdrowie psychiczne 
zależy w dużym stopniu od komfortu życia, który może być zaburzony przez różnorodne czynniki środowiskowe takie jak 
hałas. Ważnym elementem walki z hałasem jest jak najefektywniejsza ochrona ludności poprzez unikanie źródeł hałasu 
oraz jego zmniejszanie. Może to być realizowane poprzez wprowadzanie nowych rozwiązań technicznych oraz nowych 
technologii w tym urządzeń emitujących mniej hałasu. Ważnym elementem jest również edukacja społeczeństwa oraz 
wpływanie na zmianę indywidualnych i zbiorowych zachowań, które mogą przyczynić się do ograniczenia czynnika 
szkodliwego jakim jest hałas w życiu człowieka i zminimalizować pochodzące od niego negatywne skutki zdrowotne. 

Słowa kluczowe: dźwięk, hałas środowiskowy, aspekty zdrowotne

SOUND

An acoustic wave (one of mechanical waves) is 
a disturbance that propagates in an elastic medium (e.g. 
in air, water or metal). Disturbances cause temporary 
changes in the density of a medium through which they 
are passing. This leads to local changes in the pressure 
of the medium. The propagation speed of a sound wave 
depends on the type of medium. In air, the speed is 
approx. 340 m/s, in water – approx. 1500 m/s, in iron – 
5100 m/s (rubber – 17-30 m/s, diamond – 18000 m/s). 

The speed of sound in a medium depends not only on 
the density but also on the coefficient of stiffness:

where:
v – the speed of sound in a given medium [expressed 

in m/s];
B – coefficient of stiffness [expressed in Pa];
ρ – the density of a medium in which the sound wave 

is propagating [kg/m2].
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The coefficient of stiffness for water is about 
10,000 times greater than for air, therefore the speed 
of sound is higher in water than in air. For a given 
material medium, the speed of sound propagation in 
it is constant (under certain conditions, for example at 
a certain temperature, salinity or humidity).

Acoustic waves cause audible sensations – sounds. 
Sounds belong to transverse waves – the particles 
of a medium oscillate in the direction of the wave 
propagation. They affect the hearing organ. Wave 
frequencies which elicit an auditory percept in humans 
range from about 16 Hz to about 20 kHz (the amplitude 
of sound pressure level from 2∙10-5 Pa to 20 Pa). Based 
on their frequency, sounds are divided into:
• infrasounds (frequencies below 16 Hz, inaudible to 

most humans);
• audible sounds (frequencies from about 16 Hz to 

about 20 kHz);
• ultrasounds (frequencies above 20 kHz, inaudible 

to most humans).
Sound features include:

• pitch, which depends on the frequency (the higher 
the frequency, the higher is the pitch);

• loudness, which depends on sound intensity;
• timbre.

Environmental noise, its types and effects on health 

Figure 1. Hearing thresholds for low frequencies measured by various tests in 1989-2001 [20]

Sound loudness depends on sound intensity (it 
is proportional to the decimal logarithm of sound 
intensity – ten times stronger sound intensity means 
twice the loudness). Logarithmic scale is used to 
determine the loudness of a sound. Sound intensity 
level is defined by the following formula:

 [B], 

where:
I – sound intensity;
I0 – reference sound intensity – a sound intensity value 

corresponding to the threshold of human hearing 
(I0 = 10-12 W/m2).

Sound intensity level is expressed in bels (B). Due 
to the fact that bels (B) are too large, the decibel (dB) 
unit has been adopted (decibels are ten times smaller). 
Sound intensity level in decibels takes the following 
form:

 [dB].

Examples of sound intensity and sound intensity 
levels are shown in Table 1.
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Table 1. Examples of sound intensity and sound intensity 
levels

Sound source
Sound 

intensity I
[W/m2]

Sound 
intensity 
level L

[dB]
Hearing threshold / whisper 10-12 0
Conversation 10-8 40
Scream 10-5 70
Pain threshold 100 120

There is no lower frequency limit at which 
a person cannot hear sounds. Along with decreasing 
frequency, human hearing registers sounds to an 
increasingly lower extent. Below 20 Hz (infrasound), 
human hearing can also register sounds. Below this 
frequency, the sounds sense by the human ear appear 
discontinuous. Below 10 Hz, pressure is felt in the 
ears. At sound levels above 20-25 dB with a frequency 
of 10 Hz, vibration may be sensed in some (lower) 
parts of the body (the posterior side of the body – loins, 
buttocks, thighs and calves). There may be a feeling of 
pressure in the upper parts of the body. Hearing levels 
for men and women are the same. These levels drop 
after the age of 50. There is evidence that humans can 
be particularly sensitive to certain sound frequency 
bands. Therefore, it may happen that these people are 
hypersensitive to noise levels well below permissible 
(limit) values   [20]. Figure 1 shows hearing thresholds 
for low frequencies measured by various tests in the 
years 1989-2001.

NOISE AND ITS TYPES

Evolution has shaped the perception of noise as 
a health hazard in human consciousness. Noise defined 
as undesirable sound is an environmental pollutant and 
cannot be neglected. People can get used to noise, but 
it is an individual matter. Adverse health effects can be 
observed when noise is continuous and exceeds certain 
established levels. Occupational noise is the most 
studied type of noise. In recent years, other types of 
noise have been investigated to an increasingly larger 
extent, including environmental noise: road traffic noise, 
railway traffic noise, air traffic noise, or industrial noise. 
These types of noise are associated with adverse health 
effects unrelated to the hearing organ. These include 
irritation, sleep disorders, cardiovascular diseases or 
cognitive impairment in children [2].

Noise is a major source of pollution not only for 
human physiology but also for the environment. 
According to the World Health Organization, 
exposure to noise levels exceeding 70 dB (A) for 
more than 24 hours has a negative impact on human 
health, causing a number of irreversible health 

effects, including hearing impairment. Such noise 
can cause anxiety to people living in its vicinity. 
Numerous studies prove that negative health effects 
occur in humans when the permissible noise levels 
are exceeded (e.g. increased blood pressure, sleep 
disturbances, increased anxiety). The main source of 
environmental noise is road traffic. Research shows 
that the road traffic noise levels depend on the type of 
surface (for asphalt it is lower, for concrete it is higher 
by about 6 dB (A)) [16].

Directive 2002/49/EC of the European Parliament 
and of the Council of 25 June 2002 relating to the 
assessment and management of environmental noise 
introduces indicators assessing exposure to noise 
throughout the year:
• Lden – day-evening-night noise indicator for overall 

annoyance, marked in Polish legal acts as LDWN ; 
• Lday – day-noise indicator for annoyance during 

the day period; the A-weighted long-term average 
sound level as defined in ISO 1996-2: 1987, 
determined over all the day periods of a year (time 
range from 6:00 a.m. to 6:00 p.m. in Poland), 
marked in Polish legal acts as LD ;

• Levening – evening-noise indicator for annoyance 
during the evening period; the A-weighted long-
term average sound level as defined in ISO 1996-2: 
1987, determined over all the evening periods of 
a year (time range from 6:00 p.m. to 10:00 p.m. in 
Poland), marked in Polish legal acts as LW ;

• Lnight - night-noise indicator for sleep disturbance; 
the A-weighted long-term average sound level as 
defined in ISO 1996-2: 1987, determined over all the 
night periods of a year (time range from 10:00 p.m. 
to 6:00 a.m. in Poland), marked in Polish legal acts 
as LN  [6, 26].
Two of them are applied in the Regulation of the 

Minister of the Environment of 14 June 2007 on 
permissible levels of noise in the environment – Lden 
(LDWN) and Lnight (LN). Indicators have been introduced 
to determine the exposure to noise during one day:
• LAeq D – the A-weighted equivalent continuous 

sound level measured during daytime (time range 
from 6:00 a.m. to 10:00 p.m.);

• LAeq N – the A-weighted equivalent continuous 
sound level measured at night (time range from 
10:00 p.m. to 6:00 a.m.) [24, 26]. 
The limitations related to the values   of sound 

intensity (noise) are separate for workplaces and places 
of permanent residence of people (e.g. residential 
buildings). This is mainly due to the dwell time. 
When it comes to workplaces, it is usually 8 hours 
a day. Working people are healthy. At places where 
people live, this time is much longer – exposure may 
be 24 hours a day. It turns out that sensitivity and 
tolerance to noise differ depending on the time of day 
(in the evening and at night tolerance is lower).
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There are differences in defining environmental 
noise. World Health Organization defines 
environmental noise as noise generated by all sources 
except workplace noise [2]. Directive 2002/49/EC of 
the European Parliament and of the Council of 25 
June 2002 relating to the assessment and management 
of environmental noise contains a more detailed 
definition of environmental noise. According to this 
Directive, environmental noise means undesirable or 
harmful sounds caused by human activity in the open 
air, including noise generated by means of transport, 
road traffic, railway traffic, air traffic, and noise 
originating from industrial activities [21].

Noise spreads in the environment, especially in 
highly urbanized places. It is associated with industrial 
development, transport and progressive urbanization. 
In the European Union, by 2014, about 56 million 
people living in areas of more than 250,000 inhabitants 
(more than half of the population) were exposed to 
road traffic noise exceeding Lden 55 dB, which poses 
a health risk [2]. At the end of 2019, it was estimated 
that around 82 million people were exposed to road 
traffic noise levels of at least 55 dB throughout the day 
in urban areas. The number of people exposed to road 
traffic noise outside urban areas is 31 million. When 
it comes to nighttime noise, the figures are 57 million 
and 21 million, respectively. This means that at least 
20% of the population is exposed to high levels of road 
noise during the whole day and 15% at night [8].

The second source of environmental noise in 
Europe is railway traffic noise. It is currently estimated 
that almost 22 million people are exposed to this 
type of noise exceeding 55 dB throughout the day – 
11 million people are exposed to railway traffic noise 
in urban areas, while the other half outside urban areas. 
About 9 million people are exposed to railway traffic 
noise exceeding 50 dB in urban areas at night, while 
8 million people outside urban areas. It is estimated 
that about 4% of the population is exposed to railway 
noise above the limit values   throughout the day, and 
3% of the population at night [8].

According to the aforementioned Directive of 
the European Parliament, air traffic noise is defined 
as noise caused by aircraft landings and take-offs in 
areas surrounding airports. Therefore, aviation noise 
affects a much smaller proportion of the population 
than road or railway noise. It is estimated that about 
3 million people are exposed to air traffic noise in 
excess of 55 dB throughout the day in urban areas; 
outside urban areas – about 1 million. As for nighttime 
noise, the figures are 1 and 0.5 million for urban 
and outside urban areas, respectively. These values   
represent a small percentage of the total European 
population. However, aircraft noise is an important 
source of noise, as it is considered more annoying than 
road or railway traffic noise [8].

Another type of environmental noise, industrial 
noise, is the least significant one, which affects human 
health to the lowest extent. It is estimated that about 
800,000 people living in urban areas are exposed to 
this type of noise exceeding 55 dB throughout the 
day and approximately 400,000 people are exposed to 
industrial noise exceeding 50 dB at night. Industrial 
noise affects 0.15% of the population in urban areas 
throughout the day and 0.08% of the population at 
night [8].

Prolonged environmental noise causes around 
12,000 premature deaths a year in Europe and 
contributes to around 48,000 cases of ischemic 
heart disease. 22 million people suffer from chronic 
high annoyance and 6.5 million people suffer from 
severe sleep problems. Due to the air traffic noise, 
12,500 school-aged children experience learning 
difficulties [8]. 

WEIGHTING CURVES

In order to bring the noise measurement results 
closer to the actual auditory sensation, taking into 
account the physiological sensitivity of the human 
ear (e.g. A-weighting curve), weighting filters were 
introduced. Literature and legal acts use dB(A) as the 
unit of sound intensity. This unit takes into account 
the subjective human perception of loudness and the 
sensitivity of the human ear to low frequency sounds. 
In this case – the so-called A-weighting curve. The 
shape of the A-weighting curve better defines the 
audibility of a given signal. The following weighting 
curves are used for different sound level values:
• A-weighting curve – for sound levels from 0 to 

55 dB (used for soft sounds, the most consistent 
with the sensitivity of the human ear; World Health 
Organization considers the curve inadequate for 
low-frequency noise, including infrasound. Noise 
in this range is underestimated, cut below a certain 
frequency – about 10 Hz);

• B-weighting curve – for sound levels from 55 to 
85 dB;

• C-weighting curve – for sound levels above 85 dB;
• D-weighting curve – for air traffic noise 

measurements. 
The weighting curves are shown in Figure 2 and 

Figure 3.
In the case of the G-weighting curve, it is suitable 

for infrasounds only; it strongly cuts the range of low 
frequencies (over 100 Hz), not including the audible 
range. C-weighting curve below the 10 Hz frequency 
value is similar to the G-weighting curve – it does not 
cut low frequencies. For higher frequencies, it acts 
as the A-weighting curve (the best solution when the 
noise contains audible and low-frequency components, 
including infrasound).

Environmental noise, its types and effects on health 
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Figure 2. Weighting curves [18]

Figure 3. Weighting curves [22, 23]

HEALTH EFFECTS OF NOISE

Noise as undesirable sound is the main cause of 
hearing loss. It can be caused by a single exposure to 
a high-intensity sound (e.g. a gun shot or explosion) 
or by prolonged exposure to a less loud noise (greater 
than 75-85 dB), e.g. environmental noise. Exposure 
to continuous noise throughout one’s life can lead 
to progressive hearing loss and increased hearing 
sensitivity threshold. Hearing damage caused by noise 
is a direct consequence of the impact of sound energy 
on the inner ear [25]. Noise-induced hearing loss is 
caused by the loss of the cochlear auditory cells – an 
anatomical part of the inner ear of mammals that is 
unable to regenerate [2]. 

Previous studies on the impact of noise on humans 
have shown that the harmfulness of noise depends 
primarily on its intensity level and is modified by 
such factors as frequency composition (noise at 
higher frequencies is more harmful, but noise at 
lower frequencies is more burdensome), variability 
over time (as time goes on, receptors lose their 
sensitivity to constant stimuli, but react to changes in 
stimulus parameters), and character (noise with tonal 
components and impulses is more bothersome than 
noise without such elements) [21, 25]. 

The noise emitted by wind turbines is quite specific. 
Low-frequency noise (100-500 Hz) constitutes a large 
share. In this range of frequencies the time generated 
by the turbines exceeds the hearing threshold. This 
type of noise is very specific – it has a modulated 
amplitude which is perceived by people as whistling 
or pulsating. High-frequency noise is more harmful, 
however low-frequency noise is more bothersome. 
The variation of noise coming from wind turbines in 
time further increases the annoyance. For humans the 
noise from wind turbines is more annoying (due to its 
specificity) than other types of noise (e.g. traffic noise) 
with the same sound intensity levels. Large wind 
turbines emit much more low frequency noise than 
small ones. The sounds generated by wind turbines 
come from the rotating mechanical parts of the turbine 
and the aerodynamic noise produced by the blades 
(interaction with air). The mechanical sounds of the 
rotating elements create a tonal and modulated noise. 
In modern wind turbines, these effects are minimized 
(due to technical progress) [4]. Permissible noise 
levels from wind turbines have been introduced in 
many countries around the world. Many countries 
have enacted legal regulations in which noise levels 
from wind turbines must not exceed 35-40 dB (A) or 
5 dB (A) above the background noise level (including 
Australia, France or England) [3]. There are no 
separate guidelines in Polish legal acts limiting noise 
from wind turbines in the environment (limit values). 
This noise is treated as audible noise (subject to the 
same restrictions).

In many countries, no attention is paid to 
environmental pollution caused by noise. Noise 
protection policies should take into account the most 
effective protection of the population through, inter alia, 
proper planning of residential building construction, 
new technologies and devices generating sounds 
of much lower intensity, insulation of residential 
buildings (soundproof screens, appropriate window 
glass) [1].

Environmental noise includes all unwanted 
sounds except those from the working environment. 
Environmental noise pollution, a form of air pollution, 
constitutes a threat to health and well-being. The 
noise is more acute and widespread than ever before 
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and will continue to increase due to population 
growth, urbanization, and the associated increase in 
noise sources. The increase in environmental noise is 
caused by increased road, railway and air traffic. Noise 
causes direct and cumulative adverse effects on health, 
causing real (economic) and non-material losses 
(e.g. well-being), disturbing sleep, concentration, 
communication, and recreation [10, 12, 13]. 

The evidence for the health effects of environmental 
noise is strongest with regard to irritation, sleep, and 
cognition in adults and children. Exposure to noise 
in the workplace is also somewhat associated with 
raised blood pressure. The effects of noise contribute 
to the deterioration of the quality of life more than 
having a direct impact on the development of the 
disease. The risk of developing a mental or physical 
illness related to environmental noise is low but 
likely. People can develop strategies to deal with 
noise exposure if they cannot eliminate it from the 
environment by moving away from its source. Noise 
might also be more harmful to health in situations 
where several stressors are affected simultaneously. 
The mechanisms of adaptation to long-term noise 
exposure require further research in this area. While 
there may be some adaptation to noise-induced sleep 
disturbance, habituation is not complete, especially in 
terms of heart rate. Most people exposed to chronic 
noise (e.g. air traffic noise) can tolerate it. However, 
surveys suggest that the high level of irritation does 
not decrease with time [25].

It is widely believed that noise interferes with 
communication and interferes with various human 
activities, causing irritation. In some cases, annoyance 
can lead to stress, followed by symptoms and illness. 
Noise can also have a direct effect on health (not 
through annoyance). The most common and well 
documented subjective response to noise is irritation, 
which can include fear and anger. In both road traffic 
noise and air traffic noise studies, it was found that 
noise level is a nuisance depending on the degree 
of exposure. Air traffic noise is most disruptive to 
talking, watching TV or listening to the radio, while 
road traffic noise, if it occurs at night, is most likely 
to affect sleep [25]. Disturbed sleep, in turn, may 
contribute to the occurrence of other negative health 
effects, e.g. it activates the body’s response to stress 
[1]. This is evidenced by research on the impact of 
noise on animals conducted in Poland. One study of 
40 geese at different distances from a wind turbine (50 
and 500 meters) looked at the blood levels of cortisol 
(an organic chemical substance produced by the 
cortex of the adrenal gland, also known as the stress 
hormone). During the above experiment, noise from 
wind turbines was measured. As the distance to the 
wind turbine increased (distance to the noise source), 
blood cortisol levels decreased. The level of cortisol 

increased with the increasing exposure of animals to 
noise [19]. These results are in line with other animal 
studies that indicate a negative effect of noise on 
animals. The proximity to the noise source may also 
contribute to the deterioration of the meat quality of 
farmed animals [13].

Extremely intense exposure to noise near the 
pain threshold causes increased secretion of cortisol 
from the adrenal cortex, while exposure to noise at 
levels from 90 to 100 dB (A) increases catecholamine 
(including adrenaline, noradrenaline and dopamine) 
[12]. Adrenaline is a hormone that regulates blood 
circulation. Noradrenaline mobilizes the brain and 
body to act. Its production is the lowest during sleep. It 
reaches high levels in stressful and distress situations 
(fight-or-flight response). In the brain, norepinephrine 
increases agitation and alertness but also anxiety and 
fear, the excess of which leads to anxiety disorders. In 
the rest of the body, noradrenaline increases heart rate 
and blood pressure. If activities such as conversation 
or recreation are disturbed by environmental noise 
exceeding the sound level Leq = 60 dB(A), there is also 
an increase in catecholamine. Road traffic noise at night 
above the sound level equivalent of Leq = 30 dB(A) 
and the maximum level Lmax = 55 dB(A) causes 
a significant, sharp elevation of cortisol, which 
transforms into a chronic increase when exposure to 
noise is repeated. In parallel to higher cortisol levels, 
a chronic increase in noradrenaline is also observed 
[12].

Environmental noise also causes sleep problems. 
These problems can lead to endocrine and 
metabolic perturbations as well as cardiovascular 
and psychiatric disorders in adults and children. 
During the day, people who are under the influence 
of environmental noise struggle with sleepiness, 
fatigue, irritation and mood changes [11]. Exposure 
to noise while sleeping can increase blood pressure, 
heart rate and body movement. Disturbed sleep may 
also have its adverse effects during the day. Research 
on noise reduction shows that by reducing noise, one 
can increase the amount of REM sleep (rapid eye 
movement sleep) and slow wave sleep. The amount 
of slow wave sleep, during which the body rests, is 
particularly important for human health. Metabolism 
is significantly reduced, blood pressure drops, 
breathing and heart rate slow down, the kidneys 
produce less urine, and food moves more slowly 
through the intestines. During this phase of sleep, 
hormones (such as the growth hormone) are released, 
cortisol (the stress hormone) levels are inhibited, 
glucose levels and cardiovascular functions are 
regulated. Experimental studies have shown that 
both sleep restriction and poor sleep quality also 
disturb the appetite and affect the immune processes 
[11].

Environmental noise, its types and effects on health 
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Research also reveals a strong association between 
noise exposure and cardiovascular disorders such 
as arterial hypertension, and the risk of myocardial 
infarction and stroke (which can also be caused by 
hypertension). Exposure to noise disrupts sleep, 
which in turn causes chronic and more serious health 
problems. In addition, noise activates the body’s stress 
response, which consequently initiates a number of 
other reactions in the body, mainly negative ones. The 
long-term effect of noise on stress hormones may be 
a mechanism that adversely affects the cardiovascular 
system [1].

The problem of coping with stress in children is 
much more serious than in adults. Childhood mental 
health problems can have long-term consequences 
in later school years and in the professional career. 
A study conducted by Lim et al. in 2018 found 
a corelation between noise sensitivity and emotions 
or behavior among children and adolescents. The 
research has shown that noise sensitivity has a worse 
impact on the mental health of children and adolescents 
in the low-income group. The relationship between 
noise sensitivity and problems was much smaller in 
the high-income research group [17].

