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REVIEW ARTICLE 

NANOMATERIALS IN FOOD CONTACT MATERIALS; 
CONSIDERATIONS FOR RISK ASSESSMENT 

Kazimiera Ćwiek-Ludwicka1*, Jan Krzysztof Ludwicki2

1National Institute of Public Health - National Institute of Hygiene, Warsaw, Poland
2National Institute of Public Health - National Institute of Hygiene, 
Department of Toxicology and Risk Assessment, Warsaw, Poland

ABSTRACT
Nanotechnology applications in the food industry, including food contact materials, offer many potential benefits for 
consumers and manufacturers alike. The article discusses the migration of nanoparticles from food contact materials and the 
possible health risks associated with in the context of insufficient knowledge of the potential exposure to nanomaterial. The 
importance of gaps in the general knowledge on the behaviour and biological interactions of nanomaterials in biological 
systems becomes crucial for risk assessment. The article also discussed numerous doubts concerning the measurements of 
biological reactions in animal tests and the need for new approaches in the interpretation of data from nanoparticles studies 
in vivo. The article underlines the need to develop predictive and validated toxicological tests that can be used to screen 
for potential hazards, and also to develop new methodology for measuring nanoparticles in biological matrices to assess 
human exposure. Further studies should focus on understanding the mechanisms of action. Nanoparticles exhibit chemical 
and physical properties that significantly differ from those substances at a large size. Different properties of nanoparticles 
may lead to different toxicological properties. From that reason nanoparticles, in each case, are individually assessed by 
the European Food Standard Agency (EFSA) in terms of health risk before the European Commission authorizes them to 
be used in food contact materials.

Key words: nanomaterials, nanotechnology, food contact materials, FCM, risk assessment, toxicity testing, consumer 
safety

STRESZCZENIE 
Zastosowanie nanotechnologii w przemyśle spożywczym, w tym w materiałach do kontaktu z żywnością, przynosi 
wiele potencjalnych korzyści konsumentom i producentom. W artykule omówiono zagadnienie migracji nanocząsteczek 
z materiałów kontaktujących się z żywnością oraz możliwe ryzyko dla zdrowia konsumenta, w kontekście niewystarczającej 
wiedzy na temat potencjalnego narażenia na nanomateriały. Brak wiedzy na temat zachowania i biologicznych interakcji 
nanomateriałów w systemach biologicznych stanowi podstawowy problem przy ocenie ryzyka. W artykule omówiono 
również liczne wątpliwości dotyczące pomiarów odpowiedzi biologicznej w testach na zwierzętach oraz potrzebę 
nowych podejść w interpretacji danych otrzymanych z badań nanocząsteczek w warunkach in vivo. Podkreślono potrzebę 
opracowania predyktywnych i zatwierdzonych testów toksykologicznych, które można wykorzystać przy badaniu 
potencjalnych zagrożeń, a także opracowania nowej metodologii oznaczania nanocząsteczek w matrycach biologicznych 
w celu oceny narażenia ludzi. Dalsze badania powinny koncentrować się na poznaniu mechanizmów ich działania. 
Właściwości chemiczne i fizyczne nanocząsteczek znacznie różnią się od takich substancji o większych rozmiarach. 
Różne właściwości nanocząsteczek mogą też powodować różne właściwości toksykologiczne. Z tego powodu substancje 
w postaci nanocząsteczek, w każdym przypadku, oceniane są indywidualnie przez Europejski Urząd ds. Bezpieczeństwa 
Żywności (EFSA) pod względem ryzyka dla zdrowia, zanim Komisja Europejska zezwoli na ich stosowanie w materiałach 
do kontaktu z żywnością.

Słowa kluczowe: nanomateriały, nanotechnologia, materiały do kontaktu z żywnością, ocena ryzyka, badania toksyczności, 
bezpieczeństwo konsumenta 

http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
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NANOMATERIALS DEFINITIONS, 
GENERAL INFORMATION

Nanoparticles can occur naturally (e.g. in ashes, as 
soil particles or biomolecules), or they can be produced 
unintentionally (e.g. in diesel exhaust) or intentionally 
engineered [59]. It is generally acknowledged that 
the term nanomaterials refers to objects with at least 
one size measurement not exceeding a length of 100 
nm [22, 34, 42]. The nano-dimensional objects are 
generally characterized by their shape: nanospheres, 
nanoparticles, nanowhiskers, nanorods, nanotubes, 
nanosheets and nanoplatelets [6].

In the area of food contact materials (FCMs) 
definition for the term ‘nanomaterial’ (NM) was 
adopted in 2011 by the Commission Recommendation 
no 2011/696/EU [22], which states that “nanomaterial 
means a natural, incidental or manufactured material 
containing particle, in an unbound state or as an aggregate 
or as an agglomerate and where, for 50% or more of the 
particles in the number size distribution, one or more 
external dimensions is in the size range from 1 to 100 
nm. In specific cases and where warranted by concerns 
for the environment, health, safety or competitiveness 
the number size distribution threshold of 50% may 
be replaced by a threshold between 1 and 50%”. This 
definition is as a reference for determining whether 
a material should be considered as a ‘nanomaterial’ for 
legislative and policy purposes in the European Union. 

Nanocomposites is another term used in this paper, 
meaning a fusion of traditional food packaging material 
with nanoparticles. Nanocomposites are usually made 
up of a polymer matrix as a continuous phase and the 
nanomaterial(s) as a discontinuous phase.

The past several years have witnessed a remarkable 
and dynamic development of nanotechnology concerning 
the design and research of nanomaterials in practically all 
areas of use, including those closely related to health i.e. 
medicine [28], cosmetics [42, 56] and food production, 
including food packaging [3, 16, 61].

Like any other food technology, nanotechnology 
raises many questions about consumer safety arising 
from a lack of understanding on the possible health-
related effects of exposure to nanoparticles [43]. 
A feature article by Duncan [16] stresses that there are 
numerous data gaps that need to be filled in order to 
demonstrate product safety. Some of these data gaps are 
on nanomaterial migration through polymer films, the 
interaction of nanomaterial biomolecules and cellular 
components, the interrelationships between nanoparticle 
characteristics (size, shape, surface charge, etc.) with 
toxicity or pharmacokinetic properties, appropriate 
methods to identify, characterize and quantify 
nanomaterials in complex food matrices and the chronic 
toxicity of nanomaterials upon oral exposure. Some 
of these data gaps are addressed in this article. These 

issues together with legislation are currently considered 
as barriers to acceptance of introduction and use of 
nanotechnology in food packaging applications. 

APPLICATIONS OF NMs IN FCM

One of the promising and rapidly developing 
nanotechnologies currently applied to the food chain 
concerns the manufacturing phase that includes food 
packaging. Such an application to food is considered 
as being the most important nanotechnology for the 
near future. Nevertheless, contamination of food can 
be expected when NMs become incorporated into food 
packaging materials or storage containers to extend 
the shelf-life and keep the food products fresh.

Since a solely used polymer is unable to offer all the 
desired properties expected for efficient food packaging, 
one major application of nanotechnology to food contact 
materials (FCMs) is adding NMs to polymeric matrices. 
Polymers used for manufacturing FCM have been 
traditionally filled with synthetic or natural additives to 
enhance their properties. Such additions have permitted 
many uses in industry, transportation and consumer 
products, which includes food packaging. Various 
NMs have found numerous applications like: direct 
incorporation into food products, into food packaging 
material and during food processing. Nanomaterials in 
packaging has created a new generation of packaging 
technology, becoming one of the most developed areas 
in nanotechnology and represents an alternative to 
conventional food packaging [33]. 

Mixtures of polymers with inorganic or organic 
fillers with particular geometric shapes (fibres, flakes, 
spheres and particulates) have recently been introduced 
as novel packaging materials [49]. The ratio of the largest 
to smallest filler in packaging filling material plays 
a critical role in determining the physical properties 
of packaging. Filling materials having a higher large 
to small ratio possess higher reinforcing properties 15, 
50]. Various nanomaterials are being extensively used as 
fillers such as graphene [38], silica [5], clay and organo-
clay [29, 53], chitosan [7], polysaccharide nanocrystals 
[40], carbon nanotubes [58], cellulose-based [52] and 
also metal nanoparticles, such as ZnO2 [21], colloidal 
Cu [8] or Ti [39].

Nanomaterials like nanoparticles, nanoclays and 
nanoemulsions have found numerous applications 
in the food sector as nanocomposites and constitute 
innovative food packaging. 

Clay and silicate nanoplatelets are extensively 
used fillers of which montmorillonite [Mx(Al4-xMgx)
Si8O20(OH4)] demonstrates the desired properties due to 
the form of its octahedral sheets of Al(OH)3 between silica 
tetrahedral bi-layers [60]. Nanoclay (1%) containing 
polypropylene was successfully tested as a proposed 
FCM to provide for an efficient air barrier in a potential 
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packaging material so that the shelf-life of food products 
is prolonged when stored in a CO2 atmosphere [45]. 

Carbon nanotubes have been widely used as a non-
food application of nanotechnology. Certain globular 
proteins from milk (such as hydrolyzed a-lactalbumin) 
can be made to self-assemble into similarly structured 
nanotubes under appropriate environmental conditions. 
This technique can be applied to other proteins as well 
[60].  

Cellulose-based nanofibres have also been investigated 
as support structures for many nanomaterials. Using 
cellulose increases the nanoparticle surface area and 
thus enhances their activity. Such additive features make 
cellulose nanofibres an attractive class of nanomaterials. 
Reinforcements based on cellulose nanofibres improve 
the strength and thermal properties of polymers [48]. 
The assimilation of cellulose nanowhiskers and starch 
improves their thermo-mechanical properties, together 
with a reduced water sensitivity and intact biodegradability. 
Cellulose nano reinforcements may also form a moisture 
barrier property to polymer films [54]. 

These advantages are responsible for making 
nanotechnology-derived food packaging materials 
the most common nanotechnology application for 
the food sector, with the most prominent examples. 
This includes FCMs incorporating nanomaterials 
to improve packaging properties (flexibility, gas 
barrier properties and temperature/moisture stability), 
‘active’ FCMs that give nanoparticles antimicrobial 
or oxygen scavenging properties, ‘intelligent’ FCMs 
incorporating nanosensors for monitoring and 
reporting food conditions and biodegradable polymer–
nanomaterial composites [9, 10, 61]. 

Behind incorporating nanomaterials into food 
packaging, there are numerous data gaps to be filled 
in order to demonstrate product safety to consumers. 
Among these are: migration of NMs into food and 
food simulants, toxicological and legal aspects, toxic 
potential of NMs and safety assessment. 

MIGRATION OF NMs FROM FCM 

When NMs are used in food packaging materials, 
direct contact with food becomes possible following 
their migration. The risk of consumers being exposed to 
nanoparticles from food packaging is likely to occur via 
potential and unintended migration of nanoparticles from 
the packaging material into food and beverages. Because 
of general concerns to consumers over the possible 
adverse health effect of migrating food packaging 
components, this is considered a critical factor in the risk 
assessment of FCMs. The question if nanoparticles can 
at all migrate from plastic polymers remains unanswered 
and many studies devoted to this problem show greatly 
inconsistent findings [2, 32, 57, 61]. NMs migration has 
been discussed as a possibility by Jokar et al. [35], who 

following extensive literature searches did not exclude 
this and suggested three factors involved: the nature 
of the nanoparticle, the nature of the matrix (polymer) 
and the analytical methods for detecting nanoparticles 
migrating into food or food simulants. 

The aim of nanoparticles migration studies was 
to assess whether they can migrate from plastic FCM 
into foodstuffs. Several studies have been published 
on nanoparticles migration from polymers. Most 
of them concerned nanosilver, which is used as an 
antimicrobial agent [10, 11, 12, 18, 32, 44]. Huang 
et al. [33] studied the migration of nanosilver from 
commercially available polyethylene plastic bags 
into food simulants. The lowest migration was 
observed into 95% ethanol, although there were no 
significant differences in migration recorded for all 
food simulants which were used. Nanosilver migration 
studied by Echegoyen and Nerin [18] was below the 
maximum limit for silver allowed by legislation. 
Bott et al. [2] demonstrated in the study that carbon 
black nanoparticles incorporated in polyethylene 
or polystyrene did not migrate regardless the time, 
temperature and food simulants were used. 

A number of studies on migration from FCMs 
has assessed the safety of stored food products, as is 
particularly the case for plastic packaging, because it can 
be a source of harmful substances including carcinogenic 
primary aromatic amines [14], or endocrine disrupters 
[13]. Firstly, such studies need to determine the migration 
of the substances from FCM into food or food simulants, 
thereby estimating exposure which then gives the 
opportunity to risk assessment. 

According to EFSA’s scientific opinion [19], 
the potential risk arising from nanoscience and 
nanotechnology in food and FCMs has to be clarified 
and approval for a substance as nanoparticle to FCMs 
is required. According to EU Regulation No. 10/2011 
[23], only those nanoparticles which were assessed by 
EFSA and authorized by the European Commission 
may be used in plastic FCMs.

The role played by the physical appearance of the 
nanoparticle was appreciated by Jokar et al. [35] who 
suggested that whenever there is no migration found, 
then the limit of determination (LOD) of the analytical 
method should be included, not only for particle mass 
or number concentration but also for particle size.

Using migration experiments and mathematical 
models this issue was investigated from another 
perspective by Abreu et al. [1] who found that the 
migration of chemicals from food packaging may 
be lower in nanocomposite polyamide film than in 
conventional polyamide film. It was concluded that 
this kind of packaging may reduce the potentially 
adverse health effects that may result from exposure to 
toxic compounds present in FCMs. Such findings thus 
add a new dimension to the risk-benefit discussion on 
nanomaterials in FCMs.
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TOXICOLOGICAL AND LEGAL ASPECTS

The consumer safety implications from applications 
of nanotechnology in food and FCMs concern the 
physicochemical nature of the nanoparticles and 
the likelihood of exposure to NMs. When particle 
size becomes less than 100 nm, its physicochemical 
properties are significantly different to macroscale 
materials composed of the same substance. It also 
appears that the toxic effects of otherwise inert 
materials are very different in the nanoscale; as the 
surface area of particles increases, a greater proportion 
of their atoms may interact with potential receptors 
in the organism [30]. These effects pose numerous 
toxicological concerns because ‘classic’ toxicometric 
testing seems to be inadequate for any safety evaluation 
based on toxicological properties, even if they are well 
known for the same material but on the macro scale. 
The current understanding on possible consequences of 
exposure to NMs remains an open question because of 
the many uncertainties. The main concerns stem from 
the insufficient knowledge over the potential effects and 
possible impacts of such materials on human health. 
To address these concerns, four key risk assessment 
components should be identified: hazard identification 
and hazard characterisation followed by exposure 
assessment and risk characterisation [20]. 

The principle underlying the European Regulation 
(EC) 1935/2004 [17] is that any material or article 
intended to come into contact with food must be 
sufficiently inert to preclude substances from being 

transferred to the food in quantities large enough 
to endanger human health or to bring about an 
unacceptable change in the composition of the food or 
a deterioration in its organoleptic properties. 

The European Union Regulation on plastic food 
contact materials and articles [23] emphasises that 
because of the new technologies used to engineer 
substances of a particle size that possess chemical and 
physical properties significantly different from those 
at a larger scale may lead to different toxicological 
properties and therefore these substances should be 
health-risk assessed on a case-by-case basis by EFSA. 
It should therefore be made clear that any authorisations 
based on a risk assessment of conventional particle 
sizes of a given substance do not cover nanoparticles. 
This statement reflects an uncertainty because 
toxicological data is lacking upon exposure to NMs. 

It should also be stressed that existing toxicity 
testing methods, (e.g. OECD guidelines for testing 
chemicals), may need methodological modifications 
including application modes.

Under Article 9(2) of the EU No 10/2011 
Regulation [23], substances in nanoform are only to 
be used if explicitly are authorised and mentioned in 
the Annex I; see Table 1. 

At present, the number of nanoparticles allowed 
for use in FCMs is small. Any application for 
authorization of a nanoparticle substance is subject 
to a risk assessment by EFSA. This is also when the 
nanomaterial is used behind the functional barrier [23]. 

Table 1. Nanoparticles authorized for use in plastic food contact materials (FCMs), according to EU legislation

FCM substance No Substance name Restrictions and specifications Reference

87

Silicon dioxide, silanated 
(produced using primary 
particles in nanoform in the 
final material)

For synthetic amorphous silicon dioxide, 
silanated: primary particles of 1–100 nm 
which are aggregated to a size of 0,1–1 µm 
and may form agglomerates within the size 
distribution of 0,3 µm to the mm size.’

Regulation EU 
No 2016/1416

[25]

807 Titanium nitride (TiN), 
nanoparticles 

No migration of titanium nitride 
nanoparticles. 
Only to be used in PET bottles up to 20 mg/kg. 
In the PET, the agglomerates have 
a diameter of 100 – 500 nm consisting of 
primary titanium nitride nanoparticles; 
primary particles have a diameter of 
approximately 20 nm.

Regulation EU 
No 1183/2012

[24]

1050 Zinc oxide, nanoparticles, 
uncoated Only to be used in unplasticised polymers.

Regulation EU 
No 2016/1416

[25]

1046

Zinc oxide, nanoparticles, 
coated with 
[3-(methacryloxy)propyl] 
trimethoxysilane (FCM No 788)

Only to be used in unplasticised polymers. 
The restrictions and specifications specified 
for FCM substance No 788 shall be 
respected (0.05 mg/kg).

Regulation EU 
No 2016/1416

[25]

Nanomaterials in food contact materials; considerations for risk assessment 
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It should however be noted that whenever 
nanoparticles are deliberately released, (eg. in inteligent 
antimicrobial packaging), then they should be treated as 
food additives rather than a packaging component and 
are thus covered by different regulations. As early as 
2006, the USA’s Food and Drug Aministartion (FDA) 
formed the Nanotechnology Task Force, responsible 
in developing regulatory approaches for nano-based 
products to ensure safety and efficacy, while also 
facilitating beneficial technological innovation. The 
task force then issued a report recommending an 
evaluation of agency-guidance, pointing out to the 
manufacturer what data needs reporting to the FDA 
on nano-products [ 55]. The FDA also recommended 
continuing an individual case by case approach for any 
nanotechnology products appearing in food.

Another uncertainty arises from the absence of 
appropriate analytical methods for quantifying NMs 
in such a complex matrix as food. Huang et al. [33] 
reviewed various analytical techniques that may 
be applicable, showing the weaknesses of each for 
performing quantitative NM analysis. This explains 
why there are no current labelling requirements. 
Monitoring nano-based products and assessing their 
safety is thus difficult for the authorities responsible; 
e.g. EFSA, FDA or other competent authorities at the 
national level. 

TOXIC POTENTIAL OF NMs

The toxicity of chemicals depends on a number 
of factors including their bioavailability expressed as 
the amount of substance absorbed by the body from 
the site of first exposure, e.g. the gastrointestinal (GI) 
tract. The most important entry route of NMs that may 
be present in food from FCMs migration is oral, and 
discussion on the toxicokinetics of nanoparticles is 
thereby largely confined to oral intake in this review. To 
date, studies on exposure, absorption, bioavailability, 
distribution, metabolism and excretion have focused 
on the toxicokinetic processes following inhalation 
and dermal routes of exposure to NMs. Little is known 
however about the fate of nanoparticles following oral 
exposure, particularly in relation to ingestion of NMs 
contained in food. Nanoparticles can enter the GI tract 
in many ways such as ingestion directly from food, 
water and from nano-drugs. Inhaled nanoparticles can 
also be swallowed and enter the GI tract following 
clearance from the respiratory tract [31]. As a potential 
entry point for further distribution pathways, the oral 
route includes cells as possible target sites for NM 
action. After penetration, the particles are mainly 
distributed in the body according to their surface 
characteristics. The toxic potential of nanoparticles 
can be greatly enhanced by their free movement 
throughout cells, thereby promoting interactions with 

intracellular proteins and organelles, including nuclear 
DNA. There may be no means to prevent, affect or 
to direct nanoparticle uptake once they enter the cell. 
Geisler et al.[26] who following exposure of rats to 
titanium dioxide (TiO2) via aerosol inhalation found 
ultrafine TiO2 particles in connective tissue from heart 
sections and concluded that a transport mechanism 
with adhesive interactions, particle diffusion and 
uptake might play a role in particle transport across 
membranes. They also stated that following deposition 
of nanometre-size particles, their further fate may be 
largely independent of particle surface chemistry and 
charge. Consequently, ultrafine TiO2 particles may 
be transferred from the lungs to other organs. This is 
consistent with a study by Nel et al. [46] who described 
mechanisms involved in cell death following exposure 
to nanoparticles. The mechanisms of NMs’ absorption 
through the GI tract walls are complex and little is 
known about the behaviour and fate of NMs after they 
reach the GI tract; however it may not be excluded 
that GI tract absorption is affected by the different NM 
coatings [19] which could alter their surface properties. 
EFSA [20] recommends that the transformation and 
stability of NMs in the GI tract merits studying e.g. by 
in vitro digestion testing.

There is however another aspect of presence of 
nanoparticles in a food matrix. It is well recognised 
that the toxicity of many chemicals in the diet is 
markedly influenced by the food matrix, and that 
toxicity outcomes based on in vitro or in vivo testing 
will not be necessarily identical as when the same 
chemical is administered in a dietary matrix. The same 
phenomenon may obviously occur if nanoparticles 
are likewise introduced via the diet. The presence of 
NMs in food may cause increased bioavailability of 
other substances normally found in the diet, because 
actively charged surfaces can absorb biomolecules 
during their passage through the GI tract [27]. These 
so-called ‘Trojan horses’ [41] may transport any toxins 
appearing in food into the intestinal mucosa which 
may have associations with Crohn’s disease. Another 
possible scenario is that active NM surfaces may adsorb 
beneficial food components thereby weakening their 
bioavailability. It is therefore advisable to consider 
the nutritional implications when NMs are present or 
expected in food [3]. Unfortunately there is no currently 
available information on toxic effects after low dose 
chronic or acute oral exposure; being a serious concern 
for assessing future health consequences arising from 
prolonged exposure to NMs. Their effects on the 
immune and cardiovascular systems and other organs 
e.g. lungs, liver, heart and brain remain unknown. Not 
enough is also known on genotoxicity, carcinogenicity, 
teratogenicity, neurotoxicity, reproduction toxicology 
nor the endocrine disrupting potential. Such huge 
areas of uncertainty give rise to inter- and intra-species 
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differences in toxicokinetics and toxicodynamics. 
Thus if the available scientific data does not indicate 
otherwise, conventional default uncertainty factors 
should be applied, (10 for inter- and 10 for intra-
species differences), as currently there are no science-
based indications necessary to modify these factors 
[20]. Appropriate in vitro and in vivo studies on NM 
are obviously required as a priority for identifying 
and characterising the hazards and for obtaining dose-
response data. Further studies should be focused on 
understanding the mechanisms of action. 

SAFETY ASSESSMENT

Although the beneficial effects of nanotechnologies 
are generally recognised, the potentially toxicological 
effects and impacts of NMs have so far received 
little attention. The rapid and massive introduction 
of consumer goods containing nanoparticles requires 
a better understanding of their potentially adverse 
effects on health. The general approach to assessing and 
controlling risk firstly involves hazard identification, 
understood as the potential of a given substance to 
cause harm, followed by a structured approach to 
determine the likelihood of exposure to the hazard and 
the associated consequences thereof [51]. 

The oral route is the most likely way of exposure to 
NMs from FCM, because when contained in food they 
have direct access to the GI tract. The biotransformation 
of nanoparticles in biological matrixes, (which mimic 
human oral exposure), is a complex process influenced 
by many factors (ie. Nanomaterial size, aggregation 
state, solubility, etc.), but also by matrix conditions, 
ie. pH, temperature and ionic strength. Bove et al. [4] 
described the silver nanoparticle dissolution process 
by means of an in vitro assay using human digestive 
simulating matrixes. They found that >90% Ag-NM 
dissolution took place during Ag-NM passage through 
the stomach. However, the resulting ions were found 
not to be all bioavailable, as most bind to the digestive 
matrices. These findings have been supported by in 
vivo studies showing that most of the nanoparticles 
were present in the faeces. 

The gastrointestinal tract constitutes a complex 
barrier of around 2000 m2 that fulfils different functions. 
Nutrients are taken up via the intestinal epithelium and 
are distributed throughout the body by the bloodstream. 
Since blood vessels are only one or several cell layers 
below the intestinal epithelium, it seems to be efficient 
barrier preventing macromolecules or nanoparticles from 
migrating into the bloodstream [37]. There is no consensus 
about the fate of nanomaterials once they get into the GI 
tract. While some animal experiments found that 50 to 100 
nm-sized polystyrene particles were absorbed through 
the intestinal wall to get into the lymphoid system, other 
studies maintain that there is no such uptake at all [36]. 

While 98% of the nanoparticles administered orally to 
the test animals were excreted, approximately 80% of the 
intravenously administered material accumulated in the 
liver. The uptake of nanoparticles by the GI tract could 
accordingly, therefore be rather of minor significance. 

Another doubt arises because of the complex nature 
of food and it is important that the NM is characterized 
within the context of the food matrix administered to test 
systems which should reflect the consumer’s exposure 
to the matrix-NM complex, but is not necessarily 
reflected by animal experiments. Oberdorster et al. [47] 
pointed out that it is essential that NMs are accurately 
characterised, so that the potential toxicity of NMs in 
biological systems can become understood. He further 
proposed that specific NM parameters be additionally 
measured within such a matrix; thus being an important 
criterion for safety assessment. However, this poses 
considerable difficulties for routinely using analytical 
techniques to characterise NMs because a completely 
different approach of in vitro ‘effect screening’ is 
used to determine the presence of NMs. This implies 
that measuring the effect of exposure as a biological 
response should be sufficiently specific to serve as 
a screening tool. By such means the presence of NMs 
can be confirmed using assay systems that focus on 
biomarkers of exposure or its effects thereof. The in 
vitro assays could be used as a first tier for detecting 
nanoparticles in food [3]. It is therefore vital that methods 
for evaluating the toxicity of engineered nanomaterials 
are developed. Both in vitro and in vivo tests will be 
needed to achieve a reliable risk assessment outcome, 
the more so because computational methods (eg. 
QSAR) appear to be inadequate for nanoscale particles 
when together with the growth of the surface area of 
particle greater proportion of the atoms may interact 
with receptors in the organism as compared to the 
classical situation of exposure to chemical compounds 
[30]. The generally accepted risk assessment paradigm 
for non-nanomaterials is nevertheless considered also 
applicable for NMs. However, account should be taken 
of specific NMs features such as their unique biological 
properties arising from surface/body-receptors 
interactions, chemical composition, other physico-
chemical properties and interaction with tissues. Hazard 
identification and characterisation resulting from NM 
exposure should include specific properties, with data 
on the non-nanoform of the same chemical being 
compared [19, 20]. 

The risk to human health can be characterised 
by comparing exposure levels; with a no-effect level 
expressed as an appropriate reference dose obtained 
from toxicity data. The most important issues for risk 
assessment are the sensitivity and validity of currently 
existing test systems. This requires developing 
models to predict the potential impact of engineered 
nanomaterials on human health. Such models should 
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include the physical and chemical characteristics of 
nanomaterials and an estimate of their health effects 
on humans. The NM toxicity literature is constantly 
growing, nevertheless results are often obtained for only 
one type of nanomaterial, where other types may give 
different results. Another difficulty is that test animals 
may be generally exposed to much higher concentrations 
than in reality. These obstacles limit the usefulness of 
animal experiment data. Moreover, there is insufficient 
science-based data to permit official extrapolation from 
one type of NM to another. According to present day 
knowledge, it is still impossible to determine which type 
of effects are to be expected for which type of NM. It is 
also unlikely whether the extent of surface properties, 
chemical composition and their proportions can be 
judged to affect an organism’s biological response 
following exposure to NM.

As one of the key steps in risk assessment, hazard 
characterisation concerns the setting of health-
based guidance values such as the acceptable daily 
intake which are based on toxicological endpoints 
eg. no-observed-adverse-effect-level (NOAEL), no-
observed-effect-level (NOEL) or benchmark-dose-
level (BMDL) defined by animal toxicity studies. 
It seems unacceptable that no relevant toxicity 
studies have been performed for obtaining these 
guidance values for NMs. Without any detailed 
toxicological data, but in view of the potential harm 
from nanoparticles it is therefore appropriate to 
consider using the precautionary principle (PP) for 
nanotechnology applications to food contact materials. 
Despite the preliminary evidence suggesting that 
certain engineered nanoparticles are potentially 
harmful to human health, it is unclear at present 
whether there is a sufficient scientific basis to use 
the PP for all applications of nanotechnology to food 
contact materials. More research is needed to better 
understand the levels of risk, but it would be prudent to 
consider using the PP to certain high-risk applications, 
particularly whenever there is evidence of engineered 
nanoparticles migrating from FCM into food [9, 10]. 

CONCLUSIONS

Polymer nanocomposites consist of a new class 
of materials that have the potential to introduce 
novel properties and features to the food-packaging 
industry. There are however numerous knowledge 
gaps on the behaviour and biological interactions of 
NMs which thus burden any risk assessment with 
serious uncertainty. These may include degradation of 
NMs during digestion and the availability of hazard 
information. The potential effects of nanosized food 
additives on the function of the GI tract and its natural 
microflora, gut epithelial cells and behaviour of NM 
free particles are far from being understood. 

Another data omission is a deficiency of suitable 
analytical methods for detecting sufficiently low NM 
amounts and small NM sizes. At present, determining 
NM in the food or feed matrix is not possible, leading 
to increased uncertainty in exposure assessment. 
Despite the huge number of studies, this lack does not 
allow for a conclusive answer on whether NMs can or 
cannot migrate from FCM into food or if there are any 
circumstances that are likely to affect this process. 

Numerous experiments suggest that adverse health 
outcomes associated with the uncontrolled presence of 
nanoscale particles in tissues require further attention. 

Although study data indicates a rather limited 
likelihood of NMs migrating from composite 
packaging material to foodstuffs, the health risk issues 
still remain unanswered. Much more has to be therefore 
done, not only regarding the amounts of nanoparticles 
but also in showing how their surface area affects their 
biological potential. Future research needs to develop 
predictive and validated toxicological tests (in vitro and 
in vivo) that can be used to screen for potential hazards 
and also to develop new methodologies for measuring 
nanoparticles in biological matrices, necessary for 
assessing human exposure. This should include studies 
for better understanding the relationships between 
NMs’ physicochemical surface characteristics with the 
body’s receptors. 
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HEALTH RISK AS A CONSEQUENCE OF EXPOSURE  
TO TRIHALOMETHANES IN SWIMMING POOL WATER
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ABSTRACT
The article presents the formation and toxicity of trihalomethanes (THMs), substances belonging to Disinfection By-
Products (DBP), formed as a result of pool water chlorination. Concentration of THMs in pool water has been standardised 
in Poland since recently. THMs concentration in pool water depends on multiple factors, mostly the method of water 
disinfection, including chlorine or organic substance (TOC) concentration. Apart from that, the level of exposure of 
swimmers to the toxic effect of THMs is affected by their content in the air of swimming pool halls, intensity of swimming 
as well as time of stay in the indoor swimming pool area. The water and air temperature as well as number of swimmers 
and time of their staying in pool have also significance influence on THMs concentration. In order to decrease the quantity 
of THMs in pool water, alternative disinfection agents are applied. Additionally, an efficiently operating pool ventilation 
system as well as proper water treatment method are also important. Because THMs are produced from organic material 
under the influence of the chlorination, the users can have an impact on decrease of the THMs concentration in pool water, 
for instance by taking a shower prior to entering the pool or by wearing a swim cap. The results of studies conducted in 
2015 showed that the quantity of THMs in pool water depends on type of the pool (indoor, outdoor), water replacement 
frequency, water treatment system, chlorine dose and TOC content. In most collected samples, the THMs concentration 
exceeded the admissible norm (100 μg/L). 

Key words: water, swimming pools, trihalomethanes, THMs, toxicity

STRESZCZENIE
W artykule omówiono powstawanie i działanie toksyczne trihalometanów (THM), związków należących do tzw. 
Disinfection By-Products (DBP), powstających w wyniku chlorowania wody w nieckach basenowych. Od niedawna 
w Polsce normuje się stężenie tych związków w wodzie basenowej. Stężenie THM w wodach w obiektach basenowych 
zależy od wielu czynników, głównie od sposobu dezynfekcji wody, w tym stężenia chloru oraz substancji organicznych 
(TOC). Poza tym na stopień narażenia pływaków na toksyczne działanie THM ma ich zawartość w powietrzu hali 
basenowych, intensywność pływania oraz czas przebywania na terenie pływalni. Ważna jest też temperatura wody 
i powietrza oraz ilość osób korzystających z basenu w danym czasie. W celu zmniejszenia ilości THM w wodzie 
basenowej stosuje się alternatywne środki dezynfekcji. Poza tym ważny jest sprawnie działający system wentylacji hali 
basenowej i odpowiedni sposób oczyszczania wody. Ponieważ THM są wytwarzane z udziałem substancji organicznych 
pod wpływem chlorowania, korzystający z basenów mogą wpłynąć na obniżenie poziomu THM, np. poprzez noszenie 
czepków oraz skorzystanie z prysznica przed wejściem do wody. Przeprowadzone w 2015 roku badania wykazały, że ilość 
THM w wodzie basenowej zależy od wielu czynników, w tym rodzaju basenu (kryty, odkryty), częstości wymian wody, 
rodzaju systemu jej oczyszczania, dawki chloru oraz zawartości TOC. W większości pobranych próbek stężenie THM 
przekraczało dopuszczalną normę (100 μg/L). 

Słowa kluczowe: woda, baseny, trihalometany, THM, toksyczność
 

INTRODUCTION

Most common halogen derivatives of hydrocarbons, 
the so called halomethanes are formed in water treated 
for the purpose of disinfection, usually when chlorine 

compounds are used. THMs belong to the so-called water 
disinfection by-products (DBPs), which are formed 
in swimming pool water and ambient air. It is known 
that there are over 600 of such compounds. They were 
divided into 3 main groups: trihalomethanes (THM), 
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chloramines and haloacetic acids (HAAs). They are 
characterized by different toxicity. Usually in THMs 
contained in swimming pool water, the highest number 
of chloroforms (CHCl3) is indicated, due to the use of 
chlorine for water disinfection. The main representative 
of chloramines present in pool water is the trichloramine 
NHCl3 - irritating to the skin and eyes - which is 
responsible for the “chlorine” odour in the pool facilities. 
The third group, which is haloacetic acids (HAAs) consists 
of non-volatile compounds, thus they remain in the pool 
water. Most frequently compounds with chlorinated 
derivatives of methane (THMs), which are determined, 
are chloroform (TCM), bromodichloromethane (BDCM), 
dibromochloromethane (DBCM), bromoform (TBM). 
The THMs formation precursors in water are organic 
carbon of natural or anthropogenic origin. Therefore, in the 
analysis formation process and the concentration of their 
organic precursors in water should be take into account. 
Not all organic compounds in the water have the ability 
to react with chlorine, usually water soluble compounds 
as Dissolved Organic Carbon (DOC) [36]. 

The problem concerning formation of THMs 
in drinking water has been widely examined [3, 7, 
17, 20]. In accordance with Polish Law, the content 
of these compounds in drinking water must not 
exceed 100 µg/L [28]. The research study indicates 
that the content of THMs in swimming pool waters 
is usually much higher than the one specified in the 
standard for drinking water, due to much higher 
degree of chlorination of swimming pool water and 
raised content of organic compounds. In the case of 
pool water, the THMs precursors are mostly: urea, 
ammonium ions, α-amino acids and creatinine, 
introduced into the water by people bathing [14, 25].

In Poland in 2015 a new law regulation has been 
in force ordering of monitoring of THMs in swimming 
pool water and limit values for these compounds have 
been specified [29]. Limit values for these compounds 
have been established: the concentration of THM 
should not exceed 100 µg/L and chloroform of 30 
µg/L, with the exception of water in children pools, 
where the concentration of chloroform can not exceed 
20 µg/L. This is due to the highest THM toxicity in 
relation to the other groups. In many countries, despite 
the lack of guidelines for swimming pool water, 
it is assumed that THM concentrations should be at 
the same level as the standards for drinking water 
indicated (100µg/L) in accordance with Directive 
98/83/EC [17]. Other European countries have already 
established individually the maximum value of THMs 
in swimming pool water, and in the case of Germany 
it is (20µg/L) and in Denmark (50 µg/L) [17, 18]. 
The World Health Organization (WHO) establishes 
different guideline values for each THMs: 300 μg/L 
for TCM, 60 μg/L for BDCM, and 100 μg/L for both 
CDBM and TBM [18]. 

The aim of the article was to describe the sources and 
the impact of THMs for swimming pools users and the 
possibility of reducing exposure to these compounds. 
The purpose of this review article was beginning of 
the study monitoring water quality in swimming pools 
in Opole Region [26]. The obtained results allowed 
for evaluation of water quality and allow to reduce 
of hazardous compounds concentration in water, as 
a consequence increase the safety of swimmers.

TOXICITY OF THMs

In 1976, the US National Cancer Institute 
has published for the first time the information 
that chloroform, being present in the drinking water, 
is carcinogenic to rodents. Subsequent research 
studies suggested that chlorinated drinking water 
may be associated with increased risk of developing 
bladder, rectal and colon cancers [3]. Based on the 
results of toxicity tests on drinking water in India, 
Mishra et al. [20] have stated that THMs being entered 
through oral and inhalation route have direct impact 
on human health. According to the authors [20], 
THMs penetration from drinking water through the 
skin, for example during bathing was insignificant. 
A similar study was conducted in Thailand [24]. It 
was proven that the greatest risk caused by drinking 
the water is THMs absorption through oral route, 
then through skin, and lastly through inhalation. The 
International Agency for Research on Cancer (IARC) 
classifies chloroform and bromodichloromethane as 
compounds that are probably carcinogenic to humans 
(Group 2B) [27]. Recent epidemiological data indicate 
that exposure to THMs is associated with an increased 
risk of bladder cancer [34]. It is also proven that 
THMs are teratogenic [12, 22, 34]. The direct negative 
impact of THM contained in pool water on the health 
of pregnant women and the risk to the foetus was 
not proven [34]. It was reported that carcinogens 
contained in the pool water, including THMs, should 
be considered in the etiology of melanoma [34]. 
It was proven that THMs from pool water may cause 
bladder cancer, as well as THMs from the drinking 
water [27]. The presence of biomarkers of genotoxicity 
was found in the urine of swimmers utilizing pool 
facilities. However, in the case of swimmers, it turns 
out that the greatest threat from THMs is its content 
in the ambient air of swimming pools and not in the 
water [34]. It is confirmed by Erdinger et al. [10], 
who demonstrated that the content of THMs in 
swimmers’ blood is correlated with their content 
in the ambient air of swimming pools and not with 
the content in the water. They found a direct impact 
of swimming intensity on THMs accumulation in the 
organism of swimmers. The authors [10] suggested 
that THMs are absorbed mainly by inhalation rather 

Exposure to trihalomethanes in swimming pool water

http://context.reverso.net/t%C5%82umaczenie/angielski-polski/has+been+in+force
http://context.reverso.net/t%C5%82umaczenie/angielski-polski/has+been+in+force


333No 4

than through the skin or by accidental ingestion of 
water, while swimming. This is confirmed by tests 
performed among 183 indoor pools in Korea [13]. 
There was discovered that the risk caused by THMs 
received orally and through skin from the pool water is 
negligible, and swimmers are exposed to uptake these 
compounds by inhalation. Other conclusions were 
reached by Lindstrom et al. [15], who stated that the 
main way of absorbing THMs by swimmers is through 
the skin (80%). Despite of swimmers, people working 
in swimming pools (lifeguards, instructors and 
technical staff) are largely exposure to THMs. Such 
exposure is prolonged and may cause adverse health 
effects expressed in respiratory diseases, including 
asthma, skin problems and eye irritations [34]. Another 
group vulnerable to negative effects of THMs arisen 
from water pools are swimmers, especially competitive 
ones. In research tests concerning people benefiting 
from swimming pools, it was stated that the presence 
of all four forms of THMs in the exhaled air; in their 
blood only chloroform was detected, and in the urine, 
the presence of chloroform bromodichloromethane 
was detected [34]. It may suggest that THMs absorbed 
by inhalation in the majority are removed together 
with the exhaled air and a small amount of them is 
transferred into the blood and then into the urine. After 
getting into mammalian blood, THMs are quickly 
metabolized and excreted [24].