SUMMARY

Noise can cause a number of negative effects on 
health that directly or indirectly affect humans. The 
occurrence of some negative and harmful health effects 
leads to others and may contribute to the development 
of various diseases [12, 13]. World Health Organization 
defines health as a state of complete physical, mental 
and social well-being and not merely the absence 
of disease or infirmity. This definition has not been 
changed by World Health Organization since 1948 
[5]. Health is not only observable physical symptoms 
(biomedical model) or functional human activity 
(socio-medical model). A very important element of 
health is the dimension of mental experiences [7]. 
Mental health depends to a large extent on the quality 
of life (avoiding stress, getting enough sleep), which 
can be disturbed by factors such as noise. Therefore, 
an important element of noise protection policy is the 
most effective protection of the population through (if 
possible) avoiding sources of noise and reducing it. 
This can be achieved by introducing new technical 
solutions and new technologies, including devices 
that generate less noise, the use of protection of 
residential buildings through soundproof screens, 
properly insulating windows or building materials, 
using appropriate surfaces, car engines that emit 
less noise, or appropriate tires. A very important 
aspect of fighting excessive noise is also educating 
the society and influencing the change of individual 
and collective behavior (listening to music through 

earphones, excessive sound level during recreation 
– at concerts, in cinema halls, during broadcasting 
of commercials on TV, and even in schools during 
breaks). These activities can effectively contribute to 
limiting the harmful factor, which is noise in human 
life, and minimize the resulting adverse health effects.
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ABSTRACT
Background. Human exposure to plastic and Bisphenol-A (BPA) is very wide in food or beverage containers and baby 
bottles that have contacted polycarbonate and epoxy resin. Currently a traditional beverage in Arabian culture is served 
in plastic cups instead of glass cups in different occasions
Objective. To evaluate the possible BPA leach from the grade 5 drinking coffee plastic cups into the coffee and whether 
the use of plastic cups instead of glass ones to serve hot Arabian coffee poses a health risk
Materials and methods. Oral administration of such coffee to three different groups of rats were undertaken. Each group 
consisted of 10 males and 10 females. The first group (G1) was gavaged 1.5 ml of hot water in glass cups. The second 
group (G2) was gavaged 1.5 ml of hot water in plastic cups while the third one (G3) was gavaged 1.5 ml of Arabian coffee 
in plastic cups. Serum concentrations of Bisphenol-A were measured 4 weeks later. Complete postmortem examination 
was conducted and representative tissue samples were subjected to histopathological evaluation.
Results. In the control group receiving water kept in a glass cup had 24 ± 2 µg/L serum concentration and the second 
group was 36 ± 4 µg/L while in the third group was 29 ± 6 µg/L.  No significant postmortem changes or histopathological 
findings were present in the studied animals.
Conclusions. Bisphenol-A can be leached from food-grade plastic cups into hot drinks within short period of time, posing 
a significant impact to public health.

Keywords: Arabian coffee, plastic, BPA, public health

INTRODUCTION

Bisphenol A (BPA) is a known endocrine disruptor 
that has been existing in our environment and it was 
first produced by A.P. Dianin in 1891 [18].  BPA is 
the common name for 2, 2-(4, 4′-dihydroxydiphenyl) 
propane, 4, 4′-isopropyllidenediphenol, alternatively  2, 
2′bis (4-hydroxyphenyl) propane, an organic compound 
with two phenol moieties. The main properties of BPA 
is low vapor pressure, moderate water solubility, and 
low volatility and also solid at room temperature [9]. 
In the 1940s and 1950s, a use for BPA was identified 
in the plastics industry as a building block for 
polycarbonate plastic [18]. Also a component of epoxy 
resins is used for dental materials and in the lining of 
food and beverage containers [18]. About 95% of BPA 
produced in industry is used to make polycarbonate 
and epoxy resins, with the remaining 5% used in 

a variety of products like drinking containers, plastic 
cups, eyeglasses, water pipes and medical equipment 
[9]. It had been shown that BPA was leached from food 
and beverage container, inhalation, house hold dust 
and dermal exposure  [15].

In Jordanian culture, as part of their tradition and 
hospitality, Arabian coffee is served for the guests 
especially in big social events where large number of 
people attend. It is used to be served in small cups 
made of glass. Nowadays, serving Arabian coffee in 
plastic cups instead of glass ones becomes a famous 
phenomenon. Furthermore, coffee is a traditional 
beverage in Arabian culture that is served as a very 
hot drink.

Many researchers had studied the effect of the most 
important component in plastic, which is BPA and 
found that it has several negative impact on the human 
health [11, 7, 4, 10]. People should think about this 
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and stained with Hematoxylin and Eosin stain (H&E). 
The prepared slides were examined microscopically 
for any significant histopathological lesion. 

BPA ELISA
Different concentrations of Rat BPA standard 

samples were added to corresponding wells (50 µl for 
each well). The blanks were set separately. A 40 µl of 
sample diluent was added to 10 µl of testing sample 
(final dilution of the sample is 5 folds) then HRP-
conjugate reagent 100 testing sample were added to 
each well except the blank. The samples were incubated 
at 37 °C for 60 min. ELISA plate was washed 5 time 
(20-fold wash solution diluted 20-fold with distilled 
water) then biotinylated Rat BPA antibody liquid was 
added to each well (100 µl for each). 50 µl chromogen 
solution A 50 µl and chromogen B were added to each 
well (also into blank well), Hatching in dark for 15 
min at 37. In order to stop the reaction, a 50 µl of stop 
solution was added and mixed well.  Absorbance was 
read at 450 nm within 10 min using Biotek PowerWave 
XS2 Spectrophotometer (Bio  Tek Instruments, Inc., 
USA). The test was repeated twice to ensure that the 
reported results were consistent each time. 

RESULTS

During the entire experiment, all rats within 
the different groups survived until the end of the 
experiments. No clinical abnormalities were noted. 
Neither water consumption nor feed intake was 
affected in any group in the experiment. Moreover, 
no differences in either the total body weight or body 
organ weight were present between the different 
groups. 

Complete blood count was determined in all 
samples and the results were summarized in Table 
1. No significant differences were found between 
all groups (P<0.05). It’s worth mentioning that the 
concentration of BPA was measured on coffee samples 
that were present in plastic cup and glass cup by ELISA 
prior to the administration to the animals. It was found 
that coffee in plastic cups contained 0.222 μg/L while 
those in glass contained 0.076 μg/L of BPA. Because 
of the small amount of BPA measured in the coffee 
samples in glass cups, the coffee was not considered 
as a potential source for BPA and hence a 4th group 
receiving coffee in glass cups was considered as 
redundant. 

Exposure assessment of Bisphenol A by drinking coffee from plastic cups

material and its risk because plastic materials are wide 
industry and had been produced in huge quantities 
worldwide [12]. This study was done to determine the 
BPA concentration that might leach from the plastic 
cups to the coffee and subsequently its concentration 
in the blood using rat model. Furthermore, the clinical, 
hematological and histopathological changes were 
reported. No such study was conducted to explore 
such effects experimentally. 

MATERIALS AND METHODS

Animals
The study protocol was reviewed and approved 

by the Institutional Animal Care and Use Committee 
(IACUC) of Jordan University of Science and 
Technology (JUST). Sixty western male and female 
rats weighing around 250 grams were used. The 
rats were housed in standard cages in the animal 
house at JUST. The rats were acclimatized to the 
working environment for one week before starting the 
experiment

Experiment Design
The rats were divided into three groups each group 

consist of 10 male and 10 females, group 1 (G1) was 
gavaged 1.5 ml of hot water in glass cups, group 2 (G2) 
was gavaged 1.5 ml of hot water in plastic cups and 
group 3 (G3) was gavaged 1.5 ml of Arabian coffee in 
plastic cups.

The coffee preparation was done by dissolving 
30-gram coffee powder in 100 ml distilled water and 
prepared daily then were poured into the cups. The 
coffee stayed in the plastic cups for 10 seconds and 
then transferred to glass cups to get cold in order to 
gavage it to the rats. The used plastic cups were of 
food grade plastic number 5.

Sampling 
At the end of the experiment, blood samples from 

different animal groups were collected in plane and 
EDTA tubes. Complete blood count (CBC) were 
determined for all collected samples. The sera were 
collected and kept in deep freeze (-70 °C) for 4 
weeks for BPA analysis. All rats were humanly killed 
according to the regulation of JUST- IACUC. Each rat 
was examined grossly. Liver and kidneys from each 
animal were weighed. Representative tissue sections 
from the lungs, hearts, livers, spleens, kidneys, 
adrenal glands gastrointestinal tracts and pancreases 
were taken and fixed in 10% formalin for 24 hours. 

Tissue fixation 
Fixed tissues were processed routinely in 

a histokinette processor then embedded into paraffin 
blocks. A 5µm thick section was made from each tissue 
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Table 1. Complete blood count for tested samples G1, G2 
and G3. The results are presented as mean ± SD

G1 G2 G3
WBC×103/µl 9.23± 1.77 8.90±2.11 10.375±2.72
RBC×106/µl 8.09± 0.48 8.32±0.92 8.382±0.5

HB g/dl 15.78±0.7 16.42±  1.3 16.04±0.76
HCT % 43.4±1.89 45.32±3.13 44.69±2.22
MCV fl 53.19±1.89 54.93±  1.89 53.37±1.76
MCH Pg 19.53±0.75 19.81±1.09 19.171±0.76

MCHC g/dl 36.74±0.65 36.42±0.79 35.911±0.50
PLT×103/µl 891.73± 64.69 856.62±63.26 877.45±71.92

G1 – hot water in glass cups, G2 – hot water in plastic cups, 
G3 – coffee in plastic cups

Postmortem examinations revealed no 
significant differences between different groups. 
Morphologically, different organ systems in the entire 
groups failed to express any significant gross changes. 
The histopathological examinations of liver, kidneys, 
lungs, pancreas, intestines, adrenals and brain showed 
no significant histopathological findings between 
different groups. All examined tissue sections were 
within normal limits.

Serum samples from different groups were 
analyzed for the presence of BPA using ELISA. It 
was found that the concentration of serum BPA in the 
treatment groups was significantly higher that their 
normal counterparts. Table 2 represents the mean 
± SD of BPA serum concentrations treatment and 
control groups. 

Table 2. Serum BPA concentration of rats in tested samples  
G1, G2 and G3. The results are presented as mean ± SD  (in 
µg /L ) 

G1
(µg /L)  

G2
(µg /L)  

G3
(µg /L)  

23.88±1.92a 36.99±2.39bc 28.65±2.08b

a-c within the same row, 
means ± SD with different superscript are significantly 
different (p-value ˂ 0.05), G1 – hot water in glass cups, G2 
– hot water in plastic cups, G3 – coffee in plastic cups

DISCUSSION

In our daily life, we are exposed to plastic through 
food or beverage containers that have contacted with 
polycarbonate and epoxy resin. Once the foodstuffs 
contacted the internal plastic surfaces, different 
chemical substances, including BPA, might migrate 
from plastic constiutents into the food and subsequently 
into our bodies [3]. This study was undertaken because 
a famous phenomenon was noticed in Jordan which 
was drinking Arabian coffee in disposable plastic cups 
instead of glass ones. Moreover, Arabian coffee is 

a traditional beverage in Arabian culture. It is served 
in big occasions and hence large numbers of people 
is exposed to possible health risks of such drift from 
glass to plastic, this study was conducted to measure 
the BPA concentration that migrated from plastic cups 
to the hot drinks and subsequently to our bodies.

In 1988, the Society of the Plastics Industry 
(SPI) for proper recycling and disposing established 
a classification system for different types of plastic 
[13]. A code system was generated according to 
their properties, usage and safety. Presence of an SPI 
number on the bottom of the package indicates only 
that the package is manufactured from a certain resin 
type. In the current study the plastic cups were marked 
with an SPI code of 5 indicating that they are made of 
polypropylene (PP). Its resistance to heat and chemicals 
characterizes this type of plastic. In this study, it 
was found that the concentration of BPA in Arabian 
coffee that was poured in the plastic cups prior to the 
administration to the animals was 0.222 μg/L while 
those in glass cups contained 0.076 μg/L of BPA.  The 
results indicated that the plastic cups used despite of 
its SPI code of 5 could not withstand heat and BPA 
was migrated from these cups to their content within 
short period of time.  The amounts of BPA migration 
depend significantly on temperature and time [8, 5]. 
It was reported that plastics identified by codes 1, 2 ,4 
and 5 do not use BPA in their manufacturing process 
and these codes were considered as a safest choice for 
food use[20].  However, in this study BPA was leached 
from the plastic cups to their content. This result 
indicated that SPI cod 5 in those plastic cups contained 
BPA in their manufacturing processes and should not 
be rendered for hot beverage usage or considered as 
a safe alternative for glass cups. In human, the main 
routs of BPA exposure are ingestions, inhalation and 
skin absorption [19]. Furthermore, after 90 days of the 
conducted experiment, it was found that the serum 
concentration of BPA in hot Arabic coffee or water 
poured in plastic cups groups were significantly higher 
than the control groups. This result confirmed that 
BPA was leached from the examined plastic cups and 
was reached to the animal’s circulations. In another 
study conducted by Kubwabo et al. [12], it was found 
that BPA was migrated from plastic baby bottle into 
water when exposed to different temperatures due to 
the hydrolysis of plastic bottles polymer by hot water 
aging. The authors found that BPA concentration were 
0.12 μg/L at 40 °C and 1.77 μg/L at 60 °C. Moreover, 
when the baby bottles filled with water and heated to 
100 °C during three microwave cycles, it was found 
that the concentration of BPA in water was ranged 
from 0.7 to 50.1 μg/L [12].

The concentrations of serum BPA were speculated 
to be lower than the measured ones.  In this study, the 
control group had a considerable amount of serum 
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BPA (24 ± 2 µg/L) despite the negligible amount of 
BPA (0.08 μg/L) in water that was gavaged to the rats. 
It is believed that the source of serum BPA was due to 
contamination since serum BPA was not determined 
directly. That contamination might happen after sera 
collection during storage. The serum samples were 
kept in plastic tubes for a month in deep freeze. It had 
been documented that leaching of Bisphenol-A from 
plastic storage containers with a leaching rate 40-fold 
higher into sheep plasma as compared to water [16].  
The same authors suggested that suggested that BPA 
might be highly soluble in body fluid more than that 
of water [16]. 

In this study, the concentration of BPA in the serum 
of rats receiving hot water versus coffee both from 
plastic cups varied significantly. The concentration of 
BPA in the serum of rats receiving hot water in plastic 
cups (36 ± 4 µg/L) was significantly higher than those 
received coffee in plastic cups (29 ± 6 µg/L). This 
difference could be attributed to the diuretic effect of 
the coffee since some of the BPA is excreated in urine. 
In rats, it was found that 6–8% of the administered 
BPA was recovered in urine [14].

The histopathological studies considered as very 
important indication for different pollutants effect and 
health status of population. Meanwhile, the current 
study showed no histopathological changes within 
the examined tissue related to BPA. No significant 
difference was seen between different groups. Similar 
results were obtained after 90-day and long-term 
oral studies in rats and mice. In those studies, no-
observed-adverse-effect level of 25 mg/kg bw/day was 
reported related to Bisphenol-A administration  [17]. 
In human, it was reported that BPA did not pose any 
health risk to differet age groups including eldery and 
prenatal when they exposed to BPA at 4 μg/kg bw/day 
level of exposure [2]. In contrary to this study, severe 
vacuolization  in glomerular capillary with necrosis in 
the epithelial cells linings of the glomeruli and renal 
tubule in BPA treated groups in comparison with their 
control counterparts were reported [1, 6]. 

CONCLUSIONS

In conclusion, BPA could be found in food graded 
plastic and could not withstand the heat and as a result 
BPA could leach from the plastic into its content and 
consequently to the body. Furthermore, despite of lack 
of histological changes in the examined animals, that 
will not negate the impact of BPA in the body. This 
study showed that plastic poses a public health risk; 
therefore, a special consideration must be taken to 
minimize or prevent drinking hot beverages in plastic 
cup. Further studies are needed to investigate the effect 
of BPA on public health.
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ABSTRACT
Background. Lifestyle factors are the key determinants of health. Diet exerts the great influence on the weight to height 
ratio and the body fat percentage. In addition to total energy intake, the type and quality of the diet can also play a role in 
the etiology of obesity in susceptible individuals.
Objective. Aim of this study was to identify the dietary patterns of the Polish population and to determine the associations 
between these characteristics and body composition parameters. This study presents the clustering of dietary models and 
body composition to determine the association of these dietary patterns with BMI, physique rating (body type) or visceral 
fat. 
Material and methods. The sample consisted of 402 respondents aged 18 to 65. Nutrition models were identified with 
cluster analysis. Logistic regression modelling with adjustment for confounders was applied. Three dietary-lifestyle 
patterns were identified. 
Results. Individuals belonging to the processed food model were at significantly higher risk of overweight and obesity 
expressed by BMI scores (OR=1.55; 95%CI: 1.26-1.89). The average BMI score was 28.19 ± 3.45 kg/m2 in the processed 
food model, 23.78 ±2.21 kg/m2  in the control group, and 22.17 ± 2.69 kg/m2 in the healthy nutrition model. Respondents 
belonging to the processed food model were also characterized by considerably higher body fat percentage (OR=1.89, 
95%CI: 1.37-2.34) and higher visceral fat levels (OR=2.12; 95%CI: 1.42-2.34). Frequent intake (at least several times a 
week) of sweetened carbonated or non-carbonated beverages (p=0.002) and instant foods (p=0.006) were the main factors 
associated with the risk of higher body fat percentage and higher visceral fat levels.
Conclusions. Dietary patterns have been proposed as a solution to investigating the association between food choice and 
body composition, and such studies focus on analyses of the entire diet, rather than on the intake of individual nutrients 
or food groups. 

Keywords: dietary patterns, cluster analysis, body composition, BMI, body mass index, visceral fat level

STRESZCZENIE
Wprowadzenie. Czynniki związane ze stylem życia mają kluczowe znaczenie dla zdrowia. Dieta wpływa na masę ciała, 
a także na wartość BMI i procent tkanki tłuszczowej. Oprócz całkowitego spożycia energii, rodzaj i jakość diety może 
również odgrywać rolę w etiologii otyłości.
Cel. Celem pracy była identyfikacja wzorców i profili żywieniowych polskiej populacji oraz określenie związków między 
tymi cechami a parametrami składu ciała. Badanie przedstawia poszukiwanie związku wzorców żywieniowych z BMI, 
oceną budowy ciała (typem ciała) lub trzewną tkanką tłuszczową.
Materiał i metody. Próba składała się z 402 respondentów w wieku od 18 do 65 lat. Modele żywienia zidentyfikowano za 
pomocą analizy skupień. Zastosowano modelowanie regresji logistycznej z dostosowaniem do czynników zakłócających. 
Zidentyfikowano trzy wzorce żywieniowe i stylu życia.
Wyniki. Osoby należące do modelu żywności przetworzonej miały istotnie wyższe ryzyko nadwagi i otyłości wyrażone 
w wynikach BMI (OR = 1,55; 95% CI: 1,26-1,89). Średni wynik BMI wyniósł 28,19± 3,45 kg/m2 w modelu żywności 
przetworzonej, 23,78 ± 2,21 kg/m2 w grupie kontrolnej i 22,17±2,69 kg/m2 w modelu zdrowego żywienia. Respondenci 
należący do modelu żywności przetworzonej charakteryzowali się również znacznie wyższym procentem tkanki 
tłuszczowej (OR = 1,89; 95% CI: 1,37-2,34) oraz wyższym poziomem trzewnej tkanki tłuszczowej (OR = 2,12; 95% CI: 
1,42-2,34). Częste spożywanie (co najmniej kilka razy w tygodniu) słodzonych napojów gazowanych lub niegazowanych 
(p = 0,002) oraz produktów instant (p = 0,006) było głównymi czynnikami związanymi z ryzykiem zwiększonej 
zawartości tłuszczu w organizmie i wyższego poziomu tłuszczu trzewnego.
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Wnioski. Wzorce żywieniowe zostały zaproponowane jako rozwiązanie do badania związku między sposobem żywienia 
i wyborem żywności a składem ciała. 

Słowa kluczowe: wzorce żywieniowe, analiza skupień, skład ciała, BMI, poziom tłuszczu trzewnego

INTRODUCTION

Lifestyle factors are the key modifiable determinants 
of health. Diet exerts the great influence on the 
weight to height ratio and the body fat percentage. In 
addition to total energy intake, the type and quality 
of the diet can also play a role in the etiology of 
obesity in susceptible individuals. High-fat diets can 
lead to excessive calorie intake, and they can induce 
metabolic changes that promote the deposition of 
adipose tissue [2,15]. An individual’s lifestyle changes 
in various stages of life, and eating habits can play 
a positive or a negative role in ageing processes and 
the functioning of bodily tissues, organs and the entire 
body. Excessive body weight has been associated with 
various chronic diseases, including cardiovascular 
disease, diabetes, many forms of cancer and numerous 
musculoskeletal problems [13]. Overweight and 
obesity can increase the risk of many health problems, 
including diabetes, heart disease, and certain cancers 
[38]. The regional distribution of body fat may be of 
greater consequence than overall body fat. Excess 
visceral fat in the abdominal cavity is associated with 
a higher risk of multiple metabolic complications, 
chronic diseases and mortality [9, 20, 21, 31]. Dietary 
guidelines provide evidence-based information on 
food choices to reduce the risk of chronic diseases, 
such as obesity. The assessment of eating habits based 
on dietary patterns emerged as an alternative method 
in nutritional epidemiology research, and it is justified 
by the fact that people do not eat certain foods or 
nutrients in isolation, but rather in combination during 
meals. Food products contain various combinations of 
nutrients and other compounds that deliver synergistic 
effects. The aim of research studies investigating 
dietary patterns is to identify food combinations that 
offer the greatest health benefits or are deleterious to 
health [12, 27]. The relevant studies search for the 
associations between dietary patterns and the risk 
of developing diet-related diseases. Haq et al. [14] 
analyzed the body composition, dietary patterns 
and the associated factors in students of the Nanjing 
Medical University in China. Egg et al. [8] searched for 
possible correlations between three dietary patterns 
and the risk of overweight/obesity and higher body 
fat percentage. A study conducted in New Zealand 
demonstrated that analyses of dietary patterns are 
a useful tool for assessing the links between diet and 
metabolic health [17]. Dietary patterns have not been 
studied extensively in Polish adults to date. 

Therefore, the aim of this study was to identify 
the dietary patterns and nutrient profiles of the Polish 
population and to determine the associations between 
these characteristics and body composition parameters 
which are regarded as significant risk factors for 
lifestyle diseases.

MATERIAL AND METHODS

Study design and participants
The study was performed on 402 respondents 

aged 18 to 65. The subjects were the patients of 
outpatient clinics (where general medical practice is 
run by general practitioners and where the invitation 
to participate in the study was posted) and a nutrition 
clinic of the Lublin University of Life Sciences, as well 
as university students residing in dormitories in the 
Polish voivodeships of Świętokrzyskie and Lubelskie. 
The study was conducted between 22 February and 31 
June 2019. The inclusion criteria were: minimum 18 
years of age, good overall health (absence of chronic 
diseases and diet-dependent diseases that require 
specialist treatment or an elimination diet), consent 
to participate in a body composition analysis and 
complete a questionnaire. The exclusion criteria were 
as follows: epilepsy, implanted pacemaker, pregnancy. 
All participants signed written informed consent 
forms to participate in the research. The study was 
conducted in two stages. 

In the first stage, the participants filled out 
a questionnaire and received instructions on how to 
prepare for a bioelectrical impedance analysis (BIA). 
The respondents completed a printed questionnaire 
without assistance. The mean completion time was 34 
± 11 minutes. Each of the participants was informed 
with the measurement procedure, explained the 
possible risks. To prepare for the BIA, the participants 
were asked to:
• refrain from consuming alcohol and caffeine for 24 

hours before the exam,
• avoid strenuous physical exercise for 12 hours 

before the exam,
• consume the last meal of the day not later than 4-6 

hours before the exam
In the second stage of the study, the participants 

underwent a BIA on the agreed date to ensure that the 
above requirements were met (Figure 1).

Body composition analysis
The body composition analysis was conducted 

with the Tanita BC-545n segmental body composition 

Dietary patterns and body composition parameters in the Polish population
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monitor which measures 10 parameters. The monitor 
has 8 electrode sensors (4 sensors in the foot platform 
and 4 sensors in hand-held grips), and it measures 
body fat percentage and muscle mass in each body 
segment (right and left hand, right and left leg, trunk 
area). The monitor relies on the BIA technology which 
is deployed in professional Tanita equipment. 

Tanita BC-545N measures the following body 
parameters: body mass (in kg),  body fat (percentage), 
muscle mass (in kg), total body water (in %), physique 
rating (body type), visceral fat, Body Mass Index  
(kg/m2), basal metabolic rate.

The measurements are performed with an accuracy 
of: body mass: 100 g, body fat percentage: 0.1%, 
muscle mass: 100 g and total body water: 0.1%.

The measurements of body weight (kg) and height 
(cm) were taken according to International Standards 
for Anthropometric Assessment (2001), all recoded 
with a precision of 0.1 kg or 0.1 cm, respectively. 
All measurements were taken in light clothing and 
without shoes.

Evaluation of eating habits
The dietary patterns and eating habits of the 

respondents were evaluated with the Dietary Habits 
and Nutrition Beliefs (KomPAN) questionnaire for 
participants aged 16 to 65. The questionnaire is an 
extended version of the Eating Behavior Questionnaire 
(EBQ), and it was developed in 2014 by the Dietary 
Behavior Team of the Committee of Human Nutrition 
Science of the Polish Academy of Sciences [10]. 
The questionnaire is composed of three parts and 
45 validated questions. The first part explores the 
respondents’ eating habits; the second part investigates 
meal frequency; and the third part contains questions 
about the respondents’ lifestyle and physical activity 
levels.

The answers to the first two parts were used to 
identify three nutrition models. Based on a review of 
the literature [35-37], two indicators were proposed 
for assessing the quality of the respondents’ diets. 
The first indicator groups foods that deliver potential 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Figure 1. Sample collection 

614 participants completed the entire 
questionnaire 

164 participants did not complete the 
entire questionnaire and were excluded 

from the study 

21 respondents could not participate in 
the BIA for health reasons 

157 participants failed to prepare for the 
BIA according to instructions (the results 

were not reliable) 

34 participants did not  attend the BIA 
on the scheduled date 

778 persons were invited to participate in the 
study 

Total sample, n=402, respondents correctly completed the 
questionnaire and participated in the BIA 

Figure 1. Sample collection
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health benefits, and the second indicators accounts for 
unhealthy foods:
• Pro-Healthy-Diet-Index-10 (pHDI-10)
• Non-Healthy-Diet-Index-14 (nHDI-14)

The indicators were calculated by summing the 
consumption frequencies (times/day) of foods items in 
pHDI-10 and nHDI-14 groups (Table 1, Table 2). 

The consumption frequencies (times/day) of foods 
from both groups were summed up and expressed on 
a scale of 0 to 100 points to facilitate the interpretation 
of the results:

Consumption 
frequency

pHDI-10
healthy nutrition 

model

nHDI-14
processed food 

model
Low 0-33 0-33

Moderate 34-66 34-66
High 67-100 67-100

Potential relationships were also identified between 
the frequency of consuming specific food products 
(evaluated in part B of the KomPAN questionnaire), 
BMI and body composition.

Statistical analysis
Categorical variables were presented as a sample 

percentage (%) and continuous variables as medians 
with a interquartile range. The differences between 
groups were verified with a Chi2 test (categorical 
variables) or a Mann-Whitney test (continuous 
variables). Before statistical analysis, the normality 
of the distribution of the variables was checked with 
a Kolmogorov-Smirnov test.

Logistic regression modelling was applied to 
assess the adherence to chosen DP by summing the 
consumption frequencies (times/day) of foods items in 
pHDI-10 and nHDI-14 groups in respect to referent DP 
(control group).

Table 1. Food items with potential health benefits (pHDI-10) listed in the KomPAN questionnaire
Whole-grain bread
Barley groats, oat flakes, whole-grain pasta and other coarse grits
Milk (including flavored milk, hot or cold chocolate, milk-based coffee)
Fermented dairy beverages, including yogurt and kefir (plain or flavored)
Tvorog cheese (including cream cheese and tvorog-based desserts)
White meat, including chicken, turkey and rabbit
Fish
Legumes, including beans, peas, soybeans and lentils
Fruit
Vegetables
pHDI‐10 = total consumption frequency of 10 food groups (times/day; range: 0-20)

Table 2. Unhealthy food items (nHDI-14) listed in the KomPAN questionnaire
White bread, including wheat bread, rye bread, mixed wheat-rye bread, toast bread, baguettes, rolls
White rice, pasta and fine grits such as semolina and couscous
Fast food, such as French fries, hamburgers, pizza, hot dogs, melted cheese sandwiches 
Fried meat and fried flour-based products
Butter for spreading, frying and roasting.
Lard for spreading, frying and roasting
Ripened cheese, including processed cheese and blue cheese
Processed meats, including cold cuts and sausages
Red meat, including pork, beef, veal, mutton, lamb and venison
Sweets, including candy, biscuits, cakes, chocolate and muesli bars
Canned meats
Sweetened carbonated beverages such as Coca‐Cola, Pepsi, Sprite, Fanta, orange soda, lemonade
Energy drinks
Alcoholic beverages
nHDI‐14 = total consumption frequency of 14 food groups (times/day; range: 0-28)

Dietary patterns and body composition parameters in the Polish population
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The odds ratios (ORs) and 95% confidence intervals 
(95% CIs) were calculated. Crude and adjusted models 
were created. The significance of ORs was assessed by 
Wald’s statistics. The levels of statistical significance 
were set at P < 0.05 (*), P< 0.01 (**), P< 0.001 (***). 
Analyses were performed using Statistica software 
(version 13.1 PL; StatSoft Inc., Tulsa, OK, USA; 
StatSoft, Krakow, Poland).

RESULTS

Association between Body Composition and Eating 
Habits

Both minimum and maximum height and body mass 
were higher in male than in female subjects (p=0.002). 
Male respondents were also characterized by a higher 
BMI. Body fat percentage was minimum 27% in 50% 
of the female subjects, and it ranged from 13.1% to 
16.2% in every other male participant. Both minimum 
and maximum body fat percentage was lower in men, 
whereas women were characterized by significantly 
lower (p=0.001) visceral fat levels. Muscle mass and 
bone mass were higher in male subjects. Women were 
characterized by greater variations in body composition 
parameters. The descriptive statistics for the body 
composition analysis are presented in Table 3. 

The evaluated population involved both underweight 
subjects and individuals with excessive body mass and 
BMI higher than 30 (average BMI: 23±4 kg/m2). Healthy 
BMI values were noted in half of the studied population. 
Overweight and obesity were more prevalent in women 
aged 40-59 (p=0.001) and men aged 18-39 (p=0.006). 
BMI values were inversely proportional to the number 
of consumed meals (p=0.003) and directly proportional 
to the frequency of snacking between meals (p=0.001). 
The consumption of sweetened beverages and dairy 
desserts (cream cheese, sweetened dairy beverages 
and sweet snacks) daily or several times a day was 
significantly higher (p=0.002) in patients with a BMI 
of 25-30 kg/m2, whereas the consumption of salty 
snacks, cakes, fruit juice and sweetened carbonated 
beverages more frequently than several times a week 
was significantly higher (p=0.001) in individuals with 
a BMI higher than 30 kg/m2. Considerable variations 
in body fat percentage were observed in the studied 
population. Individuals with very low body fat 
percentage accounted for 11.6% of the surveyed men 
aged 18-39, whereas in 34.9% of the surveyed women 
aged 40-59, body fat levels were three times higher. The 
average body fat percentage in the analyzed population 
was similar to that reported by Elffers et al. [9].

Total body water was generally low in the studied 
population, and this parameter was differentiated by 
sex (Figure 2). Age was less negatively correlated with 
low total body water in men (p=0.001). The results 
were correlated with low or very low fluid intake Ta
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levels declared in the KomPAN questionnaire. Women 
were more likely to consume sweetened hot beverages 
(several times a day vs. several times a week, p=0.001) 
and vegetable juice (several times a week vs. 1-3 times 
a month, p=0.003) than men. The consumption of 
sweetened carbonated beverages was similar in both 
sexes, but differences were noted between age groups. 
Younger subjects (18-39) consumed carbonated 
beverages once a day or more frequently than 
respondents from the remaining age groups (p=0.003) 

who consumed carbonated drinks 1-3 times a month. 
Low fluid intake was also correlated with low water 
intake which ranged from several times a week to 
once a day. Water was most frequently consumed by 
young women with a BMI of up to 23.5 (p<0.05).

The studied population included individuals with 
minimum healthy BMI scores and excessive body fat 
percentage relative to muscle mass (hidden obesity), 
as well as individuals with maximum healthy BMI 
scores, and excessive body fat percentage and muscle 

  

Figure 2. Scatter plot of the relationship between total body water (%) and age in women and men

Figure 3. Scatter plot of the relationship between BMI values and physique rating

Dietary patterns and body composition parameters in the Polish population
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mass (Figure 3). The studied population included 
individuals with bone mass both below and above the 
recommended values. 

Physical activity was not correlated with physique 
rating. Higher levels of physical activity were not 
always correlated with lower BMI scores. The 
statistical analysis did not reveal correlations between 
higher levels of physical activity and BMI scores in the 
range of 21-25 kg/m2. The only exception was noted 
in the group of women aged 18-39, where physical 
activity undertaken more than 4-5 times a week was 
correlated with lower BMI scores (21.7 vs. 22.1 kg/m2 
in the overall female population) than in women from 

other age groups who performed physical exercise 
several times a week (average BMI of 22.9 kg/m2).

A strong positive correlation was observed between 
BMI (p=0.007) (Figure.4). An increase in body mass 
was accompanied by a rise in metabolic rate, and sex 
was not a differentiating factor. An increase in the 
respondents’ chronological age was accompanied by 
a rise in metabolic age (p=0.001).

Visceral fat was correlated with the respondents’ 
BMI scores (Figure.5). Visceral fat was most highly 
correlated with BMI scores in men aged 40-59 (average 
of 10.3, p=0.001) and women aged 40-59 (average of 
9.6, p=0.007). An analysis of the respondents’ eating 

 

Figure 4. Scatter plot of the relationship between metabolic age and BMI

  

Figure 5. Scatter plot of the relationship between visceral fat and BMI

M. Kostecka, M. Bojanowska, J. Kostecka, A. Ciołek



62 No 1

habits revealed that higher visceral fat was correlated 
with the consumption of ready-made meals and highly 
processed foods at least several times a week (p=0.001), 
sweets and sweet snacks once a day (p=0.003), and 
sweetened beverages several times a week (p=0.001). 
Male subjects aged 40-59 who consumed a large 

meal less than one hour before going to bed were 
characterized by higher visceral fat than men who 
ate the last large meal not later than two hours before 
going to bed (p=0.004).

Meal frequency was not correlated with body fat 
percentage (age 18-39: p=0.5421; age 40-59: p=0.5441; 
age 60-79: p=0.411). Body fat percentage was influenced 
by fat intake. The consumption of fats (oil, butter, 
margarine, other fats) was not correlated with body fat 
percentage (p=0.616) in the youngest respondents, but 
it was associated with higher body fat levels in subjects 
aged 40-59 (p=0.002) who consumed fats once daily / 
several times a day. Another analyzed dietary factor 
was the consumption of sweets and sweet snacks. In 
the studied population, the consumption frequency of 
sweets and sweet snacks (never → several times a day) 
was not correlated with body fat percentage. However, 
body fat levels were significantly higher (p=0.006) in 
men who ate sweets and sweet snacks several times 
a week / once a day. 

In the studied population, alcohol consumption 
was not correlated with body fat percentage. The 
only exception were women aged 18-39, where higher 
frequency of alcohol consumption was accompanied 
by a decrease in visceral fat (p=0.023).

The influence of health-promoting food products 
was also analyzed. The proportions of fruit and 
vegetables in the diet did not affect body fat levels 
regardless of the respondents’ sex and age. However, 
women aged 30-59 who consumed fruit and vegetables 
once a day /  several times a day were characterized 
by significantly lower visceral fat (p=0.001) and 
significantly lower BMI scores (21.4 kg/m2) relative to 
the overall female population (22.1 kg/m2) ( p=0.001).

The consumption of whole-grain products did not 
affect the analyzed body composition parameters. 
Lower body fat percentage was observed only in 

women aged 18-39 who consumed whole-grain 
products once a day / several times a day (p=0.002).

Association between Nutrition Models and Body 
Composition Parameters

The results of the questionnaire survey were used 
to identify three nutrition models (Table 4):

1. Processed food model (subjects who consumed 
white bread, ready-made meals, instant foods, 
fast foods, red meat, oil, sweets and sweet snacks, 
sweetened beverages and energy drinks more 
often than several times a week; respondents who 
consumed whole-grain bread, milk and fermented 
dairy beverages, vegetables, fruit, legumes and 
fish less than several times a week). This nutrition 
model was correlated with younger age (p=0.0032) 
and occupational status: university students 
(p=0.004). The respondents’ place of residence and 
sex were not the differentiating factors. 

2. Healthy nutrition model (respondents who 
consumed whole-grain products, vegetables, fruit, 
legumes, milk and fermented dairy beverages more 
than once a day; respondents who consumed white 
bread, ready-made meals, instant foods, fast foods, 
red meat, oil, sweets and sweet snacks, sweetened 
beverages and energy drinks less than several times 
a month). This nutrition model was correlated with 
the place of residence in cities with a population 
higher than 100,000 (p=0.001) and occupational 
status: employed (p=0.003). The respondents’ sex 
and age were not the differentiating factors. 

3. Optimal nutrition model (respondents who 
consumed ready-made meals, instant foods, 
fast foods, sweet and salty snacks several times 
a month; respondents who consumed whole-grain 
products, vegetables, fruit, fish, legumes, milk 
and fermented dairy beverages at least several 
times a week) which was regarded as the control 
group. This nutrition model was correlated only 
with sex, and women adhered to the optimal model 
significantly more frequently than men (p=0.002).

Table 4. Odds ratio (95% confidence interval) of body composition parameters in the identified nutrition models
Parameters Processed food model 

(vs. control group)
Healthy nutrition model 

(vs. control group)
BMI 1.55 (1.26-1.89)* 1.11 (0.79-1.28)

Body fat % 1.89 (1.37-2.34)** 0.76 (0.34-1.01)*
Total body water % 1.27 (0.84-1.51) 1.21 (0.87-1.54)

Muscle mass 1.12 (0.78-1.32) 1.19 (1.03-1.31)
Visceral fat 2.12 (1.42-2.34)*** 0.67 (0.31-0.89)**

Overweight/obesity and normal weight identified as BMI-for-age categorized with sex-specific cut-offs according to: 
overweight BMI ≥ 25 kg/m2, normal weight BMI = 18.5 to 24.9 kg/m2; 
Statistically significant: * p < 0.05; ** p< 0.01, *** p< 0.001

Dietary patterns and body composition parameters in the Polish population
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DISCUSSION

This study investigated the relationships between 
dietary patterns and body composition parameters 
which play an important role in evaluations of health 
and the risk of diet-dependent diseases. The aim of 
many research studies is to develop a quick screening 
test based on analyses of body composition parameters, 
body mass, BMI score and body fat percentage [19, 
22, 32, 33]. Dietary patterns have been proposed as 
a solution to investigating the association between food 
choice and body composition, and such studies focus 
on analyses of the entire diet, rather than on the intake 
of individual nutrients or food groups. An analysis of 
dietary patterns supports dietary assessments from 
a global perspective, and it favors the implementation 
of strategies that promote healthy eating habits and 
prevent nutrient-related diseases and conditions [5].

The statistical analysis confirmed that a nutrition 
model can influence body composition parameters. 
The healthy nutrition model was associated with 
a lower percentage of body fat (p<0.05; OR=0.76; CI95: 
0.34-1.01) and significantly lower visceral fat levels 
(p<0.01; OR=0.67; CI95: 0.31-0.89). Individuals with 
a healthy dietary pattern consumed raw vegetables 
/ fruit significantly more frequently (once a day / 
several times a day) than the respondents belonging to 
the processed food model (who consumed vegetables 
several times a week and fruit once a day). According 
to several systematic reviews, a higher intake of 
vegetables and fruit may be an effective strategy to 
control weight [1, 30], and vegetables play a particularly 
important role in weight control [25]. The consumption 
of potatoes, vegetable and mixed fruit-vegetable juice 
did not differ across age groups or nutrition models. 
The consumption of potatoes was significantly less 
frequent (one to three times a month; p=0.002) and 
the consumption of vegetable juice was significantly 
more frequent (several times a week; p=0.001) only 
in the group of women aged 18-39. According to some 
studies, frequent intake of potatoes, in particular 
French fries, is directly related with a higher BMI score 
[3]. In the presented study, women who ate potatoes 
one to three times a week had lower BMI scores than 
women who consumed potatoes several times a week 
and more often (p=0.003). Respondents belonging to 
the healthy nutrition model also consumed fermented 
dairy beverages such as yogurt, kefir and tvorog 
cheese significantly more often (several times a week/ 
once a day; p=0.003) than individuals belonging to the 
optimal nutrition model (several times a week) and the 
processed food model (1-3 three times per month)

Similarly to the study conducted by Torres-Costoso 
et al.  [34], where less than daily intake of milk was 
correlated with a significantly higher BMI score 
(p=0.006), the surveyed respondents who consumed 

milk and fermented dairy beverages at least once daily 
were characterized by lower BMI scores (22.12 kg/
m2) than those who ate dairy products several times 
a week or less often (BMI of 23.27 kg/m2; p=0.003). 
However, Chen et al. [6 ] demonstrated that dairy 
products, including yogurt, significantly contributed 
to weight loss, stabilization of BMI and a decrease 
in body fat percentage only when they were a part of 
a balanced diet with the appropriate energy content.

Whole grains are the key components of healthy 
eating patterns. Their low energy density and 
satiating effects are responsible for their potential 
role in weight control [11]. A meta-analysis of clinical 
trials conducted in 2013 revealed that whole grain 
consumption did not exert a significant effect on body 
weight [24]. According to Kristensen et al. [18] and 
Sadeghi et al. [28], the consumption of whole-grain 
products (according to dietary guidelines) did not 
influence the body fat percentage or fat-free mass. In 
the present study, the frequency of whole grain intake 
(barley groats, oat flakes, whole-grain pasta, other 
coarse groats, whole-grain bread) was not correlated 
with BMI and other body composition parameters 
(p>0.05). However, individuals who ate white bread 
(wheat, rye or wheat-rye bread, toast bread) less than 
once daily were characterized by lower visceral fat 
levels (p>0.05). In turn, the consumption frequency 
of white rice, pasta and fine groats was not correlated 
with body composition parameters. 

Individuals belonging to the processed food model 
were at significantly higher risk of overweight and 
obesity expressed by BMI scores (OR=1.55; 95%CI: 
1.26-1.99). The average BMI score was 28.19 ± 3.45 
kg/m2 in the processed food model, 23.78 ±2.21 kg/
m2 in the control group, and 22.17 ± 2.69 kg/m2 in 
the healthy nutrition model. Responds belonging to 
the processed food model were also characterized by 
considerably higher body fat percentage (OR=1.89, 
95%CI: 1.37-2.34) and higher visceral fat levels 
(OR=2.12; 95%CI: 1.42-2.34). Frequent intake (at 
least several times a week) of sweetened carbonated 
or non-carbonated beverages (p=0.002) and instant 
foods (p=0.006) were the main risk factors. Fast foods 
such as French fries, hamburgers and pizza which are 
energy dense and rich in saturated fatty acids and trans 
fats [16] significantly contributed to increase in the 
evaluated body composition parameters, in particular 
in men in all age groups (p=0.003) and in women aged 
40-59 who consumed these products on a daily basis 
(p=0.002). The association between frequent fast food 
intake and obesity was also demonstrated by Burgoine 
et al. (OR=1.51, 95% CI: 1.40-1.64) and other studies [4, 
7, 23, 26]. A study of the Spanish population revealed 
that fast food consumption more than once a week 
increased the risk of obesity by 129% [29]. A study 
conducted in the USA demonstrated that individuals 

M. Kostecka, M. Bojanowska, J. Kostecka, A. Ciołek



64 No 1

aged 18-39 who consumed fast food more than twice 
a week gained 4.5 kg over a period of 15 years and 
were characterized by higher visceral fat levels than 
subjects who consumed fast foods less than once 
a week [23]. 

Strengths and limitations
Unlike many nutrition studies which rely on BMI 

scores only, this study evaluated the dietary patterns 
of the examined population based on the results of 
a body composition analysis. The use of a portable 
body composition monitor enabled the researchers to 
reach a higher number of respondents. The validated 
KomPAN questionnaire was adapted to the Polish 
population aged 16-65, and it was used to assess the 
consumption of the most popular foods and beverages. 
The identified consumption frequencies were used to 
identify nutrition models that increase or decrease 
the risk of diet-dependent diseases, overweight and 
obesity.

The main limitation of the presented research 
was the high percentage of respondents who failed to 
prepare for the body composition analysis according 
to instructions. The percentage of respondents who 
did not complete the questionnaire correctly or did not 
answer all questions was also high. The influence of 
different types of physical activity and their duration 
on body composition was not analyzed. The inclusion 
criteria reduced the number of respondents potentially 
available for the trial; therefore, the results are limited 
to the subjects who participated in the study. Another 
possible limitation was that the phase of the menstrual 
cycle was not determined in female participants. 
The study did not account for the fact that the luteal 
phase is characterized by higher body mass and water 
retention, whereas the follicular phase is generally 
associated with the lowest body mass. In the future, 
these aspects should be considered when planning 
anthropometric measurements and body composition 
analyses. Despite these limitations, this is the first 
study to analyze the relationship between nutrition 
models and body composition in Polish adults. Further 
research involving a larger population sample is 
needed to validate the presented results. 