It is presumed that some of the symptoms occurring 
in swimmers’ organism, such as irritation of eyes, skin 
or respiratory problems may be caused by chlorine 
or chloramine present in the ambient air of swimming 
pool, rather than in the presence of THMs [34]. This 
is confirmed by tests in 334 lifeguards working at 
indoor swimming pools in France and in more than 
600 employees of swimming pools in the Netherlands 
and the USA [34]. However, in the Italian research 
studies, a direct relationship between the content of 
THMs in the exhaled air in workers of swimming 
pools and the occurrence of respiratory diseases has 
been proven [34]. Regardless the type of irritants 
being present in the air, there are more incidence of 
respiratory diseases among swimmers than in other 
sportsman. Due to the suspicion that swimmers are 
exposed to THMs contained in the pool water and in 
the air, numerous studies on the effects on children 
using the pools were performed [34]. Alarming results 
of the research were received by Spanish researchers, 
who found that children attending the swimming pools 
had four times higher uptake of THMs, compared to 
non-swimming children that means not using the pools 
[11]. It is also suspected that the use of swimming 
pools can aggravate asthma symptoms in children 
[34], however this effect has not been definitively 
confirmed. Despite this, the Belgian Government, 
on the basis of the precautionary principle, does not 

recommend swimming in chlorinated pools to children 
under one year of age, especially children with atopic 
dermatitis and those whose parents have asthma [34].

SOURCES OF EXPOSURE 
OF SWIMMERS TO THMs

The main source of exposure of swimmers to the 
THMs is the pool water. The harmfulness of THMs 
depends on the route of their absorption. Scientific 
research has not stated clearly which sources of 
exposure are most dangerous for the swimmers. 
Some reports claim that THMs are absorbed via the 
respiratory route due to the high volatility of these 
compounds [12, 26]. It turns out that THMs absorbed 
via the respiratory route are removed in most part 
together with the exhaled air [24]. The scientists argue 
whether the main source of penetration of THMs 
from the pool water to the human body is the skin, 
respiratory tract or accidental swallowing [13, 15, 24]. 

The amount and impact of the THMs exposure 
may be influenced by many factors as well as the type 
and dose of disinfectant, and consequently the THMs 
concentration in water, the number of swimmers, 
temperature of water and air, system of ventilation in 
the building, duration of swimming, and the turbulence 
in the water generated by moving-water features such 
as fountains, water slides, wave pools, and hot tub 
jets [9, 25]. Additionally, the THMs concentration in 
pool water is affected by the swimmers themselves. 
They introduce various contaminants to the water, 
such as epithelial particles, sweat, urine as well as 
microorganisms. According to Wyczarska-Kokot [35], 
one person can introduce up to a billion of bacteria 
to the pool water, including pathogens. In case of 
high attendance rate, this could lead to quick spread 
of an infection. Thus, the most important element 
of the swimmers’ safety is proper method of water 
disinfection. Therefore risk management strategies 
should be developed that minimize THMs exposure, 
without compromising disinfection efficiency. The 
presence of organic matter from swimmers in the form 
of hair products, lotion, mucus, skin excretions and 
urine are included in THMs precursors [9, 14]. Urea 
is also a precursor for formation of toxic chloramines. 
As claimed by Ratajczak [25], the amount of urea on 
human skin is ca. 100-160 mg. Therefore, the more 
people swim, the more urea is introduced to the 
water by them and, thus, the count of disinfection by-
products and emission of these compounds increase. 
The alternative disinfection methods that are to 
lower the DBP formation potential in the pool water 
include use of ozonisation or UV radiation. It turns 
out, however, that UV radiation decreases the amount 
of chloramine in pool water, concurrently increasing 
THMs concentration [5]. Ozonation is a water 
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disinfection method combined with chlorination 
due to the short term of ozone effectiveness (20-30 
minutes). It turns out that ozonisation of water also 
causes formation of less harmful substances, e.g. 
aldehydes [21]. Other pool water disinfection methods 
include also brominating or electrochemical methods 
(Electrochemically Generated Mixed Oxidants). 
However, it was proven that they cause synthesis of 
much more toxic brominated THMs [13, 16, 36]. the 
disadvantages of pool water brominating include also 
causing of more frequent toxic effects in the form 
of skin inflammation or eye irritation. Brominated 
organic compounds are more cytotoxic and mutagenic 
than chlorinated compounds. Another method of 
disinfection of the pool water, currently checked in 
the USA, is use of silver or copper nanoparticles [1]. 
Preliminary studies confirm decrease of the count 
of THMs formed in water as well as minimisation 
of eye or skin irritation effects. When assessing this 
disinfection method, one must be cautious since there 
is not enough data currently in relation to toxicity of 
nanoparticles or their effect on human body. 

THMs CONCENTRATION 
IN POOL WATERS

The THMs concentration depends on the method 
of pool water disinfection. For the indoor pools 
where chlorination was used, the concentration of 
these compounds varies significantly. Marco et al. 
[19] determined THMs concentration in Spanish 
pools within the range from 35-75 μg/L , whereas 
Lourencetti et al. [16] - within the range from 28-
84 μg/L. In both publication higher concentration of 
THMs in water tretaed by bromination was found. In 
the Italian studies carried out by Righi et al. [27] at 24 
indoor pools, the THMs concentration range was very 
wide (6.8-134 μg/L ). A similarly range of results was 
obtained by Silva et al. [30] who examined water at 30 
Portuguese swimming pools (10-155 μg/L ). Chu et al. 
[6], examining 8 indoor swimming pools in London, 
determined high THMs concentrations (mean 132.4 
μg/L, min. 57 μg/L, max. 223 μg/L). The differences 
resulted from, inter alia, size of the swimming pool 
facility and number of swimmers. Peng et al. [23], 
in the course of investigation conducted at two 
swimming pools in Germany, determined a low THMs 
concentration level of 25.6 μg/L. In Germany, the 
permissible THMs concentration is only 20 μg/L. 
Multiple water quality tests at the indoor pools were 
conducted in Quebec in Canada: 17.5-113.5 μg/L [31], 
12.9-215 μg/L [9], 41.3-132.4 μg/L [33]. 

There is not much data regarding Polish 
swimming pools. The studies of Szczyglowska et al. 
[32] conducted at a large pool complex, the THMs 
concentration was examined in several pool basins. 

The THMs concentration in the supply water was 
determined by the authors [32] at the level of 1.2 μg/L, 
and at the outlet from each basin - from 17 μg/L to 
28 μg/L. The studies by Czajka et al. [8] assessed the 
effect of chlorination of brine at a therapeutic pool on 
its THMs content. The authors determined the THMs 
concentration within the rage from 41.7-68.4 μg/L in 
fresh water and 72.2-100.8 μg/L upon 2 months of 
use. In the course of own studies conducted in 2015 
at five indoor and five outdoor swimming pools in the 
Opole region, THMs count was determined in a very 
wide range, accordingly: 27-279 μg/L and 15-551 
μg/L [4, 26]. It was stated that the THMs share was the 
lowest upon replacement of water in the pool basins. 
The concentration of these compounds increased 
along with operation. It was also stated that the THMs 
concentration in the indoor pool water depended on 
the type of employed water treatment system. The 
system based on the gravel-sand-anthracite bed 
proved to be the least advantageous. Other facilities 
had filters based on diatomaceous earth. The situation 
in case of outdoor pools is slightly different. Some of 
them have been functioning for over 80 years. Most of 
them had no water recirculation and filtration system, 
except for one. Their use consists mostly in filling the 
pool basin with underground water, manual dosing of 
chlorine compounds and water quality monitoring. In 
case of its significant worsening, the pool basin was 
emptied and - upon cleaning - refilled with fresh water. 
Higher concentration of THMs in outdoor pool water 
is connected, most probably, with the higher level of 
chlorination of this water and increase share of organic 
matter in relation to waters at indoor swimming pools. 
The research found that the dominant compound from 
the THM group was chloroform and bromoform [26]. 
The studies are planned to be extended with a greater 
number of facilities and air quality at the indoor pools 
in order to monitor the level of water contamination 
and identification of potential sources of formation of 
these compounds. 

REDUCTION METHODS OF NEGATIVE 
EFFECT OF THMs ON PEOPLE

The most important factors having an impact on 
formation of toxic compounds in the pool water is the 
amount of organic matter introduced by the persons 
using the pools. The more people swim, the more 
urea is introduced to the water by them and, thus, the 
count of THMs increases. Decrease of the amount of 
organic compounds introduced by the swimmers could 
be obtained through introduction of the obligatory 
shower bath prior to entering the pool. In addition to 
the bath prior to entering the pool, recommendations 
regarding wearing swim caps are also note-worthy 
since it is believed that hair is the number one source 
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of contamination [25]. The amount of organic matter 
being the DBP precursor is reduced during filtration 
of the pool water. Therefore, use of modern filtration 
methods as well as their proper operation are important. 
Filtration and flocculation are used in most swimming 
pools for water treatment on sandy and diatomaceous 
beds. The combination of membrane filtering and 
intensive oxidation gives better effects, eliminating 
most DOC and microorganisms - as compared to the 
traditional methods [36]. Pool water cleanliness control 
methods, e.g. through replacement of acids for water 
pH regulation with CO2 gas, are also suggested [12]. 

A very important issue in the context of THMs 
toxicity is proper design of the ventilation systems. 
Ratajczak [25] suggests that the ventilation system 
should operate only in open air to ensure removal of 
harmful gaseous compounds. This solution, however, 
is disadvantageous due to use of high amounts of 
energy by the pool facility. 

In order to assess the potential of THMs 
formation in the pool water, Luks-Betlej and Bodzek 
[17] recommend continuous monitoring of water in 
terms of temperature, pH, free and residual chlorine, 
total organic carbon (TOC) content and number of 
swimmers. An additional element is strict observance 
of the chlorine concentration standards for pool water. 
Due to the need to meet the required sanitary effects, the 
chlorine concentration in pool waters can be sometimes 
slightly exceeded in relation to the recommended level 
(0.3-0.6 mg/dm3), especially in outdoor pools, as 
proven by own research conducted at the swimming 
pools in Opole region [26]. The scope of project [26] 
implementation covers examination of pool water 
quality at selected indoor and outdoor swimming pools 
in Opole region. This allowed to determine the actual 
water quality at the swimming pools of the voivodship. 
The studies will allow in the future to take actions 
aimed at reduction of these harmful compounds in the 
water which, in consequence, will improve safety for 
pool users. 

SUMMARY

For the persons using the swimming pools, the most 
important thing is to ensure sanitary safety of water. 
The compounds belong to the Disinfection By-Products 
(DBP) group, i.e. trihalomethanes (THMs) are subject 
to standardisation. These are toxic compounds, and in 
case of two of them it has been proven that they have 
carcinogenic and mutagenic effect. THMs concentration 
in pool water depends on multiple factors, mostly the 
method of water disinfection, including chlorine or 
organic substance concentration. Apart from that, the 
level of exposure of swimmers to the toxic effect of 
THMs is affected by the intensity of swimming as 
well as time of stay in the indoor swimming pool area, 

due to their content in the air of swimming pool halls. 
Additionally, the water and air temperature as well as 
number of persons using the pool at the given time are 
also of significance. In order to decrease the quantity 
of THMs in pool water, different methods are applied 
such as alternative disinfection agents, with the best 
effects obtained by means of ozonisation combined with 
chlorination. Additionally, an efficiently operating pool 
ventilation system decreasing the concentration of these 
compounds in the air is also important. One of the most 
important factors is the proper method of water treatment. 
The best solutions proves to be combination of membrane 
filtering and intensive oxidation. People using pools can 
have an impact on decrease of the THMs concentration in 
pool water themselves, by wearing a swim cap, limiting 
the hair contact with water as well as by taking a shower 
prior to entering the water, decreasing the microorganism 
count and amount of urea introduced to the pool. The 
results of studies conducted in 2015 showed that the 
quantity of THMs in pool water depends on multiple 
factors, including pool type (indoor, outdoor), water 
replacement frequency, water treatment system, chlorine 
dose and TOC content. In many collected samples, the 
THMs concentration exceeded the admissible norm (100 
μg/L ). This is a troubling result. Therefore, it is necessary 
to commence the actions aimed at decrease of THMs 
concentration in pool waters. 
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ABSTRACT
Background. Rice is a staple food for many people in the world and an important ingredient for production of food 
for infants and young children. According to European Food Safety Authority (EFSA), cereals, primarily rice and rice 
products, are an important source of human exposure to inorganic arsenic, which has been classified by the International 
Agency for Research on Cancer (IARC) as group I carcinogen. Arsenic is present in rice and rice products mainly as an 
inorganic form being more toxic than organic compounds. 
Objectives. The aim of the study was to determine the total and inorganic arsenic content in rice, rice-based products 
including food for infants and young children available on the market in Poland and thus to estimate consumer exposure to 
inorganic arsenic from these groups of foodstuffs.
Materials and Methods. A total of 62 samples of rice and rice products from trade, including a group of rice products for 
infants and young children, were tested. Contents of total and inorganic arsenic were determined by using hydride generation 
atomic absorption spectrometry (HGAAS), after dry mineralization of samples and reduction of arsenic to arsenic hydride 
with sodium borohydride. To extract the inorganic arsenic forms, the samples were subjected to hydrolysis in concentrated 
HCl and then reduced in the presence of hydrobromic acid and hydrazine sulphate after which triple chloroform extractions 
and triple 1M HCl re-extractions were performed. Exposure of different groups of populations (adults and children), was 
estimated in relation to the Benchmark Dose Lower Confidence Limit (BMDL05) as set by the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA) that resulted in a 0.5% increase in lung cancer (3.0 µg/kg body weight (b.w.) per day). 
Results. Mean content of total and inorganic arsenic in investigated rice samples was 0.12 mg/kg (median: 0.09 mg/kg; 90th per-
centile 0.22 mg/kg) and 0.04 mg/kg (median: 0.03 mg/kg, 90th percentile 0.07 mg/kg). Brown rice was found to be more high-
ly contaminated with both total and inorganic arsenic than white rice. Mean contamination of brown rice with total arsenic and 
inorganic arsenic was: 0.18 mg/kg (median: 0.12 mg/kg, 90th percentile: 0.32 mg/kg) and 0.05 mg/kg (median: 0.05 mg/kg,  
90th percentile: 0.07 mg/kg). In turn for the white rice contamination was lower, mean total arsenic content: 0.10 mg/kg (median: 
0.08 mg/kg, 90th percentile: 0.19 mg/kg) and mean inorganic arsenic: 0.03 mg/kg (median: 0.03 mg/kg, 90th percentile: 0.06 mg/
kg). Contamination of rice-based products both total and inorganic arsenic was similar to those reported for rice, except rice wafers 
(mean: 0.24 mg/kg and 0.13 mg/kg). In the group of products for infants and young children obtained results were low – mean total 
arsenic content was 0.06 mg/kg and inorganic arsenic 0.02 mg/kg. The estimated average adult and children’s exposure to inorganic 
arsenic with rice and rice products was less than 1% of the BMDL05. Intake of inorganic arsenic by 12-month-old infants with rice-
based products intended for this group of population was at 6% BMDL05.
Conclusions. Based on the obtained results, it was found that the content of total and inorganic arsenic in investigated 
samples of rice and rice products did not pose a health risk even though contamination levels in some individual samples 
were significant.

Key words: total arsenic, inorganic arsenic, rice, rice products, food for infant, food for young children, exposure 
assessment

STRESZCZENIE
Wprowadzenie. Ryż stanowi podstawę wyżywienia wielu ludzi na świecie a ponadto jest ważnym składnikiem wykorzy-
stywanym do produkcji żywności dla niemowląt i małych dzieci.
Według Europejskiego Urzędu ds. Bezpieczeństwa Żywności (EFSA) zboża, przede wszystkim ryż i produkty ryżowe 
są istotnym źródłem narażenia człowieka na arsen nieorganiczny, który został zaliczony przez Międzynarodową Agencję 
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ds. Badań nad Rakiem (IARC) do grupy I substancji rakotwórczych dla człowieka. Arsen występuje w ryżu i produktach 
ryżowych głównie w postaci bardziej toksycznych nieorganicznych połączeń w porównaniu z organicznymi połączeniami 
charakteryzującymi się mniejszą toksycznością.
Cel. Celem badań było oznaczenie zawartości arsenu całkowitego i nieorganicznego w ryżu, produktach ryżowych, w tym 
żywności dla niemowląt i małych dzieci dostępnych w obrocie handlowym w Polsce oraz ocena narażenia konsumentów 
na pobranie arsenu nieorganicznego z tymi grupami środków spożywczych.
Materiał i metody. Zbadano łącznie 62 próbki ryżu oraz produktów ryżowych pochodzących z obrotu handlowego, w tym 
grupę produktów ryżowych przeznaczonych dla niemowląt i małych dzieci. Zawartości arsenu całkowitego i nieorganicznego 
oznaczono po suchej mineralizacji próbek metodą absorpcyjnej spektrometrii atomowej z wykorzystaniem generacji wodorków 
(HGAAS), po uprzedniej redukcji arsenu do arsenowodoru za pomocą borowodorku sodu. W celu wydzielenia nieorganicznych 
form arsenu próbki przed mineralizacją poddano hydrolizie w środowisku stężonego HCl, a następnie redukcji w obecności 
kwasu bromowodorowego i siarczanu hydrazyny oraz 3-krotnej ekstrakcji chloroformem i reekstrakcji 1M HCl. Oszacowane 
narażenie w odniesieniu do różnych grup populacji porównano z wartością najniższej dawki wyznaczającej (Benchmark Dose 
Lower Confidence Limit) BMDL05 ustaloną przez the Joint FAO/WHO Expert Committee on Food Additives (JECFA) powodu-
jącą 0,5% wzrost zachorowań na raka płuc (3,0 µg/kg m.c./dzień).
Wyniki. Średnia zawartość arsenu całkowitego i nieorganicznego w badanych próbkach ryżu wyniosła 0,12 mg/kg (mediana: 
0,09 mg/kg; 90-ty percentyl: 0,22 mg/kg) oraz 0,04 mg/kg (mediana: 0,03 mg/kg, 90-ty percentyl: 0,07 mg/kg). Zanieczyszczenie 
ryżu brązowego zarówno arsenem całkowitym jak i nieorganicznym było wyższe w porównaniu z ryżem białym. Średnia zawar-
tość arsenu całkowitego w badanych próbkach ryżu brązowego wyniosła 0,18 mg/kg (mediana: 0,12 mg/kg, 90-ty percentyl: 0,32 
mg/kg), natomiast arsenu nieorganicznego 0,05 mg/kg, (mediana: 0,05 mg/kg, 90-ty percentyl: 0,07 mg/kg). Zanieczyszczenie 
ryżu białego arsenem całkowitym i nieorganicznym było niższe, średnia odpowiednio: 0,10 mg/kg (mediana 0,08 mg/kg; 90-ty 
percentyl 0,19 mg/kg) oraz 0,03 mg/kg (mediana 0,03 mg/kg; 90-ty percentyl 0,06 mg/kg). Zanieczyszczenie produktów ryżo-
wych zarówno arsenem całkowitym jak i nieorganicznym było podobne do stwierdzanego w ryżu z wyjątkiem wafli ryżowych 
(średnia: 0,24 mg/kg i 0,13 mg/kg). W grupie produktów dla niemowląt uzyskane wyniki były niskie – średnia zawartość arsenu 
całkowitego wyniosła 0,06 mg/kg, nieorganicznego zaś 0,02 mg/kg. W odniesieniu do dorosłych i dzieci oszacowane średnie 
narażenie na arsen nieorganiczny dla ryżu i produktów ryżowych wyniosło poniżej 1% najniższej dawki wyznaczającej BMDL05. 
Pobranie arsenu nieorganicznego przez 12-miesięczne niemowlęta z produktami na bazie ryżu przeznaczonymi dla tej grupy 
populacji wyniosło 6% BMDL05.
Wnioski. Na podstawie uzyskanych wyników stwierdzono, że zawartość arsenu całkowitego i nieorganicznego w zbada-
nych próbkach ryżu i produktów ryżowych nie stanowi zagrożenia dla zdrowia, pomimo iż zanieczyszczenie pojedynczych 
próbek było istotne.

Słowa kluczowe: arsen całkowity, aren nieorganiczny, ryż, produkty ryżowe, żywność dla niemowląt, żywność dla małych 
dzieci, ocena narażenia

INTRODUCTION

Arsenic is an element characterized by a very 
large difference in the toxicity of individual specimens 
[12, 16, 33, 37]. More toxic are inorganic arsenic 
compounds, which have been classified by the 
International Agency for Research on Cancer (IARC) 
as group I carcinogenic [5, 22, 23, 37, 38]. Inorganic 
compounds of this element can cause lung, bladder, 
skin, kidney and liver cancer. 

In 2009, the European Food Safety Authority 
(EFSA) established a range of benchmark dose lower 
confidence limit (BMDL01) values between 0.3 and 8.0 
μg/kg b.w. per day for cancers of the lung, skin and 
bladder, as well as skin lesions [20, 23, 37].

In 2010, the Joint FAO/WHO Expert Committee 
on Food Additives (JECFA), based on the 
epidemiological studies computed the Benchmark 
Dose Lower Confidence Limit (BMDL05) at 3.0 µg/kg 
b.w./day causing a 0.5% increase in lung cancer [49]. 
The Committee withdrew the previous provisional 
tolerable weekly intake (PTWI) which was at 15 µg/
kg b.w./day [48].

The main source of inorganic arsenic in human 
diet are primarily cereal grains, cereal based products, 
rice grains and rice based products, food for special 
dietary uses, drinking water, bottled water, coffee, 
beer, fish and vegetables [5, 24, 27, 30, 37, 38]. Rice 
has higher arsenic levels than other cereals because 
characterized of more efficient accumulation of this 
element form the soil and water [5, 26, 28, 34, 39, 40]. 
The content of arsenic in rice can be even 10 times 
higher than in other cereals [11, 21, 53]. It is estimated 
that about 50 % of arsenic is present in rice in more 
toxic inorganic form, however this value can vary 
from 10 to 90% depending on rice cultivar, locality 
and growing conditions [11,18, 25, 29, 53].

 Consumption of rice varies between 12.7 g per 
person per day in Europe to 381.3 g per day in the Far 
East [43]. Rice is a staple food of over three billion people 
in the world and is a basic cereal for production of food 
for infants and young children [3, 17, 29, 35, 50]. Rice-
based infant food has a low allergen potential and higher 
nutritional value in comparison with other cereals [5, 16, 
26, 39]. The absence of gluten makes rice a basic cereal for 
infants with celiac disease [5]. Children under three years 
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of age are the most exposed to inorganic arsenic which 
is directly related to the intake of rice based-products 
[5, 37, 45, 46]. Other important factor is that infants and 
young children have higher food consumption rates on 
body weight basis than adults [39]. Dietary exposure 
to inorganic arsenic for children under three years old, 
including from rice-based foods, is in general estimated 
to be about 2 to 3-fold that of adults and ranges from 
0.50 to 2.66 µg/kg b.w. per day. High consumers of rice 
in Europe, such as certain ethnic groups, are estimated 
to have a daily dietary exposure of inorganic arsenic of 
about 1 µg/kg b.w. per day [37]. According to EFSA the 
average arsenic intake in EU countries ranges from 0.936 
µg/kg b.w. per day to 1.224 µg/kg b.w. per day [38]. 
Currently, maximum permissible levels of inorganic 
arsenic in some group of foodstuffs are set in Commission 
Regulation (EU) 2015/1006 of 25 June 2015 amending 
Regulation (EC) No 1881/2006. These only concern rice, 
rice products such as rice wafers, rice crackers and rice 
cakes as well as rice destined for the production of food 
for infants and young children and are set in the range 
of 0.10 mg/kg ÷ 0.30 mg/kg [9]. The maximum level 
for polished rice - 0.2 mg/kg complies with the limit set 
by the Codex Committee on Contaminants in Foods but 
limit for husked rice set in EU 0.25 mg/kg is much lower 
from the maximum level adopted by Codex - 0.35 mg/
kg for this product [15]. Requirements for other groups 
of foodstuffs at the EU and national level as well as 
stipulated by the Codex Alimentarius standards of FAO/
WHO, deal with total arsenic only [8, 15, 31, 32, 36]. 

In 2015 the European Commission adopted 
recommendation concerning monitoring of arsenic 
in food – (EU) 2015/1381. According to this 
recommendation, Member States are obligated to 
monitor the levels of arsenic in wide variety groups of 
foodstuffs during the years 2016-2018 [7]. The main 
aim of this recommendation is to enable an accurate 
estimation of exposure and to complete requirements 
in legislation in the future.

Performance criteria for the methods of analysis 
inorganic arsenic in food as well as sampling plans 
were described in Commission Regulation (EU) 
2016/582 of 15 April 2016 amending Regulation (EC) 
No 333/2007 [10]. 

The aim of the study was to determine total and 
inorganic arsenic in various types of rice and rice 
products including food for infants and young children 
available on the market in Poland, and to assess 
consumer exposure to more toxic inorganic arsenic 
found in these products. 

MATERIALS AND METHODS

Samples
62 samples of rice and rice products including food 

for infants and small children that are available on 

the Polish market were tested for total and inorganic 
arsenic content. The products under analysis were: (1) 
24 rice samples of different kind and origin (white, 
brown, jasmine, basmati, parboiled); (2) 20 samples of 
rice-based products for infants (rice gruel with fruits, 
rice gruel with milk and fruits); (3) 8 ready-to-eat 
pureed infant foods with addition of rice containing 
also other ingredients such as: meat, vegetable, fruits 
and milk; (4) 10 samples of rice products such as: rice 
wafers, crackers, flakes, noodles and rice paper.

Instruments & Equipment 
The Philips Pye Unicam model 9200 Atomic 

Absorption Spectrometer with a PU 9360 continuous 
hydride vapour generation system was used for 
determination of total and inorganic arsenic. Further 
equipment included a Vortex Multi Reax shaker 
(Heidolph, Germany), centrifuge (Eppendorf HG, 
Germany), Ceran 500 hotplate (Harry Gestigkeit 
GmbH, Germany), Mileston Pyro TC microwave oven 
(Italy), hydrophobic filters (Syringe type, Millipore, 
0.45 µM pore diameter), class A laboratory glassware 
and FALCON test tubes made of polypropylene (PP).

Reagents
Nitric acid (65% Merck), Hydrochloric acid (35 

– 38% Avantor), hydrobromic acid (≥48% Sigma-
Aldrich), hydrazine sulphate (Fluka), chloroform 
(99 – 99.4%, Sigma-Aldrich), magnesium nitrate 
hexahydrate (Merck), magnesium oxide (Chempur), 
sodium hydroxide (Merck), sodium borohydride 
(Merck), potassium iodide (Avantor), ascorbic acid 
(Avantor), a primary standard solution of arsenic (V) 
1 g/L (Merck) and deionized water. All reagents used 
were on an appropriately high degree of purity. 

Sample preparation procedure for determination of 
total arsenic

Approximately 1.0 g samples were placed into 
a quartz vaporizer and 10 mL of ashing aid was added 
(20% w/v MgNO3 * 6H2O, 2% m/v MgO) followed 
by 5 ml of 50% v/v nitric acid. After evaporating to 
dryness on the hotplate, the residues were digested 
in a microwave oven using the manufacturer’s 
recommended program to achieve mineralization; with 
the final ashing temperature not exceeding 400ºC. The 
resulting ash was dissolved in 5 ml 6M HCl, filtered 
and transferred to a flask and filled to 50 ml with 6M 
hydrochloric acid. Suitable blanks were prepared 
under the same conditions [4].

Sample preparation procedure for determination of 
inorganic arsenic

Samples (0.5 g) were placed into polypropylene 
centrifuge tubes and 1 mL of deionised water was 
added followed by thorough shaking to ensure complete 
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wetting. Concentrated HCL (20 mL) was then added and 
the mixture was left to stand overnight (12 – 15 hours). 
Next reduction was performed with 2 mL of hydrobromic 
acid and 1ml hydrazine sulphate (1.5% m/m) followed 
by manual shaking for 30 seconds. The mixture was three 
times extracted with chloroform (10 mL; with vortex-
shaking for 3 minutes at 1400 revolutions/min (rpm) and 
centrifuged for 20 minutes at 4000 rpm after which the 
organic layer was transferred into clean polypropylene 
centrifuge tubes; this latter stage was repeated twice more. 
The combined organic layers underwent purification by 
being passed through hydrophobic membrane filters. 
Purified filtrate was extracted twice with 10 mL of 1M 
HCl, mixture was shaken for 3 minutes and centrifuged 
for 20 minutes at 4000 rpm. 

The filtrates were transferred into flasks. The same 
procedure was used for sample blanks. Filtrates were 
then evaporated to dryness on a heating block and 
then incinerated to ash in a microwave oven using 
progressively increasing the temperature to 400ºC at 
the rate of 50ºC/h. When 400ºC was achieved, the 
ash samples were maintained at this temperature for 
8 hours after which a white ash was obtained. The 
remaining ash was moistened with water, dissolved in 
6M HCl and transferred into 25 mL flasks.

Determination of total and inorganic arsenic
The analytical method used was an in-house one 

developed at the Department of Food Safety of the 
National Institute of Public Health-National Institute 
of Hygiene (NIZP-PZH). 

The sample for total arsenic content was prepared 
by taking appropriate volumes (10 – 20 ml) of the 
mineralised solutions and reducing in the presence of 
6M HCl and a mixture of potassium iodide (5% m/v 
solution and 5% m/v solution of ascorbic acid, where 
the 6M HCl was used to make up the reaction mixture 
to a fixed volume. Where inorganic arsenic was to be 
determined, the entire volume of mineralised solutions 

was used for the aforementioned reduction reaction. 
The final analyses of total arsenic and inorganic arsenic 
were performed by HGAAS before which the samples 
had been subjected again to reduction; this time 
with 1% sodium borohydride. Conditions used were 
optimized according to the instrument manufacturer’s 
recommendations.

Quality Assurance
Validated analytical methods accredited according 

to EN/ISO/IEC 17025:2005 were applied. The method 
has been validated and tested with positive results in 
international proficiency testing organized by Joint 
Research Centre - Institute for Reference Materials 
and Measurements, Belgium and UK Central Science 
Laboratory (FAPAS).

Interlaboratory quality control was performed 
using certified reference material 1568b (NIST) with 
a certified total and inorganic arsenic content. 

RESULTS
 

The results of total and inorganic arsenic determined 
in 62 samples of rice, rice products, including rice-
based-food for infants and young children that are 
available on the Polish market are presented in Figure 1.  
Average content of total arsenic in investigated rice 
samples was 0.12 mg/kg (median: 0.09 mg/kg; 90th 
percentile 0.22 mg/kg). In the half of rice samples 
total content of arsenic exceeded 0.10 mg/kg and in 
three samples 0.20 mg/kg. The content of total arsenic 
in white rice samples was lower - mean: 0.10 mg/kg 
(median: 0.08 mg/kg, 90th percentile: 0.19 mg/kg), 
than for brown rice - mean: 0.18 mg/kg (median: 0.12 
mg/kg, 90th percentile: 0.32 mg/kg). The proportions 
of inorganic arsenic to total arsenic in investigated 
samples are shown in Figure 2. 

 

 

 

Figure 1.  Contents of total (tAs) and inorganic arsenic (iAs) in tested samples; mg/kg 
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Figure 2. Proportions of the inorganic arsenic  and  other forms of arsenic measured in tested 
samples 
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DISCUSSION

Total arsenic contamination of rice samples 
in Poland was similar to that reported in other EU 
countries mean: 0.1362 - 0.1424 mg/kg [37]. However, 
reported arsenic levels of rice in the present studies 
were higher than those obtained in monitoring studies 
conducted in Poland in the years 2004-2008 [42, 51]. 
The study conducted in UK and France also showed 
lower contamination of rice with arsenic [1, 2, 14]. 
Some other studies indicate high contamination of rice 
from US with total arsenic. The mean arsenic content 
in US rice ranged from 0.2 mg/kg to 0.3 mg/kg [25].

The content of inorganic arsenic for about one 
third of the tested rice samples did not exceed limit of 
detection of the method used – 0.025 mg/kg. Average 
content was 0.04 mg/kg, median: 0.03 mg/kg, 90th 
percentile: 0.07 mg/kg, and was much lower than 
reported by other EU member states countries - mean: 
0.0925-0.1099 mg/kg [38]. 

Mean contamination of brown rice with inorganic 
arsenic was 0.05 mg/kg (median: 0.05 mg/kg, 
90th percentile: 0.07 mg/kg) and for the white rice 
contamination of inorganic arsenic was just slightly 
lower, mean: 0.03 mg/kg (median: 0.03 mg/kg, 90th 
percentile: 0.06 mg/kg). Even lower contamination of 
white rice with inorganic arsenic was found by other 
authors [52]. 

The survey conducted in Sweden indicates similar 
contamination of white rice samples both total and 
inorganic arsenic to that reported in our study, mean 
values: 0.10 mg/kg and 0.07 mg/kg respectively. 

Results obtained for brown rice were significantly lower 
compared with results obtained in Swedish investigations, 
mean 0.14 - 0.17 mg/kg [17]. In the US inorganic arsenic 
content in brown and white rice was 0.072 - 0.1913 mg/
kg and 0.0576 - 0.1119 mg/kg respectively [47], which is 
higher than reported in our study. 

Reported in the present study results for inorganic 
arsenic in rice samples were also significantly lower 
than the permitted maximum level 0.20 mg/kg set by 
Commission Regulation (EU) 2015/1006. The content 
of inorganic arsenic in tested samples ranged from 30 
to 50% of total arsenic, and was similar for white and 
brown rice - Figure 2. The results of studies conducted 
by other authors indicate a similar ratio [26]. There were 
no significant differences in total and inorganic arsenic 
contents for rice samples from different regions. However, 
the survey conducted in Italy indicates great differences 
in total and inorganic arsenic content for rice depending 
on geographical origin. Total arsenic concentration in rice 
samples depending on origin was in the range 0.11mg/kg 
- 0.28 mg/kg. These values for inorganic arsenic were in 
the range: 0.06 mg/kg – 0.10 mg/kg [41]. 

The mean concentration of both total and inorganic 
arsenic in the investigated presently rice based products 
such as pasta and flakes samples did not exceeded 
values obtained for rice (mean 0,140 mg/kg and 0.074 
mg/kg respectively) except rice wafers (mean: 0.24 
mg/kg and 0.13 mg/kg). Reported results in the group 
of rice products were lower than maximum level 0.3 
mg/kg set in legislation [9]. In the investigated group 
of products for infants included: rice gruel, rice gruel 
with fruits and rice gruel with milk and fruits, and 
other solid ready-to-eat meals for infants containing 
rice, meat, vegetable, milk and fruits. Obtained results 
for these products were low – mean total arsenic 
content was 0.06 mg/kg (median: 0.04 mg/kg; 90th 
percentile 0.10 mg/kg). Similar average total arsenic 
contamination was obtained for these products in the 
monitoring studies conducted in Poland in the years 
2009-2013 by the sanitary-epidemiological stations 
and coordinated by the Department of Food Safety 
of the National Institute of Public Health-National 
Institute of Hygiene (NIPH-NIH) [24].

Mean content of inorganic arsenic was 0.02 mg/
kg (median: 0.04 mg/kg; 90th percentile 0.03 mg/kg). 
In more than half of the tested samples the inorganic 
arsenic content was below limit of detection of the 
analytical method used. Still lower results for both 
total and inorganic arsenic were obtained for ready-
to-eat meals containing rice in combination with other 
ingredients such as: meat, vegetable and fruits. Similar 
lower results were described by other authors: mean 
inorganic arsenic concentration for ready–to-eat meals 
containing meat was reported at 0.008 mg/kg and total 
arsenic at 0.013 mg/kg [5]. 
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In a UK study, total arsenic concentrations in 
pure baby rice ranged from 0.12 to 0.47 mg/kg while 
inorganic arsenic levels ranged from 0.06 to 0.16 mg/
kg. These results for total arsenic were confirmed 
earlier in monitoring studies for weaning foods and 
formulae for infants conducted by the Food Standards 
Agency. Mean concentration of total arsenic in baby 
rice was 0,183 mg/kg [13]. Also, several other studies 
have shown that rice-based infant food can contain 
elevated levels of inorganic arsenic [39].

Taking into account the data of the Central 
Statistical Office on consumption of rice - 0.17 kg/
person/month, [6] dietary exposure of total and 
inorganic arsenic was estimated and compared to the 
respective benchmark dose lower confidence limit 
BMDL05 resulting in a 0.5% increase in lung cancer 
established by JECFA at 3.0 μg/kg b.w. per day.

Intake of inorganic arsenic with rice by adults 
(70 kg) taking into account mean contamination of 
0.1% BMDL05 (90th percentile 0.2%) and does not 
pose a health risk. Intake of inorganic arsenic at this 
level of contamination by children (20 kg) would be 
equivalent to 0.4% BMDL05 (90th percentile 0.6%). 
Considering total arsenic content without distinction 
of different forms only this gives an average value of 
0.3% BMDL05 and 1.1% BMDL05, respectively, which 
also does not pose a health threat.

Based on the data of WHO, GEMS/Food 
Consumption Cluster Diets [43], where a 2-fold higher 
consumption of rice in European countries has been 
reported at 12.7 g per person per day (0.38 kg/person/
month) inorganic arsenic intake by adults in Poland 
at the average contamination of rice and rice based 
products available on the domestic market will also 
not exceed 1% BMDL05. 

Considering nutrition recommendation developed 
by the Mother and Child Institute [19] as well as 
manufacturer’s consumption recommendation as 
labeled on the products, the consumption of rice 
products by 12-month-old infants at the average 
contamination of inorganic arsenic - 0.02 mg/kg will 
result in intake at the level of 6% BMDL05. Estimated 
exposure taking into account data from this study is 
lower than reported in other countries [38].

According to the EU’s Rapid Alert System for 
Food and Feed (RASFF) only a few notifications 
referred to raised levels of inorganic arsenic in rice as 
compared to other foodstuffs. Most of the notifications 
registered since 2005 were related to the high content 
of total arsenic in such foods as: food supplements, 
fruits and vegetables, drinking water, natural mineral 
water and food additives [44].