CONCLUSIONS

This study demonstrated that dietary patterns 
and nutrition models can be associated with body 
composition parameters. The respondents belonging 
to the healthy nutrition model were characterized 
by lower body fat percentage and significantly 
lower visceral fat levels. In contrast, the participants 
belonging to the processed food model were 
characterized by higher BMI scores, higher body 
fat percentage and higher visceral fat levels, which 

indicates that the consumption of processed foods 
can contribute to overweight and obesity. Physical 
activity was not correlated with the physique rating. 
Higher levels of physical activity were not associated 
with lower BMI scores. However, further research is 
needed to determine the impact of exercise duration 
and quality on body composition parameters.
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EATING BEHAVIOURS,  FREQUENCY OF CONSUMPTION  
OF SELECTED FOOD PRODUCTS, AND SELECTED ELEMENTS  
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ABSTRACT
Background. Proper nutrition and balanced physical activity have a beneficial effect on the growth and development of 
young athletes, supporting their endurance and health, which is particularly important in the period of adolescence.
Objective. Aim of this study was to assess eating behaviours, frequency of consumption of some food products and 
selected elements of lifestyle among young dancers, as well as to compare the age of the dancers and the assessed behavior.
Material and methods. The study included 198 dancers aged 10-15 years. An originally developed questionnaire was 
used as a research tool.
Results. The largest group of dancers (43%) spent on training up to 2 hours per week. The recommended 4-5 meals/day 
were consumed by 61.1% of dancers, with 87.4% of respondents having breakfast on a daily basis. The recommendations 
on the daily intake of several portions of fruit and vegetables were followed by 49% and 36.9% of dancers, respectively. It 
is observed, that the consumption rates of sweets increased, while the consumption rates of fruit decreased with dancers’ 
age. The consumption rates of packed lunch and afternoon snack increased, whereas the consumption rates of dinner 
decreased with an increasing number of hours spent training. 
Conclusions. Eating behaviours and the frequency of consumption of food products by young dancers can be described 
as varied. Their diet is characterised by regular consumption of meals and a correct frequency of consumption of most 
food products, including high intake of fruit and vegetables, yoghurt and kefir, as well as low consumption of fast food 
products. The selected elements of dancers’ lifestyle, such as sleep time and physical activity, are mostly correct.

Key words: lifestyle, nutrition, dancers

STRESZCZENIE
Wstęp. Prawidłowe odżywianie i zrównoważona aktywność fizyczna wpływają korzystnie na wzrost i rozwój młodych 
sportowców, wspierając ich wytrzymałość i kondycję zdrowotną, co jest szczególnie istotne w okresie dojrzewania.
Cel. Celem badań była ocena zachowań żywieniowych, częstości spożycia wybranych produktów spożywczych oraz 
wybranych elementów stylu życia młodych tancerzy, a także porównanie zależności pomiędzy wiekiem tancerzy 
a ocenianymi zachowaniami.
Materiał i metody. Badania przeprowadzono wśród 198 tancerzy w wieku 10-15 lat. Narzędziem badawczym był 
autorski kwestionariusz ankiety. 
Wyniki. Najliczniejsza grupa tancerzy (43%) przeznaczała na trening do 2 godzin tygodniowo. Zalecane 4-5 posiłków 
dziennie spożywało 61,1% tancerzy, śniadanie spożywało codziennie 87,4% z nich. Zalecenia kilkukrotnego spożywania 
owoców i warzyw a ciągu dnia przestrzega odpowiednio 49% i 36,9% badanych tancerzy. Obserwuje się, że wraz wiekiem 
tancerzy wzrasta częstość spożycia słodyczy, natomiast maleje częstość spożycia owoców oraz, że wraz z większą ilością 
godzin spędzanych przez tancerzy na treningu wzrasta częstość spożycia II śniadania i podwieczorku, natomiast maleje 
częstość spożycia obiadu. 
Wnioski. Zachowania żywieniowe oraz częstość spożycia produktów spożywczych przez młodych tancerzy można 
ocenić jako zróżnicowane. Ich sposób żywienia charakteryzuje się regularnością spożywania poszczególnych posiłków 
oraz prawidłową częstością spożywania większości produktów spożywczych, w tym wysokim spożyciem owoców 
i warzyw, jogurtów,  kefirów oraz niskim spożyciem produktów typu fast food. Wybrane elementy stylu życia, takie jak 
czas przeznaczony na sen oraz uprawianie aktywności fizycznej przez młodych tancerzy w większości są właściwe.

Słowa kluczowe: styl życia, odżywianie, tancerze 
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INTRODUCTION

Providing the right amount of food products that 
contain the nutrients the body needs, is an important 
part of the lifestyle of physically active people [1]. 
Despite the widely available knowledge about proper 
nutrition, some researchers point to improper eating 
behavior, which they often equate with a low level of 
knowledge of the studied group or the lack of reliable 
nutritional counseling [26].

Proper nutrition and balanced physical activity have 
a beneficial effect on the body, supporting endurance 
and health, which are particularly important in the 
period of adolescence [8, 38]. According to the World 
Health Organization, children aged 10-15 years need at 
least 60 minutes of daily physical activity of any form 
to maintain proper body shape, as well as physical and 
mental efficiency [22, 34]. Dancing is one of the forms of 
physical activity, which combines the awareness of body 
movement with musical sensitivity. As in other activities, 
also in this case the effort put into training is associated 
with increased energy expenditure, and thus the need 
for properly balanced diet. Having 5 meals daily at fixed 
times of day in between the training sessions, what is 
recommended by the Food and Nutrition Institute, is 
beneficial for the absorption of nutrients necessary for 
body functions [11]. The presence of various groups 
of products in the diet allows for optimal supply of 
these ingredients. According to the recommendations 
of the Pyramid of Healthy Nutrition and Lifestyle 
for Children and Youth, daily intake of vegetables 
and fruits, which contain antioxidant polifenoles and 
prebiotic fibre, is particularly important [27, 37]. In 
addition to fruit and vegetables, grain products, which 
also provide essential ingredients for blood formation 
(iron and folic acid), should be an important source 
of fibre [19]. Along with prebiotics, a balanced diet 
should provide probiotic bacteria, which are found, 
among other things, in yogurt and kefir, which improve 
digestion and show hypocholesterolemic effects [28]. 
The seeds of legumes, which are called superfoods due 
to their high content of vegetable protein, also play an 
important role in nutrition [31]. Animal meat, fish and 
eggs should be a source of wholesome protein in the 
diet [12]. Fish provide essential unsaturated omega-3 
fatty acids, which have anti-inflammatory activity 
when consumed at a recommended daily amount of 250 
mg, thus preventing cancer and cardiovascular diseases 
[29].

A properly composed diet excludes simple sugars 
and trans fats. Consumption of simple sugars disrupts 
satiety, which may result in compulsive eating 
and overweight, which in turn leads to diet-related 
diseases. Therefore, a diet with limited content of 
sweets and processed products rich in simple sugars is 
recommended [9]. Trans fats found in sweets and fast 

food products have destructive effects on blood vessel 
endothelial functions, cause lipid disorders, thereby 
contributing to the development of cardiovascular 
diseases [10]. A diet rich in products with high 
nutritional value has positive effects on the growth and 
development of young athletes, while the consumption 
of highly processed products may have negative effects 
on the body, leading to diet-related diseases [14, 16].

Young, active people are particularly vulnerable to 
the consequences of improper nutrition. Monitoring 
their lifestyle, including eating behavior monitoring, 
enables early detection of abnormalities [18].

The aim of this study was to assess eating 
behaviours, the frequency of consumption of selected 
food products and selected elements of lifestyle among 
young dancers, as well as to compare the age of the 
dancers and the assessed behavior.

MATERIALS AND METHODS

The study was conducted in winter 2020 among 
198 attending classes at dance clubs and ballet schools, 
living in Śląskie, Łódzkie and Świętokrzyskie 
provinces. There were 194 girls (98%) and 4 boys (2%), 
aged between 10 and 15 years, in the study group. 
Consent to participate in the study was obtained from 
the parents. 

An originally designed questionnaire including 
demographics and 17 questions on eating behaviours 
and physical activity was used as a research tool. 
The questionnaire was anonymous. The obtained 
results were collected and analysed using Microsoft 
Excel 2010 spreadsheet and Statistica 13 software. 
The results were presented for the total group and 
separately for the age groups: 10-12 years and 13-
15 years. The gamma coefficient was used to assess 
the relationships between consumption rates for 
selected products, meals and age, as well as between 
consumption rates for selected meals and the number 
of training hours per week. A p-value (p) <0.05 was 
considered statistically significant for all analyses.

RESULTS

The selected lifestyle elements are presented in 
Tables 1-3.

The largest group of dancers (43%) spent on 
training up to 2 hours per week, as indicated mainly 
by 10-12-year-olds. Older dancers usually spend 2-3 
hours training (Table 1). Swimming was the most 
common additional physical activity practised by the 
dancers, and it was more common among 10-12-year-
olds than 13-15-year-olds (22.7% vs. 19%). Only 16.7% 
of dancers engaged in no additional physical activity 
(Table 2). A total of 61% of dancers, including more 
10-12-year-olds than 13-15-year-olds (71% vs. 44%) 

Eating behaviours, frequency of consumption of selected food products, and selected elements...
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Table 1. Time spent on training per week

Number of training hours/age
10-12 age 13-15 age Total

n=119 % n=79 % n=198 %
Up to 2 hours 61 51.3 24 30.4 85 43
2-3 hours 31 26 28 35.4 59 30
4-5 hours 15 12.6 15 19 30 15
Over 5 hours 12 10.1 12 15.2 24 12

Table 2. Additional physical activity

Additional activity/age
10-12 age 13-15 age Total 

n=119 % n=79 % n=198 %
Running 16 13.4 11 14 27 13.6
Swimming 27 22.7 15 19 42 21.2
Cycling 9 7.6 10 13 19 9.6
Team sport 5 4.2 9 11 14 7.1
Gymnastics 24 20.2 10 13 34 17.2
Others, e.g. horse riding, acrobatics 21 17.6 8 10 29 14.6
No other physical activities than dancing 17 14.3 16 20 33 16.7

Table 3. Number of hours of sleep per day

Number of hours of sleep/age
10-12 age 13-15 age Total 

n=119 % n=79 % n=198 %
Less than 8 hours 32 27 44 56 76 38

8-11 hours 85 71 35 44 120 61
Over 11 hours 2 2 0 0 2 1

Table 4. Number of meals

Number of meals/age
10-12 age 13-15 age Total 

n=119 % n=79 % n=198 %
2 or less 1 0.8 3 3.8 4 2
3 44 37 16 20.3 60 30.3
4-5 66 55.5 55 69.6 121 61.1
More than 5 8 6.7 5 6.3 13 6.6

Table 5. The most frequently consumed snacks

Most frequently eaten snacks/age
10-12 age 13-15 age Total 

n=119 % n=79 % n=198 %
Vegetables or fruit 84 70.6 42 53.2 126 63.6
Sweets 10 8.4 24 30.4 34 17.2
Salty snacks 12 10.1 5 6.3 17 8.6
Others, e.g. nuts, yoghurts 7 5.9 7 8.8 14 7.1
I do not eat snacks in between meals 6 5 1 1.3 7 3.5

get the recommended number of sleep hours per day 
(Table 3).

Selected eating behaviours are shown in Tables 
4-10.

The recommended 4-5 meals/day were consumed 
by 61.1% of dancers, including 69.6% of older and 

55.5% of younger respondents (Table 4). Fruit and 
vegetables were the most frequently consumed snacks 
among dancers (63.6%), and were more common 
among 10-12-year-olds (70.6%) than 13-15-year-olds 
(53.2%) (Table 5).
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Table 6. Frequency of meals

Frequency of meals
10-12 age 13-15 age Total Frequency of 

meals/age
n=119 % n=79 % n=198 % gamma p

 I 
B

re
ak

fa
st Every day 103 86.5 70 88.6 173 87.4

0.06 0.59
Several times a week 14 11.8 8 10.1 22 11.1
Several times a month 0 0 0 0 0 0
Not consume 2 1.7 1 1.3 3 1.5

II
 B

re
ak

fa
st Every day 54 45.4 40 50.6 94 47.5

0.16 0.02
Several times a week 45 37.8 30 38 75 37.9
Several times a month 2 1.7 3 3.8 5 2.5
Not consume 18 15.1 6 7.6 24 12.1

D
in

ne
r

Every day 114 95.8 70 88.6 184 93

-0.24 0.08
Several times a week 4 3.4 8 10.1 12 6
Several times a month 0 0 0 0 0 0
Not consume 1 0.8 1 1.3 2 1

A
fte

rn
oo

n 
sn

ac
k

Every day 17 14.3 15 19 32 16.1

0.21 0.00
Several times a week 51 42.9 34 43 85 43
Several times a month 15 12.6 12 15.2 27 13.6
Not consume 36 30.2 18 22.8 54 27.3

Su
pp

er
 Every day 101 84.9 58 73.4 159 80.3

0.05 0.47
Several times a week 14 11.7 17 21.6 31 15.7
Several times a month 2 1.7 2 2.5 4 2
Not consume 2 1.7 2 2.5 4 2

Breakfast is consumed on a daily basis by 87.4% 
of respondents (including 86.5% of younger and 
88.6% of older dancers), whereas supper by 80.3% 
(84.9% and 73.4%, respectively) of respondents. 
Daily consumption of dinner was declared by 93% of 
respondents, including 95.8% of younger and 88.6% 
of older dancers. Packed lunch and afternoon snack 
are not consumed by 12.1% and 27.3% of respondents, 
respectively, as indicated by more younger than older 
respondents in both cases. The frequency of eating 
a second breakfast and afternoon snack increases with 
age. (Table 6).

The recommendations on the daily intake of several 
portions of fruit and vegetables were followed by 
49% and 36.9% of dancers, respectively, as indicated 
by more younger respondents in both cases. The 
frequency of fruit consumption decreases with age. 
Also, 36.9% of dancers, mainly older respondents, 
consumed vegetables once a day. Legumes are most 
often consumed at a frequency of several times 
a month (46.5%), as indicated by a higher number of 
older (57%) than younger (39.5%) dancers.

Bread was consumed on a daily basis by 92.4% 
of respondents, including 91.6% of younger and 
93.6% of older respondents, whereas rice and groats 
are consumed several Times a week by 57.6% of 
respondents, as indicated by a higher number of 
younger dancers (59.7% vs. 54.4%).

Fermented milk products, such as yoghurts and 
kefirs, are consumed several times a week by most 
respondents, as indicated by 43%, including 42% of 
younger and 44.3% of older dancers.

Fish is eaten several times a month by 55% of 
respondents, including 52.1% of younger and 59.5% of 
older dancers. This was the most frequently indicated 
answer among all dancers. Meat and meat products, 
such as lunch meats, on the other hand, are usually 
consumed several times a week, as declared by 44.9% 
of respondents (50.6% of older and 41.2% of younger 
respondents) (Table 7).

The majority of respondents declared that they 
consume sweets several times weekly (35.9%), with 
a similar percentage in both groups (36.1% of younger 
and 35.5% of older dancers). Everyday consumption of 
sweets was declared by 35.9% of respondents, including 
twice daily by 18.7% of dancers, as indicated mainly 
by older respondents in both cases. The frequency of 
consumption of sweets increases with age.

Fast-food products are most often consumed several 
times a month, as declared by 66.7% of respondents, 
with a similar percentage of younger and older dancers 
(66.4% and 67.1%, respectively) (Table 8).

Tea is most often consumed several times a day 
by 51.5% of respondents, including 54.6% of younger 
and 46.8% of older dancers. Milk and milk beverages 
are mainly consumed several times a week (40% of 
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Table 7. The frequency of consumption of selected products

Frequency of consumption
10-12 age 13-15 age Total Frequency of 

consumption/ age
n=119 % n=79 % n=198 % gamma p

Fr
ui

ts

Several times a day 61 51.3 36 45.6 97 49

-0.16 0.01
Once a day 41 34.4 26 32.9 67 34
Several times a week 15 12.6 14 17.7 29 14.5
Several times a month 2 1.7 2 2.5 4 2
Not consume 0 0 1 1.3 1 0.5

Ve
ge

ta
bl

es

Several times a day 50 42 23 29.1 73 36.9

-0.12 0.06
Once a day 40 33.6 33 41.8 73 36.9
Several times a week 24 20.2 20 25.3 44 22.2
Several times a month 4 3.4 2 2.5 6 3
Not consume 1 0.8 1 1.3 2 1

Le
gu

m
es

Several times a day 4 3.4 0 0 4 2

-0.1 0.12
Once a day 9 7.5 4 5.1 13 6.6
Several times a week 39 32.8 20 25.3 59 29.8
Several times a month 47 39.5 45 57 92 46.5
Not consume 20 16.8 10 12.6 30 15.1

B
re

ad

Several times a day 70 58.8 43 54.4 113 57.1

-0.03 0.70
Once a day 39 32.8 31 39.2 70 35.3
Several times a week 8 6.8 4 5.1 12 6.1
Several times a month 1 0.8 1 1.3 2 1
Not consume 1 0.8 0 0 1 0.5

R
ic

e 
/G

ro
at

s Several times a day 3 2.5 0 0 3 1.5

-0.13 0.06
Once a day 8 6.7 6 7.6 14 7.1
Several times a week 71 59.7 43 54.4 114 57.6
Several times a month 34 28.6 27 34.2 61 30.8
Not consume 3 2.5 3 3.8 6 3

Yo
gu

rt
s, 

ke
fir

s Several times a day 17 14.3 6 7.6 23 11.6

-0.06 0.32
Once a day 26 21.8 20 25.3 46 23.2
Several times a week 50 42 35 44.3 85 43
Several times a month 19 16 17 21.5 36 18.2
Not consume 7 5.9 1 1.3 8 4

Fi
sh

Several times a day 1 0.8 0 0 1 0.5

0.00 0.98
Once a day 0 0 1 1.3 1 0.5
Several times a week 39 32.8 15 19 54 27.3
Several times a month 62 52.1 47 59.5 109 55
Not consume 17 14.3 16 20.2 33 16.7

M
ea

t/ 
M

ea
t 

pr
od

uc
ts

Several times a day 21 17.6 9 11.4 30 15.2

0.07 0.24
Once a day 40 33.6 18 22.8 58 29.3
Several times a week 49 41.2 40 50.6 89 44.9
Several times a month 6 5.1 8 10.1 14 7.1
Not consume 3 2.5 4 5.1 7 3.5
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Table 8. Frequency of consumption of sweets and fast-food products

Frequency of consumption
10-12 age 13-15 age Total Frequency of 

consumption/age
n=119 % n=79 % n=198 % gamma p

Sw
ee

ts

Several times a day 20 16.8 17 21.5 37 18.7

0.2 0.00
Once a day 17 14.3 17 21.5 34 17.2
Several times a week 43 36.1 28 35.5 71 35.9
Several times a month 34 28.6 15 19 49 24.7
Not consume 5 4.2 2 2.5 7 3.5

Fa
st

 - 
fo

od

Several times a day 1 0.8 0 0 1 0.5

0.12 0.12
Once a day 2 1.7 2 2.5 4 2
Several times a week 7 5.9 6 7.6 13 6.6
Several times a month 79 66.4 53 67.1 132 66.7
Not consume 30 25.2 18 22.8 48 24.2

Table 9. Frequency of consumption of beverages

Frequency of consumption
10-12 age 13-15 age Total Frequency of 

consumption/age
n=119 % n=79 % n=198 % gamma p

Te
a

Several times a day 65 54.6 37 46.8 102 51.5

-0.13 0.05
Once a day 41 34.5 25 31.7 66 33.3
Several times a week 12 10.1 13 16.5 25 12.6
Several times a month 1 0.8 2 2.5 3 1.5
Not consume 0 0 2 2.5 2 1.1

M
ilk

 a
nd

/o
r 

m
ilk

 b
ev

er
ag

es Several times a day 12 10.1 8 10.1 20 10.1

0.02 0.76
Once a day 33 27.7 22 27.8 55 27.8
Several times a week 53 44.5 26 33 79 40
Several times a month 14 11.8 17 21.5 31 15.6
Not consume 7 5.9 6 7.6 13 6.5

C
ar

bo
na

te
 

dr
in

ks

Several times a day 3 2.5 1 1.3 4 2

0.04 0.47
Once a day 3 2.5 4 5.1 7 3.5
Several times a week 19 16 11 13.9 30 15.2
Several times a month 57 47.9 42 53.2 99 50
Not consume 37 31.1 21 26.5 58 29.3

Fr
es

hl
y 

sq
ue

ez
ed

 ju
ic

es Several times a day 13 11 2 2.5 15 7.6

-0.10 0.10
Once a day 25 21 13 16.5 38 19.2
Several times a week 45 37.8 28 35.4 73 36.9
Several times a month 30 25.2 30 38 60 30.3
Not consume 6 5 6 7.6 12 6

C
ar

to
n 

or
 b

ot
tle

 
ju

ic
es

Several times a day 10 8.4 7 8.9 17 8.6

-0.05 0.42
Once a day 13 10.9 11 14 24 12.1
Several times a week 33 27.7 24 30.3 57 28.8
Several times a month 54 45.4 27 34.2 81 40.9
Not consume 9 7.6 10 12.6 19 9.6
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En
er

gy
 d

ri
nk

s Several times a day 2 1.7 0 0 2 1.1

0.11 0.29
Once a day 0 0 1 1.3 1 0.5
Several times a week 1 0.8 2 2.5 3 1.5
Several times a month 5 4.2 16 20.2 21 10.6
Not consume 111 93.3 60 76 171 86.3

W
at

er

Several times a day 109 91.6 76 96.2 185 93.4

0.11 0.10
Once a day 5 4.2 1 1.3 6 3.1
Several times a week 5 4.2 2 2.5 7 3.5
Several times a month 0 0 0 0 0 0
Not consume 0 0 0 0 0 0

respondents), as declared by 44.5% of younger and 
33% of older respondents. Carbonated drinks, which 
are not recommended in the diet, are consumed by 
most adolescents several times a month (50%), as 
indicated by fewer younger dancers (47.9% vs. 53.2%).

The majority of respondents (36.9%, including 
37.8% of younger and 35.4% of older dancers) consume 
freshly squeezed juices several times a week. Carton 
or bottle juices are usually consumed several times 
a month, as declared by 40.9% of respondents (45.4% 
of younger and 34.2% of older dancers).

Energy drinks, which are generally not 
recommended, are not consumed by 86.3% of dancers, 
as indicated by a higher number of younger (93.3%) 
than older (76%) respondents. The recommended 
daily consumption of water (several times a day) was 
declared by 93.4% of respondents (91.6% of younger 
and 96.2% of older dancers). There was no correlation 
between the frequency of consumption of selected 
drinks and the age of the dancers.(Table 9). 

Table 10. Relationship between the number of training 
hours per week and consumption of meals

Name of meal gamma p
I breakfast 0.209 0.095
II breakfast 0.177 0.016
Dinner -0.354 0.016
Afternoon snack 0.251 0.000
Supper 0.097 0.283

The frequency of consuming packed breakfast 
and afternoon snack increased and the frequency 
of consuming dinner decreased with an increasing 
number of training hours.

DISCUSSION

The analysis of our results showed that 61.1% of 
dancers have 4-5 meals a day, as recommended by 
the Food and Nutrition Institute [37]. Similar results 
were obtained by Bielec and Goździejewska [2], 
with optimal number of meals declared by 68.5% of 
young swimmers. Different findings were presented 

by Leonkiewicz et al., who assessed the number and 
timing of meals in a group of adolescent athletes, with 
regular consumption of 4-5 meals daily declared by 
only 20% of respondents [20] .Całyniuk et al., who 
assessed health-related and eating behaviours among 
students attending sport classes, showed that most 
respondents had more than 5 meals daily (60.2%) as 
compared to only 6.6% of adolescents in our study [4].

Our study showed that 96.5% of dancers have snacks 
in between meals, with 63.6% of respondents opting 
for fruit and vegetables. Bielec and Goździejewska 
obtained similar results for vegetables and fruits as 
the most preferred snacks [2]. By contrast, Całyniuk 
et al. found that only 29.8% of respondents declared 
consumption of fruit, and that sweets were the most 
popular snack (68.8%) [4].

In our study, the frequency of consuming different 
meals varied. Breakfast and supper were consumed 
by 87.4% and 80.3% of dancers, respectively. Similar 
findings for breakfast and different findings for supper, 
which was consumed by only 54% of respondents, 
were reported by Bielec and Goździejewska [2]. 
Different frequency of breakfast consumption was 
observed by Manore et al [24], according to which 
55.7% of the participating footballers declared their 
daily consumption. On the other hand, in the study by 
Lim et al. [21] showing the lifestyle of Korean teenage 
women, 31.1% of the examined girls did not eat their 
first breakfast.

Since vegetables and fruits should form the 
basis of a balanced diet, their daily consumption is 
recommended. These products provide many valuable 
ingredients such as vitamins, antioxidants, minerals 
and fibre [17]. They significantly reduce the incidence 
of cardiovascular diseases and some types of cancer 
[35]. For these reasons, it is recommended that fruit 
and vegetables account for at least half of the food 
intake, with the proportion of ¾ of vegetables and ¼ 
of fruit [37].

Our study showed that 49% of dancers consumed 
fruit several times daily, with higher consumption rates 
among 10-12 year olds (51.3%) than 13-15 year olds 
(45.6%). Slightly higher frequency of fruit consumption 
was reported by Bielec and Goździejwska, with 58.6% 
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of respondents declaring consumption of fruit several 
times daily [2]. It may be seen from our study that 
36.9% of dancers follow the recommendations to have 
several portions of vegetables per day. It should be also 
noted that consumption of vegetables several times 
daily was more common among younger than older 
respondents (42% vs. 29.1%). Similar findings were 
presented by Leonkiewicz et al. with 42.6% of students 
of the Athletic Championship School in Krakow 
declaring consumption of vegetables several times 
daily. Unfortunately, the study also identified a large 
group of children (26.2%) who consumed vegetables 
less often than once daily [20]. A higher percentage 
(74%) of people not consuming the recommended 
amount of vegetables was observed in their study by 
Coutinho et al [5]. Legumes are not an important part 
of the diet of the study group of dancers. Most of our 
respondents (46.5%) consume these products several 
times a month. Similar findings were reported by 
Bielec and Goździejewska, with 56.2% of respondents 
declaring legume consumption less often than several 
times a week [2]. Different findings were presented by 
Coutinho et al. [5] in which 95% of athletes consumed 
legumes 5 or more times a week.

Bread is consumed several times a day by 57.1% 
of respondents. Similar results were obtained by 
Bielec and Goździejwska, with 50% of respondents 
consuming bread 2-3 times per day [2].

Yoghurts and kefirs are products with high 
nutritional values, providing the body with calcium, 
vitamin D and A, as well as B vitamins, which is 
particularly important for active individuals [3]. 
Minerals contained in yoghurt, such as magnesium, 
calcium, phosphorus and potassium, can have 
a significant impact on bones [36]. Our study showed 
that 43% of dancers consume the above products several 
times a week, and that only 23.2% of respondents 
consume them on a daily basis. Similar observations 
were made by Całyniuk et al., with yoghurts and kefirs 
consumed a few times a week and every day by 39.8% 
and 40.9% of respondents [4].

Our study revealed insufficient intake of fish, 
which should be eaten 1-2 times a week [37]. Fish are 
an excellent source of not only easily digestible and 
absorbable protein, but also fats, vitamins, such as A, 
D and group B vitamins, and minerals, including Ca, 
P, Fe or Mg. Additionally, fish are an excellent source 
of iodine. They also contain omega-3 polyunsaturated 
fatty acids needed for the proper functioning of the 
brain, nervous system and eyesight, as well as for 
preventing heart diseases [13, 25]. Our study showed 
that 55% of adolescents consume fish several times 
a month. Bielec and Goździejewska also observed 
poor consumption of fish, with 52.1% of respondents 
consuming fish less often than 2-3 times a week 
[2]. Całyniuk et al. showed that more than half of 

respondents consume fish 1-2 times a week, and 32.3% 
of respondents eat fish occasionally [4].

Meat and lunch meats are another important group 
of products that should be included in the daily menu. 
These products are most often consumed several 
times a week by 44.9% of our adolescent respondents. 
Całyniuk et al. also showed that 52.7% of adolescents 
consume lunch meats several times weekly, including 
37.6% of respondents consuming poultry 3-4 times 
a week [4].

Sweets are characterised by a low nutritional value, 
but a high content of sugars, fats, dyes and flavours [23]. 
Furthermore, eating sweets often leads to weight gain, 
as well as increased blood glucose and triglycerides 
[15]. The frequency of consumption of sweets was 
alarming in our study as 96.5% of all dancers declared 
consumption of these products, including 35.9% 
of respondents eating sweets several times a week. 
Similar findings were reported by Dolipska et al. 
[7], who assessed eating behaviours among primary 
school students. As demonstrated by the authors, 
consumption of sweets several times a week was 
declared by 32.64% out of 573 girls and 30.62% out 
of 565 boys. Slightly lower frequency of consuming 
sweets was reported by Bielec and Goździejewska [2].

The questionnaire also asked about the frequency of 
consuming fast-foods. We found that 66.7% of dancers 
consume these products several times a month. Similar 
results were obtained by Tawfik et al. [33], who assessed 
eating patterns and supplement use among Egyptian 
athletes. According to the authors of the study, 57.8% 
of the participants declared consumption of fast food 
once a week [33]. By contrast, Całyniuk et al. [4] found 
that 64.5% of children and adolescents consumed fast-
foods occasionally, and Szczepańska et al. [32] showed 
that 52.96% out of 304 students also consumed these 
products on occasional basis. Eating fast foods leads to 
gastrointestinal disorders through insufficient supply 
of dietary fibre, which has a negative impact on health 
[30]. Furthermore, deep-fried foods are often a source 
of trans fats. They have a negative impact on health, 
particularly on an increased risk of cardiovascular 
diseases that lead to metabolic syndrome [6].

Individuals with increased physical activity require 
reliable nutrition education due to their increased 
demand for nutrients, as confirmed by the above cited 
studies. It is recommended that this education is also 
addressed to their closest environment to increase their 
nutritional awareness [2, 4, 17]. An important aspect 
seems to be conducting further research in order to 
identify the differences and the resulting nutritional 
needs in individual groups, taking into account: dance 
style, training intensity and exercise season.
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CONCLUSIONS

Eating behaviours and the frequency of 
consumption of food products by young dancers can 
be described as varied. Their diet is characterised by 
regular consumption of meals and a correct frequency 
of consumption of most food products, including high 
intake of fruit and vegetables, yoghurt and kefir, as 
well as low consumption of fast food products.

The frequency of consumption of second breakfast, 
afternoon snack, and sweets significantly increases 
with age, while the frequency of fruit consumption 
significantly decreases.

The selected elements of dancers’ lifestyle, such as 
sleep time and physical activity, are mostly correct.

Conflict of interest 
The authors declare no conflict of interest.

REFERENCES

1. Ali A., Al-Siyabi M.S., Waly M.I., Kilani H.A.: 
Assessment of Nutritional Knowledge, Dietary Habits 
and Nutrient Intake of University Student Athletes.
Pakistan Journal of Nutrition 2015;14 (5): 293-299.

2. Bielec G., Goździejewska A.: Nawyki żywieniowe 
11-12-letnich uczniów sportowych klas pływackich na 
tle nietrenujących rówieśników – badanie pilotażowe 
[Nutritional habits of 11–12-year-old swimmers against 
non-athlete peers – a pilot study]. Pediatr Endocrinol 
Diabetes Metab 2018;24,2:72-81(in Polish).

3. Broad EM., Cox GR.: What is the optimal composition 
of an athlete’s diet? Eur J Sport Sci. 2008;8(2):57–65.

4. Całyniuk B., Kiciak A., Grochowska-Niedworok E.: 
Zachowania zdrowotne i żywieniowe uczniów szkół 
o profilu sportowym (z uwzględnieniem płci oraz 
wskaźnika BMI badanych) doniesienie wstępne [Health- 
and nutrition-related behaviour of pupils attending 
sports schools in relation to their gender and body mass 
index – preliminary report]. Medycyna Ogólna i Nauki 
o Zdrowiu, 2014;20(2),186-191 (in Polish).

5. Coutinho A., Porto C., Pierucci A.: Critical evaluation 
of food intake and energy balance in young modern 
pentathlon athletes: a cross-sectional study. Journal 
of the International Society of Sports Nutrition. 2016 
13:15. 

6. Dąbkowska M.: Wpływ spożycia kwasów tłuszczowych 
trans TFA na rozwój zespołu metabolicznego [Effect of 
consumption of trans tfa fatty acids on the development 
of the metabolic band]. „Acta Salutem Scientiae” 
2019,1:41-51 (in Polish).

7. Dolipska A., Góra A., Janion K., Szczepańska E.: 
Zachowania żywieniowe dziewcząt i chłopców 
uczęszczających do wybranych szkół podstawowych 
[Dietary patterns of primary school pupils according 
to their sex]. Pom.J.Life Sci. 2019:65(3),104-109 (in 
Polish).

8. Dymarska E., Grochowalska A., Jaskułka – Błaszak 
M., Porażka J., Krauss H., Chęcińska Maciejewska Z.: 
Wpływ sposobu odżywiania na układ odpornościowy 
w różnych grupach wiekowych [Influence of nutrition 
on immune system in different age groups]. Probl Hig 
Epidemiol 2017; 98(1):63-72 (in Polish).

9. Freeman C., Zehra A., Ramirez V., Wiers C., Volkow 
N., Wang G.: Impact of sugar on the body, brain, and 
behavior. Frontiers In Bioscience 2018;23;2255-2266.

10. Ginter E., Simko V.: New data on harmful effects 
of trans-fatty acids. Bratisl Lek Listy. 2016;117(5):251-3.

11. Jarosz M.: Normy żywienia dla populacji Polski 
[Nutrition standards for the Polish population]. Instytut 
Żywności i Żywienia, Warszawa 2017.

12. Jarosz M., Charzewska J., Wajszczyk B., Chwojnowska 
Z.: Czy wiesz, ile potrzebujesz białka? [Do you know 
how much protein you need?]. Warszawa, Instytut 
Żywności i Żywienia, 2019.

13. Kaliniak A.: Wpływ sezonu pozyskania wybranych 
gatunków ryb z polskiej akwakultury na profil kwasów 
tłuszczowych i wskaźniki żywieniowe lipidów ich 
mięsa [Effect of fishing season of selected fishes farmed 
in poland on meat fatty acid profile and dietary indices 
of lipids in their meat]. Żywność. Nauka. Technologia. 
Jakość 2019 ;26(2):70–82 (in Polish).

14. Kalisz Z., Juraszek K., Glama E., Weber-Rajek M., 
Hoffmann M., Kalisz J., Zukow W.: Składniki odżywcze 
i ich rola w diecie sportowca [Nutrients and their role in 
athlete’s diet]. Journal of Education, Health and Sport. 
2016;6(8):522-538 (in Polish).

15. Kaniewska E., Gaździńska A., Jagielski P., Gaździński 
S., Wyleżoł M.: Ocena częstotliwości spożycia 
wybranych produktów spożywczych przez chorych 
zakwalifikowanych do zabiegowego leczenia otyłości 
[Assessment of selected food intake frequency in obese 
patients qualified for bariatric surgery]. Hygeia Public 
Health 2016,51(1): 66-70 (in Polish).

16. Kasek M.: Zmiany w zwyczajach żywieniowych 
Polaków [Changes in dietary habits of Polish people]. 
Przemysł Spożywczy 2016;70(12):2-7 (in Polish). 

17. Kucharska A., Oleksiak N., Sińska B., Zegan M., 
Michota-Katulska E.: Warzywa i owoce źródłem 
witamin i składników mineralnych w diecie studentek 
dietetyki [Fruits and vegetables as a source of vitamins 
and minerals in the diet of female students of dietetics]. 
Bromat Chem Toksykol 2016,2:145-151 (in Polish).

18. Kwiatkowska M., Wawrzyniak A.: Edukacja żywieniowa 
jako element poprawiający zachowania żywieniowe 
oraz wybrane parametry antropometryczne w grupie 
dzieci w wieku 12 lat [Nutritional education as an 
element improving nutritional behavior and selected 
anthropometric parameters in the group of children 
aged 12 years] Piel Zdr Publ. 2019;9(3):173–182 (in 
Polish).

19. Laskowski W., Górska-Warsewicz H., Rejman K., 
Czeczotko M., Zwolińska J.: How Important are Cereals 
and Cereal Products in the Average Polish Diet?. 
Nutrients. 2019;11(3):679. 

20. Leonkiewicz M., Gacek M., Frączek B.: Wiedza 
i zachowania żywieniowe młodzieży uprawiającej sport 

E. Szczepańska, B. Janota, M. Wlazło, M. Czapla

https://link.springer.com/journal/12970
https://link.springer.com/journal/12970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Freeman%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=29772560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zehra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29772560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramirez%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29772560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volkow%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=29772560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volkow%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=29772560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=29772560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ginter%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27215959
https://www.ncbi.nlm.nih.gov/pubmed/27215959


76 No 1

– konieczność edukacji [Knowledge and nutritional 
behavior of adolescents practicing sport - the need 
for education].; red. A. Wolska-Adamczyk, WSIiZ, 
Warszawa 2015 (in Polish).

21. Lim H.S., Kim T.H., Lee H.H., Park Y.H., Lee B.R., 
Park Y.J., Kim Y.S.: Fast food consumption alongside 
socioeconomic status, stress, exercise, and sleep 
duration are associated with menstrual irregularities 
in Korean adolescents: Korea National Health and 
Nutrition Examination Survey 2009-2013. Asia Pac J 
Clin Nutr. 2018;27(5):1146-1154.

22. Łopuszańska-Dawid M.: Jaki powinien być poziom 
aktywności fizycznej dzieci i młodzieży szkolnej? 
[What should be the level of physical activity of 
school children and youth?] Available https://ncez.pl/
aktywnosc-fizyczna/dzieci-i-mlodziez/jaki-powinien-
byc- poziom-aktywnosci-fizycznej-dzieci-i-mlodziezy-
szkolnej- (Accessed: 04.06.2020).

23. Malczyk E., Zołoteńka-Synowiec M., Całyniuk B., 
Malczyk A., Synowiec J.: Częstotliwość spożycia 
wybranych produktów spożywczych przez studentów 
opolskich, śląskich i dolnośląskich uczelni [The 
frequency of consumption of selected food products 
by students from Opole Voivodship, Lower Silesia and 
Silesian universities]. Piel Zdr Publ. 2017;26(1):35–43 
(in Polish).

24. Manore M.M., Patton-Lopez M.M., Meng Y., Wong S.: 
Sport Nutrition Knowledge, Behaviors and Beliefs of 
High School Soccer Players. Nutrients 2017, 9, 350.

25. Marciniak-Łukasiak K.: Rola i Znaczenie Kwasów 
Tłuszczowych Omega-3. [The role and significance 
of omega 3 fatty acids]. Żywność Nauka Technologia 
Jakość 2011,6(79):24–35 (in Polish).

26. Nascimento M., Silva D., Ribeiro S., Nunes M., Almeida 
M., Mendes-Netto R.: Effect of a Nutritional Intervention 
in Athlete’s Body Composition, Eating Behaviour and 
Nutritional Knowledge: A Comparison between Adults 
and Adolescents.Nutrients 2016, 8, 535.

27. Obrenovich M., Siddiqui B., McCloskey B., Reddy V.P.: 
The Microbiota-Gut-Brain Axis Heart Shunt Part I: 
The French Paradox, Heart Disease and the Microbiota. 
Microorganisms. 2020;8(4):490 doi:10.3390/
microorganisms8040490.

28. Rosa D.D., Dias M.M.S., Grześkowiak Ł.M., Reis 
S.A., Conceição L.L., Peluzio M.D.C.G.: Milk kefir: 
nutritional, microbiological and health benefits. Nutr 
Res Rev. 2017;30(1):82-96. 

29. Saini R.K., Keum Y.S.: Omega-3 and omega-6 
polyunsaturated fatty acids: Dietary sources, 
metabolism, and significance - A review. Life 
Sciences 2018;15;203:255-267.

30. Shau J.P., Chen P.H., Chan C.F., Hsu Y.C., Wu T.C., 
James F.E., Pan W.H.: Fast foods-are they a risk factor 
for functional gastrointestinal disorders? Asia Pac J 
Clin Nutr 2016;25(2):393-401.

31. Szczebyło A., Halicka E., Łuczyńska K.: Spożycie 
nasion strączkowych w Polsce jako element modelu 
zróżnicowanej konsumpcji żywności [Consumption 
of pulses in Poland as an element of a sustainable 
food consumption model]. Prace Naukowe Akademii 
im. Jana Długosza w Częstochowie, Pragmata tes 
Oikonomias 2018,12:35–45 (in Polish).

32. Szczepańska E., Janota B., Janion K.: Selected lifestyle 
elements in adolescents attending high schools. Rocz 
Panstw Zakl Hig. 2020:71(2):147-156, doi: 10.32394/
rpzh.2020.0109

33. Tawfik S., Koofy N., Moawad E.: Patterns of Nutrition 
and Dietary Supplements Use in Young Egyptian 
Athletes: A Community-Based Cross-Sectional Survey. 
PLOS ONE. 2016:11(8).

34. WHO. Global recommendations on physical activity for 
health. Geneva 2010. Available https://apps.who.int/iris/
bitstream/handle/10665/44399/9789241599979_eng.
pdf?sequence=1 (Accessed 30.06.2020).

35. Wolnicka K., Jaczewska-Schuetz J., Taraszewska 
A., Charzewska J., Jarosz M.: Częstotliwość spożycia 
warzyw i owoców przez dzieci i młodzież w szkołach 
podstawowych i gimnazjach w Polsce [Requency 
of consumption of vegetables and fruits by children 
and adolescents in primary and lower secondary 
schools in Poland]. Żywienie Człowieka i Metabolizm 
2017;44(4):258-267 (in Polish).

36. Wyka J., Tajner-Czopek A., Rytel E., Habanova M., 
Malczyk E., Misiarz M.: Żywność fermentowana – 
znaczenie dla zdrowia człowieka [Fermented food – 
meaning to human health]. Acta Sci. Pol. Biotechnologia 
16(1-4)2017:101-106 (in Polish).

37. Zasady prawidłowego żywienia - Piramida Zdrowego 
Żywienia i Aktywności Fizycznej [Principles of healthy 
eating - Pyramid of Healthy Nutrition and Physical 
Activity]. Available http://www.izz.waw.pl/zasady-
prawidowego-ywienia (Accessed: 22.06.2020).

38. Zerek U.: Sztuka i Dokumentacja Taniec jako sztuka 
relacji [Art and Documentation. Dance as the Art of 
Relationships]. 2016;14:118-143 (in Polish).