CONCLUSIONS

1. Total and inorganic arsenic contamination of 
tested rice and rice based products does not pose 
a health risk.

2. Ratios of inorganic arsenic to total arsenic in 
investigated samples were in the range of 30 to 50%.

3. The obtained results of inorganic arsenic content 
in all tested samples were significantly lower than 
maximum levels set in EU legislation as well as in 
FAO/WHO standards for white and brown rice and 
their products. 
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ORIGINAL ARTICLE

ASSESSING POLYPHENOLS CONTENT AND ANTIOXIDANT 
ACTIVITY IN COFFEE BEANS ACCORDING TO ORIGIN 

AND THE DEGREE OF ROASTING

Ewa Dybkowska*, Anna Sadowska, Rita Rakowska, Maria Dębowska, Franciszek Świderski, Katarzyna Świąder

Warsaw University of Life Sciences - SGGW, Faculty of Human Nutrition and Consumer Sciences, 
Department of Functional Food, Ecological Food and Commodities, Warsaw, Poland

ABSTRACT 
Background. The roasting stage constitutes a key component in the manufacturing process of natural coffee because 
temperature elicits changes in bioactive compounds such as polyphenols and that Maillard-reaction compounds appear, 
thus affecting the product’s sensory and antioxidant properties. Actual contents of these compounds may depend on which 
region the coffee is cultivated as well as the extent to which the beans are roasted.
Objectives. To determine polyphenols content and antioxidant activity in the ‘Arabica’ coffee type coming from various 
world regions of its cultivation and which have undergone industrial roasting. Also to establish which coffee, taking into 
account the degree of roasting (ie. light, medium and strong), is nutritionally the most beneficial.
Materials and Methods. The study material was natural coffee beans (100% Arabica) roasted to various degrees, as 
aforementioned, that had been cultivated in Brazil, Ethiopia, Columbia and India. Polyphenols were measured in the coffee 
beans by spectrophotometric means based on the Folin-Ciocalteu reaction, whereas antioxidant activity was measured 
colourimetrically using ABTS+ cat-ionic radicals. 
Results. Polyphenol content and antioxidant activity were found to depend both on the coffee’s origin and degree of 
roasting. Longer roasting times resulted in greater polyphenol degradation. The highest polyphenol concentrations 
were found in lightly roasted coffee, ranging 39.27 to 43.0 mg/g, whereas levels in medium and strongly roasted coffee 
respectively ranged 34.06 to 38.43 mg/g and 29.21 to 36.89 mg/g. Antioxidant activity however significantly rose with the 
degree of roasting, where strongly roasted coffee had higher such activity than lightly roasted coffee. This can be explained 
by the formation of Maillard-reaction compounds during roasting, leading then to the formation of antioxidant melanoidin 
compounds which, to a large extent, compensate for the decrease in polyphenols during roasting.
Conclusions. Polyphenols levels and antioxidant activities in the studied Arabica coffee beans that had undergone roasting 
depended on the cultivation region of the world. Longer roasting caused a significant decline in polyphenols compound 
levels (from 7.3% to 32.1%) in the coffee beans. Antioxidant activities of coffee increased with roasting, despite reduced 
levels of natural antioxidants. From a nutritional standpoint, the most favoured coffees are those lightly or medium roasted.

Key words: coffee, polyphenols, antioxidant activity, Arabica, roasting
 
STRESZCZENIE 
Wprowadzenie. Kluczowym procesem w czasie produkcji kawy naturalnej jest etap prażenia, w wyniku którego pod 
wpływem wysokiej temperatury w ziarnach kawy zachodzą zmiany zawartości związków bioaktywnych, takich jak 
polifenole, powstają związki Maillarda, mające wpływ na ich właściwości sensoryczne oraz właściwości antyoksydacyjne. 
Zawartość tych związków może zależeć od rejonu upraw kaw, a także od zastosowanego procesu prażenia.
Cel badań. Celem niniejszych badań była ocena zawartości polifenoli oraz aktywności antyoksydacyjnej kaw 
rodzaju Arabika pochodzących z różnych rejonów upraw, poddanych procesowi prażenia, stosowanych w warunkach 
przemysłowych, a także określenie jaki czas prażenia kawy jest najkorzystniejszy dla produktu z żywieniowego punktu 
widzenia.
Materiał i metody. Materiał do badań stanowiły ziarna kawy naturalnej (100% Arabika) o różnym stopniu prażenia: lekko, 
średnio i mocno prażone, pochodzące z czterech różnych rejonów upraw: z Brazylii, Etiopii, Kolumbii i Indii. W pracy 
oznaczono zawartość polifenoli metodą spektrofotometryczną z wykorzystaniem odczynnika Folina-Ciocalteu’a oraz 
aktywność antyoksydacyjną przy zastosowaniu metody kolorymetrycznej z wykorzystaniem kationorodników ABTS+.
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Wyniki. Przeprowadzone badania wykazały wpływ zarówno pochodzenia kaw, jak i procesu ich prażenia na zawartość 
polifenoli i ich właściwości antyoksydacyjne. Proces prażenia powodował degradację polifenoli ze względu na termolabilny 
charakter tych związków. Największą zwartość polifenoli zaobserwowano w kawie lekko prażonej, a wraz ze wzrostem 
stopnia prażenia zawartość polifenoli istotnie malała. W zależności od stopnia prażenia wynosiła odpowiednio 39,27-
43,00 mg kwasu galusowego/g dla kaw słabo prażonych, 34,06-38,43 mg/g dla kaw średnio prażonych i 29,21-36,89 
mg/g dla kaw mocno prażonych. Wykazano, że wraz ze wzrostem stopnia prażenia kawy następuje obserwuje się istotny 
wzrost aktywności antyoksydacyjnej. Kawy mocno prażone cechowały się wyższą aktywnością antyoksydacyjną niż słabo 
prażone. Można to tłumaczyć faktem, że w czasie prażenia zachodzą reakcje Maillarda, które prowadzą do powstania 
melanoidynów, związków o charakterze antyoksydacyjnym, które w znacznym stopniu kompensują ubytek polifenoli 
w czasie prażenia.
Wnioski. Zawartość polifenoli w ziarnach kawy Arabika oraz ich właściwości antyoksydacyjne zależą w znacznym stopniu od 
ich pochodzenia (rejonu uprawy). Proces prażenia powoduje znaczne (od 7,3% do 32,1%) obniżenie zwartości związków polife-
nolowych w kawach, co jest związane z termolabilnym charakterem tych związków. W wyniku prażenia właściwości przeciwu-
tleniające kaw zostają istotnie zwiększone, pomimo znacznego spadku naturalnych przeciwutleniaczy. Z żywieniowego punktu 
widzenia najkorzystniejsze jest spożywanie kawy o krótkim lub średnim czasie prażenia.

Słowa kluczowe: kawa, polifenole, aktywność antyoksydacyjna, Arabika, prażenie

INTRODUCTION

Coffee is rich in high-antioxidant activity 
compounds like polyphenols, chiefly chlorogenic acid 
and its degradation products (ie. ferulic, coumaric and 
caffeic acids), together with melanoidin compounds 
derived from the Maillard reaction [22, 25]. Consuming 
coffee has a large effect on the overall intake of 
antioxidants via the human diet, where it constitutes 
an important source of chlorogenic acid. Daily intakes 
of this compound for coffee drinkers range from 0.5 
to 1.0 g, whilst they are < 0.1g daily for non-coffee 
drinkers [8]. Polyphenolic compounds, such as caffeic, 
quinic and chlorogenic acids, present in coffee exhibit 
a broad spectrum of activity within the human body. 
They demonstrate, inter alia, antioxidant properties, 
anti-carcinogenic effects, inhibit the oxidation of LDL 
cholesterol and prevent atherosclerotic lesions forming 
in blood vessels as well as showing anti-inflammatory 
and antibacterial properties. Chlorogenic acid exhibits 
antiviral and hypoglycaemic properties [4, 23, 27, 
28]. Coffee’s antioxidant potential comes not only 
from its natural compounds but also from those that 
arise during processing. The literature indicates that 
the antioxidant activity of green coffee (Arabika and 
Robusta) is lower than in both lightly roasted coffee [1, 
8] and that medium roasted [19]. Such effects are due 
to phenolic compounds being released under medium 
roasting [1], as well as to the action of the non-phenolic 
fraction. Antioxidant properties are maintained or 
even elevated, despite significant decreases in natural 
antioxidant concentrations arising from thermal 
processes [15]. Roasting evokes several changes in the 
constituents of coffee beans through modification or 
degradation. During roasting, high temperatures result 
in polyphenol degradation [8, 13]. Chlorogenic, malic 
and citric acid levels become decreased, whilst quinic 

acid increases due to chlorogenic acid degradation 
[6]. Thermal degradation of chlorogenic acid gives 
rise to phenolic compounds, such as chlorogenic acid 
lactones, which increase the bitter taste of coffee 
brews [9]. Indeed, the effect of heat leads to significant 
changes in the chemical, physical, structural and 
sensory properties of coffee [5]. Roasting coffee 
beans is very important in the coffee manufacturing 
process, as it is a key step for achieving the coffee’s 
appropriate taste, aroma and colour [4]. During 
roasting, Maillard’s reactions generate, a variety of 
compounds that create the aroma of coffee and the 
melanoidins responsible for its colour [26]. Indeed, 
coffee bean colour is a frequently used parameter for 
describing their degree of roasting and is classified 
according to light, medium and dark qualities. As the 
extent of roasting increases, the coffee bean colour 
changes from green-yellow to beige, brown to dark 
brown and then to brown-black [2]. The organoleptic 
properties of coffee are also significantly affected by 
the temperature and duration of the roasting process. 
Nevertheless, there is still no standardised definition 
for the different degrees of coffee roasting, and its 
parameters are selected depending on the desired 
properties of the final product. Roasting temperatures 
used, range from 160 to 240°C for durations of 8 to 
24 minutes. The bright type of roasting coffee is 
characterised by bright cinnamon-coloured grains 
with a matt surface, obtained by short roasting and/or 
at lower temperatures. Such a shortly roasted coffee 
gives a mildly spicy brew. Medium-roasted coffee is 
obtained through adopting a medium roasting duration 
and/or moderate temperatures, where the resulting 
brews possess a most harmonious flavour with a hint 
of bread and nutmeg [17]. A long roasting of coffee 
at high temperatures leads to dark types, where coffee 
beans acquire an almost black colour and their surfaces 
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becomes shiny. This coffee type has an intense and 
bitter aroma, and in the case of very dark coffee the 
aroma is strongly roasted and bitter [2]. Melanoidins 
are formed by the reaction of sugars and amino acids 
during the Maillard reaction and from caramelisation 
of sugars by non-enzymatic browning reactions [4, 
26]. These are high molecular weight compounds with 
a high molecular complexity [4]. Melanoidins raise 
the antioxidant potential of coffee [22, 19, 8]. Levels 
of melanoidin in coffee are linked to the intensity of 
the roasting process; the more intense the temperature 
then the higher the levels become, but they are of 
lower the molecular weight compared to those found 
in lightly roasted coffee [10]. Melanoidins possess 
antioxidant properties, elicit anti-mutagenic effects, 
lower cholesterol, have antagonist action against 
Helicobacter pylori, have low bioavailability and 
are digested only to small extents [10, 12]. Literature 
reports on the anti-mutagenic effect of roasted coffee 
and melanoidin compounds are however equivocal. 
For cases of colonic, liver and breast cancers, their 
protective effects have not been excluded, whereas 
for bladder and lung tumours outcomes are equivocal 
[27]. 

Because polyphenols and other antioxidant 
compounds play such important roles, as aforementioned, 
choosing the most desirable processing conditions is 
required for keeping the highest possible content of 
these valuable ingredients, whilst maintaining a high 
antioxidant activity of the coffee. 

The purpose of this study was to determine the content 
of polyphenols and the antioxidant activity of Arabica 
coffees originating from various regions of cultivation 
and under varying roasting regimens, (ie. mildly, medium 
or strongly roasted), in order to elucidate which is the 
most beneficial from a nutritional point of view.

MATERIALS AND METHODS 

The study raw material comprised four categories 
of natural coffee beans (100% Arabica) originating 
respectively from different world regions: Brazil, 
Ethiopia, Colombia and India. Each were subjected to 
the three different conditions of roasting: light, medium 
and strongly roasted. Coffee was roasted under industrial 
conditions at 220 °C. The duration of lightly roasted coffee 
was 17 minutes, for medium roasting 20 minutes and for 
strongly roasting 24 minutes. Study methods measured 
antioxidant properties, polyphenols content, dry matter 
and water activity. The coffee beans were ground in 
a coffee grinder for 25 ± 3 seconds. Coffee brews were 
prepared by pouring in deionized water at 94 ± 2 °C, with 
brewing lasting 5 minutes [14]. Antioxidant properties 
were determined spectrophotometrically using synthetic 
ABTS+ radicals according to the method described 
by Pellegrini et al. [16]. Another spectrophotometric 
method, using Folina-Ciocalteu reagent [21], was used 
for measuring polyphenols content. Statistical analyses 
were performed by Analysis of Variance using the 
Tuckey, Shapiro-Wilk and Bartlett tests.

RESULTS

The dry matter content and water activity of the 
tested coffee beans from different cultivation regions 
are shown on Table 1, divided according to the roasting 
processes used. The dry matter content for each type 
of coffee was high (96.41-98.26%), which reflected 
the low water activity found (0.30-0.41). There was 
a small, but statistically significant difference in the 
dry matter content between instances of low and high 
degrees of roasting. Coffee beans varied in colour 
depending on the degree of roasting; Figure 1, where 
the slightly roasted coffees had lighter colours than the 
strongly roasted ones, whose colours were dark brown.

Table 1. Dry matter content (%) and water activity (aw) of investigated coffee beans cultivated from different world regions  
             according to the degree of roasting

Degree of roasting 
Brazil Columbia Ethiopia India

Dry matter content (%)
   Lightly 97.42±0.09 A a 96.65±0.00 A b 97.48±0.14 A a 97.48±0.06 A a
   Medium 97.84±0.02 B a 97.73±0.13 B a 97.53±0.00 A b 98.34±0.03 B c
   Strongly 97.86±0.06 B a 97.98±0.07 C b 98.60±0.06 B c 98.66±0.03 C c
Water activity (aw)
   Lightly 0.41±0.01 A a 0.40±0.00 A a 0.37±0.02 A b 0.36±0.01 A b
   Medium 0.41±0.01 A a 0.38±0.02 A a 0.37±0.01 A a 0.32±0.02 A b
   Strongly 0.41±0.01 A a 0.34±0.02 B b 0.30±0.03 B b 0.34±0.02 A b

*statistically significant differences according to the degree of roasting (in columns) denoted by capital letters A-C; 
** statistically significant differences according to region of origin (in legends) denoted by lower-case letters a-d.
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Table 3. Antioxidant activities of investigated roasted coffee beans  (µmol Trolox/g coffee)
Degree of roasting Brazil Columbia Ethiopia India
Lightly 952.07± 7.63 A* a** 1010.62±4.94 A b 1028.02±3.63 A c 1172.01±4.94 A d
Medium 963.15±2.74 A a 1083.40±2.37 B b 1103.18±11.95 B c 1206.82±6.28 B d
Strongly 973.43±3.63 B a 1130.87±2.37 C b 1160.14±9.88 C c 1210.77±1.37 B d

*statistically significant differences according to the degree of roasting (in columns) denoted by capital letters A-C; 
** statistically significant differences according to region of origin (in legends) denoted by lower-case letters a-d.
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Figure 2. A comparison of changes in mean polyphenol content and antioxidant activities according 
to world region of cultivation (means for all groups). 
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Figure 2. A comparison of changes in mean polyphenol content and antioxidant activities according to world region of 
cultivation (means for all groups)

Table 2. Average polyphenol content in coffee (in mg gallic acid/g) according to world cultivation region and the degree  
              of roasting

Degree of roasting       Brazil Columbia Ethiopia India
Lightly       39.27±0.13 A* a** 39.81±0.37 A a 43.00±0.37 A b 41.99±0.45 A b
Medium       34.06±0.69 B a 38.43±0.26 B b 36.83±0.64 B c 37.98±0.42 B d
Strongly       29.46±0.45 C a 36.89±0.21 C b 29.21±0.37 C a 34.98±0.38 C d

*statistically significant differences according to the degree of roasting (in columns) denoted by capital letters A-C; 
** statistically significant differences according to region of origin (in legends) denoted by lower-case letters a-d.
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Significant differences in total polyphenols content 
between coffees were observed, depending on the 
intensity of the roasting process (Table 2 and Figure 
3). The highest levels of polyphenols were found in 
the lightly roasted coffee. Extending the roasting time 
caused a significant decrease in polyphenol content 
from 7.3% to 32.1%. The coffee’s place of origin 
also significantly impacted on the polyphenol levels, 
within the roasting regimens. Lightly roasted coffee 
from Ethiopia and India had higher polyphenols 
compared to coffee from Brazil and Columbia. The 
smallest losses of polyphenols during roasting were 
observed for Columbian coffee, which also had the 
highest total polyphenols content. The highest decline 
in polyphenols content (32.1%) was recorded for 
Ethiopian coffee, which, after a strong roasting process, 
had the lowest content of polyphenols of all. In other 
coffees, the differences in polyphenols levels between 
lightly and strongly roasted ranged from 16.7-25%.

The comparisons of coffee antioxidant activity 
according to type and the degree of roasting are 
presented in Table 3 and Figure 2, where the coffee’s 
origin significantly impacted the antioxidant activity. 
This was highest for Indian coffee but the lowest for 
Brazilian coffee. A greater increase in antioxidant 
activity was observed between the light and strong 
degrees of roasting for both Ethiopian and Columbian 
coffee (11.9-12.9%). However, for Brazilian and 
Indian coffee, only small but yet significant (though 
2.2-3.3%) differences in antioxidant activity were 
found between the light and strong degrees of roasting.

DISCUSSION

High levels of polyphenols were measured in 
coffee beans ranging from 29.21 to 43.00 mg gallic 
acid /g which are higher than in various fruit raw 
materials; in particular, aronia (chokeberry), which 
has high levels of 15.865-20.595 mg/g [18]. Such 
values are however lower compared to the polyphenols 
content in green and black tea; respectively 240.73 

mg/g and 164.65 mg/g [24]. Various studies measuring 
polyphenols contents in coffee have been focused 
mainly on comparing Robusta with Arabica coffee, 
where higher polyphenol revels were recorded in 
Robusta coffee than in Arabica coffee [8, 19, 25]. 
Our own studies conducted on Arabica coffee, (being 
the most popular type with consumers), indicated 
significant variations in polyphenol content according 
to the region of cultivation. Likewise, other studies 
have found that differences in polyphenols content 
may be related to region of origin and conditions 
of cultivating coffee growing as well as to other 
factors [7, 19]. Our presented measurements of 
polyphenols content are consistent with other studies 
[8, 19, 23, 25], which likewise demonstrated such 
levels in slightly roasted coffee. With increasing the 
degrees of roasting, the polyphenols content became 
considerably reduced, both for the Arabica coffee [23] 
and the mixture of Arabica and Robusta coffees [1]. 
During coffee roasting the degradation of polyphenols 
[8, 19, 22, 23], which are thermo-labile, are affected 
by temperature. The decrease in the polyphenols 
content coupled along with the increase in the degree 
of roasting is due to the thermo-labile nature of such 
compounds and to the high processing temperature, 
as well as the extended roasting time for subsequent 
stages. Polyphenols losses are undesirable because 
they are compounds with proven beneficial effects for 
human health. They also show anti-tumour properties, 
counteract atherosclerosis and LDL oxidation.

Besides fruits and vegetables, coffee also displays 
significant antioxidant activity and may thus be 
an important source of antioxidants [19]. Coffee’s 
antioxidant potential is due to the presence of natural/
native antioxidant compounds, as well as antioxidant 
compounds that form upon roasting. The actual roasting 
process creates the high temperatures resulting in 
antioxidant degradation, inter-alia, the polyphenols. 
However contemporaneously, melanoidins are 
formed by the Maillard reaction, which increases the 
antioxidant potential of coffee [8, 19, 22]. The findings 
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from various studies concerning antioxidant properties 
of coffee have been quite diverse, where elevated 
antioxidant activity for higher degrees of roasting has 
been confirmed in studies by Liu and Kitts [11], Vignoli 
et al. [25] and Sánchez-González et al. [20]. The reasons 
for such variable study outcomes can be attributed to the 
formation of melanoidin compounds, which raise the 
antioxidant potential despite the decreasing polyphenol 
content. Nevertheless, other studies have not found any 
significant effects of roasting on antioxidant activity 
[23] nor any signs that long-lasting roasting at high 
temperatures causes decreasing antioxidant activity [1, 3, 
8], when polyphenol degradation is not compensated by 
melanoidin formation [19, 22]. Amongst other coffees, 
this occurrence was observed for dark roasted Robusta 
coffee [25]. Such differences in outcome could of arisen 
by the different analytical methods used for measuring 
antioxidant activity, the different ways of brewing coffee 
and obtaining extracts and that the differing degrees of 
roasting lack of any standard definition; also different 
coffee varieties are another source of variation [19]. 
The origin of any analysed coffee beans is another vital 
factor affecting antioxidant activity, since depending on 
the type, different concentrations of those compounds 
occur that constitute reagents for Maillard’s reaction, 
thereby conferring different antioxidant activities [19]. 
Increases in antioxidant activity, along with increases in 
the degree of roasting is not only due to the appearance 
of melanoidin but also to highly-active low molecular 
weight polyphenols becoming released [19].

CONCLUSIONS

1. Polyphenols content, as measured in Arabica coffee 
beans, is high and varies according to the coffee’s 
region of cultivation. Significantly high levels of 
polyphenols were found in coffee originating from 
Ethiopia and India.

2. Concentrations of polyphenols depended on the 
degree of coffee roasting which strongly affects 
the polyphenol content. When used at industrial 
conditions of 220 °C and a roasting time from 
17 to 24 minutes, polyphenols levels in strongly 
roasted coffee decreased on average from 7.3% to 
32.1% when compared to lightly roasted coffee.

3. Quite high antioxidant activities were found in the 
investigated Arabica roasted coffee which varied 
depending on its origin and the degree of roasting. 
Due to roasting, the antioxidant properties of coffee 
are significantly increased despite significant 
decreases in natural antioxidants.

4. From a dietary standpoint, taking into account both 
polyphenols content and antioxidant properties, 
most nutritional benefit is derived from drinking 
lightly or medium roasted coffee.

Polyphenols and antioxidant activity in coffee beans
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ABSTRACT
Background. Disturbances to the rhythms of the sleep-wake cycle adversely impact the quality of everyday living. 
Amongst those factors predisposing, causing and consolidating sleeping disorders are inappropriate nutrition and its effect 
on nutritional status. 
Objective. To survey by questionnaire the nutritional status and habits in women aged 60-90 years suffering from sleeping 
disorders. 
Materials and methods. Subjects were 141 women aged 60-90 years, attending lectures at the Szczecin Humanistic 
University for Seniors, of whom 110 (78%) were selected as having declared sleep disorders. Three age groups were 
established, of 60-65 years (n=39), 65-75 years (n=52) and above 75 years (n=19). Anthropometric measurements were 
performed (body mass and height) and the BMI (Body Mass Index) calculated. Calorific/energy and nutritional values of 
the daily dietary intakes were assessed in 330 meals using the PDCAAS calculation (Protein Digestibility-Corrected Amino 
Acid Score). Subjects had previously undergone a two-month pro-health nutrition course.
Results. Daily sleeping disorders were declared by 24.5% women, whilst 45.4% demonstrated inappropriate nutrition. 
Daily dietary intakes showed insufficiencies in the following: calories, consuming assimilative carbohydrates, cellulose, 
potassium, calcium, vitamin D3 and water. Simultaneously, excessive intake of Na, P, Fe, Zn, Cu and vitamins: A, B2, 
B6, B12, niacin and C were found. The smallest quantity of nutritious foodstuffs were consumed by the eldest women 
(significance of p ≤0.05). The share of protein-derived calories was significantly the highest in the 66-75 age group (p 
≤0.01). Leucine was the amino acid that limited the biological value of consumed protein. Such dietary faults/errors were 
due to an inappropriate structure of foodstuff consumption. 
Conclusion. The dietary intake habits of women in all the age groups were found to be unbalanced in terms of calories and 
nutritional value, which may affect neurotransmitter synthesis that regulates the sleep and wake cycle along with melatonin 
homeostasis. It is essential that elderly women are provided with pro-health education covering their nutrition as well as 
sleeping hygiene. 

Key words: elderly women, nutritional status, dietary intake habits, sleeping disorders

STRESZCZENIE
Wprowadzenie. Zaburzenia w rytmie sen-czuwanie u kobiet wpływają na pogorszenie jakości codziennego życia. 
Do czynników predysponujących, wywołujących i utrwalających zaburzenia snu należy m.in. nieprawidłowy sposób 
odżywiania, warunkujący stan odżywienia. 
Cel. Ocena stanu odżywienia i sposobu żywienia kobiet w wieku 60-90 lat z zadeklarowanymi zaburzeniami snu. 
Materiał i metody. Badaniem ankietowym objęto 141 słuchaczek (w wieku 60-90 lat) Szczecińskiego Humanistycznego 
Uniwersytetu Seniora i wytypowano 110 kobiet (78% ogółu) z zadeklarowanymi zaburzeniami snu, które podzielono 
na trzy grupy wiekowe: 60-65 lat (n=39), 65-75 lat (n=52) oraz >75 lat (n=19). Wykonano pomiary antropometryczne 
(masa i wysokość ciała) i wyliczono wskaźnik stanu odżywienia BMI (Body Mass Index). Dokonano oceny wartości 
energetycznej i odżywczej 330 całodziennych racji pokarmowych, uzyskanych metodą bieżącego notowania. Obliczono 
wskaźnik PDCAAS (Protein Digestibility-Coreected Amino Acid Score). Kobiety poddano dwumiesięcznej prozdrowotnej 
edukacji żywieniowej.
Wyniki. Występowanie codziennych zaburzeń snu zadeklarowało 24,5% kobiet. Nieprawidłowym stanem odżywienia 
charakteryzowało się 45,4% kobiet. Całodzienne racje pokarmowe kobiet charakteryzowały się niewystarczającą wartoś-
cią energetyczną, spożyciem węglowodanów przyswajalnych, błonnika, K, Ca, witaminy D3 oraz wody, przy równocześnie 
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nadmiernym spożyciu Na, P, Fe, Zn, Cu oraz witamin: A, B2, B6, B12, niacyny i C. Istotnie (p≤0.05) najmniej składników 
odżywczych spożywały kobiety najstarsze. Udział energii pochodzącej z białek był istotnie (p≤0.01) najwyższy w grupie 
66-75 lat. Aminokwasem ograniczającym wartość biologiczną spożytego białka była leucyna. Powyższe nieprawidłowości 
wynikały z niewłaściwej struktury spożycia produktów spożywczych.
Wnioski. Sposób żywienia kobiet we wszystkich grupach wiekowych charakteryzował się niezbilansowaniem pod wzglę-
dem wartości energetycznej i wartości odżywczej, co mogło wpłynąć na syntezę w ustroju neuroprzekaźników regu-
lujących proces snu i czuwania oraz hormonu melatoniny. Zasadne jest poddawanie kobiet w starszym wieku edukacji 
prozdrowotnej uwzględniającej zarówno sposób żywienia, jak i higienę snu.

Słowa kluczowe: kobiety w wieku starszym, stan odżywienia, sposób żywienia, sen

INTRODUCTION

During the period of aging, which according 
WHO starts at the age of 60 years, the general state 
of women’s health, well-being and sleep patterns 
deteriorate, which has an impact on their quality of 
everyday life [12]. 

Among the elderly, the deterioration of sleep-wake 
cycle has generally been caused by a physiological 
decrease of melatonin synthesis in pineal gland, but 
also other factors, such as coexisting disorders or 
medications. Epidemiological research conducted 
among the elderly has shown that difficulties with falling 
asleep were declared by 15-45% of respondents, while 
20-45% declared sleep discontinuity and impaired 
sleep continuity, and 15-54% of respondents wake up 
too early. The fact that sleeping disorders among the 
elderly are so common results from disturbances of 
sleep-wake cycle [21]. Moreover, it has been evidenced 
that there is a correlation between sleeping disorders 
and a higher risk of collapse, deterioration of physical 
and mental fitness (slow reaction time, tendency to 
make more mistakes and impairment of attention and 
logical thinking), disturbance of cognitive functions 
(memory, decision making and problem solving) and 
higher mortality [3, 9, 12]. 

Incorrect dietary intake habits (affecting the 
state of nutrition) are perceived to be one of the 
factors predisposing, causing and consolidating 
sleeping disorders [1, 16]. Their improvement might 
complement the pharmacological therapy applied 
to people with sleeping disorders, thus significantly 
improving their life quality. The main role in regulating 
the sleep-wake cycle is played by neurotransmitters: 
both serotonin from which melatonin is synthetized, 
as well as acetylcholine, dopamine, and gamma-
aminobutyric (GABA) acid.

One would presume that, since the elderly have 
more free time at their disposal, they would pay more 
careful attention to the kind and quantity of foodstuffs 
consumed. However, the choice of foods consumed 
might depend on nutritional awareness, dietary habits 
obtained throughout life, as well as financial status, 
which most often changes during retirement [7].

Therefore, the objective of this research is to 
survey the nutritional status and habits in women aged 
60-90 years with declared sleeping disorders. 

 
MATERIAL AND METHODS

The presented survey is an excerpt of the results 
of a completed project, titled “Education Risen to 
Senior Power,” conducted within the Government 
Programme for Social Participation of Senior Citizens 
(ASOS) in the years 2014 – 2020 aiming at, among 
others, improvement of the quality and standard of life 
of the elderly.

The initial questionnaire survey covered 141 
students (aged 60 – 90) of Szczecin Humanities 
University for Senior Citizens at the University of 
Szczecin in May 2015. Information regarding socio-
demographic data, sleep disorders, selected aspects 
of lifestyle, coexisting disorders and medications 
were obtained from the female respondents. On this 
basis, only 110 women (78% of all) with declared 
sleep disorders were selected for further survey. 
Subsequently, the subjects were divided into three age 
groups: 60-65 years of age (39 women), 65-75 years of 
age (52 women) and over 75 years (women).

Anthropometric measurements were performed 
using Martin’s classical measuring technique, and 
they included body height, measured with SECA 215 
stadiometer in the vertical (standing) position, with 
head placed in Frankfurt position; and body weight, 
measured with legalized and standardized medical 
weigh RADWAG WPT-200.0, without shoes and in 
light clothes. From the obtained anthropometric data, 
BMI (Body Mass Index) was calculated according to 
the formula: body mass in (kg) /height(m2) [17].

Moreover, after having been instructed, the subjects 
noted time, type and quantity of consumed foodstuffs 
during three, randomly chosen days (24 hours) of the 
week (including one weekend day), on a regular basis. 
They would assess the size of consumed portions 
on the basis of The Register of portions, products 
and dishes they had been provided [23]. Thereby, 
the regular notes provided 330 daily dietary intake 
reports (110 women provided 3 daily menus each), 
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which subsequently were assessed with the use of 
a computer program “Diet 5.D” from the Institute of 
Nutrition and Food. The program assessed the energy 
and nutrition values of the meals. The results for each 
subject were individually contrasted with nutrition 
standards: energy to estimated energy requirement 
(EER), vitamins and mineral elements (A, B1, B2, B6, 
B12, niacin, C, Ca, P, Mg, Fe, Zn, Cu) to the estimated 
average requirements (EAR) and (B3, E, Na, K, water) 
to the adequate intake (AI), according to age and sex 
[14]. Fiber and cholesterol consumption was referred 
to the recommended values which enable prevention 
of obesity and other noncontagious diseases (25g/24h 
and <300mg/24h respectively). The limiting amino 
acid Chemical Score (CS) index was also calculated 
and next, after taking into consideration digestibility 
of protein of food rations at the level of 0.9, the index 
of Protein Digestibility Corrected Amino Acid Score 
(PDCAAS) was calculated.

The female subjects completed two-month pro-
health nutrition education in the form of lectures and 
nutrition workshops, in the course of which attention 
was paid to the importance of nutritional status and 
nutrition habits for the sleep-wake cycle regulation.

After their normality of decomposition was tested 
with Shapiro-Wilk test, and their homogeneity of 
fluctuation was tested with Laven test, a logarithm 
was found in the results of the survey, and they were 
subjected to statistical calculation. Single factor 
analysis of variance (ANOVA) was applied, and Tukey 
test was used to estimate the difference between the 
survey groups, at the level of significance of p≤0.05 
and p ≤0.01, using the statistical program Statistica 
®10.0 (Statsoft, Tulsa, OK, USA).

RESULTS

The studied group consisted mainly of married 
women aged 60-65 years and 66-75 years,  and of 
unmarried women in the age group of 75 years or 
more (Table 1). Only half of the women described 
their financial status as sufficient. Over 70% of women 
had chronical diseases such as: high blood pressure, 
hypothyroidism, type 2 diabetes and arthrosis, for 
which they were being medicated (Table1).

The respondents aged 60-65 and 66-75 
predominantly reported problems with falling asleep 
in the evening, while the oldest subjects had problems 
with falling back asleep after waking up at night. 
Those sleeping disorders occurred daily in every 
fourth subject. In the groups of the youngest and 
the oldest women, sleeping disorders occurred most 
often several times a week, while in the group aged 
66-75 years they occurred once a week. And yet, only 
37.3% of the subjects had consulted a physician and 

received help in the form of sleep medication, such 
as: Melatonin, Neospasmin, Forsen and Valerian. 
However, every fifth subject used herbal remedies, 
such as: herbal teas, a hop cone, Melissa and Persen.

A small percentage of respondents had more than 
3 hours of uninterrupted sleep. More than a half of the 
subjects reported problems with everyday functioning 
after a night of bad sleep; they reported irritation, 
problems with concentration and nervousness. Nearly 
half of the women declared having a nap during the 
day. The same number habitually consumed supper 
about 3-4 hours before going to bed. About 2/3 of the 
respondents habitually drank 1-2 cups of coffee a day.

The analysis of the data obtained from 
anthropometric measurements (Table 2) did not 
show significant differences in body mass between 
the surveyed groups of women. The only significant 
(p≤0.05) variation was the lowest body height of the 
subjects in the group of the oldest women. The average 
value of BMI in all age groups of surveyed women 
did not differ statistically significantly and pointed 
to a proper state of nutrition. However, a thorough 
analysis of the value of BMI showed that only every 
third subject could be described as being in the proper 
state of nutrition, the most of whom were found in the 
group aged 66-75 years. The highest percentage of 
underweight and overweight women and those under 
the risk of being underweight was found among the 
oldest women. Obesity was most often found among 
the subjects aged 66-75 years.

The conducted qualitative dfr analysis of the 
subjects (Table3) showed that recommended 4-5 
meals a day were most often consumed by the 
youngest women and most rarely by subjects aged 
66 -75 years. In this age group the highest number of 
additional meals were consumed. It was ascertained 
that the lowest percentage of main meals during the 
day (24 hours) (breakfast, lunch, afternoon tea, and 
supper) were consumed in the group of the youngest 
women. However, the smallest number of dinners was 
consumed among the oldest respondents, and in the 
same group most women snacked.

The quantitative dfr analysis of surveyed women 
showed insufficient energy value, insufficient intake of 
assimilative carbohydrates, cellulose, K, Ca, D3 vitamin 
and water with simultaneous excessive intake of Na, P, Fe, 
Zn, Cu and vitamins: A, B2 ,B6, B12, PP, and C (Table 4).

Systematically significantly (p≤0.05) the smallest 
quantity of energy, mineral ingredients (K, P, Mg, 
Fe, Zn, Cu), vitamins (D3, B1, B2, B6, niacin) and 
water were consumed by the oldest women. It was 
ascertained that, despite the insufficient energy value 
of the subjects’ diets, too much energy came from 
proteins, which was significantly (p≤0.01) the highest 
quantity consumed in the group aged 66-75 years, in 
comparison to the other groups (Table 4).
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Table 1. The characteristics of the studied female subjects aged >60 years, (%, n = 110) 
Examined women Total

60-65 years
(n = 39)

66-75 years
(n = 52)

>75 years
(n = 19)

>60 years
(n = 110)

Marital status
- unmarried
- married
- widow
- single

2,6
69,2
5,1
23,1

5,8
40,4
25,0
23,1

0,0
21,1
21,1
57,9

3,6
47,3
17,3
29,1

Financial status
- insufficient
- sufficient
- good
- very good

7,7
43,6
35,9
12,8

7,7
51,9
38,5
1,9

0,0
68,4
31,6
0,0

6,4
51,8
36,4
5,5

Occurrence of chronic illness 71,8 69,2 89,5 73,6

Medicine administered for chronic illness 59,2 72,8 68,6 67,1

Sleeping disorders
- problems with falling asleep
- interrupted sleep
- waking up too early
- waking up often
- problem with falling asleep after waking up at night

48,7
30,8
20,5
38,5
48,8

40,4
36,5
17,3
25,0
38,4

21,1
42,1
42,1
36,8
57,9

40,0
35,5
22,7
31,8
45,4

Frequency of sleeping disorders
- once a week
- several times a week
- everyday

25,7
48,7
25,6

46,2
28,8
25,0

15,7
63,2
21,1

33,5
41,8
24,5

Consulting sleeping disorders with a physician 38,5 38,5 31,6 37,3
Prescribing hypnagogic medicine:
Melatonina, Neospasmina, Forsen, Waleriana 35,9 34,6 21,1 32,7

Usage of herbal medicine:
Herbal teas, Persen, Melisa, hop cones 23,1 23,1 10,5 20,9

Number of hours of uninterrupted sleep: 
< 3
3-4
5-6
6-8
>8

7,7
59,0
25,6
5,1
5,1

13,5
34,6
34,6
13,5
3,8

10,5
47,4
21,1
10,5
15,8

10,9
45,5
29,1
10,0
6,3

Results of insufficient sleep:
- irritation
- emotional lability
- problems with concentration
- memory disorders
- worse functioning during the day
- reduced muscle power
- nervousness

- laziness

38,5
25,6
33,3
17,9
64,1
23,1
28,2
17,9

32,7
13,5
15,4
17,3
57,7
17,3
21,2
13,5

42,1
15,8
21,1
21,1
57,9
31,6
15,8
15,8

36,4
18,2
22,7
18,2
60,0
21,8
22,7
15,5

Taking a nap during the day 48,7 36,5 73,7 47,3

Time of the last meal before going to sleep:
- directly before sleeping
- 1 hour before sleeping
- 2 hours before sleeping
- 3 - 4 hours before sleeping
- I do not have supper before sleep

5,1
20,5
7,7
59,0
7,7

3,8
13,5
27,0
36,5
19,2

0,0
5,3
15,8
52,6
26,3

3,6
14,5
18,2
47,3
16,4

Number of cups of coffee a day:
- do not drink coffee 
- 1 - 2 cups
- 3 - 4 cups

15,4
79,5
5,1

13,5
80,8
5,8

10,5
89,5
0,0

13,6
81,8
4,5

Dietary intake habits and nutritional status in women suffering from sleep disorders
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Table 2. Values on anthropometric attributes and the BMI indicators in female subjects, (mean ± SD, n = 110)

Feature
Subjects (n = 110)

p value60-65 years
(n = 39)

66-75 years
(n = 52)

>75 years
(n = 19)

Age, years 62.4 ± 2.3 70.0 ± 2.5 79.2 ± 3.5
Body weight, kg 70.3 ± 10.5 70.4 ± 10.9 65.1 ± 10.3 0.129
Body height, cm 161.9a ± 6.8 160.1 ± 5.8 156.8b ± 6.7 0.018
BMI, kg· m-2 26.9 ± 4.3 27.5 ± 4.4 26.5 ± 4.4 0.595
                                                                    BMI    n (%) Total 
<22 (underweight) 10.3 5.8 15.8 9.1
22-23 (risk underweight) 20.5 13.5 21.1 17.3
24-27 (normal) 20.5 38.5 15.8 28.2
27- 32 (overweight) 35.9 26.8 36.8 31.8
>32 (obesity) 12.8 15.4 10.5 13.6

BMI - body mass index;
a, b – means denoted with the different letters are statistically significant difference p ≤0.05;  

Table 3. Number and type of meals consumed daily by the  
           subjects during the period of the survey, n = 330  
               menus

Number and 
type of meals

Female subjects
60-65 years 
(n = 117)

66-75 years 
(n = 156)

>75 years 
(n = 57)

Number of meals (%)
1 – 2 0 6.4 5.3
3 7.8 7.7 14.0
4 43.6 34.0 33.3
5 35.8 35.9 36.9
6 and more 12.8 16.0 10.5

Type of meals (%)
Breakfast 64.1 82.1 86.0
Lunch 49.6 67.9 54.4
Dinner 61.5 80.1 54.4
Afternoon tea 35.0 46.8 47.4
Supper 51.3 66.7 66.7
Get 18.8 22.4 28.1

The analysis of CS indicator and PDCAAS calculated 
on the basis of this indicator (Table 5) showed that leucine 
was the amino acid which limited the biological worth 
of consumed protein in dfr of all the age groups. It was 
ascertained that the significantly (p≤0.05) lowest intake of 
all exogenous amino acids took place in the oldest group, 
in comparison to the youngest group.