Received: 30.11.2020
Accepted: 23.02.2021

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

Eating behaviours, frequency of consumption of selected food products, and selected elements...

https://ncez.pl/aktywnosc-fizyczna/dzieci-i-mlodziez/jaki-powinien-byc-poziom-aktywnosci-fizycznej-dzieci-i-mlodziezy-szkolnej-
https://ncez.pl/aktywnosc-fizyczna/dzieci-i-mlodziez/jaki-powinien-byc-poziom-aktywnosci-fizycznej-dzieci-i-mlodziezy-szkolnej-
https://ncez.pl/aktywnosc-fizyczna/dzieci-i-mlodziez/jaki-powinien-byc-poziom-aktywnosci-fizycznej-dzieci-i-mlodziezy-szkolnej-
https://ncez.pl/aktywnosc-fizyczna/dzieci-i-mlodziez/jaki-powinien-byc-poziom-aktywnosci-fizycznej-dzieci-i-mlodziezy-szkolnej-
https://ncez.pl/aktywnosc-fizyczna/dzieci-i-mlodziez/jaki-powinien-byc-poziom-aktywnosci-fizycznej-dzieci-i-mlodziezy-szkolnej-
https://ncez.pl/aktywnosc-fizyczna/dzieci-i-mlodziez/jaki-powinien-byc-poziom-aktywnosci-fizycznej-dzieci-i-mlodziezy-szkolnej-
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosa%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=28222814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dias%20MMS%5BAuthor%5D&cauthor=true&cauthor_uid=28222814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reis%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=28222814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reis%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=28222814
https://www.ncbi.nlm.nih.gov/pubmed/28222814
https://www.ncbi.nlm.nih.gov/pubmed/28222814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saini%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=29715470
https://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf?sequence=1
http://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-journal-d9c9ef23-f75d-4a37-aabc-4b1eb4427089
http://www.izz.waw.pl/zasady-prawidowego-ywienia
http://www.izz.waw.pl/zasady-prawidowego-ywienia
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en


http://wydawnictwa.pzh.gov.pl/roczniki_pzh/

© Copyright by the National Institute of Public Health - National Institute of Hygiene

Corresponding author: Dharmashree Satyarup, Department of Public Health Dentistry, Institute of Dental Sciences, Siksha ‘O’ Anusandhan 
(Deemed to be University), Bhubaneswar, Odisha, India, e-mail: dharmashree_s@yahoo.com

https://doi.org/10.32394/rpzh.2021.0148
Rocz Panstw Zakl Hig 2021;72(1):77-82

ORIGINAL ARTICLE

EFFECTIVENESS OF TRAINED HEALTH WORKERS IN IMPROVING 
THE ORAL HYGIENE OF PRESCHOOL CHILDREN

Dharmashree Satyarup1, Radha Prasanna Dalai1, Ramesh Nagarajappa1,  
Debasruti Naik1, Ipsita Mohanty2

 
1Department of Public Health Dentistry,  Institute of Dental Sciences, Siksha ‘O’ Anusandhan  

(Deemed to be University),  Bhubaneswar, Odisha, India
2Department of Oral and Maxillofacial Pathology, Institute of Dental Sciences, Siksha ‘O’ Anusandhan 

(Deemed to be University), Bhubaneswar, Odisha, India

ABSTRACT
Background. Poor oral health among children is common finding in the rural regions of India. But if the existent structure 
of primary health care is used, favourable oral health habits and importance of oral health can be instilled in the children 
and their parents at a very early stage.
Objective. To evaluate the effectiveness of Anganwadi workers (AWWs) in improving the oral hygiene of the preschool 
children through oral health education.
Material and methods. 250 children in the age group of 2.5-6 years, were included in the study. The study was conducted 
in three phases over a period of 8 months which included a follow up of six months. Baseline oral health was determined 
using a questionnaire assessing the oral hygiene practices and DMFT Index, Plaque Index and Gingival Index. This was 
re-assessed after 6 months using the same questionnaire and indices. Statistical significance was fixed at p value Ł 0.05. 
Chi square and paired ‘t’ test were used to assess the difference in the variables after providing oral health education.
Results. Out of 250 children, with mean age of 4.24 years, majority were girls (142, 56.8%). The use of fluoridated 
toothpaste among the study population significantly increased from 34.4% to 41.5% (p=0.001) with the intervention of 
oral health education (OHE). Decrease in consumption of sticky sugar, addition of sugar in the night-feeds and cleaning 
of teeth after night-feeds were also found to change significantly. Gingival index showed significant reduction after OHE 
(p=0.001).
Conclusion. The study revealed that training of Anganwadi workers (AWWs) could be used to improve the oral health of 
the Anganwadi children. They represent an untapped source for delivering oral care to rural communities that otherwise 
have limited access.

Key words: health workers, oral hygiene, oral health, oral health education

INTRODUCTION

Young children often are affected by poor oral 
health in early childhood, which is a cause of serious 
concern and expenditure [2]. In developing countries 
like India, majority of the population resides in rural 
areas, of which 40% are children. The children were 
most neglected when it came to oral health care services 
due to issues regarding availability and affordability. 
Knowledge regarding cause and prevention of oral 
disease is also deficient among parents and basic 
health care workers [6].

Integrated Child Development Services (ICDS) 
scheme introduced by Government of India is 
one of the world’s largest programmes for early 

childhood development enhancing survival and 
development of children belonging to the susceptible 
and deprived sections of society. Under this, one 
Anganwadi centre (AWC) which is equivalent of 
a preschool in the rural areas, covers population of 
400 – 800 and is managed by Anganwadi workers 
(AWWs) who are basic healthcare workers. She/he 
is a person of same vicinity, selected by the people 
having basic educational qualifications. They are 
not government employees but are called “social 
workers” or “voluntary workers.” Their important 
functions entail educating women with regard to 
institutionalized deliveries, postnatal care, benefits of 
breast feeding, immunization of the new-born, growth 
and development of the child, supplementary nutrition 
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etc.[5] Once in a month AWWs come in close contact 
with the society especially women where they reside 
and can form a bridge between the society and health 
professionals. Since these Anganwadi workers have 
access to majority of the society, they should therefore 
be empowered regarding awareness of oral health so 
that they can disseminate the information and educate 
the mothers and their young ones.

Therefore, the present study was carried out 
to assess oral hygiene of the Anganwadi children 
following oral health education to Anganwadi workers 
after a period of 6 months. 

MATERIAL AND METHODS

Study Area
The study was conducted among the 267 children 

of 10 AWCs under a rural division of Khorda district 
of Odisha, India. Of these, 250 children present on the 
day of baseline examination and aged between 2.5 to 
6 years of age and whose parents provided informed 
consent were included as participants for the study. 

Study method
The study was a before and after study, and was 

conducted in three phases over a period of 8 months 
extending from July 2017 to February 2018 with the 
intervention as oral health education.
1. Phase I. Pre-Oral Health Education (Pre-OHE): 

All the pre-school children were examined at 
baseline in the presence of a parent and respective 
AWW using a structured proforma. Dental caries, 
gingivitis and plaque was evaluated using dentition 
status by WHO [18], Gingival Index by Loe and 
Silness and Plaque Index by Silness and Loe 
modified for the deciduous dentition [15]. 

2. Phase II. Oral Health Education (OHE): Oral 
health education was provided to all AWW (ten in 
number), a month after the baseline examination. 
The benefits of imparting oral health guidance 
to the mothers of the children and reinforcing it 
frequently was emphasized.

3. Phase III. Post-Oral Health Education (Post-OHE): 
Follow up examination of 250 preschoolers was 
done after six months from the day of providing 
health education, using the same structured 
proforma. Improvement in oral hygiene practices, 
feeding practices and alterations in plaque and 
gingival index scores were considered as outcome 
indicators.

Method of data collection
Permission and scheduling: Study was conducted 

after formal permission from the office of District 
Social Welfare Officer. The investigator visited the 
AWC a week prior to the baseline examination in 

order to request cooperation and attendance of the 
Anganwadi workers on the day of the examination as 
per a pre-decided schedule.

Proforma used: A structured proforma specially 
designed was pretested and used to collect information 
at the baseline and follow-up examinations. The first 
section was designed to collect information regarding 
sociodemographic details and socio-economic status 
(revised B.G. Prasad and Udai Pareek classifications)
[16]. The next part collected data about oral hygiene 
history, sugar consumption and night feeding habits. 
The last portion of proforma recorded dental caries, 
plaque and gingivitis using indices. The feasibility 
and relevance of proforma was tested by a pilot study 
carried out on 20 children from AWCs of neighboring 
rural area who were not a part of the main study. The 
proforma was tested for reliability using Cronbach’s α 
(α = 0.75)

Method of examination: The proforma was filled 
through responses of the mothers derived through 
a face to face interview by the investigator. The clinical 
examination for recording findings of the indices was 
done by a single examiner with the aid of an assistant 
to record the data. Training and calibration of the 
investigator was done by examination of 20 children on 
two consecutive days, the intra-examiner variability 
was between 0.76 to 0.82 using kappa statistics. 

Oral health education: All the ten AWWS were 
provided oral health education using power point 
presentation over a duration of 35 minutes in local 
language. Content of oral education was modified to 
address the short comings assessed from the baseline 
responses and examination. 

Ethical consideration: Informed consent was 
obtained from the parents before clinical examination 
of their child. Ethical clearance was obtained from the 
Institutional Ethical Committee.

Statistical Analysis
The data was transferred to excel sheet and then 

analyzed using SPSS version 20 to prepare descriptive 
tables, inferential tables and perform the tests of 
significance. Statistical significance was fixed at 
p value ≤ 0.05. Paired ‘t’ test and Chi square were 
used to calculate the difference in the variables after 
providing oral health education.

RESULTS

A total of 250 preschool children were examined 
in the age range of 2.5-6 years, with a mean age of 
4.24 ± 0.74 years and most of them were girls (56.8%). 
Table 1 depicts the sociodemographic specifics of the 
population.

An analysis of oral hygiene habits of the study 
population found 91.2% practiced oral hygiene using 
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tooth brush and dentifrice. Oral health education 
seemed to have a positive influence on practice of 
oral hygiene with improvement in the frequency of 
brushing and optimal amount fluoridated toothpaste 
(Table 2).

Children who consumed sugar more than thrice 
were 23.2%, with majority of them (70.4%) eating 
sugar in between meals. The oral health education had 
a positive impact on sugar consumption by reducing 
its frequency and intake of sticky sugars (Table 3). 

Bottle feeding was seen only in 14.4%, out of which 
only 16.7% had night feeds with added sugar. But after 
oral health education by the AWWs, this significantly 
reduced to 5.6%. While most of them (61.1%) followed 
the habit of rinsing by giving plain water following 

these night feeds, 38.9% did not follow any method 
of cleaning. But health instructions from the AWWs 
to the mothers helped in significantly reducing this to 
22.2% (Table 3).

Mean number of decayed teeth was 0.78 (SD = 1.38) 
and overall DMFT was 1.23 (SD = 1.7). There was no 
significant difference in the dental caries following 
oral health education but Plaque Index and Gingival 
Index scores decreased significantly (paired ‘t’ test; 
p = 0.000) post oral health education as depicted in 
Table 4.

Table 1. Distribution of the study population according to the socio-demographic variables
Socio-demographics Frequency (n) Percentage (%)

Age
2.5 - 3 years 22 8.8

4-5 years 216 86.4
More than 5 years 12 4.8

Gender
Male 108 43.2

Female 142 56.8

Paternal education
High school** 160 64.0

Graduate 88 35.2
Post graduate 2 0.8

Maternal education

Illiterate** 26 10.4
Primary school 62 24.8

High school 94 37.6
Graduate 68 27.2

Fathers occupation

Business 86 34.4
Independent profession* 54 21.6

Cultivation 86 34.4
Service 24 9.6

Type of family
Nuclear 114 45.6

Joint 136 54.4
Variable Mean SD Min Max

Family income 12246.40 5108.03 1800 22000
*Occupation: categorized based on Udai Pareek revised scale. **Education and family type: categorized according to 
modification of Udai Pareek revised scale[6]

Table 2. Changes in oral hygiene habits of the study population, before and after OHE
Frequency of tooth 

brushing Fluoridated tooth paste use Amount of fluoridated tooth paste

Once Twice Did not use Used Full length 
of bristles

Half-length 
of bristles Pea sized

Pre - OHE 234 (93.6%) 16 (6.4%) 163 (65.6%) 85 (34.4%) 83 (33.6%) 24 (9.6%) 141 (56.8%)
Post - OHE 209 (83.6%) 41 (16.4%) 145 (58.5%) 103 (41.5%) 71 (28.6%) 20 (8%) 157 (63.4%)

p-value 0.000* 0.001* 0.000*
Test applied – Chi square ; *Highly significant
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DISCUSSION

AWWs act as a first point of contact between 
healthcare and the community and are a vital link 
in establishing oral health awareness in children and 
mothers. Hence, this study was undertaken with the 
objective of using health workers to impart oral health 
guidance to mothers and preschool children. The effect 
of OHE was measured by clinical examination of the 
children and which the study found to have a positive 
influence.

The most prevalent method of cleaning teeth among 
the children was the use of tooth brush and dentifrice. 
Easy availability of tooth pastes and tooth brush even in 
rural areas and commercial advertisements can be the 
reason behind this acceptable practice of oral hygiene. 

This was similar with the observations of other studies 

[4, 11]. Brushing in the night was seen in only 6.4% 
of our study population, which is comparable to the 
findings from another study by Raj et al. [11] 

A study conducted by Naidu et al [8] in Trinidad 
found that most of the care-takers had a state of 
confusion and concern regarding use of fluoride 
dentifrice in children, therefore these points were taken 
into consideration while giving health education. OHE 
stressing the advantage of brushing teeth before bed 
and use of pea sized amount of fluoridated dentifrice 
in children older than 4 years was given. This might 
have resulted in improvement of their oral hygiene 
habits which was similar to the results of other studies 
[11,12]. 

Table 3. Changes in the study population according to frequency of sugar consumption before and after OHE
Frequency of consuming sugar Pre - OHE Post – OHE

Once 82 (32.8%) 82 (32.8%)
Twice 70 (28%) 77 (30.8%)
Thrice 40 (16%) 43 (17.2%)

> Thrice 58 (23.2%) 48 (19.2%)
p value 0.001*

Time of consuming sugar Pre - OHE Post - OHE
With meals 74 (29.6%) 113 (45.2%)

In between meals 176 (70.4%) 137 (54.8%)
p value 0.001*

Form of sugar consumed Pre - OHE Post - OHE
Solid 106 (42.4%) 119 (47.6%)

Liquid 80 (32%) 80 (32%)
Sticky 64 (25.6%) 51 (20.4%)
p value 0.001*

Addition of sugar to night feed Pre - OHE Post - OHE
Not added 30 (83.3%) 34 (94.4%)

Sugar added 06 (16.7%) 2 (5.6%)
p-value 0.002*

Cleaning teeth after night feed Pre - OHE Post - OHE
Did not clean 14 (38.9%) 8 (22.2%)

Cleaned 22 (61.1%) 28 (77.8%)
p-value 0.001*

Test applied – Chi square ; *Highly significant

Table 4. Changes in the study population according to Gingival Index and Plaque Index scores, before and after OHE
Pre - OHE Post - OHE

t-value p-value
Mean (SD) Mean (SD)

Plaque index 0.163 (0.257) 0.08 (0.272) 7.791 0.001*

Gingival index 0.077 (0.2) 0.03 (0.217) 5.843 0.001*

Test applied – Paired ‘t’ test; *Highly significant

Effectiveness of trained in improving the oral hygiene of preschool children



81No 1

Preschool children who had sugar intake of at least 
once a day were 32%, with 23.2% of them having 
sugar consumption of more than thrice. Comparable 
results were also found in other studies by Albandar et 
al. [1] and Gaidhane et al. [4]. Most of the sugar intake 
in our study was eaten in between meals, increasing 
the risk of developing dental caries. But relatively the 
component of sticky sugars was minimal as, most of 
the sugar was consumed as biscuits or added sugar to 
meals or milk. The habit of sugary aerated drinks or 
chocolates and toffees was still negligible. Therefore, 
it was emphasized during the oral health education, 
the importance of continuing limiting sugar intake 
to home-made sweets and healthy sugars from fruits. 
Importance of restricting sugar intake to meal times 
was also highlighted. Hence it was observed following 
the OHE, the percentage of children eating sweets 
more than three times reduced considerably while 
those who had sugars once remained unchanged but 
consuming sugar twice and thrice increased by 2% and 
1.2% respectively. This occurrence could be attributed 
to the fact that probably most of sugars eaten changed 
to being consumed with the three meals the child had 
during the day, thereby reducing the in-between meal 
intake to 54.8% from 70.4%. A reduction in sugar 
intake after an intervention of health education was 
also seen in other studies [3, 9, 14, 17]. 

Bottle feeding is considered normal until 18 
months of age [15]. Sometimes it is thought that 
children take more food if fed by bottle than by cup, 
hence mothers favor continuing bottle feeding not 
wanting to compromise on nutrition. Addition of sugar 
to bottle feeds and giving bottle feeds during the night 
as a source of comfort to sleep can be detrimental to 
teeth. Bottle feeding was seen only in 14.4%, probably 
because the study population belongs to a semi-urban 
setting where feeding by bottle and use of pacifiers 
are not yet popular. Oral health education given to the 
AWWs after the baseline examinations was found to 
reduce the habit of adding sugar to the bottle feeds 
from 16.7% to 5.6% and increase the number of 
mothers who followed the bottle feed by giving plain 
water. An improvement in the feeding habits following 
health education was also observed by one another 
study by Sandhya et al. [7] .

No change was observed in the dental caries status 
even after oral health education, as chronic diseases 
such as dental caries cannot be evaluated over a short 
span of 6 months. Hence it can be suggested that 
further research should be undertaken to evaluate long 
term impacts of health education. 

The effect of OHE on plaque scores and gingival 
scores were similar to findings by Priya et al and Raj 
et al. [10, 11]. This improvement in plaque and gingival 
score in preschool children can be attributed to better 

oral hygiene habits such as increase in the frequency 
of brushing subsequent to the health education given.

Limitations: 
The study was conducted on a small sample 

and the subjects were not randomly selected. It was 
a before and after study where each child acted their 
own control. The improvement in oral health may 
be because of the children’s and parent’s response to 
the assessment and intention to provide the desired 
response (social desirability). Studies have indicated 
that AWWs are overworked with record keeping 
and insufficient monetary compensation [13]. Hence 
expecting their continued role in providing oral health 
guidance cannot be ascertained until some form of 
incentive is given.

CONCLUSION

The results of our study showed that AWWs can be 
used as competent oral health guides. Since Anganwadi 
workers serve as the first point of contact, empowering 
them aids in providing effective preventive oral care 
to the population through the existing health care 
structure, thereby eliminating the need to invest in 
costly dental care. 
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ABSTRACT
Background. Adequate nutrition is one of the most important factors for influencing growth and development of children. 
Providing adequate amounts of minerals is extremely important in the developmental age, especially in periods of 
intensive growth. Calcium and vitamin D deficiency may have a negative impact on the health of children, both in the 
short and long term. 
Objective. The aim of this study was to evaluate the content of calcium and vitamin D in the meals of preschoolers and 
to compare the obtained results to Polish dietary reference values for children aged 4-6 years. 
Material and methods. The study was conducted in 40 randomly selected kindergartens in some Silesian cities and were 
concerning 1,746 children. 10-day-menus and preschool inventory reports describing the amount of food used for meal 
preparation were obtained from every kindergarten. 10-day-menus were analysed in terms of calcium and vitamin D 
content with the use of the Dieta 5 software. The obtained results were developed in Microsoft Excel 2016. 
Results. The analysis of 10-days menus showed significant deficiencies in both calcium and vitamin D intake in the 
assessed food rations. The mean calcium level was 416.0 mg while vitamin D was 1.47 µg. The content of calcium and 
vitamin D in the examined 10-days menus did not meet the dietary reference values.  
Conclusions. The necessity to modify menus in terms of increasing the consumption of the analysed nutrients was 
demonstrated, as well as the need to implement nutritional education for preschool staff and parents was suggested. 

Key words: children's nutrition, vitamin D, calcium, menu, kindergarten, preschool children

STRESZCZENIE
Wprowadzenie. Prawidłowe odżywianie jest jednym z najważniejszych czynników warunkujących prawidłowy wzrost 
i rozwój dzieci. Dostarczanie odpowiednich ilości składników mineralnych ma istotne znaczenie w wieku rozwojowym, 
a zwłaszcza w okresach intensywnego wzrastania. Niedobór wapnia oraz witaminy D może wpływać negatywnie na stan 
zdrowia dzieci zarówno doraźnie jak i długofalowo. 
Cel. Celem niniejszej pracy była ocena zawartości wapnia i witaminy D  w posiłkach przedszkolaków oraz porównanie 
uzyskanych wyników z normami żywienia dla dzieci w wieku 4-6 lat. 
Materiał i metody. Badanie zostało przeprowadzone w 40 losowo wybranych placówkach przedszkolnych w miastach 
aglomeracji śląskiej i dotyczyło 1746 przedszkolaków. W każdej z placówek uzyskano raporty magazynowe i jadłospisy 
dekadowe. Ocenę zawartości wapnia oraz witaminy D przeprowadzono na podstawie jadłospisów dekadowych 
wykorzystując program Dieta 5. Uzyskane wyniki zostały opracowane w programie Microsoft Excel. 
Wyniki. Analiza jadłospisów dekadowych wykazała znaczne niedobory w spożyciu zarówno wapnia jak i witaminy 
D w ocenianych racjach pokarmowych. Średni poziom wapnia wynosił 416,0 mg podczas gdy witaminy D 1,47 µg. 
Zawartość wapnia oraz witaminy D w badanych jadłospisach dekadowych nie spełniała obowiązujących norm żywienia. 
Wnioski. Wykazano konieczność modyfikacji jadłospisów pod kątem zwiększenia spożycia analizowanych składników 
odżywczych, a także zasugerowano potrzebę wdrażania edukacji żywieniowej personelu przedszkolnego oraz rodziców. 

Słowa kluczowe: żywienie dzieci, witamina D, wapń, jadłospis, przedszkole, przedszkolaki



84 No 1Calcium and vitamin D content in meals served for preschool children attending to kindergartens

INTRODUCTION

Adequate nutrition of preschool children plays a key 
role in the development of the body. A properly balanced 
diet that provides the necessary nutrients supports 
the harmonious physical and mental development 
of the young organism. In the preschool age, eating 
habits are formed. Family environment and parents 
play a significant role in dietary patterns and eating 
behaviours [1]. It depends on parents how the nutritional 
models in children will develop in the future. Inadequate 
nutrition of a preschool child is associated with an 
increased risk of diet-related diseases such as diabetes, 
cardiovascular diseases, bone and joint diseases and 
cancer. In addition, improper diet results in weight gain, 
which may lead not only to obesity, but also to eating 
disorders and the appearance of depression symptoms 
in adolescence [2] .

For the proper psychophysical development of 
a child, in addition to the appropriate content of energy, 
proteins, fats and carbohydrates, it is necessary to meet 
the applicable dietary reference values for vitamins 
and minerals. Calcium and vitamin D are particularly 
important for the proper development of a child.

Vitamin D and calcium have a multidirectional 
effect on the human body. Calcium and vitamin D are 
involved in the regulation of calcium and phosphate 
metabolism, they affect the proper development 
of the child’s skeletal system until the end of the 
growth period. Calcium deficiency in children causes 
rickets and insufficient growth, which may result in 
an increased risk of osteoporosis in the future. This 
element is essential for maintaining proper blood 
clotting, which influences the wound healing process. 
Calcium is essential for the proper functioning of the 
nervous and muscular systems and plays important 
role in the electrical activity and pumping function of 
the heart [3, 4].

Milk and its products, canned fish (sardines), which 
are eaten with bones are easily accessible calcium-rich 
food. Some vegetables, e.g. wheat bran, parsley, kale, 
almonds are also a good source of calcium. Vitamin D 
is found primarily in oily sea fish, such as mackerel, 
herring and salmon. Plant products and fungi contain 
small amounts of vitamin D [5].