The observed irregularities in energy and nutritious 
value of subjects’ diets resulted from an inappropriate 
foodstuffs consumption (Table 6). It was ascertained that 
the quantity of certain products was insufficient in relation 
to a model food ratio; this concerns the consumption of 
bakery products, flour and pasta, potatoes, vegetables, 
leguminous seeds and nuts, fruit, dairy products, fish, plant 
oils and mixed fats. However, an excessive consumption 
of groats, meat and poultry, eggs, animal fats and sugar 
and sweets was noticed. Significantly the smallest quantity 

of vegetables (p≤0.05), rennet cheese (p≤0.05), meat 
and poultry (p≤0.01), plant fats, (p≤0.05) and mixed fats 
(p≤0.01) were consumed by the oldest woman. 

DISCUSSION

Sleep is a physiological period of rest and regeneration 
of the body which is subjected to synchronization in the 
24-hour cycle, depending on the environmental changes. 
It was shown that sleep which is habitually shorter than 
5-6 hours or longer than 8-9 hours during a 24-hour 
cycle increases the risk of diabetes type 2, cardiovascular 
diseases (cerebral ischemia stroke, myocardial infarction) 
and breast carcinoma development [4, 19]. In this research, 
more than a half of subjects reported sleep shorter than 
5-6 hours, as well as chronic diseases and medication. 
What is more, in the period of aging an inappropriate 
state of nutrition is conductive to chronic diseases, 
which might result in sleeping disorders [3, 13]. In this 
research two thirds of the subjects were characterized 
by an inappropriate state of nutrition, which could have 
been the result of non-normative nutritional status in 
their previous stages of life, changes in their hormonal 
status after menopause, as well as sleep deprivation that 
had been declared by the subjects in the questionnaire. 
Similar inappropriate nutritional status of women over 60 
was indicated by other authors [6, 7]. 

The factor regulating the state of nutrition is a diverse 
and balanced diet, metabolically adjusted to the age. 
Despite the free time which the respondents have (due 
to their retirement) and the ability to pay more attention 
to composing their meals, it was their economic status 
and affordability of various groups of foodstuffs that 
was the key factor influencing the subjects’ nutritional 
choices. It was ascertained that in the case of half of 
the subjects, the assortment of consumed foodstuffs was 
narrow due to their low income, which was reflected in 
the qualitative and quantitative analysis of their diets.  
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The qualitative dfr analysis of the subjects 
has shown that only 2/3 of them consumed the 
recommended number of meals, while the appropriate 
glycaemia of the organism, ensured by 4-5 meals 
consumed in a day, in intervals of 3 to 3,5 hours, 
is one of the conditions of uninterrupted sleep at 
night. Skipping main meals (lunch, afternoon tea and 
supper) is the reason why the respondents snacked, 
even in the evening and at night. It has been indicated 
[2] that such snacking is less satisfying, results in 
hyperglycemia which leads to sleep deprivation, 
and in the next morning it results in a higher energy 
intake, which promotes fat tissue accumulation. 
Moreover, snacking, especially in the form of sweets 

and bakery products, may cause a lack of appetite for 
main meals, thus supplying the body with a smaller 
quantity of nutrients. 

 What is worrying is the fact that only 64-86% of 
the subjects consumed breakfast, which should take the 
form of light protein and vegetables. It is subsequent 
to the fact that vitamin B12, folic acid and magnesium 
are necessary for biosynthesis of dopamine and 
noradrenalin neuro hormones (from tyrosine amino 
acid). Particularly in the elderly, these neuro hormones 
influence muscular tone and thinking processes, thus 
increasing mental efficiency and wakefulness. In the 
analyzed dfr of the subjects, despite the sufficient 
supply of tyrosine and vitamin B12, a low intake of 

Table 4. Energy value and basic nutrient levels in daily food rations consumed by the female subjects during the period of  
              the survey (Mean ± SD, n = 330 menus)

Components

Female subjects

p 
Mean ± SD % of daily allowance EAR

60-65 years
(n = 117)

66-75 years
(n = 156)

>75 years
(n = 57)

60-65 years
(n = 117)

66-75 years
(n = 156)

>75 years
(n = 57)

Energy, kcal 1867.1± 583.4 1709.6± 500.3 1361.5± 409.7 88.9a ± 27.8 85.5 ± 25.0 71.7b ± 21.6 0.047
Total protein, g 76.4 ± 22.0 73.0 ± 20.0 58.8 ± 18.3 97.0 ± 27.9 97.3 ± 27.9 82.5 ± 25.6 0.063
Animal protein, g 49.9 ± 16.6 48. ± 16.8 39.1 ± 15.0 95.0 ± 31.6 96.1 ± 33.6 82.3 ± 31.7 0.212
Assimilable  carbohydrates, g 260.0 ± 88.6 237.9 ± 75.2 186.2 ± 48.7 90.0 ± 30.7 86.5 ± 27.4 71.3 ± 18.6 0.059
Dietary fibre, g 21.6 ± 8.3 21.6 ± 7.1 17.9 ± 4.1 72.1 ± 27.5 71.9 ± 23.8 59.8 ± 13.7 0.225
Total fat, g 65.4 ± 23.6 61.3 ± 22.7 49.7 ± 21.9 93.4 ± 33.7 91.9 ± 34.0 78.5 ± 34.5 0.210
Cholesterol, mg 298.2 ± 116.0 262.6 ± 128.4 231.5 ± 98.4 99.4 ± 38.7 87.5 ± 42.8 77.2 ± 32.8 0.066
Sodium, mg 1867.4 ± 908.9 1621.9 ± 772.1 1270.0± 872.1 133.4 ± 64.9 124.8 ± 59.4 105.8 ± 72.7 0.136
Potassium, mg 3379.3 ± 989.8 3408.8±1109.6 2689.3± 704.9 71.9a ± 21.1 72.5a ± 23.6 57.2b ± 15.0 0.017
Calcium, mg 546.8 ± 226.8 547.9 ± 288.7 441.8 ± 171.1 54.7 ± 22.7 53.8 ± 26.2 44.2 ± 17.1 0.377
Phosphorus, mg  1226.0± 344.1 1213.7 ± 399.9 985.8 ± 276.6 211.4a ±59.3 206.1 ± 62.4 170.0b ± 47.7 0.024
Magnesium, mg  311.9 ± 97.0 301.5 ± 102.7 242.3 ± 70.1 117.7a ± 36.6 112.1 ± 36.4 91.4b± 26.4 0.021
Ferrum, mg 12.2 ± 4.2 10.7 ± 3.7 9.1 ± 4.1 203.2a ±69.7 173.1 ± 57.7 152.3b ± 68.7 0.005
Zinc, mg 9.8± 3.0 9.3 ± 2.6 7.5 ± 2.1 143.6a ±43.4 135.0 ± 36.6 109.6b ± 30.7 0.005
Copper, mg 1.27 ± 0.4 1.20 ± 0.4 0.98 ± 2.7 182.1a ±56.7 168.2 ± 54.7 139.4b ± 38.4 0.019
Retinol  Equivalent, µg 989.9 ± 654.2 981.9 ± 847.5 687.5 ± 360.0 198.0 ±130.8 192.4 ±167.6 137.5 ± 72.0 0.124
Vitamin D3, µg 3.2 ± 2.6 3.3 ± 3.0 3.2 ± 3.1 31.8a ± 26.1 21.9 ± 20.1 21.6b ± 20.8 0.019
Vitamin E, mg 8.9 ± 3.4 8.6 ± 3.2 7.3 ± 3.0 111.8 ± 43.1 107.9 ± 39.5 91.5 ± 37.0 0.167
Vitamin B1, mg  1.1 ± 0.4 0.9 ± 0.3 0.8 ± 0.2 119.3a ± 49.9 102.1 ± 35.1 87.3b ± 25.3 0.034
Vitamin B2 , mg 1.5 ± 0.5 1.5 ± 0.6 1.2 ± 0.3 164.5A ±50.4 160.7A ±58.2 105.0B ± 31.2 <0.001
Vitamin B6 , mg 1.9 ± 0.6 1.9 ± 0.7 1.5 ± 0.4 143.6a ±46.1 139.1 ± 44.2 112.8b ± 30.1 0.020
Vitamin B12, µg 3.8 ± 2.4 4.1 ± 4.0 3.3 ± 2.3 189.2± 121.5 203.4± 195.3 167.1± 113.0 0.718
Folate, µg 291.9 ±101.1 291,5 ± 109.7 223.9 ± 86.1 88.1 ± 31.6 91.1a ± 34.3 70.0b± 26.9 0.027
Vitamin PP, mg 18.1 ± 6.0 17.4 ± 5.1 12.6 ± 4.2 163.0A ±55.5 155.7A ±45.4 114.7B ± 37.8 0.005
Vitamin C, mg 79.9 ± 64.5 96.1 ± 71.1 68.8 ± 43.4 133.1± 107.4 153.8± 109.3 114.7 ± 72.9 0.501
Water, ml 1593.3 ±462.5 1599.6 ± 619.7 1224.4 ±332.7 79.7a ± 23.1 80.0a ± 31.0 61.2b ± 16.6 0.021
Protein, % energy 17.0 ± 3.6 17.6 ± 3.1 17.5 ± 2.9 113.5B ±24.1 181.3A ±55.4 116.9B ± 19.0 <0.001
Fat, % energy 31.2 ± 5.2 31.5 ± 6.3 32.1 ± 5.9 104.1 ± 17.3 104.9 ± 20.9 107.0 ± 19.9 0.986
Carbohydrates,   % energy 51.8 ± 5.4 51.0 ± 5.8 50.4 ± 6.8 94.1 ± 9.8 92.7 ± 10.6 91.6 ± 12.4 0.616
Sucrose, % energy 10.9 ± 5.0 10.2 ± 4.1 8.1 ± 4.3 109.2 ± 50.3 101.9 ± 40.6 80.9 ± 43.4 0.124

a, b –means denoted with the different letters are statistically significant difference p ≤0.05;  A, B – means denoted with the different 
letters are statistically significant difference p ≤0.01
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Table  5. Content of amino acids and value of PDCAAS indicator in daily food rations of examined women (Mean ± SD,  
               n = 330 menus)

Essential 
amino acids,  
g×100 g 

Mean ± SD
Amino acid 
in a protein 

standard, g×100 g
(FAO/WHO 2013)

PDCAAS (CS x 0.9)

p 60-65 
years

(n = 117)

66-75 
years

(n = 156)

>75 
years

(n = 57)

60-65 years
(n = 117)

66-75 years
(n = 156)

>75 years
(n = 57)

Isoleucine 3.7 ± 1.1 3.6 ± 1.1 2.9 ± 0.9 3.0 111.1a± 33.2 108.2 ± 33.3 86.5b ± 26.5 0.007

Leucine 5.9 ± 1.8 5.7 ± 1.8 4.6 ± 1.5 5.9 90.1a ± 27.0 86.2 ± 27.6 69.9b ± 23.4 0.009

Lysine 5.2 ± 1.6 5.1 ± 1.7 4.1 ± 1.4 4.5 104.0a ± 31.3 102.5 ± 33.0 82.4b ± 28.0 0.014

Methionine+ 
Cysteine

3.0 ± 0.9 2.9± 0.9 2.3 ± 0.7 2.2 123.4a ± 36.9 117.4 ± 35.7 94.9b ± 29.3 0.006

Phenylalanine + 
Tyrosine

6.1 ± 1.8 5.8 ± 1.9 4.8 ± 1.6 3.8 145.5a± 43.7 139.9 ± 45.2 113.1b ± 37.5 0.012

Threonine 3.1 ± 0.9 3.1 ± 0.9 2.5 ± 0.8 2.3 122.9a ± 35.3 119.8 ± 37.5 97.3b ± 32.5 0.011

Tryptophan 1.0 ± 0.3 1.0 ± 0.3 0.8 ± 0.2 0.6 148.5a ± 42.6 145.8 ± 43.6 119.4b ± 36.5 0.017

Valine 4.4 ± 1.3 4.3 ± 1.3 3.5 ± 1.1 3.9 101.5a ± 29.5 99.1 ± 30.5 81.1b± 25.0 0.017
CS – Cheiacal Score; PDCAAS - Protein Digestibility-Coreected Amino Acid Score; 
a, b –means denoted with the different letters are statistically significant difference p ≤0.05;  

Table 6. Consumption of selected foodstuffs in daily food rations by the female subjects during the period of the survey 
              (Mean ± SD, n = 330 menus)

Foostuffs, g
Mean ± SD Implementation of model food rations (%)

p value60-65 years
(n = 117)

66-75 years
(n = 156)

>75 years
(n = 57)

60-65 years
(n = 117)

66-75 years
(n = 156)

>75 years
(n = 57)

Wheat and rye bread 105.1±85.1 113.7±61.4 76.6±41.7 52.5±42.5 56.9±30.7 38.3±20.8 0.147
Flour, pasta 37.4±55.9 40.0±60.4 52.5±60.3 62.3±93.2 70.0±100.6 87.4±100.6 0.736
Groats, rice, breakfast cerals 48.3±48.5 43.8±59.8 37.2±40.4 108.0±191.5 175.2±239.3 93.0±161.6 0.359
Potatoes 121.4±105.4 158.6±109.5 121.3±111.4 48.5±42.2 63.4±43.8 48.5±44.6 0.154
Vegetables 188.8±97.7 239.1±131.0 173.1±149.9 37.8±19.5 47.5a±26.2 34.6b±30.0 0.037
Pulses seeds and nuts 7.5±15.8 6.6±15.4 5.7±18.8 75.4±158.5 65.9±153.6 57.0±187.8 0.451
Fruits 223.8±216.2 196.8±174.4 174.6±108.9 78.9±72.1 65.6±56.8 58.2±36.3 0.700
Milk and milk fermented beverages 103.4±95.3 100.9±108.8 114.2±128.5 20.7±19.1 20.2±21.8 22.8±25.7 0.555
Fresh cheeses 43.8±47.7 42.5±40.9 30.2±24.7 62.6±68.1 60.8±58.4 43.2±35.3 0.955
Ripening cheeses 15.6±29.8 9.3±13.5 2.1±5.0 104.1a±198.9 61.8±90.1 14.0b±33.2 0.023
Meat, poultry 116.7±102.2 126.5±66.1 62.6±45.8 155.6±136.2 168.6A±88.1 83.5B±61.1 < 0.00
Sausages 34.1±33.2 21.3±26.6 30.4±36.1 136.4±132.8 85.4±106.3 121.8±144.1 0.404
Fish 22.7±37.9 26.8±36.6 22.3±31.6 75.6±126.2 89.3±121.9 74.3±105.3 0.669
Eggs 29.1±34.2 18.1±26.3 22.6±19.9 174.6±203.6 108.2±157.3 135.4±119.4 0.316
Animal fats 22.9±34.3 20.4±17.5 14.5±12.3 152.4±228.5 135.7±116.9 96.7±82.2 0.222
Vegetable fats 1.7±3.7 3.0±5.6 4.3±4.7 11.1b±25.0 19.9±37.3 28.4a±31.6 0.039
Mixed fats 3.7±9.8 0.2±0.7 0.9±2.2 70.5A±196.3 3.6 B ±13.3 17.4±43.1 < 0.00
Sugar and sweets 85.3±105.4 81.8±74.4 53.3±58.7 189.6±234.3 181.1±165.3 118.5±130.0 0.426

a, b –means denoted with the different letters are statistically significant difference p ≤0,05;  A, B –means denoted with the different 
letters are statistically significant difference p ≤0,01;  

foliates and magnesium was ascertained, which could 
have influenced the biosynthesis of neuro hormones, 
thus disrupting the state of wakefulness and leading 
to napping. 

A light and well-composed supper is one of the 
most significant meals which affect sleep patterns. It 

should be eaten 3-4 hours before going to bed at the 
latest, so that it does not lead to late emptying of the 
stomach and not to cause lowered glucose tolerance 
and disturbance in lipedema. A supper also should 

not be the cause of hypoglycaemia and deterioration 
of muscle protein (sarcopenia), to which elderly 
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people are especially exposed [8]. Therefore, during 
the two-month nutrition education the subjects were 
instructed that for supper they should eat, first of all, 
complex carbohydrates with low glycemic index and 
load (groats, rice, pasta) with vegetables and protein 
containing tryptophan, from which serotonin, with 
cooperation of vitamins B6, B12 and folic acid is 
produced in the brain as a precursor of the biosynthesis 
of melatonin, the sleep hormone [20]. It is on the 
synthesis of this hormone that the quantity and quality 
of our sleep depends. 

The reported sleep disorders could have been 
influenced by the low energy value of the subjects’ 
diets, as it has been shown that lowering the energy 
intake below 300 kcal a day decreases melatonin 
concentration in the blood even by about 20%. 
Moreover, a low intake of assimilative carbohydrates 
could have an influence on pinealocytes, which need 
certain minimum of glucose for proper functioning. 
However, it should not come from the foodstuffs 
containing monosaccharides, and as dfr analysis of 
the respondents indicated, the subjects consumed 
their higher quantity than it is recommended. These 
products stimulate hyperglycemia and hypoglycemia 
symptoms, disturb appetite regulation in hypothalamus 
by changes in hunger and satiety center and influence 
growth of serotonin genes expression (Sert), especially 
among females [10, 22]. Thus, in the course of the 
nutrition education, the subjects were recommended 
to eat vegetables and fruit rich in, for instance, fiber, 
which improves glucose tolerance and physiological 
mechanisms regulating its concentration in blood. This 
is especially crucial as among the subjects were women 
with diagnosed and treated high blood pressure, type 2 
diabetes and atheromatosis. 

Polyunsaturated amino acids (PUFA) are necessary 
for building and appropriate functioning of pineal 
gland, while a low intake of docehexanoic acid (DHA) 
has an impact on a decrease in melatonin synthesis. 
The conducted dfr analysis has indicated high contents 
of energy coming from fats, mainly those constituted 
in saturated fatty acids, resulting from a high intake 
of meat and eggs. However, a low consumption of 
fish, which are a good source of PUFA acids, was 
ascertained, therefore during their nutrition education 
the subjects were recommended to eat fish twice to 
three times a week. 

Vitamins are cofactors in enzymatic reaction 
of transformation of amino acids into functional 
transmitters, which regulate, for instance, the 
sleep-wake cycle. The lowest intake of vitamin 
B1, evident among the oldest respondents, might 
lead to its deficiency in the organism, which results 
in transketolation disorders taking place during 
oxidational metabolism of glucose, especially in the 
nervous system, which draws energy only from its 

transformation [11]. On the other hand, despite the 
appropriate intake of vitamin B6, the observed low 
intake of foliates among the respondents might have 
led to decreased melatonin synthesis, especially in 
the oldest women. What is more, the deficiency of an 
active form of vitamin B9 (5-metylotetrahydrofoliate) 
leads to mood disruptions, which are also one of the 
causes of sleep disorders. 

A low intake of vitamin D3 among the subjects might 
directly cause the decrease of synthesis and transmission 
of serotonin, leading to mood imbalance and lowering 
of melatonin synthesis. Indirectly, it may also lead 
to osteoarticular pain and inappropriate glycaemia, 
especially in people with type 2 diabetes [15]. 

Zn, Ca, Mg, Fe, Cu and Se, which are the 
ingredients of cerebrospinal fluid, are those 
minerals which are important in the synthesis of 
neurotransmitters conditioning the sleep-wake cycle. 
This research has shown a low intake of potassium 
and magnesium among the subjects, which might be 
the cause of disruptions in the active transportation 
of calcium through cell membranes, thus affecting 
the transmission of nerve impulses and indirectly 
influencing pathogenesis of sleeplessness. 

What is also crucial in the appropriate and 
uninterrupted sleep cycle is the quantity and quality 
and drunk liquids and the times when liquids are drunk 
in a 24-hour cycle. Liquids should not be drunk directly 
before sleep (except when necessary to administer 
medicine), because increased diuresis causes night 
wakening, which is especially inconvenient for 
elderly people. A low intake of liquids observed 
among the subjects could be explained by inhibited 
thirst occurring in old age, and anxiety of frequent 
diuresis. During the nutrition workshops the subjects’ 
attention was called to the quantity and types of drank 
liquids, as well as the quantity of caffeine consumed 
with various products (foodstuffs or medicine). On 
the one hand, a reasonable caffeine consumption 
(100 – 300 mg/24 hours) influences the increased 
secretion of catecholamine, stimulating the central 
nervous system, which positively affects mental and 
physical efficiency, thinking, concentration, decrease 
in tiredness and sleepiness. On the other hand, the 
caffeine contained in coffee and/or strong tea has 
elongated pharmacological activity from 8 to 14 hours 
in the elderly because of a decreased liver metabolism; 
that is why consuming caffeine in the late afternoon 
or evening hours increases diuresis during the night, 
which becomes the reason of sleep deprivation. 

Taking into account the fact that the subjects are 
ageing, it is worth emphasizing that the analysis of 
nutritious value of the protein intake has indicated 
that significantly the lowest intake of amino acids was 
observed in the oldest subjects, in comparison to amino 
acids contained in standard protein FAO. In diets of all 
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groups of subjects leucine was the amino acid limiting 
the utilization of the consumed protein, including 
tryptophan, in spite of its significant quantity in the 
diets. It resulted from the low intake of foodstuffs 
which are its natural source, such as leguminous seeds 
and nuts, fish and dairy products. Insufficient intake of 
leucine, which takes part in protein metabolism, growth 
hormone synthesis and appropriate glycaemia, might 
be also the reason behind the catabolism of muscle 
protein and inhibited tissue rebuilding. Therefore, 
during their nutrition education it was recommended 
that the subjects provide themselves with all necessary 
amino acids, that is, animal source foods: light cottage 
cheese, lean poultry, lean fish from fresh water and 
seas and eggs. They should be supplemented with plant 
protein mainly from legumes seeds, wheat products, 
vegetables, fruit and nuts.

To summarize, the inappropriate nutrition habits of 
the subjects (particularly the oldest group) predestines 
them to suffer from the reported sleeping disorders as 
well as well-being deterioration after sleepless nights, 
as it is possible that their dietary intake habits influence 
the synthesis of neurotransmitters regulating the sleep-
wake cycle and melatonin.

CONCLUSIONS

1. The nutritional habits of subjects in all age groups 
was characterized by an unbalanced intake of 
energy and nutritive value, which could have 
affected the proper synthesis of neurotransmitters 
regulating sleep-wake cycle and melatonin 
hormone.

2. It is essential to provide pro health education to 
elderly women, which mentions dietary intake 
habits as well as sleeping hygiene. 
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ABSTRACT
Background. Dietary patterns (DPs) are defined as the amounts, types and combinations of various food products in 
habitual diets and the frequency of their consumption. Dietary pattern analysis is usually performed in order to assess the 
combined effect of consumed food products on health. 
Objective. The aim of the study was to assess and compare the nutritional value of dietary patterns identified in a group 
of patients staying on the oncological ward.
Material and methods. The study group consisted of 100 patients (51 women and 49 men) aged 19-83 years. Dietary intake 
was assessed using a food frequency questionnaire (FFQ) validated for the population of Lower Silesian Voivodeship.
Results. Factor analysis identified two main dietary patterns explaining 25.6% of variance. The “fruit and vegetables” 
DP consisted of vegetables, fruits, juices, unrefined grains and nuts, seeds and raisins. Instead, the “Western” DP was 
characterized by the consumption of high-fat and processed meat and poultry, fried fish, refined grains, honey and sugar, 
fats, sweets, beverages and chips. While higher scores for “fruit and vegetables” pattern were associated with increased 
intake of dietary fiber, antioxidant vitamins, folic acid and decreased glycemic load per 1000 kcal and sodium intake, for 
“Western” pattern observed relationships were opposite. Women were more likely to have higher factor scores for “fruit 
and vegetables” DP and lower factor scores for “Western” DP than men.
Conclusions. Dietary patterns identified in the study group differed in terms of nutritional value, in spite of similar 
macronutrient content in the diet. “Western” DP was characterized by lower nutritional value than “fruit and vegetables” 
dietary pattern.

Key words: dietary patterns, factor analysis, fruit and vegetables, Western diet, cancer, glycemic load

STRESZCZENIE
Wprowadzenie. Wzory żywienia (ang. dietary patterns) definiowane są jako ilości, rodzaje i kombinacje produktów 
spożywczych i napojów zawartych w całodziennej diecie oraz częstotliwość, z jaką są one zwyczajowo spożywane. 
Analiza wzorów żywienia jest stosowana w celu określenia synergistycznego efektu oddziaływania różnorodnych 
składowych diety na zdrowie.
Cel. Celem pracy było porównanie wzorów żywienia wyodrębnionych w grupie pacjentów przebywających na oddziale 
onkologicznym.
Materiał i metody. Grupa badana liczyła 100 pacjentów (51 kobiet i 49 mężczyzn) w wieku 19-83 lata. Sposób 
żywienia oceniono na podstawie kwestionariusza częstotliwości spożycia żywności (FFQ) walidowanego dla populacji 
dolnośląskiej. 
Wyniki: Za pomocą analizy czynnikowej wyodrębniono dwa główne wzory żywienia wyjaśniające łącznie 25,6% wa-
riancji. Wzór „owocowo-warzywny” charakteryzował się wysokim spożyciem warzyw, owoców, soków, nierafinowanych 
produktów zbożowych, orzechów i nasion, a wzór „zachodni” - tłustego i przetworzonego mięsa i drobiu, smażonych ryb, 
rafinowanych produktów zbożowych, miodu i cukru, tłuszczów, słodyczy, słodzonych napojów i frytek. Wysokie warto-
ści czynnikowe wzoru „owocowo-warzywnego” były związane ze zwiększoną zawartością w diecie błonnika pokarmo-
wego, witamin antyoksydacyjnych i kwasu foliowego, niższą zawartością sodu oraz niższym ładunkiem glikemicznym 
w przeliczeniu na 1000 kcal diety. Dla wzoru „zachodniego” zaobserwowane zależności były odwrotne. W grupie kobiet 
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uczestniczących w badaniu wykazano wyższe wartości czynnikowe wzoru „owocowo-warzywnego” i niższe wartości 
czynnikowe wzoru „zachodniego” niż w grupie mężczyzn.
Wnioski. Wzory żywienia wyodrębnione w badanej grupie chorych znacznie różniły się od siebie wartością odżywczą 
pomimo podobnej zawartości makroskładników diety. Wzór „zachodni” charakteryzował się niższą wartością odżywczą 
diety, niż wzór „owocowo-warzywny”. 
 
Słowa kluczowe: wzory żywienia, analiza czynnikowa, owoce i warzywa, dieta zachodnia, choroba nowotworowa, 
ładunek glikemiczny

INTRODUCTION

Environmental factors including improper diet are 
one of the most important causes of non-communicable 
diseases: cardiovascular diseases, cancer, chronic 
respiratory diseases and diabetes [20]. The list of 
selected food products that are usually considered as 
the most unhealthy comprises refined starchy foods, 
red and processed meat, sweetened drinks, fast foods, 
salty and energy-dense foods [24]. 

Nonetheless, the consumption of individual food 
products may be sometimes insufficient to provide 
significant effect on health outcomes and various 
combinations of nutrients may influence one’s 
condition in different ways. However, some food 
groups are often consumed together by the same 
persons and those relationships are used to determine 
the dietary patterns (DPs). Dietary patterns are defined 
as the quantities, variety, proportions, combinations, as 
well as the frequency of consumption of diverse food 
products and beverages. DPs may depend on a variety 
of environmental, socio-cultural and economic factors, 
that is why they may vary in different populations [23].

In opinion of the United States Department of 
Agriculture and United States Department of Health 
and Human Services [30], it is recommended to follow 
a “healthy eating pattern”, explained as a combination 
of healthy food products and drinks consumed every 
day. It includes a variety of vegetables, fruits, whole 
grains, low fat dairy, plant oils and protein foods, such 
as seafood, lean meat and poultry, eggs, legumes, nuts, 
seeds and soy products. “Healthy” DP and similar to it 
“prudent” or “fruit and vegetables” DPs were found to 
decrease the risk of various diseases, including cancer 
[5], heart diseases [15], and diabetes [1].

A good example of unhealthy dietary pattern is 
“Western” pattern, typically characterized by high 
intake of processed food, sweets, refined grains and 
fast foods. In contrast to a “healthy” DP, “Western” 
or similar to it “unhealthy” or “processed” DPs were 
associated with an increased risk of development and 
recurrence of various diseases [1, 5, 15, 21].

Up to now, conducted studies were focused mainly 
on the composition of derived dietary patterns and 
their association with the development of various 
diseases. Less attention was paid to the differences 
in the content of selected nutrients in analyzed diets 
depending on their dietary pattern scores. 

The aim of the presented study was therefore to 
assess and compare the nutritional value of dietary 
patterns identified in the group of patients staying on 
the oncological ward.

MATERIALS AND METHODS

The study group included 100 cancer patients (51 
women and 49 men) from the Department of Clinical 
Oncology. The study was performed in the years 2014-
2015 in Lower Silesian Voivodeship in Poland. The 
average age of participants was 60.5 ± 11.2 years (range 
19-83). The average BMI (body mass index) was 26.6 
± 5.2 kg/m2 in the group of women and 27.7 ± 4.9 kg/
m2 in the group of men. Participants were diagnosed 
mainly with colorectal (n=39) and breast (n=23), but 
also with lymphoma, bladder, ovary, prostate, kidney, 
pancreas, liver, lung, urinary tract or testicle cancer 
(n=38). The average age of breast cancer patients was 
57.1 ± 9.7 years, colorectal cancer patients - 61.5 ± 
8.7 years, while other patients - 61.3 ± 14.1 years. The 
average BMI of breast cancer patients was 26.6 ± 4.5 
kg/m2, colorectal cancer patients - 27.3 ± 5.6 kg/m2 
and other patients - 27.3 ± 4.9 kg/m2.

Dietary intake was assessed using the data from 
the Food Frequency Questionnaire (FFQ), created 
for Prospective Urban and Rural Epidemiological 
Study (PURE Poland Study) and validated for the 
population of Lower Silesian Voivodeship aged 35-
70 years [7]. The FFQ comprises 8 food groups (milk 
and dairy products, fruits, vegetables, meat and eggs, 
cereal products, mixed dishes, beverages and snacks) 
and overall it includes 154 food products. Dietary 
interview included one year period before the study.

The frequency of consumption was recorded in 
nine categories (0-1/month, 1-3/month, 1/week, 2-4/
week, 5-6/week, 1/day, 2-3/day, 4-5/day, >6/day) and 
the portion sizes were calculated based on the „Album 
of photographs of food products and dishes” [29]. The 
average content of each nutrient in analyzed diets was 
afterwards determined using database of the Food and 
Nutrition Institute [19]. Dietary glycemic load (GL) 
was calculated as a sum of GLs of each food. Glycemic 
load for individual food product was calculated based 
on glycemic index (GI) and content of available 
carbohydrates. GI values of individual foods were 
taken from international databases [11, 22], whereas 
GL of traditional Polish dishes was calculated based 
on their composition [19].
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In order to assess the dietary patterns in the study 
group, food items from the FFQ were classified into 21 
groups: dairy (except high-fat cheese), high-fat cheese, 
fats, fruits, cooked vegetables, raw vegetables, eggs, 
chips, potatoes, high-fat or processed meat or poultry or 
fried fish, unprocessed low-fat meat or poultry or fish, 
refined grains, unrefined grains, traditional polish mixed 
dishes, soups, juices, beverages, alcohol, nuts, seeds and 
raisins, honey and sugar and sweets. Dietary patterns were 
identified a posteriori based on the data from the factor 
analysis (principal axis factoring, PAF) with varimax 
rotation [17]. This method was chosen due to the lack of 
normal distribution of variables in the study group. The 
number of dietary patterns was determined according to 
the Scree plot for eigen values of factors. Values of factor 
loadings higher than 0.4 were accepted as the cut-off 
point. For each pattern, patients were divided into three 
groups (tertiles), based on the factor scores of their diet.

Bioimpedance analysis (BIA) was performed using 
Tanita BC 418-MA analyzer in order to measure the 
body composition. BMI values were determined, and 
used to classify the patients as normal weight (18.5-
24.9 kg/m2), overweight (25.0-29.9 kg/m2) and obese 
(above 30.0 kg/m2). Body fat percentage considered 
as normal depended on age and varied between 21% 
and 36% for women and between 8% and 25% for 
men. Visceral adipose tissue level lower than 13 was 
classified as normal [26].

Results of the study were analyzed using Statistica 
12.0 PL software. A Shapiro-Wilk test was used to 
assess the normality of the data. Statistical analyses 
were performed using the Kruskal-Wallis test, Mann-
Whitney U test and Chi2 test. Correlation between 
variables was assessed using Spearman’s correlation 
analysis. Spearman’s correlation coefficient higher than 
0.6 were considered as strong correlation. The level of 
statistical significance for all analyses was set at α=0.05.

The study was approved by the Bioethics 
Committee of Medical University of Wroclaw (No. 
KB-362/2014). 

RESULTS

Two principal dietary patterns were identified in 
presented study. Together, they explained 25.6% of 
variance. The factor loadings of food products for each 
dietary pattern are presented in Table 1.

First DP was characterized by high loadings for 
raw vegetables (0.87), cooked vegetables (0.67), 
fruits (0.65), juices (0.52), unrefined grains (0.42) and 
nuts, seeds and raisins (0.42). It explained 14.1% of 
variance. Due to its composition, it was called “fruit 
and vegetables” dietary pattern.

Second DP was associated with high loadings for 
high-fat and processed meat and poultry and fried fish 
(0.69), refined grains (0.67), honey and sugar (0.52), 
fats (0.52), sweets (0.51), beverages (0.50) and chips 
(0.47). It explained 11.5% of variance and it was called 
“Western” dietary pattern. 

In the third tertile (T3) of the “fruit and vegetables” 
DP, in comparison with the first tertile (T1), there was 
a significantly higher percentage of women (63.6% vs. 
39.4%). In contrast, in T3 of the “Western” DP, compared 
to T1, there was a significantly lower percentage of 
women (27.3% vs. 69.7%). No statistically significant 
difference between the upper and the bottom tertile 
was found with reference to BMI, body fat percentage, 
visceral adipose tissue level and abdominal obesity.

Table 2 presents the average energy intake and 
selected nutrients content in analyzed diets divided into 
tertiles of “fruit and vegetables” dietary pattern score. 
Compared to subjects in T1 of “fruit and vegetables” 
dietary pattern score, subjects in T3 had significantly 
higher energy intake, total dietary glycemic load, 
percentage of saturated fatty acids (SFA) and content of 
dietary fiber, vitamin E, folic acid and vitamin C per 1000 
kcal. Inversely, they had significantly lower glycemic 
load per 1000 kcal and sodium content in the diet.

Table 1. The values of factor loadings for particular food groups 

Group of products
“Fruit and 
vegetable” 

dietary pattern

“Western” 
dietary 
pattern

Raw vegetables 0.87 0.01
Cooked vegetables 0.67 -0.09
Fruits 0.65 0.07
Juices 0.52 -0.02
Unrefined grains 0.42 -0.30
Nuts, seeds and raisins 0.42 -0.18
Traditional polish mixed 
dishes 0.37 0.19

Dairy (except high-fat 
cheese) 0.32 -0.08

Soups 0.23 0.12
Unprocessed low-fat meat 
and poultry and fish 0.21 0.12

Eggs 0.15 0.09
High-fat and processed 
meat and poultry; fried 
fish

0.07 0.69

Refined grains 0.03 0.67
Honey and sugar 0.12 0.52
Fat spreads 0.29 0.52
Sweets 0.06 0.51
Beverages -0.02 0.50
Chips 0.00 0.47
High-fat cheese 0.27 0.28
Potatoes -0.04 0.25
Alcohol -0.03 0.09
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Table 2. Comparison of daily energy intake and nutrients content in the diets of the study group, classified into tertiles of  
              “fruit and vegetables” dietary pattern score

Variable T1 
(n=33)

T2
(n=34)

T3
(n=33) p

Energy [kcal] 2330.5 ± 810.6 2769.2 ± 792.1 3427.3 ± 1141.4 0.0001
Protein [% of energy] 15.7 ± 3.3 15.5 ± 3.0 14.6 ± 2.3 NS
Carbohydrates [% of energy] 43.3 ± 6.4 44.1 ± 6.0 42.2 ± 5.9 NS
Glycemic load [g] 141.5 ± 55.9 168.3 ± 53.3 187.9 ± 67.8 0.0125
Glycemic load [g/1000 kcal] 60.1 ± 9.5 60.6 ± 9.0 54.8 ± 8.8 0.0088
Dietary fiber [g/1000 kcal] 9.9 ± 2.6 11.6 ± 3.5 12.8 ± 3.0 0.0009
Sucrose [g/1000 kcal] 25.9 ± 12.5 27.9 ± 11.5 25.7 ± 11.0 NS
Fats [% of energy] 39.7 ± 6.3 39.5 ± 6.6 42.6 ± 5.6 NS
SFA [% of energy] 16.4 ± 3.1 16.2 ± 3.7 18.9 ± 3.9 0.0112
MUFA [% of energy] 15.0 ± 3.4 14.6 ± 3.2 14.8 ± 2.4 NS
PUFA [% of energy] 5.5 ± 1.4 5.9 ± 2.6 6.0 ± 1.9 NS
n6/n3 ratio 7.0 ± 1.7 7.4 ± 3.3 7.3 ± 2.4 NS
Vitamin A [µg/1000 kcal] 704.2 ± 237.0 810.0 ± 232.7 921.0 ± 410.7 NS
Retinol [µg/1000 kcal] 335.1 ± 132.4 375.3 ± 149.6 355.5 ± 144.3 NS
Β-carotene [µg/1000 kcal] 2207.7 ± 1049.3 2601.3 ± 1187.0 3386.8 ± 2198.9 NS
Vitamin D [µg/1000 kcal] 1.2 ± 0.4 1.2 ± 0.4 1.1 ± 0.4 NS
Vitamin E [mg/1000 kcal] 5.5 ± 1.5 6.0 ± 1.9 6.7 ± 1.7 0.0058
Vitamin B1 [mg/1000 kcal] 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 NS
Vitamin B2 [mg/1000 kcal] 0.9 ± 0.3 0.9 ± 0.2 0.9 ± 0.2 NS
Niacin [mg/1000 kcal] 9.6 ± 2.9 10.0 ± 3.5 8.4 ± 1.6 NS
Vitamin B6 [mg/1000 kcal] 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.2 NS
Folic acid [µg/1000 kcal] 136.5 ± 34.5 148.5 ± 33.6 176.4 ± 49.0 0.0012
Vitamin B12 [µg/1000 kcal] 2.1 ± 0.8 2.0 ± 0.8 1.9 ± 0.6 NS
Vitamin C [mg/1000 kcal] 65.0 ± 31.9 70.6 ± 24.3 108.5 ± 49.1 < 0.0001
Sodium [mg/1000 kcal] 1117.1 ±262.8 1159.6 ± 361.7 921.9 ± 217.2 0.0016
Potassium [mg/1000 kcal] 1779.2 ± 382.5 1802.6 ± 341.3 1897.5 ± 372.6 NS
Calcium [mg/1000 kcal] 458.4 ± 217.2 420.8 ± 140.5 457.0 ± 157.9 NS
Phosphorus [mg/1000 kcal] 679.7 ± 160.7 673.5 ± 118.9 669.7 ± 132.3 NS
Magnesium [mg/1000 kcal] 163.4 ± 37.2 169.8 ± 34.9 175.4 ± 42.8 NS
Iron [mg/1000 kcal] 5.58 ± 1.3 6.0 ± 1.0 6.1 ± 1.2 NS
Zinc [mg/1000 kcal] 5.2 ± 1.3 5.2 ± 0.8 5.0 ± 0.8 NS

T1, T2, T3 – tertiles of dietary pattern score; p - statistical significance; NS - no statistically significant differences between 
tertiles; SFA - saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids

The average energy intake and selected nutrients 
content in analyzed diets divided into tertiles of 
“Western” DP score are presented in Table 3. Subjects 
in T3, in comparison with T1, had significantly higher 
energy intake, glycemic load, sucrose content per 1000 
kcal and percentage of monounsaturated fatty acids 
(MUFA). At the same time, they had significantly 
lower dietary fiber, vitamin A, β-carotene, vitamin 
E, vitamin B1, vitamin B2, niacin, vitamin B6, folic 
acid, vitamin C, potassium, calcium, phosphorus, 
magnesium, iron and zinc content per 1000 kcal.

Table 4 shows the Spearman’s correlations between 
daily energy intake and nutrients content in the diets and 
dietary pattern scores. There was a significant positive 
correlation between “fruit and vegetables” dietary 
pattern score and energy intake, total dietary glycemic 
load, percentage of energy from total fats and SFA as 
well as dietary fiber, vitamin A, β-carotene, vitamin E, 
folic acid, vitamin C and iron content per 1000 kcal. 
Statistically significant negative correlation was found 
between “fruit and vegetables” dietary pattern score 
and glycemic load per 1000 kcal and sodium content 
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per 1000 kcal. “Western” DP was strongly positively 
correlated with energy intake and total glycemic load 
and strongly negatively correlated with dietary fiber, 
folic acid, potassium, magnesium and iron content per 
1000 kcal. Moreover, significant positive correlation was 
observed between “Western” DP score and percentage of 
energy from MUFA and total glycemic load, sucrose and 
sodium content per 1000 kcal, while negative correlation 
was found for percentage of energy from protein and 
content of vitamin A, β-carotene, vitamin E, vitamin B1, 
vitamin B2, vitamin B6, vitamin B12, vitamin C, calcium, 
phosphorus and zinc per 1000 kcal. 

DISCUSSION

According to current guidelines of World Cancer 
Research Fund and American Institute for Cancer 
Research [33], cancer survivors should follow the 
recommendations for cancer prevention: maintain a 
healthy weight, eat at least five portions of fruit and 
vegetables a day, limit red and processed meat and 
alcohol consumption, do not smoke and be physically 
active. Proper nutrition is thus an important part of cancer 
therapy, that may not only prevent the malnutrition, 
but also determine the effectiveness of the treatment. 

Table 3. Comparison of daily energy intake and nutrients content in the diets of the study group, classified into tertiles of  
              “Western” dietary pattern score

Variable T1
(n=33)

T2
(n=33)

T3
(n=34) p

Energy [kcal] 2054.9 ± 477.8 2744.0 ± 822.2 3699.9 ± 934.5 < 0.0001
Protein [% of energy] 15.9 ± 2.7 15.5 ± 3.5 14.4 ± 2.2 NS
Carbohydrates [% of energy] 43.6 ± 6.1 43.4 ± 6.7 42.7 ± 5.5 NS
Glycemic load [g] 114.5 ± 31.4 161.8 ± 47.8 219.8 ± 50.9 < 0.0001
Glycemic load [g/1000 kcal] 55.8 ± 9.4 59.4 ± 9.2 60.3 ± 9.2 NS
Dietary fiber [g/1000 kcal] 13.7 ± 3.4 11.9 ± 2.2 8.8 ± 1.9 < 0.0001
Sucrose [g/1000 kcal] 23.3 ± 8.5 24.2 ± 9.5 32.1 ± 14.1 0.0090
Fats [% of energy] 39.7 ± 6.5 40.0 ± 7.0 42.1 ± 5.2 NS
SFA [% of energy] 16.9 ± 4.1 16.9 ± 4.1 17.7 ± 3.1 NS
MUFA [% of energy] 13.7 ± 2.5 14.6 ± 3.3 16.0 ± 2.8 0.0036
PUFA [% of energy] 6.2 ± 2.8 5.7 ± 1.5 5.4 ± 1.5 NS
n6/n3 ratio 7.7 ± 3.4 7.2 ± 2.2 6.7 ± 1.9 NS
Vitamin A [µg/1000 kcal] 992.0 ± 391.7 802.9 ± 229.2 645.2 ± 186.5 < 0.0001
Retinol [µg/1000 kcal] 382.4 ± 186.0 359.7 ± 122.6 325.4 ± 102.9 NS
Β-carotene [µg/1000 kcal] 3649.7 ± 2100.7 2653.6 ± 1181.3 1913.4 ± 845.8 < 0.0001
Vitamin D [µg/1000 kcal] 1.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.3 NS
Vitamin E [mg/1000 kcal] 6.8 ± 2.2 6.1 ± 1.4 5.3 ± 1.2 0.0013
Vitamin B1 [mg/1000 kcal] 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 0.0260
Vitamin B2 [mg/1000 kcal] 1.1 ± 0.3 0.9 ± 0.2 0.8 ± 0.2 0.0001
Niacin [mg/1000 kcal] 9.1 ± 2.2 10.5 ± 3.7 8.4 ± 2.1 0.0166
Vitamin B6 [mg/1000 kcal] 1.1 ± 0.2 1.0 ± 0.2 0.8 ± 0.2 < 0.0001
Folic acid [µg/1000 kcal] 187.6 ± 45.5 153.1 ± 22.8 121.6 ± 27.0 < 0.0001
Vitamin B12 [µg/1000 kcal] 2.2 ± 0.9 2.0 ± 0.6 1.8 ± 0.5 NS
Vitamin C [mg/1000 kcal] 108.7 ± 50.9 79.9 ± 27.9 55.9 ± 18.7 < 0.0001
Sodium [mg/1000 kcal] 973.6 ± 267.3 1130.1 ± 368.2 1096.8 ± 248.2 NS
Potassium [mg/1000 kcal] 2100.6 ± 317.3 1860.3 ± 245.2 1526.8 ± 275.9 < 0.0001
Calcium [mg/1000 kcal] 530.5 ± 199.1 392.3 ± 127.6 413.5 ± 158.9 0.0072
Phosphorus [mg/1000 kcal] 758.6 ± 144.3 660.0 ± 116.1 606.3 ± 104.4 0.0002
Magnesium [mg/1000 kcal] 200.7 ± 38.4 169.4 ± 24.9 139.4 ± 21.6 < 0.0001
Iron [mg/1000 kcal] 6.7 ± 1.0 6.1 ± 1.1 5.0 ± 0.6 < 0.0001
Zinc [mg/1000 kcal] 5.6 ± 0.7 5.1 ± 1.2 4.7 ± 0.7 0.0001

T1, T2, T3 – tertiles of dietary pattern score; p - statistical significance; NS - no statistically significant differences between 
tertiles; SFA - saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids
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Table 4. Correlation between daily energy intake and nutrients content in the diets and dietary pattern scores

Variable R for “fruit and vegetable” dietary pattern R for “Western” dietary pattern

Energy [kcal] 0.48 * 0.72 *
Protein [% of energy] -0.17 -0.26 *
Carbohydrates [% of energy] -0.07 -0.07
Glycemic load [g] 0.35 * 0.77 *
Glycemic load [g/1000 kcal] -0.21 * 0.22 *
Dietary fiber [g/1000 kcal] 0.41 * -0.68 *
Sucrose [g/1000 kcal] -0.02 0.31 *
Fats [% of energy] 0.22 * 0.16
SFA [% of energy] 0.24 * 0.10
MUFA [% of energy] 0.03 0.37 *
PUFA [% of energy] 0.14 -0.15
n6/n3 ratio 0.05 -0.13
Vitamin A [µg/1000 kcal] 0.24 * -0.53 *
Retinol [µg/1000 kcal] 0.06 -0.13
Β-carotene [µg/1000 kcal] 0.28 * -0.53 *
Vitamin D [µg/1000 kcal] -0.12 0.05
Vitamin E [mg/1000 kcal] 0.36 * -0.41 *
Vitamin B1 [mg/1000 kcal] 0.04 -0.27 *
Vitamin B2 [mg/1000 kcal] 0.00 -0.51 *
Niacin [mg/1000 kcal] -0.14 -0.18
Vitamin B6 [mg/1000 kcal] 0.09 -0.59 *
Folic acid [µg/1000 kcal] 0.39 * -0.73 *
Vitamin B12 [µg/1000 kcal] -0.16 -0.23 *
Vitamin C [mg/1000 kcal] 0.53 * -0.57 *
Sodium [mg/1000 kcal] -0.31 * 0.22 *
Potassium [mg/1000 kcal] 0.15 -0.74 *
Calcium [mg/1000 kcal] -0.02 -0.31 *
Phosphorus [mg/1000 kcal] -0.09 -0.49 *
Magnesium [mg/1000 kcal] 0.10 -0.78 *
Iron [mg/1000 kcal] 0.22 * -0.73 *
Zinc [mg/1000 kcal] -0.10 -0.50 *

R- Spearman’s correlation coefficient; * – p < 0.05; SFA - saturated fatty acids; 
MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids

Meyerhardt et al. [21] found that unhealthy diet, 
characterized by high intake of meat, fat, refined grains 
and dessert, was associated with higher risk of colon 
cancer recurrence and mortality among patients treated 
with surgery and chemotherapy. In that group of patients 
healthy diet is of special concern also due to the fact, 
that cancer survivors may be at increased risk of other 
non-communicable diseases, including diabetes and 
cardiovascular diseases. Kroenke et al. [18] observed 
that in group of women diagnosed with invasive breast 
cancer, higher intake of fruit, vegetables, whole grains 
and low-fat dairy was associated with significantly lower 
risk of death from all causes other than breast cancer.

In presented study, “fruit and vegetables” pattern 
consisted of products that are usually considered as 
healthy: fruits, vegetables, nuts and whole grains. It 
was associated with higher intake of dietary fiber, 
antioxidant vitamins and folate. These results are similar 
to the results obtained by other authors [14, 18, 27, 35]. 
Inadequate daily intake of dietary fiber may increase the 
risk of cancer and other non-communicable diseases, 
whereas higher dietary fiber intake was associated with 
a reduced risk of all-cause mortality [35].

Second DP identified in the conducted analysis was 
called „Western” due to its similarity to the diet typical 
for United States and Western countries. “Western” diet 
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contains a lot of products high in calories and low in 
nutrients, that is why its components belong to those 
usually considered as the most unhealthy [24]. For 
instance, high total red meat and processed meat intake 
was observed to increase the risk of all-cause and cancer 
mortality [32], while frequent consumption of sugar, 
sweets and sweetened beverages was associated with an 
increased risk of colorectal and breast cancer [3, 31]. 

In the herein study, “Western” DP was inversely 
associated with the intake of the majority of important 
health-promoting nutrients: dietary fiber, antioxidant 
vitamins, B vitamins and minerals. Also in other 
study, higher factor score of “Western” DP increased 
the number of nutrients with intakes not meeting 
recommended levels [28]. Inversely, “Western” DP 
was associated with excessive intake of sodium. Main 
dietary source of sodium is table salt, but it is also 
often added to processed foods: bread, cheese, hams 
and sausages, canned food and snacks. It certainly 
increases the risk of hypertension and cardiovascular 
diseases, but it was also associated with an increased 
risk of stomach cancer [25]. Lack of some substances 
in the daily food rations, as well as the excess of the 
others, affect the inflammatory changes, oxidative 
stress and immune response and thus may be the reason 
of chronic diseases typical for Western countries [10]. 

Stronger correlation was found between daily energy 
intake and “Western” DP than “fruit and vegetables” DP. 
Western diet is typically associated with excessive energy 
intake because of frequent consumption of high energy 
density foods [30]. Dietary glycemic load depends on the 
glycemic index of products, their type and the content of 
carbohydrates in the diet [11]. It is also associated with 
energy intake, that is why in the upper tertile of both 
DPs scores, in comparison with bottom tertile, GL was 
higher. However, GL adjusted for the energy intake was 
significantly lower in T3 of “fruit and vegetables” DP 
compared to T1, and negative correlation between this 
pattern score and GL per 1000 kcal was observed. The 
components of “fruit and vegetables” DP (unrefined 
grains, nuts, seeds, fruits and vegetables) have lower 
GL than components typical for “Western” DP: refined 
grains, sugar, sweets, and sweetened beverages. 

In presented study, the intake of fatty acids according 
to the tertiles of both DP was rather unexpected and 
partially opposite to the results obtained by the other 
authors [12, 34]. Western diet is usually characterized 
by high intake of SFA, high n6/n3 ratio and relatively 
low intake of unsaturated fatty acids [30]. However, 
nuts and seeds, included in “fruit and vegetables” 
DP, have n6/n3 ratio that considerably exceeds the 
recommended norm. Moreover, typical fats for polish 
cuisine are lard, margarine and mayonnaise – sources of 
oleic acid (MUFA) and butter – source of saturated fatty 
acids [19]. The nutritional value of dishes prepared with 
these fats may be thus significantly changed.

Women participating in the herein study were 
more likely to have higher factor scores for “fruit and 
vegetables” dietary pattern and lower factor scores 
for “Western” dietary pattern than men. It indicates 
that compared to men, they chose recommended food 
products more often. Many studies showed that men 
had less healthy dietary habits than women – they 
consumed more red meat and alcohol and less fruits, 
vegetables and dairy [6, 16]. Overall, cancer survivors 
do not often follow the recommendations concerning 
healthy lifestyle - they have improper dietary habits, 
are overweight and have low physical activity rate [2, 
4, 9].

However, dietary interventions focused on the 
improvement of fruit and vegetables intake and 
limitation of the red and processed meat consumption 
were successfully implemented in the group of 
colorectal and breast cancer patients [8, 13]. A 
nutritional counselling aimed at cancer survivors is 
thus possible and may ameliorate the diet quality as 
well as probably influence the cancer progression and 
overall survival. 

Similar amounts of macronutrients in the diet are 
not the predictors of its general nutritional quality. 
Although no differences were observed in herein study 
between tertiles of DPs and percentage of energy from 
total fat, carbohydrates and protein, many significant 
differences in the intake of other nutrients were found. 
Interestingly, products with similar characteristics of 
using in the Polish daily diet (e.g. to make sandwich, to 
snack) were matched to different dietary patterns based 
on their nutritional value. The dietary intervention 
based on the replacement of refined grains with 
unrefined grains, beverages with juices or honey, sugar 
and sweets with fruits, nuts, seeds and raisins would 
thus remarkably change the content of vitamins and 
minerals in the daily food rations of patients.

CONCLUSIONS

Two main dietary patterns were identified in the 
group of patients staying on the oncological ward. 
Higher scores for “fruit and vegetables” DP were 
associated with an increased intake of dietary fiber, 
antioxidant vitamins and folic acid and decreased 
glycemic load per 1000 kcal and intake of sodium. 
Inversely, “Western” DP was negatively correlated 
with the majority of minerals, vitamins and dietary 
fiber. Moreover, “Western” dietary pattern was 
positively correlated with total glycemic load and 
glycemic load per 1000 kcal.

Identification of dietary patterns by using factor 
analysis demonstrated the differences in nutritional 
value between the combinations of products having 
similar functions in the diet. 
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Cancer patients should follow the healthy dietary 
pattern due to the higher intake of essential nutrients 
with proven health benefits.
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ABSTRACT
Background. Adequate nutrition and nutritional status during pregnancy are essential for mother’s health and foetus 
development. Due to increased demands, pregnant women are vulnerable to inadequate nutritional status and paradoxically 
it may also affect overweight women.
Objective. The aim of the study was to evaluate energy and nutrients intake in the group of pregnant women in relation to 
nutritional standards and pre-pregnancy BMI. 
Material and methods. The study included 90 women, during the third trimester of pregnancy, recruited from Warsaw antenatal 
classes. The anthropometric data gathered in the research were used to calculate BMI value before pregnancy. Pre-pregnancy 
BMI was categorised as: normal weight (BMI=18.5-24.9 kg/m2, n=47) and overweight (BMI ≥25.0 kg/m2, n=43). The assessment 
of women’s nutrition was based on 3-days dietary record. Due to heterogeneous variances, differences between groups were 
assessed using Mann Whitney U test, p<0.05 was considered as significant.
Results. The mean intake of energy, protein, fat and carbohydrates in the overweight women were significantly higher than 
in healthy weight women (p<0.05). Most of the healthy weight women did not reach EAR standard for vitamin D (79.5%), 
whereas in overweight group it was 41.3%. 
Conclusions. Despite the fact that intakes of energy and all nutrients were higher in overweight women than in normal 
weight ones, we observed that women in both groups had risk of insufficient supply of energy, iodine, potassium and 
vitamin D. For this reason, accurate nutritional assessment should be an integral part of obstetric care. 

Key words: pregnancy, nutrition, daily food rations, pre-pregnancy BMI 

STRESZCZENIE
Wprowadzenie. Odpowiedni sposób żywienia i stan odżywienia kobiet w okresie ciąży ma kluczowe znaczenie dla zdrowia 
matki i prawidłowego rozwoju płodu. Ze względu na zwiększone zapotrzebowanie na określone składniki odżywcze, 
u kobiet ciężarnych istnieje większe ryzyko niedoborów pokarmowych. Paradoksalnie problem ten może dotyczyć również 
kobiet z nadmiarem masy ciała. 
Cel. Celem badania była ocena spożycia energii i składników odżywczych w grupie kobiet ciężarnych z prawidłową 
i nadmierną masa ciała, w odniesieniu do norm żywienia. 
Materiał i metody. Do badania włączono 90 kobiet w 3 trymestrze ciąży. Uzyskane dane antropometryczne wykorzystano 
do wyliczenia przed ciążowego wskaźnika masy ciała (BMI). Wartości wskaźnika BMI w przedziale 18.5-24.9 kg/m2 
zaklasyfikowano jako prawidłowe (n=47), a BMI ≥25,0 kg/m2 jako zwiększone – kobiety z nadmiarem masy ciała (n=43). 
Oceny sposobu żywienia dokonano na podstawie 3-dniowego bieżącego notowania spożywanych posiłków i potraw. Ze 
względu na niejednorodność wariancji, do porównania grup wykorzystano nieparametryczny test U-Manna Whitneya, za 
poziom istotności statystycznej przyjęto p<0.05. 
Wyniki. Wartość energetyczna oraz zawartość białek, tłuszczów i węglowodanów była znacząco wyższa w grupie kobiet 
z nadmiarem masy ciała (p<0.05). Ryzyko niewystarczającego spożycia witaminy D zaobserwowano u 79.5% kobiet 
z prawidłową masą ciała i 41.3% kobiet z nadmiarem masy ciała. 
Wnioski. Pomimo tego, że w całodziennych racjach pokarmowych w grupie kobiet z nadmiarem masy ciała spożycie 
energii i składników odżywczych było wyższe w porównaniu z kobietami o prawidłowym stanie odżywienia, u kobiet 
z obu grup występowało ryzyko niedoboru energii, jodu, potasu i witaminy D. Z tego powodu ocena sposobu żywienia 
kobiet ciężarnych powinna być integralnym elementem opieki położniczej. 

Słowa kluczowe: ciąża, żywienie, całodzienne racje pokarmowe, przed ciążowe BMI 
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INTRODUCTION

Women during pregnancy undergoes significant 
anatomical and physiological changes in order to nurture 
and accommodate the developing foetus. Those changes 
contribute to increased needs for energy and many 
nutrients [19]. Given that the foetus is dependent on 
the range of nutrients circulating in the mother’s blood, 
adequate nutritional status before and during pregnancy 
seems to be very important. Poor dietary patterns are 
known to lead to pre-term delivery, shorter birth-length 
and foetus’s neurodevelopmental problems [4].

Studies have showed that pre-pregnancy weight 
status (pre-pregnancy BMI-body mass index) and 
excess gestational weight gain (GWG) are significant 
risk factors for future overweight in both, mothers and 
children. Although adverse effects are associated with 
both too high and too low GWG, in many European 
countries (including Poland), weight gain during 
pregnancy is not routinely monitored [17, 18]. 

Nutrition is key modifiable factor associated with 
weight related outcomes in pregnancy. Evidence 
suggests that adequate nutrition during pregnancy is 
a key environmental factor that determines proper course 
of pregnancy and foetal development. What is more, 
large amount of studies confirm direct effects of maternal 
nutritional status on offspring adult health. [6, 12, 14, 21]. 

The aim of the study was to assess nutritional value 
of daily food rations of pregnant women in relation to 
nutritional standards and pre-pregnancy BMI. 

MATERIAL AND METHODS

In the study participated 90 women during the 
third trimester of pregnancy, recruited from Warsaw 
antenatal classes. The exclusion criteria of the study 
were: age under 18, health problems (eg. gestational 
diabetes mellitus, intrahepatic cholestasis of pregnancy, 
pregnancy inducted hypertension), multiple gestation 
and following elimination diets (eg. gluten free diet).

All participants were asked about anthropometric 
parameters (height and pre-pregnancy body weight). 
The anthropometric data gathered in the research were 
used to calculate the body mass index (BMI) value 
before pregnancy (kg/m2). Pre-pregnancy BMI was 
categorised as: normal weight (BMI=18.5-24.9 kg/m2, 
n=47) and overweight (BMI ≥ 25 kg/m2, n=43).

The assessment of women’s nutrition was based 
on 3-days dietary record, including type and quantity 
of supplements. Sizes of declared food portions were 
verified using the “Album of Photographs of Food 
Products and Dishes”[20]. Collected data were used to 
estimate daily food rations (DFR). Energy and nutritional 
value of DFR (content of macronutrients, cholesterol, 
fatty acids, dietary fibre, minerals and vitamins) were 
calculated using Dieta 5.0 nutritional software [22]. 

For all tests, p<0.05 was considered as significant. 
All data were assessed for normality. Mean and standard 
deviation were reported for normally distributed data. 
Due to heterogeneous variances, differences between 
groups were assessed using independent sample Mann 
Whitney U test. The statistical analysis was performed 
with Statistica software (version 10.0 PL). 

RESULTS

Table 1 shows the characteristics of examined 
women. Each woman’s state of nutrition was assessed 
by means of pre-pregnancy body mass index (BMI). 
The majority of women (52%, n=47) were in normal 
pre-pregnancy state of nutrition (BMI=18.5-24.9 kg/
m2) and 48% of them (n=43) were overweight (BMI 
≥25.0 kg/m2) The median age for normal weight 
women was 28.0 and for overweight women 29.0, 
differences were not statistically significant. There 
were significant differences between normal weight 
and overweight women with regard to anthropometric 
parameter (pre-pregnancy body weight) and indicator 
(pre-pregnancy BMI), p<0.05.

Table 1. Characteristics of examined women

Normal weight
(n=47)

Overweight
(n=43) Mann-

Whitney U 
test, p valueMedian Interquartile 

range Median Interquartile 
range

Age (years) 28.0 25.0-31.0 29.0 25.0-32.0 0.430

Height (cm) 1.65 1.60-1.70 1.65 1.60-1.70 0.778

Pre-pregnancy body weight (kg) 54.0 52.0-60.0 70.0 68.0-75.0 0.000*

Pre-pregnancy BMI (kg/m2) 20.3 19.1-21.6 25.8 25.2-27.1 0.000*

*- statistically significant differences 
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The median intake and interquartile ranges 
of energy were as follows: in the normal weight 
women 1490.7 kcal (1307.8-1675.5 kcal) and in the 
overweight women 1869.5 kcal (1524.0-2169.8 kcal). 
The risk of deficient energy intake was observed in 
100% of women from both group. The median intake 
of macronutrients (protein, fat and carbohydrates) in 
the overweight women were significantly higher than 
in normal weight women (p<0.05). The consumption 
of vitamins and minerals in daily food rations was 

diversified in examined groups. In both groups we 
observed insufficient intake of potassium. The risk 
of its deficient intake was observed in 96% of normal 
weight women and in 91% of overweight women. 
Daily food rations of normal and overweight women 
were too high in sodium, its median intake was 2323.1 
mg (1930.1-2574.7 mg) and 2606.5 mg (2057.4-2904.0 
mg), respectively.  Most of the normal weight women 
did not reach EAR standard for vitamin D (79.5%), 
whereas in overweight group it was 41.3% (Table 2). 

Table 2. The energy and nutrients intake in relation to Polish nutritional standards 2012 [9] in normal weight and overweight women
Normal weight

(n=47)
Overweight

(n=43) Mann-
Whitney U 
test, p value

Nutritional 
standards EAR//

RDA^/AI#Median Interquartile 
range Median Interquartile 

range

Energy (kcal) 1490.7 1307.8-1675.5 1869.5 1524.0-2169.8 0.004* 3125

Protein (g) 56.9 52.2-71.8 75.2 59.9-92.2 0.016* 44-78

Fat (g) 44.3 38.9-51.5 57.3 46.6-78.5 0.004* 88 

SFA1

MUFA2

PUFA3

18.2
16.9
6.3

14.6-22.5
14.5-19.0
5.1-7.5

24.7
21.4
8.1

16.7-33.2
17.7-29.6
5.8-11.2

0.003*

0.008*

0.029*

-
-
-

Cholesterol (mg) 187.1 130.4-286.3 280.3 156.4-355.0 0.213 -

Carbohydrates (g) 227.1 187.3-252.0 270.0 203.1-309.4 0.015* 175^

Sucrose (g) 39.7 25.1-62.0 39.3 28.6-66.5 0.251 -

Dietary fibre (g) 16.5 13.6-20.2 19.5 15.4-23.3 0.289 -

Sodium (mg) 2323.1 1930.1-2574.7 2606.5 2057.4-2904.0 0.005* 1500#

Potassium (mg) 2662.1 2451.3-2926.2 3209.1 2758.0-4046.3 0.045* 4700#

Calcium (mg) 740.1 563.6-864.2 842.3 607.8-997.5 0.097 800

Phosphorus (mg) 1000.2 883.9-1127.2 1297.4 1023.1-1659.4 0.030* 580

Magnesium (mg) 247.4 197.0-301.6 319.0 242.9-400.7 0.059 300

Iron (mg) 9.6 7.6-47.8 41.3 10.6-70.6 0.033* 23

Zinc (mg) 8.2 6.4-23.3 23.3 8.8-32.8 0.047* 9.5

Iodine (µg) 85.5 65.2-103.3 101.6 75.5-123.2 0.327 160

Vitamin A (µg) 779.0 586.4-1340.5 1273.9 754.3-1539.9 0.045* 530

Vitamin D (µg) 2.0 1.3-10.7 7.3 1.6-12.4 0.079 10

Vitamin E (mg) 8.7 6.5-15.3 14.0 8.4-18.3 0.235 10

Vitamin B1 (mg) 1.1 0.8-2.6 2.6 1.1-3.1 0.037* 1.2

Vitamin B2 (mg) 1.8 1.4-3.0 2.7 1.6-3.7 0.153 1.2

Vitamin PP (mg) 16.5 10.9-30.6 30.8 15.2-37.0 0.045* 14

Vitamin B6 (mg) 1.7 1.4-4.1 3.9 2.0-4.9 0.064 1.6

Vitamin C (mg) 151.9 94.4-200.6 222.9 135.2-292.8 0.026* 70

Vitamin B12 (µg) 3.1 2.4-5.8 5.3 2.9-6.9 0.092 2.2

Folic acid (µg) 317.7 237.9-916.4 841.0 345.4-1111.3 0.008* 520
1 SFA - Saturated Fatty Acids, 2 MUFA - Monosaturated Fatty Acid, 3 PUFA - Polysaturated Fatty Acids 
EAR – Estimated Average Requirement, #  -  AI, Adequate Intake
^ – RDA, Recommended Daily/Dietary Allowance
*Statistically significant differences
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DISCUSSION

Adequate nutrition and nutritional status during 
pregnancy are essential for maternal and child 
health. Due to increased demands, pregnant women 
are vulnerable to inadequate nutritional status. The 
imbalance between pre- and postnatal nutritional 
environments may accelerate abnormal postnatal 
growth and increase the risk of obesity and non-
communicable diseases [7, 10]. 

Australian retrospective cohort study (n=87292) 
showed that the proportions of women in the normal 
and overweight pre-pregnancy BMI categories 
remained stable at around 60% and 20%, respectively 
[15]. Observational study from the same area reported 
that one third (34%) of women were overweight, 
based on self-reported pre-pregnancy weight [5]. 
The representative Polish study, which included 
18891 women, showed that most women (79%) was 
characterized by normal pre-pregnancy BMI [2]. 
Contrary to previously reported findings, we have 
observed that almost half of women (48%) were 
overweight before pregnancy (pre-pregnancy BMI 
≥25 kg/m2). 

In 2012 Lee et all. published meta-analysis 
including synthetized information on dietary intakes 
of pregnant women from Africa, Asia, Latin America 
and Caribbean area. Results were compared with 
FAO/WHO recommendations. Mean energy intake 
was 2055 kcal and the macronutrients intake were 
63 g/d for protein, 54 g/d for fat and 323 g/d for 
carbohydrates. Energy and macronutrients intakes of 
women from Latin America were generally higher 
than those from Asia and Africa. Compared with 
FAO/WHO recommendations, only 14 out of 25 
studies reached the recommended ranges. Estimated 
mean minerals and vitamins intakes were diversified 
depending on region. Most frequently deficiencies 
affected folate, iron and calcium [13].   

It may seem paradoxical, but pre-pregnancy 
overweight may be simultaneously connected with 
nutrient deficiencies caused by excessive intake of 
low quality food, poor in micronutrients [1, 18]. Our 
findings of energy and nutrients intakes are partially 
consistent with other studies. We observed that women 
from both groups did not reach energy and fat EAR 
standards. In 100% of woman energy intake was lower 
than recommendations. It may be caused by very low 
median fat intake: in the normal weight women 44.3 g 
(38.9-51.5 g), in the overweight woman 57.3 g (46.6-
78.5 g). Daily food rations of overweight women 
were characterized by higher content of energy and 
macronutrients, the differences were statistically 
significant (p<0.05). Polish nutritional standards do 
not contain requirements for cholesterol and respective 
fatty acids, however it is suggested that consumption of 

cholesterol and saturated fatty acids should be limited 
due to its potentially atherogenic properties. Contrary 
to nutritional standards we observed that in women’s 
diets from both groups, the intake of saturated fatty 
acids prevailed over intake of others fatty acids (mono- 
and polyunsaturated).  When it comes to minerals we 
reported insufficient calcium intake, 64.4% of normal 
weight and 35.6% of overweight women do not reach 
EAR standard. Regarding that the foetus requires 
about 30 g of calcium to maintain its physiological 
processes, it seems to be very important. Furthermore, 
most of this mineral is transferred to the foetus during 
the third trimester and is derived from increased 
dietary absorption by the mother [11]. In normal 
weight and overweight women, we observed also 
iodine deficiency, it was 95.6% and 82.2% of EAR, 
respectively. Adequate iodine intake is absolutely 
crucial for the thyroid gland and brain development 
[4]. Recent British findings showed that mothers who 
were iodine-deficient during pregnancy, increased 
their child’s risk of having a low IQ by the time they 
were 8 years old. [8]. In normal and overweight 
women we also investigated excessive sodium 
consumption, 2323.1 mg and 2606.5 mg, respectively. 
Coimbra et al. reported that high sodium diet during 
pregnancy produced disturbances in offspring leading 
to structural and functional (higher blood pressure) 
alterations, that persisted in adult life rats [3]. In both 
groups, we observed insufficient vitamin D intake, it 
was 79.5% of the normal weight women and 41.3% 
the of overweight women. It must be stressed that 
overweight women are at increased risk of vitamin D 
deficiency compared with women with healthy weight. 
It is caused by the sequestration of this vitamin by 
excess adipose tissue. As a result, the bioavailability 
of vitamin is reduced. 

CONCLUSIONS

Pregnant women are very vulnerable to energy 
and nutrients deficiencies, mainly because they have 
relatively greater need for them. Despite the fact 
that intakes of energy and all nutrients were higher 
in overweight women than in normal weight ones, 
we observed that women in both groups had risk 
of insufficient supply of energy, iodine, potassium 
and vitamin D. For this reason, accurate nutritional 
assessment should be an integral part of obstetric care. 
From a medical point of view, particular attention 
should be paid to overweight women, due to the 
increased risk of birth defects, which might be also 
cause by nutritional abnormalities. 
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ORIGINAL ARTICLE

ASSOCIATIONS BETWEEN ADULT PERCEPTION OF BODY WEIGHT, 
DIET, PREPARING MEALS AND DIETARY PATTERNS

Marzena Jezewska-Zychowicz*, Dominika Guzek 

Warsaw University of Life Sciences, Faculty of Human Nutrition and Consumer Sciences,
Department of Organization and Consumption Economics, Warsaw, Poland

ABSTRACT
Background. The links between dietary patterns, the perception of one’s body weight and diet as well preparing meals are 
poorly recognised in the literature. In order to develop effective nutritional education and focused interventions, more of 
such information is thereby required to improve the nation’s health. 
Objective. To identify dietary patterns based on declared food consumption rates and subject responses on whether dieting, 
perception of body weight and diet and preparing meals are linked to such dietary patterns. 
Material and methods. The survey was conducted in 2016 on 344 consumers chosen for age (20-65 years) and their 
consent for study participation. Rates of eating the foods selected were measured using a 7-point scale. Cluster analysis was 
used to identify three dietary patterns of behaviour: ‘potentially beneficial to health’, ‘potentially unfavourable for health; 
deficient’ and ‘potentially unfavourable for health; excessive’. The analysis was performed using IBM SPSS Statistics 
version 23.0.
Results. There were significantly more subjects showing ‘potentially beneficial for health’ behaviour, normal body weight, 
those dieting (whether now or in the past) and those who evaluated their diet as being very good or good compared to other 
groups. They were also more involved in preparing their meals at home. Differences were found between the ‘unfavourable 
for health’ dietary patterns concerning subject’s involvement in meal preparation. The dietary pattern for ‘deficient’ behaviour 
found lower rates of those preparing their meals at home.
Conclusions. The pattern of potentially beneficial dietary habits was linked to weight control through a slimming diet and 
greater involvement in the preparation of food for consumption. The results show the need to develop food choice skills 
rather than just transferring knowledge in the nutrition education process.

Key words: consumer, dietary patterns, perception, cluster analysis 

STRESZCZENIE 
Wprowadzenie. Związek między wzorami zachowań żywieniowych a postrzeganiem masy ciała i sposobu żywienia oraz 
zaangażowaniem w przygotowanie posiłków w domu nie został jeszcze dobrze rozpoznany. Jednocześnie wiedza na ten 
temat jest użyteczna w przygotowywaniu skutecznej edukacji żywieniowej i interwencji ukierunkowanych na poprawę 
zdrowia populacji. 
Cel. Wyodrębnienie wzorów zachowań żywieniowych na podstawie deklarowanej częstości spożywania wybranych grup 
żywności oraz odpowiedź na pytanie czy stosowanie diet odchudzających, samoocena masy ciała i sposobu żywienia oraz 
zaangażowanie w prace związane z przygotowaniem posiłków wykazuje związek z przynależnością do wzorów zachowań 
żywieniowych.
Materiał i metody. Badanie ankietowe zostało przeprowadzone w 2016 roku wśród 344 konsumentów w wieku 20-65 lat. 
Dobór próby był celowy. Po spełnieniu kryterium wieku i wyrażeniu zgody na udział w badaniu osoba była włączana do 
badanej grupy. Częstotliwość spożywania wybranych produktów żywnościowych oceniano na 7-punktowych skalach. Na 
podstawie analizy skupień uwzględniającej częstość spożywania wybranych grup produktów żywnościowych wyodrębniono 
3 wzory zachowań żywieniowych: „potencjalnie korzystne dla zdrowia”, „potencjalnie niekorzystne dla zdrowia – 
niedoborowe”; „potencjalnie niekorzystne dla zdrowia – nadmiarowe”. Do charakterystyki wyodrębnionych wzorów 
wykorzystano cechy socjo-demograficzne, deklaracje respondentów na temat stosowania diety odchudzającej, samoocenę 
masy ciała i sposobu żywienia oraz zaangażowanie w prace związane z przygotowaniem żywności do spożycia. Analizy 
wykonano z wykorzystaniem IBM SPSS Statistics, wersja 23.0.
Wyniki. Wzór zachowań „potencjalnie korzystnych dla zdrowia”, w porównaniu z pozostałymi wzorami, reprezentowało 
istotnie więcej osób z masą ciała w normie, stosujących obecnie lub w przeszłości dietę odchudzającą, oceniających 

http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
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własny sposób żywienia jako bardzo dobry lub dobry oraz często przygotowujących posiłki w domu. W grupie osób 
z zachowaniami „potencjalnie niekorzystnymi dla zdrowia” stwierdzono zróżnicowanie po uwzględnieniu zaangażowania 
w prace związane z przygotowaniem posiłków. Wzór zachowań „niedoborowych” charakteryzował mniejszy odsetek osób 
często przygotowujących posiłki w domu. 
Wnioski. Wzór zachowań żywieniowych potencjalnie korzystnych dla zdrowia łączył się z kontrolą masy ciała poprzez 
stosowanie diety odchudzającej i większym zaangażowaniem w prace związane z przygotowaniem żywności do spożycia. 
Uzyskane wyniki wskazują na potrzebę rozwijania umiejętności związanych z wyborem żywności, a nie tylko transfer 
wiedzy w procesie edukacji żywieniowej.

Słowa kluczowe: konsument, wzory zachowań żywieniowych, percepcja, analiza skupień 

INTRODUCTION

The present-day diets are often characterized by high 
content of fats, sugar and by substantial energy density. 
These factors determine individual’s nutritional status 
and health, as well as contribute to weight gain [10,12]. 
Beyond overweight and obesity, such diets can lead to 
the development of some diet-related chronic diseases, 
including diabetes type 2, cardiovascular diseases 
and some types of cancer [25]. Therefore changes in 
consumption of both undesirable and desirable foods 
can be considered as beneficial and health promoting 
behaviours. Presence of foods high in fat, sugar and 
salt should be restricted in a diet, while consumption of 
whole grains, fruit and vegetables should be increased. 
Moreover, calorie restrictions may provide many 
benefits for quality of life, especially with respect to loss 
of weight and fat mass [16, 18]. Recommendations for 
the desirable changes in the diet are well known, while 
difficulties in implementing them still exist. Hence the 
search for more effective solutions to facilitate changes 
in existing patterns of food consumption is still valid. 

The concept that individuals do not consume 
isolated foods or nutrients but include them in a varied 
dietary pattern has had a growing acceptance in 
nutritional epidemiology during the last decade [11, 
23]. Clustering of nutritional behaviours is used to 
identify the dietary patterns. Studies using cluster 
analysis indicate that dietary patterns are strongly 
associated with many diseases or biomarkers, including 
cardiovascular disease, overweight and obesity as 
well as other ailments [19]. Although studying dietary 
patterns is recently triggering a lot of interest, to 
our best knowledge there are still no answers to the 
questions which individual characteristics are more 
conducive to healthy dietary patterns. Thus, the purpose 
of the study was to identify dietary patterns based on 
declared food consumption rates and subject responses 
on whether dieting, perception of body weight and diet 
and preparing meals are linked to such dietary patterns.