According to the review of the studies on nutrition 
in Polish preschool children there was no kindergarten 
in which meals served for children contained adequate 
amount of vitamin D [6]. Moreover, preschool 
inventory reports describing the amount of food were 
analysed in few Polish papers only [7]. 

The aim of the study was to evaluate 10-day menus 
and inventory reports in kindergartens in Silesian 
cities with regard to the content of calcium and 
vitamin D. The obtained results were compared with 

the applicable dietary reference values for the Polish 
population in preschool age.

MATERIAL AND METHODS

From among 373 kindergartens, 50 institutions 
were randomly selected as a research sample. 10 
kindergartens refused to participate in the study. 
Ultimately, 40 kindergartens with a total of 1,746 
children, were recruited for the study. Kindergartens 
participating in the study, shared 10-days menus and 
preschool inventory reports with amount of food used 
for preparing meals. The Table 1 presents the number 
of kindergartens in cities, where menus and preschool 
inventory reports were collected. 

Table 1. Number of kindergartens participating in the study 
(n=40)

City Number
of kindergartens

Bytom 5
Chorzów 2

Dąbrowa Górnicza 3
Jaworzno 1
Katowice 8

Mysłowice 2
Piekary Śląskie 3

Gliwice 2
Ruda Śląska 4

Siemianowice Śląskie 2
Sosnowiec 2

Tychy 2
Zabrze 4

total 40

Most menus came from institutions in Katowice, 
which accounted for 20% of all kindergartens 
participating in the study (n=8). Kindergartens from 
Bytom (12.5%) were second in terms of frequency. 
Only 1 kindergarten was from Jaworzno.

The content of calcium and vitamin D was 
calculated on the basis of preschool food storeroom 
reports with amount of food used. The obtained 
amount of food products included in a given meal was 
divided by the number of children who participated 
in it. 

All kindergarten canteens used a cycle menus. 
Hence, 10-day menus were assessed in each of 40 
kindergartens. Dieta 5 software was used to assess 
energy intake, content of individual components 
(proteins, fats, carbohydrates) and the content of 
calcium and vitamin D in the food ration. Due to 
the temperature sensitivity of vitamins, food losses 
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appropriate for a given technological treatment, were 
taken into account. Then all values   were summed up. 
In this way, the average levels of calcium and vitamin 
D and additionally assessed food components were 
estimated. Next, the obtained results were compared 
with the current dietary recommendations for children 
aged 4-6 years. The intake of calcium was compared 
to EAR (Estimated Average Requirement) while the 
vitamin D to AI (Adequate Intake) defined in Dietary 
Reference Intakes for the Polish Population [8]. The 
daily intake of cholecalciferol in µg per day for 
children aged 4-6 years is 15 µg, while the daily intake 
of calcium is 800 mg per day [8].

To assess the diet of children aged 4-6 years, 
weighing 19 kg and characterised by moderate 
physical activity, the daily energy intake of 1400 kcal 
was adopted in accordance with the recommendations 
[8]. The energy and nutrient content of the preschool 
menus was compared to 75% of the daily requirement 
for children aged 4-6 years [9]. According to this, the 
recommended value for energy was 1050 kcal [8].

RESULTS

In 400 analysed menus, the daily food ration, 
meaning meals served only in kindergarten, consisted 
mainly of three meals (breakfast, lunch, afternoon tea). 
In 30 kindergartens a system of three meals a day was 
used. Every fourth institution served four meals. The 
energy value and the content of individual components 
(proteins, fats, carbohydrates) in the daily food ration 
were analysed. The energy value of menus in the 
analysed Silesian kindergartens ranged from 821-1489 

kcal. Among the 40 kindergartens which participated in 
the study, there were menus that did not fully meet the 
energy needs of children aged 4-6 years. Some children 
received insufficient calories, others received too much 
calories compared to the recommended values for the 
4-6 year old population. The average energy value of 
the diet was 1122.35 kcal. A summary of the average 
energy values   of various kindergartens in Silesian cities 
is presented in Figure 1.

The analysis of the obtained results showed 
a reduced energy value in kindergartens in Ruda Śląska 
and Siemianowice Śląskie. In Bytom, Sosnowiec and 
Katowice the average energy value was close to dietary 
reference intake recommended for Polish population. 
The mean value of protein, fats and carbohydrates was 
36.5, 39.6 and 155 g respectively.

The mean content of calcium based on 10-days 
menus was 416 mg, which was 52% of the daily food 
ration. The highest amount of vitamin D was recorded 
in the kindergartens in Bytom, namely 3.30 µg. It 
accounted for only 22% of the entire daily food ration. 
The smallest amount of vitamin D was consumed 
by children attending kindergartens in Chorzów and 
Jaworzno. The distribution of calcium and vitamin 
D content in meals served for preschool children in 
Silesian cities is shown in Figures 2 and 3.

In this study, large differences in the content of 
calcium and vitamin D were observed in kindergartens. 
The usual calcium intake was insufficient in most 
institutions (97%). It was shown that 16 kindergartens 
(40%) covered only half of the recommended supply 
for calcium. 
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Figure 1. A summary of average energy values in diets   in kindergartens participating in the study in Silesian cities (1050 
kcal is the recommended value assumed as 75% of dietary reference energy intake)
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Similar results were found in the case of vitamin 
D. In 40% of kindergartens, the intake of vitamin 
D ranged from 0.75-1.25 µg. Only 2 kindergartens 
achieved a result above 2.75 µg. The maximum value 
was 3.30 µg (Table 2).

DISCUSSION

The quantitative analysis of food rations in 
kindergartens in Silesian cities indicate nutritional 
mistakes in the preparation of menus for children 
aged 4-6 years. Researches by other authors analysing 
menus in kindergartens also confirm irregularities in 
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Figure 2. Average calcium content in daily menus in kindergartens (n=40)

1,92 
0,80 

1,65 
0,80 1,46 1,25 1,80 1,20 1,42 2,10 

1,39 1,55 0,97 

15,00 

0,00

2,00

4,00

6,00

8,00

10,00

12,00

14,00

16,00

Av
er

ag
e 

vi
ta

m
in

 D
 c

on
te

nt
 (µ

g)
 

Figure 3. Average vitamin D content in daily menus in kindergartens (n=40)

Table 2. Energy value, calcium and vitamin D content in the diets realised by kindergartens

Mean value Standard 
deviation Minimum Maximum % of standard 

fulfillment
Energy value (kcal) 1122.35 160.57 821 1489 106

Calcium [mg] 416.0 122.97 196.0 832.0 52
Vitamin D (µg) 1.47 0.61 0.60 3.30 9.8

Calcium and vitamin D content in meals served for preschool children attending to kindergartens
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meeting the demand for calcium and vitamin D by 
children aged 4-6 years.  

In this research, the average calcium intake 
was 416.6 mg per day, which is 52% of the average 
dietary reference intake of calcium (EAR) that should 
be provided by a preschool. Out of 40 analysed 
kindergartens, only one institution covered the 
demand for calcium in full.

The study found that most institutions do not 
meet the requirements of this key element in menus 
of preschool children. Other authors also report an 
insufficient supply of calcium in children’s diets. In 
the study by Orkusz and Włodarczyk, concerning the 
nutrition of children in one of the kindergartens in the 
Łódź Province assessed with the use of decade menus, 
the average calcium consumption was 381.55 mg [10].

In the work of Merkiel and Chalcarz, the intake 
of minerals by preschool children from Turek was 
analysed [11]. The 7-day menu was analysed and 
compared to the EAR recommended values for this 
age-group. According to the findings, the average 
calcium value was 518 mg.

Slightly higher calcium intake was obtained in 
another study realised among pre-school children in 
Koszalin [12]. Menus from 3 decades in the spring 
and summer season were analysed. The food ration 
consisted of 3 meals, breakfast, snack and a two-
course dinner, and was established as a 70% of the 
daily requirement. The preschool children used to 
eat afternoon snack and supper at home. The average 
calcium was 578.7 mg and it was accounted for about 
82% of the recommended intake [12].

Completely different results were obtained in 
another study, where the nutrition of children on 
a ovo-lacto-vegetarian diet in kindergarten was 
assessed [13]. This diet eliminates the consumption 
of meat, fish and seafood, while accepting, apart from 
fruit and vegetables, milk and dairy products, honey 
and eggs [14]. As in the previous work, it was assumed 
that the daily food ration is equal to 70% of the daily 
requirement. According to analysed menus, the 
average calcium value was 946 mg, which was about 
135% of the current dietary recommendation. 

Charzewska and Weker [15] are of a similar 
opinion, as they analysed the diets of 400 preschoolers 
in nationwide studies on the content of calcium and 
vitamin D in the diets of 4-year-old children. There was 
a seven-day record for mothers and a five-day record 
for kindergarten teachers. It was found that the diets 
of 51% of children are chronically deficient in calcium 
[15]. The unexpected low calcium intake is shocking 
due to the fact that for years in Poland the consumption 
of dairy products by children has been promoted. It has 
been possible to hear about the influence of calcium on 
bone growth, for example, from advertising spots for 
dairy products shown on TV.

In our own work, the average consumption of 
vitamin D was 1.47 µg, which is less than 10% of 
the AI   reference values. Assuming that a preschool 
institution realizes 75% of the daily food ration, 
the obtained calcium value constitutes 13% of the 
dietary reference intake. None of the 40 analysed 
kindergartens in Silesian cities fully covered the 
demand for this vitamin.

Similar results as in our own work were presented 
in other papers. The average intake of vitamin D in 
the analysed menus in Turek oscillated around 1.48 µg 
[11]. In the above-mentioned study by Dymkowska-
Malesa and Szparaga, in which the amount of selected 
vitamins and minerals in preschool food rations 
was assessed, an average vitamin D value of 1.18 
µg was obtained [12]. Assuming that the preschool 
food ration should constitute about 70% of the daily 
standard it was 11.23% of the recommended level [12]. 
Three decade menus were assessed and none of them 
provided preschoolers with an adequate supply of this 
vitamin. In a kindergarten with a ovo-lacto-vegetarian 
diet, the consumption of vitamin D was 1.96 µg and 
accounted for 18.67% of the RDA [13].

In our study the average energy value of the diet was 
1122.35 kcal and it was higher than the recommended 
value for preschool children, which should be 1050 
kcal [8]. Excess calories consumed increases the risk 
of overweight or obesity. If this condition persists in 
childhood, the risk of obesity in adulthood increases 
[16].

In our study, apart from the analysis of calcium 
and vitamin D in the diets, the consumption of 
basic nutrients was also calculated: proteins, fats 
and carbohydrates. There were irregularities in the 
excessive consumption of proteins, which accounted 
for 111.11% of the recommended values. The presence 
of fats was also above the recommended value 
and amounted 104.49%. The ingredient that was 
present in an appropriate amount for children aged 
4 - 6 were carbohydrates (98.41% of the proposed 
recommendations).

Daily food ration consisted of 3 meals (breakfast, 
dinner, afternoon snack) in 30 analysed kindergartens. 
In the remaining 10 institutions, full board included 
4 meals (breakfast, elevenses, lunch, afternoon 
tea). Eating more meals did not increase the intake 
of calcium or vitamin D. As an additional ration, 
a snack in the form of fruit, sponge cakes or biscuits 
predominated.

CONCLUSIONS

The quantitative analyses of food rations carried out 
in kindergartens in Silesian cities indicate nutritional 
mistakes in the preparation of menus for children 
aged 4-6 years. The average calcium and vitamin D 
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content do not meet the recommended values for this 
age group so children can be at risk of calcium and 
vitamin D deficiency. Parents should consider vitamin 
D supplementation.
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ABSTRACT
Background. Nowadays the importance of lifestyles in the prevention of type 2 diabetes and the metabolic syndrome has 
been largely accertained. 
Objective. The purpose of our work is to implement programs that promote a nutritional culture in adolescents and young 
adults of the La Sabana University.
Methods. The methodology entailed, after the corresponding informed consent, taking measures of the triceps and 
supraescapular skinfolds, waist circumference, body mass index (BMI), lean mass, and fat mass. Fasting blood samples 
were also taken to quantify cholesterol, triglycerides, high density lipoprotein (HDL) and low density lipoprotein (LDL).
Results. The results obtained show that of the 165 students, 10.3% were underweight, 13.93% were overweight and 
0.6% were obese. With regards to gender, 4.8% of the men and 9% of the women were overweight, 3% of the men and 
7.2% of the women were underweight, and 0.6% of the women were obese. The blood chemistry showed that 30% had 
hypercholesterolemia, 18% hypertriglyceridemia, 17% reported low HDL levels and 67% reported high LDL levels. Of all 
the cases studied, 40% are at risk of a metabolic syndrome. 60% claimed not to practice any physical activity - especially 
women who reported 44.70%.
Conclusions. These findings have allowed us at the institution to implement a culture of healthy habits. The have also 
allowed us to identify students with risk factors for type 2 diabetes and metabolic syndrome. This is why the cardio-
metabolic monitoring and control based on healthy eating and physical activity are important.

Key words: health promotion, disease prevention, obesity, non-communicable diseases, healthy lifestyle

INTRODUCTION

Nowadays, the importance has been recognized 
of the lifestyles on the health level of the adolescent 
population, which over the years has become an 
important target group for the study of the different 
factors that are most relevant to the development of 
non-transmissible chronic diseases - some of the factors 
being the diet, physical activity and lipid profile [10, 
25]. Bearing in mind that the eating behavior is one of 
the aspects having a major impact on the health and 
physical composition of the population, several studies 
have shown the importance and high prevalence of the 
effects of inadequate eating habits in the population, 
such as the frequent consumption of carbohydrates, 

saturated fats, low consumption of fruits, vegetables 
and the lack of implementation of eating timetables 
[9, 23]. 

According to the estimation and projection of the 
National Administrative Department of Statistics 
(DANE), by 2020 the Colombian young adult 
population aged 16-21 years will be 5,113,289. This 
is a representative and relevant number, given that, a   
ccording to the Pan-American Health Organization, 
adolescents and young adults represent a key factor 
for the social, economic and political progress of all 
countries [11, 15,  21]. 

In general, and according to various studies, 
all age groups are affected by inadequate eating 
behaviors. However, in adolescents and young adults, 
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MATERIAL AND METHODS

This was a descriptive, cross sectional study 
devided in two phases with a representative randomly 
selected sample of the population of La Sabana 
University in Bogota, Colombia, consisting of 165 
young students from different careers - most of them 
from the medicine school, aged 16 - 21, who at the 
time of the analyzes were enrolled in the institution. 
The study also included volunteers with no history 
of drug addiction, alcoholism, mental illness, and no 
pacemaker users.

Before the survey, project participants signed 
the informed consents and the adequate review 
by the Ethics and Research Committee (project 
EICEA-68-2013). First phase of both quantitative and 
qualitative data collection and documenting was set 
up with the support of La Sabana University’s research 
department [20]. In turn, the body composition was 
measured and taking the triceps and supraescapular 
skinfold using an adipometer, waist circumference, 
BMI, lean mass, fat mass, % fat, among others, with the 
Tanita Electronics Model TBF 310A impedance tester 
(Tanita Corporation). Blood samples were also taken 
with a previous fast of 12 hours, to determine the total 
cholesterol, triglycerides, HDL and LDL, using the 
Mindray BS-200 auto-analyzer (Annar Diagnostica 
Import SAS). Cardiovascular risk surveying was also 
conducted based on certified international formats, 
where data on the eating habits, exercise and major 
risk factors such as smoking and familial risk factors 
were collected. 

Based on the results, and by relating them with 
the available evidence the second phase of the 
project were conducted, in which we analyzed the 
information gathered to finally formulate a series of 
recommendations to promote healthy habits and to 
reinforce ongoing measures established within the 
university’s boudries.

RESULTS

The results obtained indicate that of a final sample 
of 165 students, (114 women and 51 men, aged 16-21 
years), 75.1% presented a normal weight, 10.3% were 
underweight, 13.93% were overweight and 0.6% were 
obese, according to the standardized BMI data of the 
World Health Organization (WHO) [27].  As to the 
data by sex, the findings showed that 23% of the men 
and 52.1% of the women were of normal weight, 4.8% 
of the men and 9% of the women were overweight, 3% 
of the men and 7.2 % of the women were underweight, 
and 0.6% of the women were obese (Figure 1).

Health risk factor as a basis to programs that promote a nutritional culture in students at the La Sabana University

these unhealthy behaviors make them more sensitive 
because they are at the peak of their growth and have 
larger energy requirement, in addition to a low physical 
activity and a high level of sedentary lifestyles [7, 14]. 
That is why the implementation of different programs 
on healthy lifestyles in educational institutions is one 
of the most effective methods in the prevention of non-
communicable diseases (NCDs) such as obesity, type 
2 diabetes mellitus and metabolic syndrome - these 
being the most significant causes of death worldwide, 
as they represent, as a whole, 70% of annual deaths 
[8].Therefore, adolescence must be seen as an age of 
opportunity and not only as one of vulnerability, and it 
is time to influence the acquisition of adequate habits 
and healthy lifestyles [12, 13]. 

Obesity and the metabolic syndrome are complex 
and heterogeneous clinical entities with a strong genetic 
component, the expression of which is influenced by 
environmental, social, cultural and economic factors, 
among others. The parallel increase in the frequency 
of obesity and the metabolic syndrome is a worldwide 
phenomenon and Colombia is no exception. In addition 
to this, these pathologies are important risk factors 
for the development of type 2 diabetes, coronary 
artery disease and cerebrovascular disease due to 
arteriosclerosis, which are the main causes of death in 
our country [12, 13]. 

The control of these metabolic alterations directly 
affects the morbidity and mortality of many diseases. 
Notwithstanding, at present there are no effective 
prevention, diagnosis and treatment strategies for 
most of the cases. For these reasons, obesity and the 
metabolic syndrome have become a serious public 
health problem in Westernized countries [12, 13, 22]. 

Public health plays a fundamental role, both in 
the identification of determining factors and their 
possible solutions as well as in the implementation 
of demographic measures for their control and the 
evaluation of their effectiveness. However, given the 
relevance of these conditions on the health of the 
community, it is necessary to find scientific strategies 
to shorten the times in the generation of knowledge and 
allow the design of prevention and treatment models. 
The goal will have been achieved as soon as these 
models are operable through assistance programs and 
the frequency of these entities is reduced [13, 22]. 

The objective of our work is to determine body 
composition, main habits and lifestyles in the study 
population, to the purpose of implementing nutritional, 
pedagogical and physical activity intervention 
programs to foster a nutritional culture in adolescents 
and young adults of the La Sabana University.
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As for the blood chemistry, 98% of students 
had fasting blood glucose levels within the normal 
parameters according to the recommendations of 
the American Diabetes Association (ADA) [2] and 
2% of the population showed levels of pre-diabetes 
(Figure 2). Of the 165 students, an equivalent 30% 
suffered hypercholesterolemia, 18% of students had 
hypertriglyceridemia (Figure 3), 17% showed low 
HDL levels (Figure 4),  and 67% LDL level (Figure 5),  
based on the parameters of the American Heart 
Association (AHA) [1]. These results, in a population 
within an age range of 16 to 21, may be related to 
genetic factors or even be linked to poor nutritional 
habits. Of all the cases studied, 75 students (40%) could 
in the future present a high risk to develop Metabolic 
Syndrome. Furthermore, 60% of the population studie 
said they did not engage in any physical activity, 
especially women (44.70%). It should be noted that the 
remaining 40% perform a physical activity below the 
standardized levels of the WHO for the prevention of 
non-communicable diseases [28].

DISCUSSION

These results show us that diabetes mellitus and the 
metabolic syndrome are not diseases of older adults, 
due to the fact that cases were found in the study 
population aged 16-21 years, including individuals 
with high cardiovascular risk factors such as 
hypertriglyceridemia, hypercholesterolemia, obesity - 
even 2% of these cases had pre-diabetes. These results 
are really important because, if they are not corrected 
in time, the damage caused can be irreversible.

These findings suggest that it is important to 
reinforce a culture of healthy habits in our population, 
characterized by a healthy diet and greater physical 
activity, which were two of the main alternatives for 
the prevention of non-communicable diseases such as 
obesity, diabetes and the metabolic syndrome [18, 26].

The metabolic syndrome, seen in its general context, 
is made up of a group of cardio-metabolic risk factors; 
and the identification of one or more elements thereof, 

Figure 2. Blood Glucose Levels (BGL)

Figure 3. Triglicerides (TG) concentration levels in blood

Figure 4. High-Density Lipoprotein (HDL)/ blood 
concentration levels

Figure 5. Low-Density Lipoprotein (LDL)/ blood 
concentration levels

Figure 1. Body Mass Index (BMI)
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justifies the monitoring and clinical management of 
the patient since this risk could increase. This is why it 
is important to conduct a cardio-metabolic follow-up 
and control at an early age, since it would be possible 
to avoid the diseases with the highest mortality 
worldwide, which are due to these risks [19].

According to the National Nutritional Situation 
Survey (Encuesta Nacional de Situación Nutricional 
- ENSIN) [16] a nutritional survey was carried out 
to acquire representative information on the most 
relevant aspects of the food and nutrition situation, 
based on geographical (departmental) zones 
throughout Colombia, and to suggest the possible 
determinants that would explain the problems 
observed. Anthropometric measures were used for 
this study, in ages between 0 and 64 years, covering 
a population of 52,000 households, in 5,000 segments 
of urban and rural areas of 313 municipalities, with 
some of the following indicators: nutritional status 
by anthropometric values, household food security, 
dietary intake, eating habits, physical activity, 
sedentary life patterns, self-perception of body weight, 
time spent watching TV, among others [16]. 

Similar to the study carried out by the ENSIN 2015, 
which shows that only half of the Colombian population 
performs any physical activity, as recommended 
by the WHO [26]. Evidence can be observed of a 
prevalence of overweight among adults of 37.7% and 
an obesity index present in one in five members of this 
group, more common in women than in men. When 
adding these values, we have that a total of 56.4% of 
the Colombian population is overweight or obese, by 
reason of an inadequate food intake and sedentary 
lifestyle, which represents a 5.2 points increase 
compared to the ENSIN 2010. These findings match 
the information obtained in the recently presented 
paper, on how unhealthy eating habits, based on high 
consumption of carbohydrates, sausages and cold 
meats and low consumption of vegetables and fruits, 
as well as sedentary lifestyle, are conducive to the 
development of obesity, especially in women vis-à-vis 
men [16].