MATERIAL AND METHODS

The questionnaire survey was conducted among 
344 adults in 2016. Once the age criterion (20-65 years) 

was met and consent to participate in the study was 
obtained, the person was included into the sample.The 
characteristics of study sample is presented in Table 1.

Table 1. Characteristics of the study sample (in %)

Variables Total
Gender

Women Men

Total 100.0 54.8 45.2

Age
(p<0.05)

20 - 35 years old 28.8 29.8 27.6
36 - 49 years old 41.6 46.3 35.9
50 - 65 years old 29.7 23.9 36.5

Education
(p<0.05)

Lower than secondary 11.8 6.4 18.1
Secondary 26.8 27.1 25.8
Higher - bachelor 18.2 18.1 18.7
Higher - master 43.2 48.4 37.4

BMI
(p<0.05)

18.5 - 24.99 kg/m2 47.5 62.5 30.1
25 kg/m2 and higher 52.5 37.5 69.9

The Ethics Committee of the Faculty of Human 
Nutrition and Consumer Sciences, Warsaw University of 
Life Sciences, has approved the protocol of the Lifestyle 
study on the 27th June 2016, Resolution No. 01/2016. 
Informed consent was provided by its participants.

The questionnaire was developed by authors using 
14 questions from the KomPAN questionnaire [13], 
that concerns the frequency of the food consumption. 
Food groups included in the study are important from 
health perspective, i.e. wholemeal bread; buckwheat 
groats, other coarse grains, oatmeal and wholemeal 
pasta; fermented milk drinks; cheeses (including melted 
cheese, blue cheese); cured meats, sausages or Vienna 
sausages; dishes from so-called red meat; dishes from 
so-called white meat; fruits; vegetables; fruit juices; 
vegetable or fruit and vegetable juices; meals or snacks 
such as burgers, pizza, chicken, fries; sweets and 
cakes; crisps and other salty snacks [9]. Respondents 
were asked to specify the habitual frequency of the 
consumption of 14 selected foods which were consumed 
on average within the last year. They were provided with 
7 categories of the answer: 1 - never; 2 - less than once 
month, 3 - from 1 to 3 times a month; 4 - once a week, 
5 - several times a week; 6 - once a day; 7 - several 
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times a day. Respondents’ answers were converted into 
daily frequency (times/day): never – 0; less than once 
a month and 1-3 times a month - 0.06; once a week - 
0.14; several times a week - 0.5; once a day – 1; several 
times a day - 2 [24]. 

Respondents were also asked about their opinions 
on: 1/ using a reducing diet nowadays as well as in the 
past (three categories of answer were provided: ‘I have 
never dieted’, ‘sometimes I am on a diet’, ‘I am always 
on a diet’); 2/ the body weight (five categories of answer 
were provided: ‘I fully accept my body weight’, ‘My body 
weight is a little too big’, ‘My body weight is too big’, 
‘My body weight is a little too low’, ‘My body weight 
is too low’); 3/ the diet (four categories of answer were 
provided: very bad, bad, good, very good); 4/ the statement 
expressing the individual’s involvement in preparing meals: 
‘I often prepare my meal myself or with my family using 
purchased ingredients rather than ready-to-eat foods’. They 
were provided with five categories of answer: ‘I strongly 
disagree’ (1), ‘I rather disagree’ (2), ‘I not disagree nor 
agree’ (3), ‘I rather agree’ (4), and ‘I strongly agree’ (5). 
These questions concerning respondents’ opinions were 
not validated prior to the study.

Questions concerning gender, age, education, 
place of residence and number of adults and children 
within family were used in questionnaire. Body Mass 
Index (BMI) was calculated using self-reported weight 
and height and categorized according to International 
Obesity Task Force (IOTF) standards [2]. 

Statistical analysis
In order to identify homogeneous dietary patterns 

simple segmentation was performed using cluster analysis 
with the k-means method [1]. Grouping was performed 
on the basis of differences in the variables related to 
the frequency of consumption of 14 food groups. Such 
variables as using a reducing diet, perception of body 
weight and diet, involvement in meals preparing, gender, 
age, education, place of residence and number of adults and 
children within family, and BMI were used to determine 
differences between the separated dietary patterns. Three 
clusters were identified, with the convergence achieved 
in 9 iterations, the minimum distance between the initial 
centres of clustering was 11.916.

Chi-square test (nominal scales) and one-way 
analysis of variance – ANOVA (order scales) and 
Tukey’s post-hoc test were implemented to determine 
the significant differences between the variables, with 
p <0.05. Only data showing statistically significant 
differences are presented in the tables. All analysis were 
performed using IBM SPSS Statistics version 23.0. 

RESULTS

The dietary pattern described as ‘potentially 
beneficial to health’ (51.9% of the population) was 

characterized by frequent consumption of wholemeal 
bread; buckwheat groats, other coarse grains, oatmeal 
and wholemeal pasta; fermented milk drinks; fruits; 
vegetables and fruit juices in comparison with other 
clusters (Table 2). ‘Potentially unfavourable; deficient’ 
dietary pattern (18.5%) was distinguished by the rare 
consumption of wholemeal bread, cheese, so-called 
white meat, fruits, vegetables, fruit and vegetable 
juices, but also by low frequency of eating sweets. 
Whereas the cluster called ‘potentially unfavourable; 
excessive’ (29.6%) was characterized by the frequent 
consumption of cheese; cured meats, sausages or 
Vienna sausages; so-called red meat; sweets and cakes; 
crisps and other salty snacks (Table 2).

The ‘potentially unfavourable for health’ clusters 
did not show significant differences in the frequency 
of consumption of buckwheat groats, other coarse 
grains, oatmeal and wholemeal pasta; fermented milk 
beverages, vegetable or fruit and vegetables juices. 
There were no significant differences between the 
‘potentially beneficial for health’ and the ‘potentially 
unfavourable; deficient’ clusters in regard to the 
frequency of consumption of cured meats, sausages or 
Vienna sausages, red meat and meals or snacks such as 
burgers, pizza, chicken, fries. There was no difference 
in the frequency of consumption between ‘potentially 
beneficial for health’ and ‘potentially unfavourable; 
excessive’ cluster with regard to white meat (Table 2).

The ‘potentially beneficial for health’ dietary 
pattern was represented by significantly more women 
than men. Moreover, in this cluster were more 
participants with higher education. The patterns of 
potentially unfavourable behaviours were represented 
by more males, especially in the case of unfavourable 
- deficient pattern. More respondents with secondary 
and higher education than the others displayed 
behaviours of potentially unfavourable impact on 
health. The ‘potentially unfavourable; deficient’ 
pattern was represented by more participants living 
in cities with over 20 thousand inhabitants. In the 
rural environment nearly twice as many respondents 
represented the ‘potentially unfavourable; deficient’ 
pattern compared to the excessive one (Table 3). The 
number of individuals and children in the family as 
well as age did not significantly differentiate the 
individuals representing the different dietary patterns.

Respondents’ perception of body weight did not 
significantly differentiate belonging to identified 
dietary patterns, although the majority of those 
accepting body weight represented a ‘potentially 
unfavourable; deficient’ pattern. In the other two 
dietary patterns, a greater percentage of people 
reported that they were overweight or obese. 
Significant differences were demonstrated after 
taking into account BMI. More people with BMI in 
the standard interval (BMI 18.5-24.99) represented 
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the ‘potentially beneficial for health’ dietary pattern. 
The potentially unfavourable patterns, both deficient 
and excessive, were represented by significantly more 
people with BMI indicating overweight or obesity. 
More than a half of the respondents representing the 
‘potentially beneficial for health’ pattern declared 
using a reducing diet now or in the past. On the other 
hand, such declarations concerned only about 25% of 

respondents representing ‘potentially unfavourable’ 
dietary patterns. More people representing the 
‘potentially beneficial for health’ dietary pattern rated 
their own diet more positively in comparison to the 
rest of respondents. This can be a sign of their greater 
nutritional awareness and ability to evaluate their own 
diet properly.

Table 2. Cluster characteristics according to the frequency of consumption of particular groups of food products (mean  
               value, standard deviation) 

Groups of food products Total

Dietary patterns - Clusters*
1

‘potentially 
beneficial for 

health’
(N=178)

2
‘potentially 

unfavourable; 
deficient’
(N=64)

3
‘potentially 

unfavourable; 
excessive’
(N=102)

Wholemeal bread 0.59±0.65 0.95a±0.65 0.05b ±0.11 0.29c ±0.40
Buckwheat groats, other coarse grains, oatmeal 
and wholemeal pasta 0.26±0.29 0.40a ± 0.31 0.12b ± 0.20 0.11b ± 0.14

Fermented milk drinks 0.42±0.42 0.56a ± 0.44 0.30b ± 0.38 0.25b ± 0.32
Cheeses (including melted cheese, blue 
cheese) 0.47±0.45 0.40a ± 0.35 0.32b ± 0.37 0.69c ± 0.57

Cured meats, sausages or Vienna sausages 0.69±0.57 0.47a ± 0.42 0,59a ± 0.46 1.13b± 0.63
Dishes from so-called red meat 0.44±0.35 0.26a ± 0.30 0,32a ± 0.31 0.41b± 0.44
Dishes from so-called white meat 0.39±0.34 0.40a ± 0.33 0.33b ± 0.40 0.41a ± 0.30
Fruits (raw, cooked, from the can) 0.94±0.67 1.17a ± 0.65 0.44b ± 0.48 0.86c ± 0.60
Vegetables (raw, cooked, from the can) 1.11±0.71 1.34a ± 0.70 0.69b ± 0.65 0.98c ± 0.59
Fruit juices 0.36±0.48 0.46a ± 0.52 0.10b ± 0.19 0.33c ± 0.46
Vegetable or fruit and vegetable juices 0.13±0.26 0.20a± 0.32 0.06b ± 0.12 0.3b ± 0.09
Meals or snacks such as burgers, pizza, 
chicken, fries 0.06±0.13 0.04a ± 0.08 0.0a ± 0.07 0.12b ± 0.18

Sweets and cakes 0.41±0.46 0.34a ± 0.36 0.18b ± 0.25 0.68c ± 0.56
Crisps and other salty snacks 0.10±0.20 0.05a ± 0.09 0.08a ± 0.16 0.19b ± 0.29

N – number of respondents
* Average value based on daily frequency (times/day): never – 0; less than once a month and 1-3 times a month - 0.06; once 
a week - 0.14; several times a week - 0.5; once a day – 1; several times a day - 2
 a, b, c – the values in lines with the same letters do not differ significantly (ANOVA, post-hoc Tukey’s test, p<0,05)

Table 3. Characteristics of dietary patterns (clusters) according to sociodemographic characteristics of the study sample (%) 

Socio-demographic characteristics Total

Dietary patterns (Clusters)

1
‘potentially 
beneficial 
for health’

2
‘potentially 

unfavourable; 
deficient’

3
‘potentially 

unfavourable; 
excessive’

Gender 
(p<0.05)

Women 54.8 67.8 46.0 37.6
Men 45.2 32.2 54.0 62.4

Education
(p<0.05)

Lower than secondary 11.8 6.3 20.6 15.8
Secondary 26.8 22.7 31.7 30.7
Higher - bachelor 18.2 19.3 15.9 17.8
Higher - master 43.2 51.7 31.7 35.6

Place of 
residence
(p<0.05)

Rural area 18.5 14.7 30.2 17.8
Town with less than 20 000 habitants 13.2 17.5 9.5 7.9
Town with 20 000-100 000 habitants 36.4 32.8 44.4 37.7
City with more than 100 000 habitants 32.0 35.0 15.9 36.6

Associations between adult perception of body weight, diet, preparing meals and dietary patterns
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The distribution of opinions about one’s own 
diet in the group of people representing potentially 
unfavourable dietary patterns was similar. 
Approximately one third of them rated their diet as bad 
or very bad, while those who represented a potentially 
beneficial dietary pattern expressed such opinions 3 
times less frequently (Table 4).

The ‘potentially beneficial for health’ dietary 
pattern was represented by more respondents who 
declared frequent consumption of home-made meals 
prepared from purchased ingredients without using 
ready-to-eat foods. The least of such declarations was 
reported within the potentially unfavourable; deficient 
dietary pattern (Table 4).

Table 4. Characteristics of dietary patterns (clusters) according to selected opinions and behaviours (%) 

Variables Total

Dietary patterns (Clusters)

1
‘potentially 

beneficial for 
health’

2
‘potentially 

unfavourable; 
deficient’

3
‘potentially 

unfavourable; 
excessive’

BMI (p<0.05)
18.5-24.99 47.5 53.4 35.5 44.6
25 and above 52.5 46.6 64.5 55.4

Using of 
a reducing diet 
(p<0.05)

I have never been on a diet 58.0 43.2 74.2 74.0

I am/was on a diet 42.0 56.8 25.8 26.0

Perception of diet 
(p<0.05)

Bad or very bad 23.5 13.0 31.7 36.6
Good or very good 76.5 87.0 68.3 63.4

Individual’s 
involvement in 
preparing meals * 
(p<0.05)

no 27.0 20.3 41.3 29.7

neither no nor yes 22.3 22.6 22.2 21.8

yes 50.7 57.1 36.5 48.5
*on the base of respondent’s opinion the statement ‘I often prepare my meal myself or with my family using purchased 
ingredients rather than ready-to-eat foods’: no – ‘I strongly disagree’ and ‘I rather disagree’, neither no nor yes – ‘I not 
disagree nor agree’, yes – ‘I rather agree’ and ‘I strongly agree’

DISCUSSION

Frequency of eating some foods is indicated by 
other researchers as important from the perspective of 
nutritional assessment. Unhealthy behaviours include 
low frequency of eating whole grains, milk and 
milk drinks, fruit and vegetables [22] and excessive 
consumption of salty snacks [20], sweets, meat and 
meat products [14] or sugar sweetened beverages [7]. 
The data analysis allowed to identify on the base of 
food frequency consumption three homogeneous 
groups of respondents, where the potential health risk 
is varied.

About half of the study sample represented the 
‘potentially beneficial for health’ dietary pattern. 
Frequent consumption of wholemeal bread, coarse 
grains, fermented milk drinks, fruits, vegetables 
and fruit juices provides the opportunity to meet 
nutritional needs Simultaneously, according to the 
current studies consumption of these products in many 
population is not sufficient [6]. Nevertheless, about 
a half of the respondents did not meet nutritional 
recommendations, which allowed to include them in 
the patterns of excessive and deficient diet. Larger 
in terms of size ‘potentially unfavourable; excessive’ 
pattern was characterized by frequent consumption 

of energy-rich foods and many nutrients, whose 
abundant intake creates high healthy risks. Those 
nutrients included sodium [3], fat and sugar [15]. As 
in other studies [10,12], this pattern was more often 
represented by overweight and obese respondents than 
those with normal body weight.

Less than 1/5 of the population represented 
‘potentially unfavourable; deficient’ pattern, which was 
characterized by the rare consumption of food beneficial 
for health, but also sweets. Seldom frequency of eating 
sweets may suggest that this dietary pattern includes 
people who control their diet in order to prevent excess 
of energy from food. However, it turned out that, people 
with BMI indicating overweight and obesity prevailed 
in this pattern and at the same time only 1/4 of them 
used a reducing diet currently or in the past. It can be 
assumed that frequent consumption of other products, 
as well as the quantity of food, combined with low 
physical activity, could have influenced their high 
BMI. It turned out that twice more people representing 
‘potentially unfavourable; deficient’ pattern, compared 
with those from potentially beneficial to health pattern, 
did not engage in preparing meals at home. This may 
be seen as an evidence of eating outside frequently, but 
also of low nutritional awareness and no attention paid 
to nutrition. 

M. Jezewska-Zychowicz, D. Guzek
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Surprisingly, the use of reducing diets concerned 
roughly the same number of respondents representing 
both unfavourable for health dietary patterns. The 
percentage of respondents using a reducing diet was 
twice lower in the unfavourable dietary patterns in 
comparison with the potentially beneficial for health 
pattern. The results of Galinski et al. [8] study indicated 
that the dietary restrictions of sugar, high-fat foods, 
fats and starch can be considered as predictors of both 
healthy and unhealthy dietary patterns in the Polish 
young female population, which is also reflected by 
the results of this study.

In our study, respondents’ perception of body weight 
did not differentiate belonging to dietary patterns, 
although such association is reported in the literature 
[21]. Subjectivity of the perception of body weight, 
conditioned primarily by personality traits but also 
by weight management experiences, may be a reason 
for a lack of direct relation between these variables. 
In contrast, the BMI significantly differentiated the 
identified dietary patterns, but the relation between 
these variables was not obvious. Indeed, more people 
representing a potentially beneficial pattern than 
one characterized by unfavourable behaviours had 
a normal BMI, as evidenced by the literature [5, 19]. 
On the other hand, in the case of unfavourable dietary 
patterns, less people representing excessive pattern 
were characterized by overweight or obesity. However, 
this may be due to the way we collect weight and 
height information. Self-reported weight may have led 
to underestimation of weight in the case of declaring 
frequent consumption of high-energy products. 

The results of the study confirm the importance of 
socio-demographic characteristics in differentiating 
the dietary patterns. A more healthy dietary pattern 
was represented by more women and respondents with 
higher education, as evidenced by the results of other 
studies [4, 26]. Unfavourable health-related dietary 
patterns were represented by more men and people 
with at least secondary education. A higher presence 
of men has been reported in ‘excessive’ rather than 
‘deficient’ dietary pattern.

The limitations of our study relate to the potential 
biases that may occur when self-reported data is 
analysed. Moreover, it could be argued that the use of 
questions on frequency eating leads to overestimation 
of the level of consumption of some products. People 
often overestimate the consumption of foods perceived 
as healthy and misreport on the consumption of 
unhealthy foods. Nevertheless, using such questions is 
authorised to research aim that was to screen ‘healthy’ 
and ‘unhealthy’ dietary patterns, rather than the exact 
intake of certain foods. Finally, cluster analysis require 
researchers’ subjective decisions which means that the 
results of the study need to be carefully compared with 
the results of other studies.

Although our findings pertain solely to a rather 
small group of Polish population and should not be 
generalized to the wide population, especially to one 
with different cultural background, our study provides 
an interesting insight into dietary patterns taking into 
account respondents’ perception of some issues that 
may determine individuals’ behaviours.

CONCLUSIONS

The ‘potentially beneficial for health’ dietary 
pattern was represented, compared with the others, 
by significantly more subjects with normal body 
weight, respondents using a reducing diet in the past 
or nowadays, those perceived their diet as very good 
or good, and often prepared meals at home. Moreover, 
more women and respondents with higher education 
represented this dietary pattern. The perception of 
body weight did not show a significant link with the 
specificity of the dietary patterns, whereas a more 
positive perception of one’s own diets indicated a more 
healthy dietary pattern. Dietary pattern potentially 
beneficial for health was linked with weight control 
implemented by a reducing diet and with a greater 
involvement in preparing meals at home. This points 
to the need for skills development, not just knowledge 
transfer in the process of nutrition education.
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ABSTRACT
Background. Alcohols are the most commonly used active substances in preparations for quick hand disinfection. They 
should be bactericidal in very short contact time. PN-EN 13727 + A2: 2015-12 standard, for testing hygienic and surgical 
handrub disinfection preparations, provides mandatory test conditions of disinfectants in contact times with the range of 
30 s to 60 s (hygienic handrub disinfection) and 60 s to 5 min (surgical handrub disinfection). A short contact times for 
hand hygiene products require a short time of neutralization process. For contact times less than or equal to 10 minutes, 
the estimated neutralization time is 10 s ± 1 s. Neutralization is a process that abolishes the action of disinfectants. Correct 
application of this process allows for proper use of disinfectants in practice and its biocidal effect.
Objectives. Verification of the effectiveness of 10-second neutralization time of alcohol based preparations for hygienic 
handrub disinfection. 
Materials and Method. Neutralization of two products with different ethanol content (89% and 70%) for hygienic handrub 
disinfection according to PN-EN 13727 + A2: 2015-12 was investigated. The effectiveness of the neutralizer was assessed 
by determining toxicity of neutralizer, activity of residual effects of the tested products and their derivatives produced 
during neutralization (10 s) for test organisms (Staphylococcus aureus ATCC 6538; Pseudomonas aeruginosa ATCC 
15442; Enterococcus hirae ATCC 10541; Escherichia coli K12 NCTC 10538).
Results. The 10-second neutralization time was sufficient to eliminate the residual activity of products for hygienic handrub 
disinfection with differentiated ethanol concentration. The neutralizer used did not show toxicity to bacteria and did not 
produce toxic products with tested preparations after neutralization.
Conclusions. The use of 10-second neutralization time allows in a precise way designate the contact times for hygienic 
handrub disinfection products.

Key words: neutralization, hygienic handrub disinfection, ethanol, bactericidal activity

STRESZCZENIE
Wprowadzenie. Alkohole są substancjami aktywnymi najczęściej stosowanymi w preparatach do szybkiej dezynfekcji rąk. 
Powinny one działać dezynfekcyjnie w bardzo krótkich czasach kontaktu. Norma PN-EN 13727+A2: 2015-12 przeznaczona 
do badania preparatów do higienicznej i chirurgicznej dezynfekcji rąk przewiduje obligatoryjne warunki badania preparatów 
w czasach kontaktu w zakresie od 30 s do 60 s (higieniczna dezynfekcja rąk) i od 60 s do 5 minut (chirurgiczna dezynfekcja 
rąk). Krótkie czasy kontaktu produktów przeznaczonych do higieny rąk wymagają zastosowania krótkiego procesu neutrali-
zacji. Dla czasów kontaktu poniżej lub równych 10 minut przewidziany czas neutralizacji wynosi 10 s ± 1s. Neutralizacja jest 
procesem znoszącym działanie preparatów dezynfekcyjnych. Prawidłowe wykonanie tego procesu warunkuje prawidłowe 
zastosowanie preparatu w praktyce i  jego działanie biobójcze.
Cel. Sprawdzenie skuteczności 10-sekundowego czasu neutralizacji wobec preparatów na bazie alkoholu przeznaczonych 
do higienicznej dezynfekcji rąk.
Materiały i metody. Badano etap neutralizacji dwóch produktów o różnej zawartości etanolu (89% i 70%) przeznaczo-
nych do higienicznej dezynfekcji rąk wg normy PN-EN 13727+A2: 2015-12. Skuteczność neutralizatora oceniano poprzez 
określenie braku wpływu toksyczności neutralizatora oraz działania resztkowego badanych produktów lub ich pochodnych 
powstałych w czasie neutralizacji (10 s ± 1s) na badane organizmy testowe (Staphylococcus aureus ATCC 6538; Pseudo-
monas aeruginosa ATCC 15442; Enterococcus hirae ATCC 10541; Escherichia coli K12 NCTC 10538). 

http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
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Wyniki. 10-sekundowy czas neutralizacji był wystarczający do zniesienia aktywności produktów o zróżnicowanej za-
wartości etanolu przeznaczonych do higienicznej dezynfekcji rąk. Zastosowany neutralizator nie wykazywał działania 
toksycznego wobec bakterii oraz nie tworzył toksycznych produktów z badanymi preparatami po neutralizacji. 
Wnioski. Zastosowanie 10-sekundowego czasu neutralizacji pozwala w precyzyjny sposób wyznaczyć czasy działania 
produktów przeznaczonych do higienicznej dezynfekcji rąk. 

Słowa kluczowe: neutralizacja, higieniczna dezynfekcja rąk, etanol, bakteriobójczość 

INTRODUCTION

Hand hygiene is an important factor for preventing 
the spread of nosocomial infections [2, 4, 10, 12,]. 
Transfer of microorganisms through the hands of 
health care workers and patients within the hospital 
environment is associated with a high risk of cross-
contamination of this area [2]. Transmission of 
infections may not only promote improperly disinfected 
hands of hospital staff or patients, but also improperly 
determined parameters of use of disinfectants. 

Hygienic and surgical handrub disinfection 
preparations usually contain active substances such 
as alcohols, or combinations thereof with iodophores 
or chlorhexidine [2, 5, 14]. These substances are 
characterized by short contact times and extensive 
biocidal spectrum, which allows for short-term 
disinfection of hands and the fight against clinically 
relevant pathogens [12]. The manufacturer’s declared 
contact times for alcohol-based preparations for hand 
disinfection are up to 15 seconds [4, 5, 12]. Testing such 
parameters when determining the biocidal efficacy of 
a product requires a suitable test method. Biocidal 
efficacy of preparations for hygienic and/ or surgical 
hand disinfection should be determined in accordance 
with the applicable test methods described in the 
European Standards or testing methods approved by 
the relevant national organizations or institutions [8, 
14]. The testing program for preparations for hygienic 
and surgical hand disinfection in the medical field is 
described in EN 14885 [8]. Parameters for use of these 
formulations should be determined in two successive 
stages of phase 2 i.e. phase 2, step 1 (PN-EN 13727 
- bactericidal activity, PN-EN 13624 - yeasticidal 
activity) and phase 2, step 2 (PN-EN 1500 - hygienic 
handrub disinfection; PN-EN 12791 - surgical 
handrub disinfection). The dilution-neutralization 
method described in those standards is used to test the 
biocidal efficacy of disinfection products [7, 8, 12]. 
In this method, the biocidal activity of the product 
at the specified concentration is abolished at the 
appropriate time of contact by the use of a neutralizer. 
The neutralizer is usually the mixture of organic and 
inorganic compounds selected for the active substance 
present in the test product, neutralizing the biocidal 
effect of this active substance. An important feature 
of a neutralizer is the inactivation in time of residual 
activity of the product or active substance after its 

specific contact with the test microorganisms in the test 
[8, 13]. Neutralizer should also not create toxic products 
after reaction with the active substances contained in 
the products nor inactivate or inhibit the test organisms 
used in the test [11]. These features of neutralizer 
are determined during testing of the disinfectant 
in the control method of dilution-neutralization 
(validation C) and in the control of the absence of 
toxicity of the neutralizer to the test microorganisms 
(validation B) [3, 7]. Biocidal efficacy tests for hand 
disinfection should also exclude the effects of other 
conditions on the dilution-neutralization method on 
test microorganisms. The required reduction of test 
microorganisms should be based exclusively on the 
interaction between the test microorganisms and the 
test product. Standard PN-EN 13727 + A2: 2015-12 for 
testing of hygienic and surgical handrub disinfection 
preparations provides for mandatory test conditions 
for preparations including contact time in the range of 
30 s to 60 s (hygienic handrub disinfection) and 60 s  
to 5 minutes (surgical handrub disinfection). Short 
contact times for hand hygiene products require a short 
neutralization process. For contact times of 10 minute 
or shorter, the neutralization time is only 10 s [7]. The 
use of short neutralization times requires confirmation 
of the effectiveness of this process in relation to the 
tested products and test microorganisms.

The aim of the study was to investigate the 
effectiveness of 10-second neutralization time on 
alcohol based formulas using standard PN-EN 13727 
+ A2: 2015-12.

MATERIALS AND METHODS

Two products intended to hygienic handrub 
disinfection was used in the experiment. Products 
contain ethanol in concentrations: 89 g ethanol in 100 g  
of product (Et89) and 70 g ethanol in 100 g of product 
(Et70). A neutralizer with the following composition 
was used to remove alcohol activity: Polysorbate 80  
– 30 g/l; saponin 30 g/l; lecithin 3 g/l in diluent. 
Products testing were carried out in accordance with 
PN-EN 13727+A2: 2015-12. For testing the Et89 
Staphylococcus aureus ATCC 6538 and Pseudomonas 
aeruginosa ATCC 15442 were selected. Enterococcus 
hirae ATCC 10541 and Escherichia coli K12 NCTC 
10538 were selected for the Et70. A test suspension 
of bacteria (N) with a density in the range of  
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1.5 × 108 cfu/ml to 5 × 108 cfu/ml was prepared for 
products testing. Tests of products activity were 
conducted at contact times of 15 s± 5 s (Et89) and 1 
min± 5 s (Et70) at temperature 20°C in clean conditions 
(0,3 g/l bovine albumin solution). 

Neutralization time of tested products was connected 
with the length of their contact times and amounted 10 s  
± 1 s. To test the effect of experimental conditions 
(A), the neutralizer control (B) and the dilution-
neutralization method (C), validation suspensions with 
a density ranging from 3,0×102 cfu/ml do 1,6×103 cfu/
ml (validation suspension Nv0) and from 3,0×104 cfu/
ml do 1,6×105 cfu/ml (validation suspension NvB) 
were used. The average density range of the validation 
suspension Nv0 should be equal to or greater than 
30 and less than or equal to 160. Lethal effect of test 
conditions on bacteria was checked by the procedure 
of experimental conditions control A. According to the 
European Standards ready-to-use products are diluted 
with sterile distilled water. Experimental conditions 
control A consists in leaving the microorganisms in 
contact with the organic load and sterile distilled water 
at the contact time specified in the test corresponding 
to the contact time provided for the test product. 
The number of microorganisms (cfu/ml) after the 
contact time should be greater or equal to half of the 
average number of microorganisms in the validation 
suspension Nv0. Verification of the absence of toxicity 
of the neutralizer on tested microorganisms was done 
according to neutralizer control B. The neutralizer is 
left in contact with the NvB validation suspension 
for the time corresponding to the neutralization time. 
The number of microorganisms (cfu/ml) after the 
contact time should be greater or equal to half of the 
average number of microorganisms in the validation 
suspension Nv0. 

The neutralization efficiency of the examined 
products was determined by validation of dilution-
neutralization method (method validation C). For the 
validation of the method the products were used in 
ready-to-use concentrations. Products were exposed 
for 15 s ± 5 s (Et89) and 1 min ± 5 s (Et70) with 
organic loading and diluent and then transferred to the 
neutralizer under test. After 10 s ± 1 s of neutralization 
time, suspensions of test organisms were added and 
allowed to stand for 30 minutes. The number of 
microorganisms (cfu/ml) after 30 minutes time should 
be greater or equal to half of the average number of 
microorganisms in the validation suspension Nv0. 
The studies presented in this publication have been 
performed under reproducibility conditions as part 
of microbiological quality control of the studies of 
bactericidal efficiency of disinfectants and antiseptic. 
The data is presented as mean and standard deviation 
of the two independent repetitions [7].

RESULTS

The impact of the selected experimental conditions on 
the tested bacteria

There was no impact of experimental conditions 
on the microorganisms tested for either 15 s or 1 min. 
The absence of any lethal effect in the test conditions 
was confirmed. Control of experimental conditions in 
each case met the requirements of PN-EN 13727 + A2: 
2015-12 (Table 1).

The effect of the neutralizer toxicity on the tested 
bacteria

Neutralizer toxicity was assessed against all the 
bacteria required in PN-EN 13727+A2: 2015-12. To 
study was used validation suspensions NvB of tested 
bacteria which density was for S. auerus 1.43 × 105 
cfu/ ml; for P. aeruginosa 8.2 × 104 cfu/ ml; for E. hirae 
8.9 × 104 cfu/ ml and for E. coli K12 1.13 × 105 cfu/ 
ml. The obtained results, according to the standard, 
were referenced to the validation suspension Nv0. The 
number of colonies obtained after the neutralization 
time was greater than half of the average number of 
microorganisms in the validation suspension Nv0 
(Table 2). The neutralizer used was not toxic to tested 
microorganisms in neutralization time 10 s ± 1 s.

Validation of the dilution-neutralization method
The neutralizer eliminated residual effects of the 

tested products (Et89 and Et70) after neutralization 
within 10 s ± 1 s so that it did not limit the growth of the 
tested microorganisms. The neutralizer potential was 
sufficient to withstand the residual effects of products 
which content varying levels of active substance. The 
effects of the products resulting from interaction of the 
neutralizer and the disinfectant on bacteria used in the 
study were also not observed (Tables 3 and 4).

The activity of products intended for hygienic handrub 
disinfection in relation to selected test bacteria

Products for hygienic handrub disinfection were 
active at contact times of 15 s ± 5 s and 1 min ± 5 s for 
selected test microorganisms. The product containing 
ethanol in concentration 89% was active against 
Staphylococcus aureus and Pseudomonas aeruginosa, 
while the product contain ethanol at concentration 70% 
was active against Enterococcus hirae and Escherichia 
coli K12. The products achieved the required reduction 
of 5 lg or higher, and all experimental assumptions for 
tested products and test organisms and the neutralizer 
were met (Tables 5 and 6). However, in order to give 
a positive opinion on the disinfection performance 
of the products described in the publication, the test 
conditions must be checked for all 4 test organisms 
provided for in EN-PN 13727: 2012 + A2: 2015 for 
each test product separately.
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Table 1. Influence of experimental conditions on tested microorganisms according to PN-EN 13727 + A2: 2015-12

Test bacteria Validation suspension 
(Nv0)

Experimental conditions 
control (A) Product Contact time

Staphylococcus aureus 128 (±21) cfu/ml 143 (±12) cfu/ml Et89 15 s± 5 s
Pseudomonas aeruginosa 94 (±30)  cfu/ml 77 (±22) cfu/ml Et89 15 s± 5 s
Enterococcus hirae 80 (±52) cfu/ml 82 (±47) cfu/ml Et70 1 min± 5 s
Escherichia coli K12 98 (±25) cfu/ml 115(±4) cfu/ml Et70 1 min± 5 s

 

Table 2. The effect of neutralizer toxicity on the microorganisms tested in 10-second interactions time with an neutralizer  
              according to PN-EN 13727 + A2: 2015-12

Test bacteria Validation suspension 
(Nv0) Neutralizer control (B) Product Neutralization 

time
Staphylococcus aureus 128 (±21) cfu/ml 141(±17) cfu/ml Et89 10 s± 1 s
Pseudomonas aeruginosa 94 (±30)  cfu/ml 81 (±20) cfu/ml Et89 10 s± 1 s
Enterococcus hirae 80 (±52) cfu/ml 74 (±51) cfu/ml Et70 10 s± 1 s
Escherichia coli K12 98 (±25) cfu/ml 101 (±0) cfu/ml Et70 10 s± 1 s

Table 3. Validation of the dilution-neutralization method according to PN-EN 13727+ A2: 2015-12 for two selected test  
              organisms S. aureus and P. aeruginosa using a product containing ethanol in concentration 89% (Et89)

Test bacteria Validation suspension 
(Nv0)

Method validation 
(C) Product Contact time/ 

Neutralization time

Staphylococcus aureus 128 (±21) cfu/ml 68 (±6) cfu/ml Et89 15 s± 5 s/
10 s± 1 s

Pseudomonas aeruginosa 94 (±30)  cfu/ml 92 (±28) cfu/ml Et89 15 s± 5 s/
10 s± 1 s

Table 4. Validation of the dilution-neutralization method according to PN-EN 13727 + A2: 2015-12 for two selected test  
              organisms E. hirae i E. coli K12  using a product containing ethanol in concentration 70 % (Et70)

Test bacteria Validation suspension 
(Nv0)

Method validation 
(C) Product Contact time/ 

Neutralization time

Enterococcus hirae 80 (±52) cfu/ml 79 (±53) cfu/ml Et70 1 min± 5 s/
10 s± 1 s

Escherichia coli K12 98 (±25) cfu/ml 101 (±8) cfu/ml Et70 1 min± 5 s/
10 s± 1 s

Table 5. Average reduction of Staphylococcus aureus and Pseudomonas aeruginosa microorganisms tested according to  
              PN-EN 13727+A2: 2015-12 after 15 seconds contact time with a product containing ethanol at concentration 89% (Et89)

Test bacteria Test suspension (lgN0) Reduction [lgR] Product Contact time

Staphylococcus aureus 7,56 (±0,01) >5,41(±0,01) Et89 15 s± 5 s
Pseudomonas aeruginosa 7,53 (±0,01) >5,38(±0,01) Et89 15 s± 5 s

Table 6. Average reduction of tested Enterococcus hirae and Escherichia coli K12 microorganisms according to PN-EN  
              13727 + A2: 2015-12 after 1-munute contact time with a product containing ethanol in concentration 70% (Et70)

Test bacteria Test suspension 
(lgN0)

Reduction  
[lgR] Product Contact time

Enterococcus hirae 7,54 (±0,03) >5,39 (±0,03) Et70 1 min± 5 s
Escherichia coli K12 7,55 (±0,01) >5,40 (±0,00) Et70 1 min± 5 s

Neutralization efficiency of alcohol based products used for rapid hand disinfection
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DISCUSSION

Correctly applied neutralization allows for precise 
determination of time of action of the product, in 
which microorganisms will be combat [11, 13]. This is 
especially important when short-term disinfection agents 
are used, including those intended for hygienic handrub 
disinfection. The neutralizer is selected for the active 
ingredient of the disinfectant. PN-EN 13727+A2: 2015-
12 standard provides information of the composition 
of neutralizers selected for active substances (dilution-
neutralization method) or rinsing liquids (membrane 
filtration method). The filtration method is an alternative 
when the proposed neutralizers do not eliminate effects 
of the product action at a certain time of neutralization. 
The neutralization time for products, which acting at 10 
minutes or less was limited to 10 s ± 1 s [7]. To accurately 
determine contact time of the disinfectant preparation 
and its bactericidal activity, the effectiveness of the 
selected neutralizer should be checked at the required 
neutralization time. Neutralization efficiency according 
to Russell refers to following features of a neutralizer. 
The neutralizer should not be toxic to the tested 
microorganisms as it provides a bactericidal effect that 
will not result from the action of the disinfectant itself. 
The neutralizer should inhibit the residual effect of the 
disinfectant product after the specified contact time so as 
to prevent further action of the product and the neutralizer 
and the product must not combine to produce a toxic 
components. Our results confirmed the effectiveness of 
the applied neutralizer. The tested neutralizer composed 
with Polysorbate 80, saponin, lecithin was not toxic to  
S. aureus, P. aeruginosa, E. hirae and E. coli K12. Similar 
results with multicomponent neutralizers containing, inter 
alia, such neutralizing substances as Polisorbate 80 and 
lecithin were obtained by Sutton et al. for such bacteria as 
E. coli, P. aeruginosa; S. aureus and S. choleraesuis. The 
most sensitive organism for the neutralization of these 
bacteria was E. coli. Two of the four tested neutralizers 
which contain Polysorbate 80, Polysorbate 20, 
 lecithin and dextrose were toxic for this bacteria, with 
the concentration of both polysorbats being much higher 
than in non-toxic neutralizers [11]. The qualitative and 
quantitative composition of neutralizers determines 
the toxicity or it absence against the microorganisms 
and the effectiveness of neutralization of disinfectants. 
The qualitative and quantitative composition of the 
neutralizer under test has allowed to inhibit the residual 
activity of products with vary content of ethanol (Et70 
and Et 89 product) intended to hygienic handrub 
disinfection in the 10-second neutralization time. Proper 
recovery of S. aureus and P. aeruginosa microorganisms 
after neutralization of the product containing ethanol 
in concentration 89% and E. hirae and E. coli K12 
after neutralization of the product containing ethanol 
in concentration 70% was demonstrated. Effectiveness 

of the 10-second neutralization time on the alcohol 
based products for skin disinfection with S. auresus, P. 
aeruginosa; E coli and E. hirae have confirmed in their 
study Tyski et al. with the use of a universal, commercial 
Dey/Engley neutralizer containing more chemical 
components [13]. 

The concentration of the residual products 
after disinfection may depend on concentration of 
disinfectant, its contact time, susceptibility to organic 
contamination and density of suspensions of the tested 
microorganisms. These factors minimize the amount of 
active residual products remaining after the reaction of 
the disinfectant product with the microorganisms and 
can contribute to increasing the effectiveness of the 
neutralization. Products containing high concentrations 
of active substances and active substances with high 
disinfection potential can be difficult to inactivate 
[11]. Substances with high disinfection potential, 
which are difficult to be neutralized, especially in high 
concentrations, include such oxidizing compounds 
like chlorine, iodine, hydrogen peroxide, peracetic 
acid, hypochlorites [3]. For these substances, new 
neutralizers are sought [3]. In such cases, the ingredients 
of neutralizers are modify eg. by increasing the 
concentration of sodium thiosulphate in the range from 
3 g/l to 20 g/l, because in higher concentrations it is toxic 
to the tested organisms. Addition of an neutralizer to the 
culture medium is used, or neutralization with the use 
of rinsing liqiuds in the filtration method [7]. Obtaining 
neutralization respectively to contact time of the 
investigated product allows for precise determination 
of its action over time and at the same time contributes 
to the effective application of disinfectants in practice, 
including products with short time, which are intended 
for hygienic handrub disinfection.

CONCLUSIONS

1. The 10-second neutralization time is sufficient 
to remove the residual activity of the hygienic 
handrub disinfectants which content ethanol at 
concentrations of 70% to 89% using a neutralizer 
composed of Polysorbate 80-30 g/l ; saponin 30 g/l;  
lecithin 3 g/l in diluent.

2. Correct neutralization makes it possible to 
accurately determine the contact times of 
disinfectants.
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ABSTRACT
Background. In case of shortage of breast milk despite proper lactation care or the poor state of the mother’s health, breast 
milk from human milk bank is recommended for feeding preterm infants. 
Objective. This study retrospectively evaluated the first year of the operation of the Regional Human Milk Bank.
Material and methods. Data concerning donors was collected in the human milk bank during the cooperation. The clinical 
characteristics of the recipients was made on the basis of medical documentation from the Holy Family Hospital in Warsaw, 
Poland. Analysis of nutritional value was performed with the human milk analyzer (MIRIS AB).
Results. In the first year of activity, 45 voluntary donors established cooperation, donating from 650 to 32030 ml of human 
milk. The content of nutrients in milk provided by donors was variable - protein 0.4-1.5 g / 100 ml, fat 1.1-7.4 g / 100 ml, 
carbohydrates 6.3-7.9 g / 100 ml. The average length of using donated human milk was 4 days and the average volume of 
milk for one infant was 282 ml.
Conclusions. The donor profiles have a significant impact on the milk composition form HMB. The nutritional value can be 
improved by recruitment donors from mothers that gave birth prematurely and by beginning donation at earlier stages of lactation as 
soon as lactation is stabilized. In case of shortage of mothers own milk the immediate implementation of donors milk as a short-term 
support can significantly reduce the food intolerance incidence in the group of prematurely born infants.

Key words: milk banks, human milk, breast milk, premature infants, enteral nutrition

STRESZCZENIE
Wprowadzenie. W przypadku niedoboru pokarmu biologicznej matki, pomimo odpowiedniej opieki laktacyjnej lub złego 
stanu zdrowia matki, zalecane jest żywienie noworodków przedwcześnie urodzonych pokarmem pochodzącym z banku mle-
ka kobiecego. W krajach Europejskich, w tym w Polsce następuje gwałtowny wzrost liczby banków mleka. 
Cel badań. Celem badania była retrospektywna analiza pierwszego roku funkcjonowania Regionalnego Banku Mleka 
Kobiecego w Szpitalu im. Świętej Rodziny w Warszawie.
Materiał i metody. Charakterystykę dawczyń przygotowano na podstawie danych gromadzonych w banku mleka w trakcie okresu 
współpracy. Charakterystykę biorców oparto na dokumentacji medycznej pochodzącej ze Szpitala im. Świętej Rodziny w Warsza-
wie. Analiza składu mleka kobiecego została przeprowadzona dla każdej partii mleka przy użyciu analizatora MIRIS AB.
Wyniki. W pierwszym roku działalności, współpracę nawiązało 45 dawczyń przekazując od 650 do 32030 ml mleka. Za-
wartość składników odżywczych w przekazanym pokarmie była zróżnicowana - białko 0,4-1,5 g / 100 ml, tłuszcz 1,7-7,4 
g / 100 ml, węglowodany 6,3-7,9 g / 100 ml. Średnia długość żywienia biorców mlekiem z banku wynosiła 4 dni, średnia 
objętość mleka wykorzystanego do żywienia jednego noworodka wynosiła 282 ml.
Wnioski. Profil dawczyń zarejestrowanych w banku ma istotny wpływ na skład pokarmu z banku mleka kobiecego. Rekrutacja jako 
dawczyń większej liczby matek noworodków przedwcześnie urodzonych oraz rozpoczynanie współpracy na wczesnym etapie lak-
tacji, zaraz po jej stabilizacji, może podnieść wartość odżywczą mleka. W przypadku braku pokarmu biologicznej matki, natychmia-
stowe wdrożenie żywienia pokarmem z banku mleka jako krótkoterminowego wsparcia, może znacząco zredukować częstotliwość 
występowania nietolerancji pokarmowych u noworodków przedwcześnie urodzonych.

Słowa kluczowe: bank mleka kobiecego, mleko dawczyń, mleko kobiece, noworodki przedwcześnie urodzone, żywienie enteralne
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INTRODUCTION

Mother’s milk is the first choice for feeding infants, 
but in some situations it may be not available due to the 
shortage of breast milk despite proper lactation care or 
the poor state of the mother’s health. In those situations, 
WHO recommends breast milk from a healthy wet-nurse 
or a human milk bank (HMB) [23], also AAP (American 
Academy of Pediatrics) and ESPGHAN (The European 
Society for Pediatric Gastroenterology Hepatology and 
Nutrition) recommends pasteurized donor milk for preterm 
infants if mother’s own milk is unavailable [3, 11].

Sharing of human milk cause some concerns 
about the transmission of viruses or pathogens. For 
this reason it is appropriate to create milk banks 
following the safe procedures connected with donor 
screening, milk collection and storage, pasteurization 
and microbiology tests [2, 10, 14, 20].

Over the world there are many associations 
providing support for HMB and promotion guidelines 
regarding handling of human donor breast milk, 
among others The Human Milk Banking Association 
of North America (HMBANA) and European Milk 
Bank Association (EMBA) [10].

In Europe we currently observe rapid growth 
of HMB. Currently there are 221 active milk banks 
supported by EMBA and 17 more are planned. In 
some countries like Slovenia or Romania first HMB 
are just under development [12]. 

In Poland first HMB, operating on current 
recommendations was established in 2012 in cooperation 
with Human Milk Bank Foundation which is the official 
representative of the EMBA in Poland. It is internal 
HMB, operating only for the needs of one neonatology 
ward in Orlowski Hospital, at which it is located. Since 
then, there has been opened five more HMB, including 
launched in January 2015 Regional Human Milk 
Bank in the Holy Family Hospital in Warsaw, which 
cooperates with other hospitals in Mazovia District.

This study retrospectively evaluated the first year 
of the operation of this HMB. The study covered the 
period from the official establishment of human milk 
bank on January 14, 2015 until March 31, 2016. The 
first two months of activities have been dedicated to 
the organization of work in the institution. The regional 
human milk bank started working in full range of duties 
from the beginning of April 2015.

MATERIAL AND METHODS

Data concerning donors (n=45) came from 
questionnaires completed at the time of recruitment and data 
collected in the human milk bank during the cooperation. 
Each potential donor undergoes a detailed interview 
concerning the current state of health, the prevalence of 
chronic diseases and illnesses (i.e. tuberculosis, venereal 
diseases), drug use, lifestyle and diet. The next step is the 

blood tests for diseases carried by the milk - hepatitis B 
and C, CMV, HIV, and syphilis. In addition, each donor 
makes a written declaration that she does not smoke 
cigarettes, does not drink alcohol or use illegal drugs and 
leads a lifestyle free from risk behaviors to HIV infection.

The clinical characteristics of the recipients (n=154) 
was made on the basis of medical documentation from 
the Holy Family Hospital in Warsaw.

Analysis of nutrient content of milk is a routine test in 
case of donor milk. Before pasteurization, milk collected 
from each donor was pooled from the period of maximum 
space of two weeks. From each pool there was taken 
three samples to analyze the nutritional value, as the result 
we used the average of three measurements. Analysis 
was performed with the human milk analyzer (MIRIS 
AB) according to the manufacturer’s recommendation. 
The device is an analytical instrument for the direct 
determination of the nutritional content of human milk, 
based on mid-infrared transmission spectroscopy. The 
study used a weighted mean, regarding different volumes 
of milk donated by each woman. Data were analyzed using 
data analysis software systems STATISTICA version 10 
(Stat Soft. Inc., 2011).

RESULTS

The donors
In the first year of activity, 45 voluntary donors 

established cooperation. 11 of them (24.4%) declared 
chronic diseases that were not contraindications to 
become a milk donor: type 2 diabetes, inhalant allergies, 
asthma, Hashimoto’s thyroiditis, hypothyroidism, cardiac 
arrhythmias, congenital heart disease. The remaining 34 
(75.6 %) were healthy. 11 of the donors (24.4%) where 
mothers of premature infants. Most donors (41 persons) 
declared a general healthy diet, 2 of them were vegetarians 
and 2 were on non-dairy diet.

Recruitment as a donor occurred 1-44 weeks after 
birth (average 14 weeks). The length of cooperation 
varied from 2 to 26 weeks, the volume of milk donated 
during this period varied from 650 to 32030 ml from 
each donor (Table 1).

Table 1. Characteristics of the donors
Weighted 

average (SD) Min - Max

Mother’s age
(years, n=45) 31.58 (4.71) 23-44

Milk volume 
(ml, n=45)

6481.98 
(6929.95) 650-32030

Child age at the 
beginning of donation 
(weeks, n=45)

14.07 
(10.21) 1-44

Child age at the end of 
donation (weeks, n=36)*

27.83 
(12.98) 6-52

Length of donation 
(weeks, n=45) 13.18 2-26

* 9 of the donors registered within the first year was still active
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Human milk nutritional composition
In the first year of operation 295.88 liters of milk 

have been collected and processed, 21.59 liters have 
been disposed due to an equipment failure and the error 
in the process of pasteurization. There were prepared 
179 pools of milk in 99 pasteurization processes. The 
content of nutrients in milk provided by donors was 
variable - protein 0.4-1.5 g /100 ml, fat 1.1-7.4 g /100 ml, 
carbohydrates 6.3-7.9 g /100 ml (Table 2).

Table 2. Nutritional value of human milk from human milk bank
Weighted  

average (SD) Min. – Max.

Fat (g/100 ml) 3.1 (0.8) 1.1 – 7.4
Crude protein (g/100 ml) 0.8 (0.2) 0.4 – 1.5
Carbohydrates (g/100 ml) 7.4 (0.3) 6.3 – 7.9
Energy (kcal/100 ml) 61.7 (6.5) 46.0 – 86.0
True protein (g/100 ml) 0.7 (0.2) 0.3 – 1.2

The recipients
Regional Human Milk Bank provided pasteurized 

human milk for 6 hospitals, including the Holy Family 
Hospital in Warsaw. In a local hospital, 154 infants 
received milk from the human milk bank (the total number 
of recipients from all hospitals exceeded 400). Most 
of them (91.5%) were born preterm before 37 week of 
pregnancy by cesarean delivery (73.4%). Only for the 2,6 
% of infants skin-to-skin contact lasted two hours, and first 
breastfeeding took place during this time (Table 3).

Table 3. Characteristics of the recipients
 % n

Gender (n=154)
Female 48.7 75
Male 51.3 79

Number of infants in the pregnancy (n = 154)
Single 68.8 106
Twins 31.2 48

Gestational age (n=154) 
<32 Hbd 5.8 9
32-36 Hbd 85.7 132
≥37 Hbd 8.4 13

Mode of delivery (n=154)
Cesarean delivery 73.4 113
Vaginal delivery 26.6 41

Skin-to-skin contact (n=153)
None 17.0 26
< 2 hours 80.4 123
2 hours 2.6 4

Breastfeeding during skin-to-skin contact (n=153) 
Yes 2.6 4
No 97.4 149

Feeding at discharge (n=153)
Exclusive breastfeeding 77.8 119
Any breastfeeding 19.6 30
Exclusive formula 2.6 4

The major diagnoses of patients fed with the milk 
from the HMB were: prematurity (92.9%, n = 144), 
hyperbilirubinemia (54.5%, n=84), respiratory failure 
(43.2%, n=67), hypotrophy (15.5%, n=24), congenital 
pneumonia (11.0%, n=17), asphyxia (9.0%, n=14), 
congenital infection (7.7%, n=12), enteral nutrition 
intolerance (1.9%, n=3).

The average length of using donated human milk 
was 4 days and the average volume of milk for one 
infant was 282 ml (Table 4).

DISCUSSION

In recent years, efforts are being made to restore 
the system of HMBs in Poland after their breakdown 
in 90’. The Regional Human Milk Bank in Holy 
Family Hospital was established after 8 years from 
collapse of The Human Milk Bank in Polish Mother’s 
Memorial Hospital in Lodz, which was the last one 
in Poland. The Holy Family Hospital is Municipal 
Hospital containing II grade neonatology ward with 
intensive care unit. Approximately 5000 births occur 
in the Holy Family Hospital per year. Moreover, in this 
neonatology ward there are hospitalized the patients 
born prematurely in other hospitals, requiring further 
treatment and care. The Holy Family Hospital has long 
tradition in promoting breastfeeding - since 2007 it is 
certificated as Baby Friendly Hospital. The lactation 
support is a separate duty of dedicated personnel. This 
was a reason to settled down the Regional Human Milk 
Bank in this particular Hospital. The experience from 

Table 4. Detailed characteristics of the recipients
Average 

(SD) Min-max

Mother’s age  
(years, n=153)

31.02 
(5.10) 15-45

Gestational age  
(weeks, n=153)

34.46 
(2.01) 27-41

Length of hospitalization  
(days, n=152)

13.95 
(9.70) 3-65

Length of using donated human milk 
(days, n=152)

4.03 
(2.20) 1-15

The volume of donated human milk 
(ml, n=154)

282.06 
(308.62) 3-3130

Birth weight  
(g, n=154)

2264.25 
(514.53) 990-4016

Birth length  
(cm, n=154)

47.98 
(3.64) 36-59

Head circumference  
(cm, n=152

31.5 
(1.92) 25-38

Chest circumference  
(cm, n=151)

28.92 
(2.49) 22-36

Discharge weight  
(g, n=154)

2376.06 
(371.69) 1866-3640

Parenteral nutrition  
(days, n=92; 59,7%)

4.95 
(2.96) 1-18
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the activity of the first Polish modern bank of human 
milk at the Orlowski Hospital revealed that donor milk 
is widely accepted by family and professional society 
in Mazovia Region [22]. In fact, parents refuse of using 
milk from HMB is extremely rare. Resistance to use 
another mother’s milk was a barrier in development 
human milk bank in Lodz late 90’ [17]. Successful 
donor recruitments in currently operating HMBs 
is possible thanks to over ten years of promotion of 
human milk banking idea in Poland. 

The unique procedure introduced with the 
establishment of Regional Human Milk Bank in 
Mazovia is an analysis of nutritional composition of 
donor milk. Previously it was not possible due to the 
limitation of equipment and lack of experience in staff. 
Knowledge of the macronutrients composition enables 
the implementation of individual nutrient supply for 
infants fed with the milk from HMB.

The composition of macronutrients in donors milk 
from different HMBs is varied. In some of them mean 
fat and energy content was lower than in analyzed 
population of donors for Regional Human Milk Bank 
in Warsaw (fat 2.2-3.0 vs 3.1 g/100 ml; energy 51.8-
53.6 vs 61.7 kcal/100 ml) [1, 5, 21]. In the Perron 
Rotary Expressed Milk Bank the content of nutrients 
was higher (protein 1.35 g/100 ml; fat 4.16 g/100 ml; 
energy 69.7 kcal/100 ml) [5]. The content of lactose 
was 6.7 g/100 ml, which is difficult to compare - in the 
study we analyzed carbohydrates content (lascose and 
oligosacharydes) – obtaining 7.4 g/100 ml. The authors 
suggests that the ‘richer’ composition is connected 
with the fact that the majority of milk was received 
form mothers who have given birth prematurely. 
Further studies confirm the greater contents of protein 
in preterm mature milk [22]. Unfortunately in analyzed 
donors population there were only 11 premature 
mothers (24.4 %).

In fact the nutritional composition of milk from 
HMB is strongly dependent on the profile of the 
donors. Higher protein content is connected with 
prematurely birth [9] and earlier stages of lactation 
[13]. Earlier gestational age of children at birth and 
the start of donation at earlier stages of lactation are 
also associated with a larger quantity of donated milk. 
Also women who are previous donors deliver a greater 
volume of milk [18]. 

In the study the age of donors (31.57 years) was 
similar that in other HMBs [7, 15]. The average age 
of child at the beginning of donation was 3 months 
which is similar to some other HMBs [7, 18]. But 
some HMBs have lower average age – 7 weeks [18], 
which can have a beneficial effect on the nutritional 
value. The average time of donation (13.18 weeks) 
was similar to other HMBs [15, 18]. In Poland it is 
recommended to become the donors on the well –
established stage of lactation, about 3-4 weeks after 

delivery. However, the average time to start donating 
in studied population was 14 weeks after delivery. 
This can affect the nutritional value the milk obtained 
from the Regional Human Milk Bank in Warsaw. It 
will be better to start donating earlier to obtain milk 
with highest protein content. 

Another factor influencing the composition might 
be the method of analysis of the composition of breast 
milk. Before the 2009 human milk composition was 
analyzed by standard laboratory methods. Modern 
HMBs use the human milk analyzers that uses mid-
infrared reflectance. The study conducted with the 
similar method showed a similar protein content (0.9 vs 
0.8 g/100 ml), higher fat (4.0 vs 3.1 g/100 ml) and lower 
carbohydrate content (6.6 vs 7.4 g/100 ml) [8, 15]. 

Due to the large variation of the composition of 
donor milk and the multitude of factors that affect it, 
the routine analysis of the composition of each pool of 
milk is a necessity.

Nutritional analysis of human milk based on the 
MIRIS Human Milk Analyzer require introducing 
the good manufacturing practices (GMP), validation 
and controlling process of the procedure. Regional 
Human Milk Bank in the Holy Hospital is a reference 
laboratory in Poland in the implementation of the 
nutritional analysis of human milk. 

The establishment of regional human milk bank 
has improved the medical care for an infant born 
prematurely in the Mazowia Region in Poland. In 
2015 in the region 4334 infants was born prematurely 
before 37 Hdb [6]. Our study revealed that nearly 10% 
of them received milk from the HMB. 

Prematurity was the main reason for providing 
milk from HMB (92,9% of recipients), which 
is in accordance with Polish and international 
recommendations [3, 11, 23]. Some studies among the 
most common indications list the malabsorption and 
feeding intolerance [7]. In the analyzed population 
only 1,9% of infants suffered feeding intolerance. 
Feeding with donor’s milk was initiated from the 
first days of life as prevention of such complications 
to all preterm infants that could not have been fed by 
biological mother.

Recipients had many features connected with 
serious health condition, that are the risk factors of the 
breastfeeding failure such as prematurity, caesarean 
birth, lack or very short time of skin to skin contact, 
no successful latch and suck. These factors may cause 
a shortage of mother’s milk in the first days of life. In the 
Holy Family Hospital in the most cases, donor milk was 
used as a short-term intervention (average 4 days). In 
successive days, most children were feed with mothers 
own milk. At discharge 77.8 % of donor milk recipients 
were feed exclusively with mothers own milk. 

The other studies [4, 16, 19] have shown that 
access to the milk from the HMB is associated with 

Regional Human Milk Bank in Poland
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the increase of breastfeeding of infants. In Italy the 
presence of HMB in a NICU was associated with 
the 13.6 % increase of exclusive breastfeeding and 
7,6 % of any breastfeeding of VLBW infants at the 
discharge from the hospital [4]. To achieve this effect, 
it is necessary to implement adequate lactation care for 
the recipient’s mothers. The other research indicates, 
the level of knowledge about breastfeeding is a crucial 
factor which influences exclusive breastfeeding 
rates [24]. Further research is needed to verify this 
hypothesis in case of Polish milk banks. 

CONCLUSIONS

Supplementation with the pasteurized milk from 
milk bank should become a common procedure in all 
NICUs among the country. For this purpose, the activity 
of Regional Human Milk Banks in Mazovia District is 
crucial. In another parts of Poland it is recommended 
to establish HMBs based on relevant national norms 
and with cooperation with such NGO as Human Milk 
Bank Foundation that provides support for creating 
safe procedures connected with donor recruiting 
procedure, milk collection and storage, pasteurization 
and microbiology tests. 

The donor profiles have a significant impact on the 
milk composition form HMB. The nutritional value 
can be improved by recruitment donors from mothers 
that gave birth prematurely and by beginning donation 
at earlier stages of lactation as soon as lactation is 
stabilized. Also due to variety of the human milk 
composition, human milk analysis should become the 
part of the routine work at every HMB.

Irrespective of the nutritional value of milk, feeding 
with donor milk is superior to the formula. Benefits 
from the use of milk from the HMB are significant. In 
case of shortage of mothers own milk the immediate 
implementation of donors milk as a short-term support 
can significantly reduce the food intolerance incidence 
in the group of prematurely born infants.
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ADHERENCE TO NUTRITION GUIDELINES IN PATIENTS 
WITH CARDIOVASCULAR DISEASES AS A SECONDARY PREVENTION
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Department of Human Nutrition, Faculty of Human Nutrition and Consumer Sciences, Warsaw University 
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ABSTRACT
Background. The appropriate nutrition is an important component of the secondary prevention of cardiovascular diseases 
(CVD).
Objectives. The aim of the study was to investigate if the patients with cardiovascular disease were informed of the 
role of appropriate nutrition in prevention or received nutrition guidelines and to assess the dietary intake compared to 
recommendations for patients with cardiovascular disease who received or not nutrition guidelines.
Material and Methods. The study was conducted among patients with cardiovascular disease (n = 127) of cardiological 
hospital clinic, aged 62 ± 11. The questionnaire was used to obtain personal and anthropometric details, information if patients 
had received nutrition guidelines. The method of 3-day food records was used for dietary assessment. 
Results. 20% of subjects had not received nutrition guidelines and almost 40% of subjects did not recognize the nutrition 
effect on cardiovascular disease development. Compared to the diets of the subjects who had not received nutrition 
guidelines, the diets of those who had received them were of significantly lower intake of: energy from saturated fatty 
acids (15%, p = 0.006), cholesterol (21%, p = 0.012) and higher intake (14-26%) of potassium (p = 0,003), sodium (p = 
0.013), phosphorus (p = 0.044), magnesium (p = 0.003), iron (p = 0.005), copper (p = 0.001), zinc (p = 0.046). Among the 
patients who had received nutrition guidelines, percentage of the subjects whose intake of nutrients was consistent with 
recommendations was higher.
Conclusions. Not all subjects had received nutrition guidelines. Diets of those who had received them were more balanced, 
but in neither group nutrition guidelines were complied with.

Key words: cardiovascular disease, dietary intake, second prevention

STRESZCZENIE
Wprowadzenie. Prawidłowe żywienie jest ważnym elementem w ochronie wtórnej u pacjentów z chorobami układu 
sercowo-naczyniowego (CVD).
Cel. Celem badania była ocena czy pacjenci ze zdiagnozowanymi chorobami układu sercowo-naczyniowego zostali 
poinformowani o roli odżywiania podczas leczenia oraz czy otrzymali zalecenia żywieniowe w ramach profilaktyki 
wtórnej, jak też ocena porównawcza sposobu żywienia osób, które otrzymały lub nie zalecenia żywieniowe.
Materiał i metody. Badanie przeprowadzono wśród 127 pacjentów kliniki kardiologicznej jednego z warszawskich 
szpitali, pacjenci byli w wieku 62 ± 11 lat. Informacje nt. danych socjo-demograficznych i antropometrycznych oraz 
otrzymania zaleceń żywieniowych zostały zebrane za pomocą autorskiego kwestionariusza. Badane osoby wypełniły 
również kwestionariusz 3-dniowego bieżącego notowania spożycia żywności w celu oceny sposobu żywienia. 
Wyniki. Dwadzieścia procent osób nie otrzymało zaleceń żywieniowych, a prawie 40% osób nie dostrzegło wpływu żywienia 
na rozwój choroby. Odnotowano statystycznie istotne różnice w sposobie żywienia pomiędzy osobami, które uzyskały zalecenia 
żywieniowe a osobami, które takich zaleceń nie otrzymały, tj. niższy udział energii z nasyconych kwasów tłuszczowych (SFA) 
o 15%, niższe o 21% średnie spożycie cholesterolu oraz wyższe o 14-26% spożycie składników mineralnych, tj. potasu, sodu, fo-
sforu, magnezu, żelaza, miedzi i cynku. Ponadto grupa osób, która otrzymała zalecenia żywieniowe charakteryzowała się lepszą 
realizacją norm na składniki żywieniowe i większą prawidłowością sposobu żywienia. 
Wnioski. Pomimo kluczowej roli, jaką odgrywa żywienie w profilaktyce i leczeniu chorób układu sercowo-naczyniowego, 
nie wszystkie badane osoby otrzymały wskazówki jak powinny się odżywiać. Osoby, które otrzymały zalecenia żywieniowe 
odżywiały się lepiej od tych, którym takich zaleceń nie przekazano, jednak ich sposób żywienia również odbiegał od norm 
i zaleceń.

Słowa kluczowe: choroby układu sercowo-naczyniowego, sposób żywienia, prewencja wtórna
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INTRODUCTION

The cardiovascular diseases are considered the 
leading cause of premature death in Europe, as well 
as that of the loss of productivity during human life. 
Nutrition is one of the major factors in the development 
of atherosclerosis and cardiovascular disease (CVD), as 
a result. The high-energy intake and improper balance 
of the diet can result in too high cholesterol level in 
blood serum, hypertension, overweight and diabetes, 
thus increasing the risk of developing CVD [3, 21, 
22]. The propagation by physicians of the healthy 
lifestyle and the principles of healthy nutrition is an 
important part in public health prevention. Persons 
with CVD should be subject to individual, specialized 
nutritional counseling adapted to the profile of risk 
factors. In addition to medication, a proper diet should 
be an important component in the treatment of CVD. 
Planning diet is necessary to construct determining 
health eating choices [23]. Both in national and 
international literature, there is a lack of scientific 
research that shows whether all patients with CVD 
receive and adhere to nutrition guidelines, and what 
is effect of nutritional recommendations on nutrition, 
also whether patients understand the relationship 
between nutrition and disease. Therefore, the objective 
of the study was to investigate whether patients with 
cardiovascular disease were informed of the role of 
appropriate nutrition in the secondary prevention 
of CVD, and received nutritional recommendations 
appropriate to their disease and to check whether 
patients comply with these recommendations by 
assessing their dietary intake and compering with 
patients who had not received them.

MATERIAL AND METHODS

Study population
The study was conducted at the cardiological 

hospital clinic of a hospital in Warsaw, Poland, among 
127 patients (32 women, 95 men, of average age 62 
± 11 years) to improve the efficiency of treatment, 
which had started at least 6 weeks earlier. All subjects 
had been diagnosed by a cardiologist with a disease of 
the cardiovascular system, such as coronary disease, 
atherosclerosis, hypertension, previous myocardial 
infarction or stroke, and taken lipid-lowering drugs. 
The present study does not evaluate either the treatment 
of patients, or drug reactions. The patients were divided 
into two groups, the fact of having received or not the 
nutrition guidelines being the criterion.

The study was conducted after obtaining both the 
approval of the Ethics Committee from the Cardiology 
Institute in Warsaw and the informed consent of the 
subjects to take part in it and to share the results of 
their blood tests.

Data collection
The subjects were asked to fill in a detailed 

questionnaire, which involved answering questions 
about personal (sex, age, place of residence, education) 
and anthropometric details (weight, height), the cause 
of disease, the subject’s recognition of the effect of 
nutrition on the onset of the disease, and nutrition 
guidelines (whether the subject had received such 
recommendations, who from, in what circumstances, 
in what form, what information had been conveyed). 
Weight and height measurements derived from the 
questionnaire were used to calculate the body mass 
index (BMI), according to the formula [24]:

 
 

recommendations, who from, in what circumstances, in what form, what information had 

been conveyed). Weight and height measurements derived from the questionnaire were used 

to calculate the body mass index (BMI), according to the formula [24]: 

body mass [kg]
height [m]2  

 

Dietary assessment 

The dietary intake was assessed by 3-day food records method. The nutrition value of 

diets was calculated using a computer software, based on data tables of composition and 

nutritive value of food products [9]. The values obtained were reduced by food processing 

and serving losses. The serving size of consumed food was estimated using the 'Album of 

photographs of products and dishes' [19]. The calculated sodium content in the diet was not 

adjusted for salt added to food and/or salting on the plate, due to the difficulties in estimating 

these quantities by patients. Energy intake by subjects was compared with dietary reference 

values, regarding sex, age, body weight and physical activity [7]. Percentage of energy from 

protein, total fat, saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), 

polyunsaturated fatty acids (PUFA) and carbohydrates, as well as cholesterol intake by each 

of the subjects were compared individually with the recommendations for dietary prevention 

of atherosclerosis by National Cholesterol Education Program (NCEP) – Step 2 and Adult 

Treatment Panel III (ATP III) [13]. The intake of dietary fiber was compared with the 

recommendation of The American Institute of Medicine [1], following guideline values: 15% 

of energy to source from protein, <30% from fat, <7% from SFA, ≤10% from PUFA, <20% 

from MUFA, >55% from carbohydrates, with cholesterol intake < 200 mg/d and dietary fiber 

30-45 g/d. The intake of vitamins and minerals by each person was compared with dietary 

reference values: to Estimated Average Requirement (EAR) or Adequate Intake (AI), 

regarding age and sex [7]. 

 

Statistical analysis 

The results were subjected to statistical analysis using a computer software Statistica 

10. In order to verify that the distribution was normal, the Shapiro-Wilk test was used. The 

significance of differences was assessed using Student's t-test for normal distribution of data, 

the Mann-Whitney U test for nonparametric data and the χ2 test for qualitative data. For all 

analyses, the significance level α = 0.05 was assumed. 

Dietary assessment
The dietary intake was assessed by 3-day food records 

method. The nutrition value of diets was calculated 
using a computer software, based on data tables of 
composition and nutritive value of food products [9]. The 
values obtained were reduced by food processing and 
serving losses. The serving size of consumed food was 
estimated using the ‘Album of photographs of products 
and dishes’ [19]. The calculated sodium content in the 
diet was not adjusted for salt added to food and/or salting 
on the plate, due to the difficulties in estimating these 
quantities by patients. Energy intake by subjects was 
compared with dietary reference values, regarding sex, 
age, body weight and physical activity [7]. Percentage of 
energy from protein, total fat, saturated fatty acids (SFA), 
monounsaturated fatty acids (MUFA), polyunsaturated 
fatty acids (PUFA) and carbohydrates, as well as 
cholesterol intake by each of the subjects were compared 
individually with the recommendations for dietary 
prevention of atherosclerosis by National Cholesterol 
Education Program (NCEP) – Step 2 and Adult Treatment 
Panel III (ATP III) [13]. The intake of dietary fiber was 
compared with the recommendation of The American 
Institute of Medicine [1], following guideline values: 
15% of energy to source from protein, <30% from 
fat, <7% from SFA, ≤10% from PUFA, <20% from 
MUFA, >55% from carbohydrates, with cholesterol 
intake < 200 mg/d and dietary fiber 30-45 g/d. The 
intake of vitamins and minerals by each person was 
compared with dietary reference values: to Estimated 
Average Requirement (EAR) or Adequate Intake (AI), 
regarding age and sex [7].

Statistical analysis
The results were subjected to statistical analysis 

using a computer software Statistica 10. In order to 
verify that the distribution was normal, the Shapiro-
Wilk test was used. The significance of differences was 
assessed using Student’s t-test for normal distribution 
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of data, the Mann-Whitney U test for nonparametric 
data and the χ2 test for qualitative data. For all analyses, 
the significance level α = 0.05 was assumed.

RESULTS

The criterion for dividing the subjects into two 
groups was the fact of having received or not the 
nutrition guidelines - a significantly differentiating 
factor in the dietary intake. The nutrition guidelines 
had been provided at least six weeks before the study, 
as declared by those who had received them. In the 
group of those who had received nutrition guidelines, 
BMI was 27.6, i.e. 0.8 units lower, compared to 
those who had not received such recommendations. 
The difference between groups was not considered 
significant. In two groups, both the average age and 
the proportion of men and women, educational level, 
place of residence were very similar (Table 1).

The conducted studies (Table 2) reveal that 20% 
of subjects had not received nutrition guidelines and 
almost 39% had no recognition of the effect of nutrition 
on the development of the disease. Almost all subjects 
stated that nutrition guidelines had been received from 
physician, mainly verbally (73%). The information 
conveyed regarded mainly the food products 
recommendations and contraindications (87%).

Table 1. Characteristic of subjects who received nutrition  
               guidelines (NG) or not received (NNG)

Characteristic of 
subjects

NG
n = 102

NNG
n = 25 P 

valueMean ± standard deviation
Age (years) 62 ± 11 61 ± 11 NS
BMI (kg/m2) 27.6 ± 4.1 28.4 ± 3.2 NS

Percentage of subjects
Sex

Women 23 24 NSMen 77 76
Educational level

Primary/professional 
school 22 28

NSSecondary school/
collage education 43 40

High school 35 32
Place of residence

Country 10 8 NSTown 90 92
NS – no statistically significant (P > 0.05)

The differences in the daily intake of energy from 
protein, fat, carbohydrate, MUFA, PUFA and the daily 
fiber intake between the subjects who had received 
nutrition guidelines and those who had not received 
such recommendations were not statistically significant 
(Table 3). 

Table 2. Subjects responses on causes of disease and receiving  
              nutrition guidelines

Question %
Causes of CVD 

Improper diet 48
Smoking 41
Stress 38
Genetic factors 21
Obesity 12
Others 41

Impact of nutrition on disease progress
Yes 61
No 17
I don’t know 22

Receiving nutrition guidelines
Yes 80
No 20

Of whom received nutrition guidelines
Physician 97
Nurse 2
Dietician 1
Others 0

Nutrition guidelines form
Verbal advice 73
Leaflet 27

Nutrition guidelines contented
Recommended and no recommended products 87
Quantitative guides (g/day) 21
Information about cooking methods 51
Menus 23
Others 4

The daily diets in both groups demonstrated low 
energy intake, which did not cover the nutritional 
requirements of 95% of individuals who had received 
nutrition guidelines, and 99% of those who had not 
received such recommendations. The average BMI of 
the subjects (27.8) indicated overweight, so negative 
energy balance was actually advantageous. Percentage 
of energy from protein and fat was higher than 
recommended, approx. 24% and 20-25%, respectively, 
contribution percentage of energy from carbohydrates 
and the average intake of dietary fiber being lower 
than recommended approx. 17-21% and 37-40%, 
respectively. The recommended intake of calories from 
MUFA and PUFA was found in only small proportion 
of the respondents, especially in NNG group (Figure 1). 
Although the average percentage of energy from SFA 
and the average cholesterol intake was significantly 
higher than recommended in both groups, the patients 
who had received the nutrition guidelines demonstrated 
a significantly, 15% lower energy intake from SFA and 
21% lower average intake of cholesterol, compared to 
those who had not received such recommendations.
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Table 3. Daily dietary intake of energy and nutrients in subjects who received nutrition guidelines (NG) or not received (NNG)

Intake
NG (n = 102) NNG (n = 25)

P value
Mean ± SD Median Min-Max Mean ± SD Median Min-Max

Energy (kcal) 1604 ± 430 1527 933-2678 1708 ± 456 1624 1072-2769 NS
Protein (% of energy) 18.4 ± 3.3 17.9 11.4-32.6 18.7 ± 4.1 17.7 10.1-29.5 NS
Fats (% of energy) 36.0 ± 7.0 36.9 18.1-52.1 37.6 ± 6.7 38.6 24.2-51.5 NS
SFA (% of energy) 11.0 ± 3.0 11.3 4.4-6.3 13.0 ± 3.0 12.6 8.5-20.2 0.006
MUFA (% of energy) 14.9 ± 3.8 15.3 5.5-24.4 14.3 ± 3.3 14.4 8.5-21.0 NS
PUFA (% of energy) 6.8 ± 2.9 6.2 3.2-19.1 6.0 ± 2.2 5.4 3.5-10.7 NS
Cholesterol (mg) 238 ± 97 221 95-570 303  ±123 251 138-581 0.012
Carbohydrates (% of energy) 45.6 ± 7.5 45.6 26.3-62.2 43.7 ± 8.1 44.1 27.7-59.3 NS
Fiber (g) 18.9 ± 6.6 19.2 6.4-39.0 17.9 ± 6.6 19.6 6.4-27.1 NS
Calcium (mg) 534 ± 269 468 204-1583 442 ± 230 410 145-981 NS
Phosphorus (mg) 1346 ± 338 1286 664-2100 1178 ± 383 1194 656-2313 0.044
Potassium (mg) 3529 ± 1001 3479 1343-6063 2830 ± 861 2786 1313-4366 0.003
Sodium (mg) 2430 ± 921 2248 749-6067 1934 ± 727 1884 987-3493 0.013
Magnesium (mg) 325 ± 102 308 136-640 265 ± 99 235 133-580 0.003
Iron (mg) 10.6 ± 3.0 10.1 4.5-18.9 8.9 ± 3.2 8.2 4.8-19.4 0.005
Copper (mg) 1.2 ± 0.4 1.2 0.5-2.3 1.0 ± 0.3 0.9 0.5-1.6 0.001
Zinc (mg) 11.1 ± 3.1 10.8 4.6-20.1 9.7 ± 2.9 9.4 5.7-17.5 0.046
Vitamin A (RE, µg) 757 ± 376 700 120-1867 612 ± 259 602 199-1129 NS
Vitamin E (TE, mg) 12.5 ± 4.9 11.8 3.9-27.3 10.9 ± 4.4 9.6 4.7-19.8 NS
Vitamin C (mg) 61.1 ± 34.8 52.4 7.3-188.4 48.9 ± 35.6 42.1 6.2-168.5 NS
Vitamin B1 (mg) 1.2 ± 0.5 1.1 0.5-2.9 1.2 ± 0.4 1.1 0.5-2.4 NS
Vitamin B2 (mg) 1.4 ± 0.3 1.3 0.6-2.4 1.2 ± 0.4 1.2 0.6-2.4 NS
Niacin (NE, mg) 20.7 ± 7.2 19.8 8.6-43.7 19.0 ± 6.9 19.0 8.6-36.3 NS
Vitamin B6 (mg) 2.3 ± 0.7 2.3 0.9-4.9 2.0 ± 0.8 1.9 1.1-4.5 NS

NS – no statistically significant difference (P ≥ 0.05), SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, 
PUFA polyunsaturated fatty acids, RE – all-trans retinol equivalent, TE – RRR-α-tocopherol equivalent, NE – nicotinamide equivalent. 