From the scope of public health, obesity has 
been considered a serious problem since one of the 
main complications of this disease are the insulin 
resistance and type II diabetes. It is estimated that for 
each increase of 7 kg of weight, the risk of diabetes 
increases by 50% [3]. According to the Panamerican 
Health Organization (PAHO), if no action is taken, 
it is expected that by the year 2040 the number of 
Diabetes Mellitus patients will increase to about 
110,000,000 inhabitants in the Americas, as opposed 
to 62,000,000 in 2016. The latest report shows that 
people with diabetes can lead a long and healthy life 
if detected early and well managed. However, in some 
countries in the Americas, up to 40% of individuals 

with diabetes are not aware of it, and 50 to 70% do not 
have an adequate control of their blood glucose levels, 
which is why the education and promotion of healthy 
habits, from an early age, is really important [2, 6, 29]. 

Amidst the studied sample, 13.93% of young 
people were overweight and the 0.6% was within 
obesity ranges (risk factors for developing a metabolic 
syndrome) and they both, were classified according to 
the criteria suggested by Grundy et al. [6]. Young adults 
with these conditions taking part in the institution’s 
medical program, together with the support of the 
University Welfare Department, were informed 
about their situation based on the results obtained, 
in order to take measures for an appropriate health 
management behavior, suggesting their attendance 
to a medical consultation with the relevant specialist. 
Furthermore, through a meeting with the University’s 
steering committee and the support of the Students 
Fund, it was possible to comprehensively address 
the management of young adults with risk factors for 
chronic non-communicable diseases.

Physical activity and sports are beneficial for 
the organic and psychological health of individuals 
in different settings, to protect the body from 
cardiovascular, respiratory and musculoskeletal 
factors. However, modern society’s lifestyle is 
characterized by inactivity and a sedentary lifestyle. 
With emphasis placed upon the population of medical 
and higher education students, studies have been 
carried out ascertaining the high sedentary rate of this 
group of people, and establishing the main cause to be 
the lack of time and the fatigue of long hours devoted 
to both the university and to rotating internship at 
hospitals [5, 17]

In order to become an institution with adequate 
habits and healthy lifestyles, we investigated the 
different food outlets at the La Sabana University, 
and which was the main food consumed by young 
people. We evidenced a low consumption of fruits and 
vegetables and a high intake of other foods high in 
carbohydrates, such as pizzas, hot dogs, hamburgers, 
carbonated soft drinks, snacks, among others. In 
addition, we have studied the consumption of food of 
the medical students in their different hospital-rotation 
areas and, in addition, we found evidence of an 
inadequate food intake characterized by imbalanced 
diets based on carbohydrates consumed at all times 
during the day. 

This intervention confirms that the majority of the 
population studied eats unhealthy foods. And it is for 
this reason that the university decided to reinforce 
the culture of healthy habits, by offering more menu 
alternatives that include the consumption of fruits and 
vegetables, as well as a restructuring of the food and 
beverage points, to promote an adequate nutrition, in 
accordance with the provisions set forth in article 4 

Health risk factor as a basis to programs that promote a nutritional culture in students at the La Sabana University



93No 1

of Law 1355 of October 14, 2009  [4].  In addition, 
and taking into account the findings obtained on the 
previously described health problems in the students, 
the university decided to establish a Physical Fitness 
Center (CAF) - a space created to promote healthy 
lifestyles through physical activity, by developing and 
strengthening values such as discipline, teamwork, 
solidarity, self-esteem, work well done, among others. 
With this, the objective is to make a healthy use of free 
time and facilitate the integration of our University 
Community [24].

CONCLUSIONS

Malnutrition is associated with a wide range of 
serious health complications and an increased risk of 
prematurely contracting diseases, including diabetes 
and heart disease. These complications do not belong 
to a specific age group, such as older adults, since, as 
shown in the results of the study, increasing number 
of adolescents and young adults are suffering from 
overweight, obesity and its complications, and such 
results are observed, mainly, in medical students. It is 
therefore important to carry out an adequate follow-
up and early cardio-metabolic monitoring based on 
a healthy diet and adequate physical activity With 
this, early establishment of various chronic non-
communicable diseases could be avoided.

Finally, highlight the fact that the prevention of 
these entities are not only an individual responsibility; 
therefore, La Sabana University encourages other 
institutions at school and higher education levels in 
order to apply these preventive measures to „make the 
healthy option the easiest option to take”.
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ABSTRACT
Background. Coronavirus disease 2019 (COVID-19) is a global pandemic with more than 53,973 people affected in West 
Bengal state of India. 
Objectives. The aim of present study was to assess the Knowledge, Attitudes and Practices (KAP) of dental practitioners 
in Kolkata city, West Bengal, India regarding COVID-2019 pandemic. 
Materials and method. Online questionnaire was distributed among dentists across West Bengal city, using a 
combination of convenience and snowball sampling. The questionnaire had 17 questions: (1) Section A was ‘General 
section’ which comprised of socio-demographic and professional details of the subjects; and (2) Section B comprised of 14 
questions depicting knowledge, awareness attitude and practice regarding COVID-19. The data collected was subjected to 
statistical analysis with level of significance at p=0.05. The descriptive statistical analysis was done to compute frequency 
and percentages. Intergroup comparison was determined by Chi-square statistical analysis to determine the level of 
significance for responses of each question. 
Results. Around 70.4% undergraduates participated in the study. Only 4.3% showed accurate knowledge with respect to 
the incubation period of coronavirus. Coughing and sneezing was considered to be the most common mode of transmission.  
98.9% of dentists considered fever to be the characteristic symptom of the disease. Hand washing and alcohol rubs was 
advocated by 99.5% of the dentist. Emergency procedures were considered necessary by 90.8% dentists. 75.1% of dentists 
agree that their practice has been affected by the pandemic. 
Conclusion. A constant update regarding COVID-19 should be made available to dental health care professionals through 
webinars, seminars, discussions and articles. Dentists should keep themselves updated and help to fight against this 
pandemic.

Keywords: awareness, knowledge, attitude, practice dentist,  COVID-19  

INTRODUCTION

On 30th January 2020, World Health Organization 
(WHO) declared a global public health emergency 
against the outbreak of Coronavirus Disease 2019 
(COVID-19), and since then has rapidly achieved a 
pandemic status. This disease with flu-like symptoms 
was initially observed among people residing in 
Wuhan, Hubei Province in China [15]. The causative 
organism responsible for this outbreak is Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 
that belongs to the family Coronaviridae of the order 
Nidovirales. 

In a dental setting, as the dentist and their 
equipment are in close proximity to the patient, the 
chance of acquiring infection from the micro-droplets 
of an infected patient is high and there is a risk of 
cross-transmission. In developing and tourist-friendly 
countries, there is a boom of dental tourism due to the 
availability of quality treatment at affordable prices, 
which attracts patients from all over the world [6]. In 
the event of an outbreak, the dentist can be the first 
person to come in contact with an infected person; they 
can either unknowingly become a carrier and infect 
others. But by following proper guidelines, they can 
prevent the possible spread of the disease and save the 
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entire community from its disastrous consequences. 
To combat the transmission of coronavirus infection, 
dentists should be aware of recent guidelines to be 
followed for dental set-up and dental health care 
professionals [5]. Hence, the present study was 
undertaken with the aim to assess the knowledge, 
attitudes and practices (KAP) of dental practitioners 
regarding the COVID-2019 pandemic among the 
dental practitioners in the Kolkata Metropolis, India. 

MATERIALS AND METHOD

The present study was a descriptive cross-
sectional (questionnaire) study, conducted from 25th 
April, 2020 to 20th June, 2020. The study population 
consisted of dental health professionals who are 
engaged in practice in Kolkata Metropolitan region. 
Study subjects were selected using convenience (re-
searchers themselves contacted dentists to participate 
in the study) and snowball sampling (the participating 
dentists were asked to forward the questionnaire to 
their colleagues), so that maximal participation could 
be ensured. Participation in the study was voluntary 
and identification information was not collected 
from the study subjects. Considering potential errors 
and sample loss, the final sample size was estimated 
to be 200. In order to pick the study subjects from 
our sampling frame (list of all practicing dentists), 
a simple random sampling methodology was used. 
However, only 187 subjects returned the questionnaire 
that constituted the final study sample. 

Research instrument 
A self-designed questionnaire written in English 

language was made specifically for the study. 
The questionnaire was pre-tested for validity and 
reliability. The reliability of the questionnaire was 
good (0.84). The questionnaire was divided into two 
sections: (1) Section A was ‘General section’ which 
comprised of socio-demographic and professional 
details of the subjects (gender, educational status, 
type of practice etc.); (2) Section B comprised of 
14 questions depicting knowledge, awareness and 
practice regarding COVID-19 (common symptoms, 
mode of transmission, availability of vaccine, various 
preventive measures, details of hygiene practices 
etc.). The questionnaire was circulated to the study 
subjects via e-mail and WhatsApp (Social Media 
Application) and not handed over personally because 
of city ‘Lockdown’ to prevent Coronavirus spread. 
The subjects were given one week time to fill the 
questionnaire and return it. 

Statistical analysis
The data collected was subjected to statistical 

analysis with level of significance at p=0.05, using 

IBM SPSS software 20.0. The descriptive statistical 
analysis was done to compute frequency and 
percentages. Intergroup comparison was determined 
by Chi square statistical analysis to determine the 
level of significance for responses of each question.

RESULTS

A total of 187 study subjects were included in study, 
out of which 49.7% were males and 48.7% were females. 
Around 70.43% participants were dental graduates 
and 29.56% were postgraduates. Significantly higher 
responses were obtained from dentists working 
in university clinics (59.5%), followed by dentists 
working in public (9.5%) and private sectors (31%). The 
demographic data obtained was statistically analysed 
using Chi-square statistical test and it was found to be 
statistically significant (p-value<0.05) for designation 
and job profile of dental professionals (Table 1). 

Section B included 14 questions regarding the 
knowledge, attitude and practices of dental health 
professionals related to COVID-19 (Table 2). 

Knowledge regarding COVID-19 
A significant difference was observed in response 

concerning the incubation period of the COVID-19 
infections. 64.7% of the subjects were aware of the 
fact about 1-14days incubation period of corona 
virus. 98.9% of dental professionals considered 
fever as the characteristic symptoms of COVID-19. 
80.6% of the subjects suggested that COVID-19 may 
not be associated with any symptoms. 97.3% of the 
dental professionals thought that the common mode 
of transmission of COVID-19 was coughing and 
sneezing, whereas 89.3% and 81.3% of the subjects 
thought touching contaminated surfaces and hand 
shaking was more likely to spread the infection 
respectively.

Attitude regarding COVID-19
51.1% of the subjects assumed that COVID-19 

is moderately dangerous, whereas 44.1% replied 
that it is extremely dangerous. 95.7% of the subjects 
replied that dentist can help to spread awareness of 
COVID-19. 41.2% of the subjects thought that hand 
hygiene and PPE are moderately effective in preventing 
COVID-19. 99.5% of dentists assumed that using 
alcohol based hand rubs and soaps is the best method 
to prevent spread of COVID-19 infection whereas 
17.1% of the people thought that preventive procedures 
are unnecessary and may cause panic. 89.1% dentists 
thought that dental emergency procedures should be 
carried out whereas 90.8% thought that procedures 
like scaling and polishing should not be carried out. 
44.3% dentists do not want to treat patient’s suffering 
from COVID19.
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Table 1. Distribution of study subjects according to demographic characteristics
Descriptive data Chi square statistical analysis

Gender (n=187) No. of response Percentage X2 df p-value
Male 93 49.7

9.501
4

0.976Female 91 48.7
Don’t want to specify 3 1.6

Descriptive data Chi square statistical analysis
Designation (n=186) No. of response Percentage X2 df p-value

BDS 131 70.43
5.22

2
0.0433*

MDS 55 29.56
Descriptive data Chi square statistical analysis

Health sector (n=168) No. of response Percentage X2 df p-value
University clinics 100 59.5

3.82 3 0.0013*Private sector 52 31
Public sector 16 9.5

*p-value<0.05 is significant

Table 2. Response to questionnaire
Q. What is the incubation 
period of corona virus? 

No. of response
(n=187) Percentage X2 df p-value

1 TO 14 121 64.7

17.08 4 0.019*
2 TO 7 8 4.3
7 TO 14 54 28.9
7 TO 21 4 2.1
Q. What are the symptoms 
of Covid-19 infection?

No. of response 
(n=186) Percentage X2 df p-value

Fever 184 98.9

1.634 11 0.180

Cough 173 93
Shortness of breath 136 73.1
Diarrhoea 93 50
Vomiting 59 31.7
Headache 113 60.8
Sore throat 168 90.3
Runny nose 48 25.8
Loss of taste or smell 41 22
Joint or muscle pain 78 41.9
May present with no 
symptoms 150 80.6

Q. What is the mode of 
transmission?

No. of response 
(n= 187) Percentage X2 df p-value

Coughing & sneezing 182 97.3

2.73 3 0.002*Hand shaking 152 81.3
Touching surfaces such as 
doorknobs 167 89.3

Q. Is Covid19 dangerous? No. of response 
(n=186) Percentage X2 df p-value

Extremely dangerous/fatal 82 44.1
9.51 4 0.050*Moderately dangerous 95 51.1

Not A serious health issue 9 4.8
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Q. Is it possible to spread 
awareness of Covid19 by 
dentists?

No. of response 
(n=186) Percentage X2 df p-value

Yes 178 95.7
5.23 3 0.241No 3 1.6

Maybe 5 2.7
Q. How effective are PPE 
and hand hygiene in 
preventing Covid19?

No. of response 
(n=187) Percentage X2 df p-value

Not required 0 0

12.08 5 0.020*
Not effective 4 2.1
Slightly effective 38 20.3
Moderately effective 77 41.2
Extremely effective 68 36.4
Q. What are the measures 
for prevention used by 
dentists?

No. of response
(n=187) Percentage X2 df p-value

Frequently clean hands by 
using alcohol based hand rub 
or soap

186 99.5

6.72 9 0.010*

Routinely clean surfaces 
in contact with known or 
suspected patients

178 95.2

Personal protective equipment 
(dental goggles, masks and 
gloves)

180 96.3

Put face mask on known or 
suspected patients 171 91.4

Avoid moving and 
transporting patients out of 
their area unless necessary

152 81.3

All health member staff wear 
protective clothing 182 97.3

Place known or suspected 
patients in adequately 
ventilated single rooms

154 82.4

Follow proper sterilisation 
procedure of instruments 
according to who

179 95.7

Proper Disinfection Of Dental 
Clinic 185 98.9

Q. What are the procedures 
to prevent transmission of 
COVID-19 infection?

No. of response 
(n=185) Percentage X2 df p-value

Routine check-ups 80 43.2

9.51 7 0.810

Endodontic therapy like Root 
canal Therapy, filling 157 84.9

Prosthodontic procedure like 
construction of RPD,FPD,CD 117 63.2

Scaling and polishing 168 90.8
Crown cutting 143 77.3
Minor oral surgical procedures 88 47.6
Emergency procedures 22 11.9

COVID-19 pandemic and infection control
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Q. What are the 
Precautionary measures for 
patients in clinics?

No. of response 
(n=187) Percentage X2 df p-value

Make patients maintain social 
distancing in waiting area 185 98.9

12.58 4 1.310
All patients should wear mask 184 98.4
Wash hands before getting in 
dental chair 179 95.7

Preventive measures are not 
necessary, may cause panic 32 17.1

Q. Will you treat a patient 
with covid19 infection?

No. of response 
(n=174) Percentage X2 df p-value

Not at all 77 44.3

6.43 5 0.010*

In life threatening cases 22 12.6
Yes, with proper PPE kits and 
strict preventive measures 42 24.1

Sufficient routine measures 24 13.8
Without proper PPE 9 5.2
Q. Do you include travel 
history while recording 
patient history?

No. of response 
(n=183) Percentage X2 df p-value

Yes 169 92.3
1.08 3 0.0010*No 6 3.3

Maybe 8 4.4
Q. Do you discuss the risks 
of covid19 with patients?

No. of response 
(n=184) Percentage X2 df p-value

Yes 152 82.6
14.08 3 0.0510*No 13 7.1

Maybe 19 10.3
Q. Do you discuss preventive 
measures against covid19 
with patients?

No. of response 
(n=182) Percentage X2 df p-value

Yes 160 87.9
7.18 3 0.004*No 11 6

Maybe 11 6
Q. Has covid19 affected your 
professional life in a clinical 
set-up?

No. of response 
(n=181) Percentage X2 df p-value

Yes 136 75.1
16.51 3 0.0001*No 25 13.8

Maybe 20 11

Practice regarding COVID-19
98.9% of dentists thought that patients should 

maintain proper social distancing in the waiting room 
and 98.4% of the study subjects thought that facial 
masks on patients are mandatory. 95.7% of dentists 
revealed that patients should wash their hands before 
going in for dental treatment. 99.3% of dentists record 
travel history of patients. 82.6% dental practitioners 
discussed the risk associated with COVID-19 
and dental treatment with the patients and 87.9% 
discuss the preventive measures of COVID-19 with 

patients. 75.1% dentists have noticed an effect in their 
professional life in a clinical set up due to COVID-19.

All the responses obtained for questions regarding 
KAP of dental health professionals for COVID-19 
pandemic were statistically analysed. It was found that 
responses to all questions were statistically significant 
(p-value<0.05), except related to symptoms of 
COVID-19, question regarding spreading awareness 
of infection, procedures used to prevent disease 
transmission, and precautionary measures taken for 
patients.

R. Bera, P. Kalia, S. Hiremath, D. Jaiswal



100 No 1

DISCUSSION

The purpose of this study was to assess the 
awareness, knowledge, attitude and practice of dental 
practitioners in the Kolkata metropolitan region in 
regard to COVID-19 infection. Kolkata is a densely 
populated region in West Bengal and currently has a 
total number of 53,973 COVID-19 cases till 24th July, 
with a total number of active cases are being 19,154 
(+308) [20]. Hence, it becomes imperative that the 
dental practitioners stay aware of the recent guidelines 
published by WHO and DCI regarding this crisis. The 
transmission of COVID-19 poses a risk for people 
who come in close contact with an infected individual, 
and the risk is greater among those who are in close 
proximity to or work near the patient, i.e., relatives and 
healthcare workers. The distance between the working 
field and the dentist is approx. 35–40 cm, and certain 
procedures can be very time-consuming, which puts 
the dentist at a higher risk of contracting COVID-19 
[17 ].

According to Lauer et al. [12] the median 
incubation period from infection with SARS COV-
2 to onset of symptoms is approximately 5 days. 
According to Backer et al. [1] incubation period is 
3-6 days after exposure with an upper conservative 
limit of 11 days. In the present study 64.7% of dentists 
conveyed that the incubation period of COVID-19 is 
1-14 days, whereas only 4.3% of the respondents were 
aware of the more recent updates on the incubation 
period of 5 days by American College of Cardiology. 
Researchers estimated that people who get infected 
with coronavirus can spread it to others, 2 to 3 days 
before symptoms start and are most contagious 1 
to 2 days before they feel sick [2, 10, 19]. Hence, it 
becomes critical for clinicians to have an accurate idea 
about the incubation period of COVID-19 to prevent 
transmission in the dental clinic. 

The common symptoms of COVID-19 were 
correctly identified as fever, cough, sore throat etc. 

[3, 4]. In our study, 98.9%, 93% and 90.3% of the 
responders said fever, cough and sore throat as the 
prime signs of corona virus infection. The response 
rate was higher as compared to the findings in a study 
by Gambhir et al. [18]. Recent research indicated that 
gastrointestinal symptoms like diarrhea and vomiting 
are also associated with COVID-19 [9]. Unfortunately 
in our study, only 50% and 31.7% of the subjects 
were aware of diarrhea and vomiting respectively 
as a symptom of COVID-19. Newer symptoms like 
anosmia and myalgia have also been associated with 
this infection [13]. However, only 25.8% knew about 
myalgia and 22% knew about anosmia in our study. 
80.6% of the subjects said that COVID-19 may not 
present with any symptoms. 

The data obtained in the study indicated insufficient 
information regarding the recent symptoms of corona 
virus among the dentists in Kolkata. The dentist may 
end up treating asymptomatic patients inadvertently 
leading to the spread of the disease which should be 
addressed immediately and care should be taken to 
sensitise the dentists.

In the present study, 92.3% of the dentists reported 
including the travel history while taking consent of the 
patient which is important in a timely diagnosis, this 
could prevent further propagation of infection. 95.7% 
dentists agreed that they could help spread awareness 
regarding the disease and 99.5% of dentists think that 
maintaining proper hand hygiene is a necessary step. 
As per the Geo Sentinel surveillance survey [14], 
11% of the respiratory tract infections were reported 
among the travellers returning to their country of 
residence, and PPE can provide protection as well 
as reduce the risk of any nosocomial infections and 
cross transmission in the dental setting [7, 14]. This 
collaborated with the study conducted Liu et al. [16]. 
Hence proper usage of PPE is mandatory [8, 11] and 
97.3% of our study subjects are of the same opinion. 

A total of 44.1% dentists responded that COVID-19 
was fatal in nature and this could be attributed to 
the fact that the mortality associated with any new 
outbreak (although lower in the case of COVID-19) 
instils a fear of the unknown among people. However 
4.8% of the dentists think it’s not a serious issue at all. 
17.1% dentists claim that precautionary measures can 
cause unnecessary panic and they tend to downplay 
the severity of the situation. Our study revealed that 
professional life and financial condition in a clinical 
set up has been affected for 75.1% of the dentists in 
the study.

Thus, present study showed that dental professionals 
play an imperative role in breaking the transmission 
chain by using the appropriate procedures to decrease 
the diffusion of viral agents, or by controlling the 
unwanted spread of infectious disease, using the 
advised safety guidelines.

Limitations of the study:
The study is conducted using limited sample size. 
More studies should be conducted with large sample 
and involving dental professionals from various 
regions of India. 
The present study was a cross-sectional study. Thus 
self-selection bias can occur due to the sampling 
technique used. 
We kept minimum number of questions in our survey 
to keep it simple and to improve the response rate of 
participants. 

COVID-19 pandemic and infection control
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CONCLUSION

The present study concluded that the knowledge 
of dentists with regard to the pathogenesis, mode of 
transmission and clinical features was not updated. 
Therefore a periodic update among dentist regarding 
the pathogenesis, mode of transmission and clinical 
manifestations of the disease should be made available 
through WEBINARS and articles. 

It is the duty of the dentist to be aware and provide 
assistance in the war against COVID-19. The paradox 
of the situation is that dentists are unable to treat 
patients without proof of a negative test result yet is 
not in a position to administer the tests themselves. 

The government should make measures to let the 
dentists test for COVID-19 by collecting swabs from 
the patients in the dental clinic to combat this disease.
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