 

*difference between groups (P < 0.1), **statistically significant difference between groups 
(P ≤ 0.05), SFA - saturated fatty acids, MUFA -  monounsaturated fatty acids, PUFA - 
polyunsaturated fatty acids 
 

Figure 1. Percentage of the subjects who received nutrition guidelines (NG) or not received 
(NNG) whose intake of energy, macronutrients, vitamins and minerals was consistent with 
nutrition guidelines 
 

0 20 40 60 80 100

*Vitamin B6
Niacin

*Vitamin B2
Vitamin B1
*Vitamin C

**Vitamin E
Vitamin A

Zinc
**Copper

Iron
**Magnesium

**Sodium
**Potassium
Phosphorus

Calcium
Fiber

% energy from carbohydrates
**Cholesterol

% energy from PUFA
% energy from MUFA
** % energy from SFA

% energii from fats
% energy from proteins

Energy

NNG NG

% 

*difference between groups (P < 0.1), **statistically significant difference between groups 
(P ≤ 0.05), SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty acids

Figure 1. Percentage of the subjects who received nutrition guidelines (NG) or not received (NNG) whose intake of energy,  
               macronutrients, vitamins and minerals was consistent with nutrition guidelines
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Statistically significant differences in the intake 
of minerals were also found between the groups. 
The subjects who had received nutrition guidelines 
displayed a significantly, 19-26% higher intake of 
potassium, magnesium, sodium (food products- 
derived), copper and iron, and 14% higher intake 
of phosphorus and zinc. A statistically insignificant 
average daily intake of calcium and vitamin C and 
A was found to be 21-25% higher, while riboflavin, 
niacin, vitamin B6 and E 9-17% higher among those 
who had received nutrition guidelines. It can be 
summarized that the diet of patients who had received 
nutrition guidelines was better-balanced in terms of 
nutrient content.

DISCUSSION

Due to the important role of nutrition in the secondary 
prevention of CVD, it is essential for all patients to receive 
personalized, specialized nutrition guidelines. The present 
study shows that only 80% of subjects had received such 
recommendations. The National Multicenter Health 
Survey (WOBASZ), which was conducted in 2003-2005 
using a representative sample of the Polish population 
(13545 persons, including 6392 men and 7153 women, 
aged 20-74 years), revealed a still lower percentage of 
persons subject to nutrition guidelines. It was found that in 
persons with hypercholesterolemia, nutrition guidelines 
had been provided for 20% of men and 23% of women 
with low global risk (GR) of death from CVD, and 36% 
of men and 47% of women with a high GR. Obese 
person had received nutrition guidelines more frequently 
[12]. According to study by Szponar and Krzyszycha 
[18] among 152 residents of Polish Lublin region (93 
women and 59 men), of the principles of atherosclerosis 
prevention, using an anonymous questionnaire, 50% of 
subjects had been health-educated, while only 29% had 
been informed of CVD by the physician. At the same 
time 93% of respondents acknowledged the effect of 
nutrition on the development of the disease.

The daily rations of food in both groups demonstrated 
too high percentage of energy from protein and fats, 
and too low from carbohydrates. Similar results were 
obtained by other authors in studies both of patients 
with CVD and of the healthy individuals [6, 16, 17, 
20, 21]. In those studies, the percentage of energy from 
SFA (10,5-14%) is comparable to the results obtained in 
the present study. Such percentage of energy from SFA 
exceeds the level not only recommended for persons 
with CVD (< 7%), but also for the healthy ones (<10%). 
The calories from MUFA and PUFA in food rations 
were not adequate, similar to Makarewicz-Wujec et al. 
[11] and WOBASZ II results [21]. It has been proved 
based on epidemiological and clinical study that with 
each 1% of the calorie intake from SFA is replaced with 
PUFA, risk CVD is reduced by 2-3% Astrup et al. [2]. 

It is related with the proven effect of SFA intake on 
LDL-C level in blood serum [4, 10, 14]. The reduction 
of LDL-C level in persons with the risk of, or diagnosed 
with CVD, applying a proper diet rich in long-chain n-3 
fatty acids, may lower the risk of cardiac sudden death 
[4]. Antioxidant vitamins such as vitamin A, C and E, 
and carotenoids that prevent oxidative modification 
of LDL particles are important components of the 
healthy diet for persons with the risk of CVD Oxidized 
LDL (oxLDL) plays a vital role in the development 
of atherosclerosis. Therefore, the consumption of 
antioxidants contained in fruits and vegetables protects 
against CVD [8]. The role of vitamin E in the prevention 
of heart disease is emphasized [15]. B vitamins, 
especially B6, B12 and folic acid are necessary to control 
the homocysteine metabolism, and minerals such as 
potassium, magnesium, calcium, lower arterial pressure 
and have a good effect on the functioning of heart [7, 
20]. The present study reveals that the group of subjects 
who had received nutrition guidelines featured a higher 
proportion of those with sufficient intake of vitamins 
and minerals, compared to the group of subjects who 
had not received such recommendations. Subjects who 
had not received nutrition guidelines observed similar 
to those of WOBASZ study (magnesium, vitamin B6) 
or lower average intake of vitamins and minerals (the 
biggest difference for vitamin A of 53% and C 39%). 
Subjects who had received such recommendations had 
similar average intake of vitamin B6, E and calcium, 
higher intake of magnesium (24%) and lower average 
intake of vitamin A, C and riboflavin (42%, 24% and 
12%, respectively) [20, 21]. It should be noted that the 
intake of dietary fiber of persons with CVD was too 
low, which seems disadvantageous, considering its 
contribution to the prevention of heart diseases. Similar 
results obtained Makarewicz-Wujec et al. [11] in patients 
with heart failure and Waśkiewicz et al. [21] in the adult 
Polish population. Obtained results showed that dietary 
habits of the patients with CVD isn’t differ from the 
majority of the Polish adults. Despite heart diseases, 
dietary habits didn’t meet recommendations. The studies 
by Sygnowska and Waśkiewicz [17] of the quality of 
nutrition of persons with hypercholesterolemia, based on 
diet and medication, revealed that, despite recognition 
of incorrect cholesterol concentration in the blood, only 
18% of subjects applied a diet, 13% diet and drugs, and 
61% did not take any action. Additionally, the dietary 
intake of those having declared observing the diet was 
closer to the recommended value [17]. Makarewicz-
Wujec et al. [11] confirmed that the diet of heart failure 
patients was inconsistent with ESC/EAS guidelines for 
intake of SFA and dietary fibre. In practice, persons 
with CVD should include in diet protective foods like 
fruits, vegetables, legumes, nuts and fish. CVD rates 
are clearly lower in vegetarians and consumers of the 
Mediterranean diet [5].
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Nutrition is one of the major modifiable risk factor 
for cardiovascular disease. Providing knowledge of 
cardiovascular disease (CVD) risk factors, including 
diet, is the main component of prevention programs, 
which aim decrease CVD incidence and mortality. 
Waśniowska et al. [22] point out on a need to 
differentiate intervention and prevention programs in 
dependence on educational level and sex. Their results 
indicated an inverse relation between the knowledge 
of CVD risk factors and the risk of death in men with 
secondary education or higher.

Despite the vital role of nutrition in the secondary 
prevention of CVD, not all subjects received nutrition 
guidelines and the majority do not adjust their diet 
to recommendations Although none of the subjects 
strictly complied with the recommendations, diets 
of those who had received such recommendations 
were more proper than the diets of those who had not 
received them. Particular attention should be given to 
proper balance of the diet of persons with CVD, in 
terms of energy structure of diet, cholesterol, dietary 
fiber, calcium, potassium, magnesium, iron and 
antioxidant vitamins. There is a necessity to intensify 
nutrition education and motivation of persons with 
CVD to comply with nutrition guidelines in order to 
increase the effectiveness of the secondary prevention 
of the cardiovascular diseases.

CONCLUSIONS

Despite of the key role of nutrition in the prevention 
and treatment of cardiovascular diseases not all but only 
80% of subjects had received nutrition guidelines and 
almost 40% of subjects did not recognize the nutrition 
effect on cardiovascular disease development. Patients 
who had not received nutrition guidelines characterized 
significantly lower intake of: energy from saturated fatty 
and cholesterol but higher intake of minerals. Among the 
patients who had received nutrition guidelines, percentage 
of the subjects whose intake of nutrients was consistent 
with recommendations was higher, but in neither group 
nutrition guidelines were complied with. Dietary habits of 
the patients with CVD isn’t differ from the majority of the 
Polish adults. There is a need to increase nutrition education 
and motivation in subjects with cardiovascular diseases to 
follow nutritional guidelines to increase the effectiveness 
of secondary cardiovascular disease prevention.
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ABSTRACT
Background. Polycystic ovary syndrome (PCOS) is a disorder often occurring in women at reproductive age. An important 
factor in PCOS pathogenesis is insulin resistance, which pronounces hyperandrogenism and leads to the development of 
various metabolic disorders. 
Objectives. The aim of this study is to determine the effect of reduction diet with low glycemic index (GI) on anthropometric 
parameters of women with PCOS and the assessment of the effectiveness of the diet on body mass and adipose tissue 
reduction.
Material and methods. The study was performed on 24 women with PCOS diagnosed with Rotterdam’s criteria. 
Anthropometric measurements and bioelectrical impedance were performed. All participants received 7-day diet 
and recommendations relating to the change in lifestyle. After three months of using the dietary recommendations the 
measurements were repeated. 
Results. Statistical significance was observed for body mass (↓on average by 5.93 kg±2.95), BMI (↓2.14 kg/m2±1.2), 
circumference of: waist (↓7.7 cm±5.9), hip (↓4.8 cm±5.4), arm (↓1.9 cm±3.7) and measurements of skin fold under the 
shoulder blade (↓4.8 mm±4,6), above iliac crest (↓6.76 mm±5.7) and above triceps brachii muscle (↓5.25 mm±7.4). 
Considering body composition measurements, statistically significant were differences in the measurements of BCMI 
(↑18.042±8.8), TBW expressed in percentage (↑2.729±2.75) and in litres (↑0.071±5.15), FM in percentage (↓3.291±5.6) 
and in kg (3.354 kg±4.9).
Conclusions. Body mass reduction using a rational diet with low GI is an effective method to support of PCOS treatment. 
Using reduction diet for three months together with increased physical activity enables to reduce body weight by on 
average 5.93 kg, which increases the chances to treat infertility in women. This should be the suggested type of diet in 
PCOS treatment. 

Key words: polycystic ovary syndrome, PCOS, reduction diet, fat mass, anthropometric measurements

STRESZCZENIE
Wprowadzenie. Zespół policystycznych jajników (PCOS) to zaburzenie coraz częściej pojawiające się wśród kobiet 
w wieku reprodukcyjnym. Ważnym czynnikiem w patogenezie PCOS jest insulinooporność, która nasila hiperandrogenizm 
oraz prowadzi do rozwoju zaburzeń metabolicznych, w tym zespołu metabolicznego. 
Cel. Celem badań jest ocena wpływu stosowania diety redukcyjnej o niskim indeksie glikemicznym na parametry 
antropometryczne kobiet z PCOS oraz ocena skuteczności diety na redukcję masy ciała i tkanki tłuszczowej.
Materiał i metody. Badanie przeprowadzono wśród 24 kobiet ze stwierdzonym zespołem policystycznych jajników, 
według kryteriów Rotterdamskich. Wykonano pomiary antropometryczne metodą bioimpedancji elektrycznej. Każda 
z uczestniczek badania otrzymała siedmiodniowy jadłospis oraz zalecenia odnoszące się do zmiany stylu życia. Po trzech 
miesiącach stosowania zaleceń dietetycznych pomiary powtórzono. 
Wyniki: Statystyczną istotność wykazano w zmianie masy ciała (↓średnio o 5,93 kg ±2,95), BMI (↓2,14 kg/m2± 1,2), 
obwodach: talii (↓7,7cm ± 5,9), bioder (↓4,8 cm ± 5,4), ramienia (↓1,9 cm ± 3,7) oraz pomiarach fałdów skórno-tłuszczowych 
pod łopatką (↓4,8 mm ± 4,6), nad grzebieniem kości biodrowej (↓6,76 mm ± 5,7), nad mięśniem trójgłowym ramienia 
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(↓5,25 mm ± 7,4). Z pomiarów składu ciała, statystycznie istotne okazały się różnice w pomiarach BCMI (↑18,042 ± 8,8), 
TBW w organizmie wyrażonej procentowo (↑2,729 ± 2,75) i w litrach (↑0,071 ± 5,15), odsetka FM (↓3,291 ± 5,6) oraz 
wyrażonej w kilogramach (3,354kg ± 4,9). 
Wnioski. Redukcja masy ciała przy zastosowaniu racjonalnej diety opartej na piramidzie zdrowego żywienia i niskim IG 
jest skuteczną metodą wspomagającą leczenie PCOS. Stosowanie przez okres trzech miesięcy diety redukcyjnej, połączo-
nej ze zwiększoną aktywnością fizyczną, pozwala na redukcję masy ciała średnio o 5,93 kg co zwiększa szansę powodze-
nia w leczeniu bezpłodności kobiet. Ten typ diety powinien być sugerowany w leczeniu kobiet z PCOS.

Słowa kluczowe: zespół policystycznych jajników, PCOS, dieta redukcyjna, tkanka tłuszczowa, pomiary antropometryczne

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a disorder 
often occurring in women at reproductive age. It is 
estimated that 15% of women suffer from PCOS [8]. 
An important factor in PCOS pathogenesis is the 
presence of insulin resistance, which strengthens 
hyperandrogenism and leads to metabolic disorders 
[16, 22]. Body mass reduction is widely used in the 
treatment of the most common metabolic diseases: 
type 2 diabetes, hypertension or atherosclerosis, which 
are the components of metabolic syndrome often 
occurring among women with PCOS [2]. All these 
diseases increase the risk of other diseases, especially 
at menopause [35]. Does the reduction of body mass 
give any positive effects in PCOS treatment? The 
answer to this question was provided in the studies by 
Kiddy et al. [14], in which the effectiveness in PCOS 
treatment was visible with 5% reduction of body mass. 
Similar approach was taken by Guzick et al. [11], 
who proved that the diet providing lowered energy – 
compared to the demand – improved the concentration 
of insulin, SHGB, androgens and reduced insulin 
resistance of tissues [4].

Adipose tissue is an important endocrine organ 
which is a source of adipokines. These are responsible 
for maintaining appropriate energetic state of the 
organism, affect the mechanisms of hunger and 
satiety and hormonal balance [28]. Adipokines also 
influence the metabolism of glucose and lipids, and 
thus affect the development of insulin resistance 
and hyperinsulinemia [27]. The substances secreted 
by adipose tissue cells include leptin, resistin and 
cytokines: TNF-α and Il-6 [10]. In case of obese 
women with PCOS with excessive adipose tissue, 
hyperinsulinemia has the following effects:
1) increased synthesis of androgens by ovaries, on 

which there are insulin receptors [26],
2) increased synthesis of adrenal androgens through 

elevated activity of the axis hypothalamus – 
pituitary – adrenal glands [21],

3) inhibition of SHBG (sex hormone binding 
globulin) synthesis in liver, which in turn increases 
free (active) androgen fractions [12],

4) stimulation of the activity of a protein regulating 
one of the stages of steroidogenesis – StAR [29].
All these mechanisms lead to hyperandrogenism, 

ovarian enlargement and infertility. Despite visible 
effects of dietetic interventions on the state of patients 
with polycystic ovary syndrome, so far no detailed 
criteria have been developed with respect to the 
type of diet having the most beneficial effect on the 
improvement of disrupted activity of ovaries and 
simultaneously leading to body weight reduction.

The aim of this study is to determine the effect of 
low glycaemic index (GI) reduction diet in agreement 
with the rules of rational nutrition on anthropometric 
parameters of women with PCOS and the assessment 
of the effectiveness of the diet on body mass reduction.

MATERIALS AND METHODS

Test group
The study was approved by the Ethics Committee 

of the Bioethical Commission of the Pomeranian 
Medical University in Szczecin. Diagnostic screening 
tests for PCOS were performed on 34 women aged 
from 17 to 38 in the Clinic of Gynecology and 
Urogynecology. PCOS diagnosis was made according 
to Rotterdam’s criteria, 2 out of 3 following criteria: 
rare ovulations or lack of thereof, and/or biochemical 
symptoms of hyperandrogenism, and/or image of 
polycystic ovaries in USG (Ultrasound Voluson 730, 
GE, Switzerland). After 3 months of using the diet 
3 women were excluded from the test group due to 
pregnancy and 7 women did not report for control 
examination. The final test group comprised of 24 
women with PCOS.

Anthropometric measurements 
All participants of the study were subjected 

to anthropometric bioelectrical impedance (BIA) 
measurements. The following measurements 
were taken: body mass (±0,1 kg), height (±0,5cm), 
circumference of waist (±0,5 cm), hip (±0,5 cm), arm 
of nondominant hand (±0,5cm). Skinfold thickness 
under the shoulder blade (±0,1 cm), above iliac crest 
(±0,1 cm) and above triceps brachii muscle (±0,1cm) 



411No 4 M. Szczuko, I. Malarczyk, M. Zapałowska-Chwyc

by caliper (Holtain ). BMI and WHR indexes were 
calculated from obtained results. Using BIA 101 
(Akern, Italy) the following characteristics were 
taken: phase angle – PA, fat mass – FM (kg,%), fat-
free mass – FFM (kg,%), muscle mass – MM (kg,%), 
total body water – TBW (L,%), including intracellular 
water – ICW and extracellular water – ECW, sodium 
to potassium ratio – Na:K and basal metabolic rate – 
BMR (kJ, kcal). After three months of using the diet 
the measurements were repeated. 

Dietary intervention
Each female participant received a seven-day 

menu with the recommendations regarding the change 
of lifestyle [33]. The menu was individually adjusted 
to each patient’s requirements and the caloricity of 
the diet was reduced by 600 kcal. The diet consisted 
of 5 meals per day. All products were given in grams 
and/or cooking weights and measures. Food products 
recommended in the diets were the sources of all 
macronutrients, in accordance with the food pyramid 
recommended by the National Food and Nutrition 
Institute in Warsaw. Each meal was composed based 
on the sources of carbohydrates, protein and fats. 
The products used as the sources of carbohydrates (5 
portions per day) were: oatmeal, wholegrain rye bread 
or graham bread, brown rice, groats (wheat, millet 
and buckwheat), sporadically potatoes and wholemeal 
pasta with lowered glycemic indexes.

As the source of protein in the recommended 
diet (on average 1 portion of meat and 2 portions of 
dairy products per day) were: eggs, lean meat without 
skin (turkey, chicken), fish (sole, salmon, tuna), semi 
skimmed milk (2% of fat) and dairy products (quark, 
natural yoghurt and buttermilk with 2% of fat), nuts 
and seeds (almonds, pumpkin seeds and sunflower 
seeds) and legumes (soy, red lentils, beans and peas). 
The diet also included low GI fruits and vegetables in 
every meal to supplement the diet with vitamins and 
minerals. 

As the sources of fat (2 portions per day, on 
average) the following products were used in the diet: 
raw cold oils (rapeseed oil, olive oil), oily fruits, such 
as avocado. The sources of fat were also nuts, fish, meat 
and dairy products. Cod liver oil was recommended 
from October to April.

The patients were recommended to use 
braising, roasting, cooking in water and steaming 
as heat treatment techniques to prepare their food. 
Additionally, each patient was instructed to drink 
approximately 2 litres of fluids during the day. The 
recommended drinks included iodized water and 
herbal infusions. The average ratio of energy was up 
to 20% from protein, up to 30% from fat and ca. 50% 
from carbohydrates. The average content of nutrients, 

cholesterol and dietary fibre for 1600 and 1800 kcal 
diets and the structure of macronutrients are presented 
in Table 1. The diet was supplemented by seeds rich in 
calcium, such as sesame seeds and poppy seeds. 

All female participants of the study were 
characterized by lowered physical activity – at the level 
of PAL 1.3 – 1.4. Due to that one of the requirements 
given with the menus was to increase physical activity 
to minimum 3 hours a week. Control visits in the 
dietary office were carried out once a month.

Statistical analysis
Statistica 12.0 (Statsoft, Tulsa, Oklahoma, USA) 

was used for statistical analyses. The results are 
expressed as the mean ± standard deviation. As the 
distribution in most cases deviated from normal 
(Shapiro-Wilk test), the non-parametric Mann-Whitney 
test was used for comparisons between two groups, 
and p<0.05 was considered as statistically significant.

RESULTS

Before the dietary intervention, the ratio of women 
with appropriate body weight was 21%, 37% were 
overweight, 29% women were with first degree of 
obesity, 4% with second degree of obesity and 8% - 
with third degree of obesity (Figure 1). After three 
months, the results were as follows: 42% of women 
had appropriate body weight, 25% were overweight, 
21% were with first degree of obesity and the ratio 
of women with second and third degree of obesity 
remained unchanged (Figure 1). Visceral obesity 
(WHR) before dietary intervention was observed in 
84% of women. After three months WHR >0,8 was 
observed only in 67% of patients. 

Statistical significance at the level of p≤0.05 was 
shown for body mass (BM) (↓on average by 5.93 kg 
±2.95), BMI (↓2.14 kg/m2±1.2), circumference of: 
waist (↓7.7 cm±5.9), hip (↓4.8 cm ±5.4), arm (↓1.9 
cm±3.7) and for measurements of skin fold under the 
shoulder blade (↓4.8 mm±4.6), above iliac crest (↓6.76 
mm±5.7) and above triceps brachii muscle (↓5.25 
mm±7.4) (Table 2). Statistically significant reduction 
in body composition parameters measured using 
BIA related to: BCMI (↑18.042±8.8), TBW expressed 
in percentage (↑2.729±2.75) and in litres (↑0.071 
L±5.15), FM in percentage (↓3.291±5.6) and in kg 
(3.354 kg±4.9), Figure 2. Other changes in measured 
parameters were not statistically significant (Table 3).

Improvement has been noticed in almost all 
biochemical parameters. However, statistically 
significant changes were observed only in the reduction 
of lipid fractions: triglycerides by ca. 30 units, LDL by 
ca. 25 units and total cholesterol by ca. 20 units (Table 
4).
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Table 1. Average content of nutrients in 1600 and 1800 kcal diets

Component Average 1600 
kcal SD Average 1800 

kcal SD

Energy [kJ] 6930.79 437.18 7882.02 445.43
Energy [kcal] 1634.98 105.57 1822.16 107.53
Water [g] 1227.30 144.28 1321.30 151.28
Total protein [g] 84.61 10.99 93.52 12.41
Animal protein [g] 47.12 13.40 51.58 15.17
Plant protein [g] 34.85 8.64 39.30 9.36
Total fat [g] 54.05 8.54 62.64 9.43
Total fatty acids: saturated [g] 14.57 2.86 18.07 4.63
Total fatty acids: monounsaturated [g] 23.47 5.21 26.28 4.30
Total fatty acids: polyunsaturated [g] 11.64 2.46 13.41 2.96
Cholesterol [g] 154.69 59.72 178.51 68.71
Total carbohydrates [g] 238.84 22.91 271.38 22.09
Absorbable carbohydrates [g] 205.35 20.55 233.70 20.62
Ash [g] 15.41 0.46 17.26 0.65
Sodium [mg] 1402.94 375.14 1691.99 491.74
Potassium [mg] 4055.60 680.11 4421.33 649.54
Calcium [mg] 966.80 278.25 1032.31 279.11
Phosphorus [mg] 1728.82 167.04 1910.24 194.73
Magnesium [mg] 482.17 18.75 533.72 26.36
Iron [mg] 13.10 1.92 14.55 1.89
Zinc [mg] 12.19 0.86 13.70 1.08
Copper [mg] 1.66 0.27 1.84 0.25
Manganese [mg] 7.20 1.29 8.08 1.52
Vitamin A (retinol eq.) 1725.46 765.24 1766.58 760.49
Retinol 187.17 60.07 220.02 64.56
Beta-carotene 9230.57 4348.32 9280.41 4331.15
Vitamin E (alfa-tocopherol eq.) 16.00 3.56 17.05 3.28
Thiamine [mg] 1.65 0.24 1.81 0.22
Riboflavin [mg] 2.00 0.21 2.15 0.24
Niacin [mg] 21.31 2.38 24.04 1.83
Vitamin B6 2.66 0.60 2.89 0.58
Vitamin C [mg] 302.12 100.19 320.84 102.24
Cholesterol [g] 154.69 59.72 178.51 68.71
Sucrose [g] 17.14 5.34 20.73 6.29
Lactose [g] 17.19 9.48 18.31 8.76
Starch [g] 109.96 29.51 128.96 35.95
Dietary fibre [g] 33.49 5.41 37.68 4.88
Folacin/folic acid [μg] 557.26 122.99 593.52 117.26
Vitamin B12 [μg] 3.83 1.55 4.07 1.46
Vitamin D [μg] 3.47 3.77 3.52 3.76
Iodine [μg] 57.20 13.52 59.17 11.91
Energy % from protein [%] 20.77 2.73 20.16 2.79
Energy % from fat [%] 28.76 3.44 29.32 3.19
Energy % from carbohydrates [%] 50.47 4.63 50.52 4.38

Improvement in anthropometric parameters after rational dietary intervention in women with PCOS
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Table 2. Descriptive statistics of anthropometric parameters before and after dietary intervention 

Parameter Before intervention
  ± SD

After intervention
 ± SD Z p

Body mass [kg] 83.75 ± 15.4 77.82 ± 15.3 4.23 0.000*
BMI [kg/m2] 30.13 ± 6.60 28.09 ± 6.33 4.23 0.000*
WHR 0.93 ± 0.071 0.90 ± 0.10 2.51 0.012*
Waist circumference [cm] 102.52 ± 14.51 94.79 ± 16.01 3.94 0.000*
Hip circumference [cm] 109.79 ± 9.36 104.96 ± 9.14 3.59 0.000*
Arm circumference [cm] 31.98 ± 5.65 30.09 ± 4.70 3.11 0.002*

Skinfold below shoulder blade [mm] 28.18 ± 8.41 23.37 ± 7.04 3.59 0.000*

Skinfold above iliac crest [mm] 31.02 ± 7.14 24.26 ± 8.07 3.81 0.000*

Skinfold above triceps brachii muscle [mm] 25.75 ± 7.79 20.50 ± 7.53 2.92 0.004*
*statistically significant with p<0.05

Table 3. Descriptive statistics of results of bioelectrical impedance before and after dietary intervention 

Parameter Before intervention
 ± SD

After intervention
 ± SD Z p

Phase angle 7.03 ± 5.75 6.05 ±1.49 0.02 0.988
FM [%]
FM [kg]

39.14 ± 8.64
33.03 ± 11.45

35.85 ± 6.25
29.68 ± 10.87

3.14
3.51

0.002*
0.000*

MM [%]
MM [kg]

44.48 ± 13.12
35.50 ± 7.51

44.60 ± 8.81
34.37 ± 7.03

0.54
0.67

0.587
0.502

TBW [%]
TBW [L]

44.24 ± 4.91
36.12 ± 5.80

46.97 ± 4.57
36.19 ± 4.27

3.96
1.95

0.000*
0.052**

ICW [%]
ICW [L]

53.24 ± 5.0
21.22 ± 7.50

53.70 ± 6.41
19.43 ± 3.26

0.27
1.49

0.786
0.137

ECW [%]
ECW [L]

45.27 ± 7.97
16.68 ± 3.34

46.28 ± 6.39
16.76 ± 2.93

0.41
0.68

0.679
0.494

Na : P 0.97 ± 0.16 0.94 ± 0.17 0.97 0.331
PPM [kcal] 1514.4 ±149.3 1513.0 ±134.0 0.09 0.932
BCMI 9.60 ± 2.24 27.64 ± 8.79 4.29 0.000*
BCM [%]
BCM [kg]

51.58 ± 7.36
26.70 ± 7.03

53.40 ± 7.36
27.64 ± 8.79

0.79
0.41

0.432
0.679

*statistically significant with p<0.05; ** statistically significant with p<0.1

Table 4. The biochemical data of patients with PCOS before and after dietary intervention 
Parameter PCOS before dietary 

intervention
PCOS after dietary intervention P value

Glucose [mg/dl] 92.95 ± 10.03 89.59 ± 6.68 NS
Insulin [uU/ml] 13.98 ± 10.76 10.65 ± 4.04 NS
Cholesterol [mg/dl] 179.43 ± 29.51 159.79 ± 27.21 0.019
LDL [mg/dl] 114.98 ± 32.93 89.62 ± 28.34 0.007
TG [mg/dl] 107.92 ± 51.87 77.62 ± 32.2 0.014
HDL [mg/dl] 54.44 ± 17.31 58.94 ± 17.23 NS
Androstendion [ng/m] 4.03 ± 1.56 4.24 ± 1.56 NS
Testosteron [ng/m] 0.69 ± 0.18 0.52 ± 0.14 NS

DISCUSSION

Even though obesity is not regarded as the cause in 
the development of polycystic ovary syndrome [37], it 
was observed, similarly as in this study, that reduction 
in body weight brings many benefits and is the best 

method of treatment for women with PCOS [1]. Body 
mass reduction is so beneficial that it is even achieved 
in patients through bariatric surgeries. It contributes 
to improvement in parameters indicative of metabolic 
disorder and affects the regulation of menstrual cycles. 
However, in case of bariatric procedure the patient is not 
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taught new rational eating habits and healthy lifestyle, 
and her self-assessment decreases despite body mass 
reduction [5]. Therefore, the best method of weight 
reduction is appropriate diet and increased physical 
activity. Many surveys consider insulin resistance and 
the effect of steroid hormones on metabolism [13, 14]. 
It was also stressed that the occurrence of polycystic 
ovaries is genetically dependent [38]. Even though no 
specific genes predisposing for PCOS were found, 
many studies concentrate on genes engaged in the 
development of inflammatory reaction taking part in 
biosynthesis and function of insulin and development 
of insulin resistance. Among the genes involved in 
biosynthesis, transport and function of androgens 
(CYP 11, CYP 17, StAR, HSD17B1-3, HSD17B1-2) 

[35], most attention is put to gene CYP17 encoding 
for one of the enzymes from cytochrome P450 family, 
responsible for the conversion of C21-steroids to 
androgens [19]. The concentration of steroid hormones 
in plasma positively correlates with BMI. Especially 
testosterone, after reaching target tissues, undergoes 
transformation (by 5α-reductase) to stronger androgen 
- 5α-dihydrotestosterone (DHT). The activity of 
5α-reductase enzyme is much higher in women with 
PCOS than in the control group of healthy women 

[1]. Based on these data it can be assumed that body 
mass reduction, occurring along with the reduction of 
adipose tissue, can reduce the number of target cells in 
which testosterone is converted into active forms, and 
thus can alleviate potential clinical symptoms.

In this work, we presented the study based on 
three-month change of lifestyle, which included 
increased physical activity (min 3 hours a week) and 
adhering to recommendation of low calorie diet. The 
diet was composed following the rules of rational 
nutrition. Recommended menus were in majority 
composed of carbohydrate products providing 50% 
of energy. Protein supplied 20% of energy and fats – 
almost 30%. There are numerous studies which show 
the reduction of body weight and other anthropometric 
parameters after dietary intervention in women with 
PCOS [9, 14, 16, 20, 34]. However, in other studies 
other variants of diets were used (high protein diet, 
diets rich in fat and caloric restrictions even below 
BMR) with various intensity of physical activity. Our 
diet contains a proper proportion of nutrients without 
modulating their percentage composition. 

Lower caloric load of the diet and increased 
physical activity lead to reduction in insulin resistance 
of the tissues, which lowered the level of insulin and 
increased the use of energy by the tissues, which in 
turn contributed to body mass reduction [14, 18]. 
Low-calorie diet, low in fat, with reduced content of 
saturated fatty acids and low glycaemic index (GI) 
carbohydrates was used by Marsh et al. Group of 
patients adhering to the above mentioned requirements 

was compared to the control group using the same type 
of diet – of lowered caloricity compared to energy 
demand, but different in glycaemic index of used 
carbohydrates. As a result, it was observed that low 
GI diet has more beneficial effect on the regulation of 
menstrual cycle (improvement in 95% of examined 
women) that higher GI diet (improvement in 63% of 
examined)[18].

Despite the attempts to compare the effectiveness 
of high protein to low protein diets, no statistical 
differences were observed in body mass reduction, 
total content of fat, fat free body mass and the amount 
of visceral fat [20]. Caloric restrictions and increased 
energy expenditure through increased physical activity 
were used in randomized study aimed to eliminate the 
resistance to synthetic form of oestrogen (clomiphene 
citrate) in obese women with PCOS [25]. The aim 
was reached together with reduced body weight, waist 
circumference, BMI and WHR. The effect of diet rich 
in polyunsaturated fats was also observed [12]. To 
establish its effectiveness, the women participating in 
the study were given lower calorie diet with standard 
fat contents but with increased ratio of polyunsaturated 
fatty acids (PUFA). The study lasted three months 
after which the reduction in body weight and BMI 
were observed, but without significant changes in 
body composition and, which is less satisfying, in 
waist circumference. Increased consumption of PUFA, 
coming from walnuts, by women with PCOS affected 
glucose homeostasis, serum lipids concentration and 
hormonal regulation [13]. The dietary intervention 
results in reduced waist circumference and decrease 
WHR ratio. 

In another study, the women with PCOS were 
divided into 3 groups. In the first group, body weight 
reduction was supposed to be achieved by low-calorie 
diet (DO group); in the second group, only the physical 
activity was introduced (DA group); in the third group, 
physical activity was combined with low-calorie diet 
(DC group). The results showed body mass reduction 
in all groups without significant differences between 
them. In DA and DC groups, the content of adipose 
tissue and fat free mass were reduced in comparison to 
DO group. Other analysed parameters were reduced in 
all the groups without significant differences [34]. DC 
group should revel better results, however the positive 
effects can be covert by muscle mass increased in the 
high physical activity groups. Other studies aimed to 
compare the benefits of low-calorie high protein diet 
(50% of energy from protein) and low-calorie-high 
carbohydrate diet. During this study a significant 
body mass reduction was observed in both groups (in 
group using high protein diet and in group using diet 
high in carbohydrates). Except that, no observable 
biometrical or hormonal differences between the 
groups were noted. However, it was observed that 
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among women using low-calorie high protein diet, 
waist circumference reduced more notably than in the 
group using diet rich in carbohydrates. On the other 
hand, the problem of hirsutism decreased in women on 
high carbohydrate diet [30]. Finally, those studies did 
not bring conclusive results, which would be helpful 
in determining the ratio of macronutrients in dietary 
treatment of PCOS. 

Satisfactory reduction of body mass, achieved in 
a short period of time, leads to increased interest in diets 
with high fat (50-60% of energy) and protein content 
(20-30%) and with lowered level of carbohydrates (3-
10% of energy) [15]. However, one should consider 
the means in which such results are achieved. High 
consumption of protein and fat with lower intake of 
carbohydrates results in changes in carbohydrate 
metabolism [7], which leads to limited use of glucose 
as energy source for muscles (biosynthesis of glucose 
transporter GLUT4 is inhibited). Stores of muscle 
glycogen are diminished and water content in the 
organism decreases [38]. Diets high in fat and low in 
carbohydrates are ketogenic and are characterized by 
high levels of ketone bodies in blood, produced during 
the metabolism of fatty acids as the source of energy. 
Ketone bodies, being the major source of energy 
for the central nervous system, reduce hunger and 
decrease the concentration of insulin [15,31]. People 
adhering to the recommendation of such diets, without 
supplementing appropriate amount of vegetables 
and fruits, intake too little dietary fibre, vitamins and 
minerals. High consumption of fats and proteins leads 
to reduced pH, contributes to positive nitrogen balance 
and to the increase in production of ammonia and urea, 
which overloads liver and kidneys [5,32]. Additionally, 
high level of phosphates supplied with high protein 
diets increased the risk of kidney stone disease. 
Ketogenic diets are usually abundant in products being 
the source of animal fats, which are more susceptible 
to the activity of reactive forms of oxygen. Moreover, 
such diets often do not supply proper amounts of 
antioxidants. Deficiencies in antioxidative enzymes 
are intensified when protein – also used as an energy 
substrate – is consumed in insufficient amounts [23]. 
By these means ketogenic diets affect free radical 
reactions, which can contribute to the damage of inner 
surface of artery walls. Next, an atherosclerotic plaque 
is formed due to the agglomeration of cholesterol, 
platelets and immune system cells in the damaged site 
and through the activation of inflammatory processes 
and the formation of foam cells by macrophages [3]. 
Diets high in fat were considered as harmful in 1999 
by the Therapy and Drug Scientific Committee of 
Polish Academy of Sciences [24]. High protein diet 
(>30% of energy from protein) also increases the risk 
of cardiovascular diseases, liver and kidneys diseases 
and osteoporosis [9]. With higher supply of protein 

and reduced intake of carbohydrates a higher protein 
metabolism is observed, which leads to increased 
thermogenesis. In case of women with PCOS we should 
take into consideration the risk of occurrence of several 
diseases (acne, androgenic alopecia, obesity, type II 
diabetes, fertility disorders, depression, lipid profile 
disorders, glucose metabolism disorders, metabolic 
syndrome, cardiovascular diseases, breast and 
endometrium cancers) and dietary recommendations 
should be as close to rational nutrition as possible, 
based on current food pyramid of the National Food 
and Nutrition Institute in Warsaw, Poland.

All examples of diets, given in discussed 
publications, seem to be useful in PCOS treatment, 
with respect to the composition of macronutrients. 
Most of them have low caloricity in common but not 
the content of nutrients (proteins, fat, carbohydrates). 
Using caloric restriction only, without the change 
in macronutrients ratio, gives visible and sufficient 
result in terms of changes in body composition and 
anthropometric parameters. Taking into consideration 
the importance of energetic restriction of a diet, if 
there are no differences with respect to prevailing 
nutrient, it should be stated that the most appropriate 
solution is the rational nutrition leading to loss 
of body weight prolonged in time. Additionally, 
it results in the acquisition of appropriate eating 
habits. It should be stressed that polycystic ovary 
syndrome is related to higher risk of other health 
problems. Starting from cardiovascular diseases, an 
organism of women with PCOS is more susceptible 
to developing insulin resistance, which leads to more 
rapid occurrence of disorders linked to cardiovascular 
diseases development. For such reason, it is worth 
considering whether recommending unconventional 
diets to women, who besides suffering from PCOS 
are also susceptible to metabolic syndrome and related 
complications, is appropriate. In our opinion, which 
we tried to show in this study, such approach could be 
an additional burden for already disturbed metabolism 
in these women. 

Reduction diet, even though based on low glycemic 
index, did not significantly reduce the parameters 
of carbohydrates metabolism (glucose and insulin 
measured in fasting state). Moreover, it did not lead to 
significant increase of HDL level, which shows that not 
all dietary recommendations were used. Because the 
concentration of LDL and TG dramatically decreased, 
we think that the patients reduced the consumption 
of animal products and simple sugars, consumed 
recommended vegetable oils, but did not increased 
their physical activity, despite previous claims. It is 
known that physical activity contributes to the increase 
of HDL and the improvement of insulin resistance 
[17]. The lack of significant changes in androgens 
hormonal profile is, according to us, caused by its high 
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stability, in comparison to the lipid profile. Therefore, 
diet treatment of women with PCOS should last 
longer than three months. No significant differences 
in hormonal parameters were also observed by other 
researchers using high protein diet for one month [30]. 
However, after three months and the diet substituted 
with PUFA Kasim-Karakas et al. [13] observed the 
reduction in androgens. Recommend reduction diet, 
among women with PCOS and normal body fat (less 
than 25%) seems pointless.

CONCLUSIONS

1. The vast majority of women with PCOS have 
increased body weight and too much body fat. 
Most of the participants are exposed to metabolic 
syndrome.

2. Weight reduction using a rational low GI diet is 
a very effective way of supporting PCOS treatment.

3. A weight reduction diet combined with physical 
activity over a period of three months allows for 
a weight reduction of 5.93 kg on average.

4. After a period of three months most PCOS patients 
return to normal weight, the rest of the women 
require a longer period of dietary treatment.
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