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Abstract

Introduction. Some literature data indicate that the proper intake of exogenic antioxidants from food and the proper
intake of fats can offer significant protection against coronary heart disease.
Objectives. The estimation of total antioxidant capacity of food intake on the basis of Dietary Antioxidant Index (DAI), together
with an assessment of the contribution of particular food products in DAI, and the evaluation of consumption of all dietary
fats and frequency of consumption of products that are a source of fats among elderly people in Krakow, Poland.
Materials and method. 143 persons (73 women and 70 men) aged 65–80 were studied. None of them was under specialist
medical control, including cardiological control. DAI was investigated on the basis of the Food Frequency Questionnaire
(FFQ) which included 145 food items. DAI was measured using the method by Benzi and expressed as FRAP (the ability
to reduce Fe3+ to Fe2+, measured in mMol/l). The daily intake of fats was estimated using the 24-h nutritional recall. The
frequency of fats consumption was estimated with the usage of FFQ. For statistical analysis, χ2 test was used.
Results The mean value of DAI of all studied persons was 34.27 + 11.72 mMol/l. The largest percentage of those studied had
FRAP values in the range 25–35 mMol/l. The highest contribution in the total DAI value was found in fruit (36.2%), grains and
cereal-based products (23.6%), and beverages (24.0%). The consumption of vegetables was on the fourth position (7.1%).
The contribution of the remaining food products was low. The consumption of total fats (about 70g/24h) and saturated fatty
acids (14% of energetic value) exceeded the recommendations. The participation of mono-and polyunsaturated fatty acids
in the diets was not in accordance with recommendations. The most frequently consumed fats were animal fats (sausages,
butter) and cakes, but the consumption of vegetable oils, fish, nuts and seeds of oil plants was too low.
Conclusions. The majority of elderly people made mistakes in their nutrition. The enrichment in natural antioxidants of the
diets of elderly people and the normalization of their fats consumption should become an important element of primary
and secondary prophylaxis of cardiovascular diseases.
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INTRODUCTION
Coronary heart disease (CHD) remains the leading cause of
mortality in developed countries and is rapidly becoming a
dominant cause of all deaths worldwide [1, 2]. Multi-centre
All-Polish Examinations of the WOBASZ II (14,769 persons
aged 20–74; average period of observation – 8.2 year) and
WOBASZ Senior (1,096 persons aged above 74; average period
of observation – about 5 years) showed that the mortality
associated with CHD was the most frequent cause of all
deaths (within 1,436 of all persons who died; cardiological
reasons were stated in 568 persons: 38% among men and
31% among women) [2]. The most important modifiable risk
factor for cardiovascular disease is diet [1, 3], as confirmed in
the WOBASZ [4] and INTERHEART studies [5]. Within the
WOBASZ study, dietary habits were assessed in 5,690 subjects
(2,554 men and 3,136 women). A significant percentage of
Poles had improper dietary habits and their diet was not well
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balanced. The intake of fats, saturated and polyunsaturated
fatty acids, dietary cholesterol and fibre was incompatible
with recommended doses among the majority of adult Polish
citizens. A half of the studied people consumed an insufficient
amount of fruits and vegetables. Moreover, the consumption
of vitamins (A, C, E, B1, B2, B6, B12, and especially folate) and
mineral elements important in prevention of hypertension
(magnesium, calcium and potassium) also was insufficient.
The quality of dietary habits of the majority Polish adults falls
far short of the recommendations relevant for the prevention
of CVD [4].
A standardized case-control study of acute myocardial
infarction in 52 countries (INTERHEART study), representing
every inhabited continent (including 15,152 cases and 14,820
controls), established that smoking, hypertension, diabetes,
abdominal obesity, psychosocial factors, and especially an
abnormal lipid level and low consumption of fruits and
vegetables, together with low physical activity, accounted for
most of the myocardial infarction risks worldwide in both
genders and in all regions, regardless of age [5]. It was shown
in another study that the main factors which may prevent the
majority of cardiovascular disease in Western populations
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are diets, together with regular physical activity, avoidance
of smoking and maintenance of a proper body weight. A diet
which includes non-hydrogenated unsaturated fats as the
predominant form of dietary fat, whole grains as the main
form of carbohydrates, an abundance of fruits and vegetables
and adequate omega-3 fatty acids, can offer significant
protection against CHD [1]. A diet rich in antioxidants is
recognized as being directly associated with cardiovascular
protection [6]. Antioxidants are a broad group of nutritional
elements which constitute the first line of defence against
damage caused by free radicals. Antioxidant compounds
are present in vegetables, fruit, and many natural beverages,
like tea; therefore, proper balanced diets are naturally rich in
antioxidants [7]. Antioxidants scavenge free radicals, reactive
oxygen species (ROS) and reactive nitrogen species from cells,
preventing or reducing the damage caused by oxidation of the
particular body tissues, including heart tissue [6]. Oxidative
stress is responsible for myocardial failure progression on the
cellular level [8–12]. It has been proved that mitochondria are
an important source of reactive oxygen forms. The negative
influence of oxidative stress has a direct and an indirect
character, not only through degeneration or activation of cell
apoptosis, but free radicals may also influence intracellular
reactions through signaling pathways, causing changes in
proteins’ function. The ROS deregulates the innervationcontraction sequence, causing arrhythmia through the
influence on proteins of ion channels. They also take part in
myocardium remodeling, caused by activation of mentioned
signal tracts, that induce outgrowth, apoptosis, necrosis
and fibrosis of that cells. Patients with myocardial failure
are predisposed to high risk of dysfunction of endothelium
because of ROS cummulation and lack of NO (free radicals
react easily with NO and then modify its concentration).
The endothelium dysfunction increases the mortality of
cardiological patients. Assessment of the different aspects
of endothelial dysfunction in cardiovascular medicine in
general and in heart failure (HF) should be connected with
a wide spectrum of studies, including not only vasomotor,
haemostatic and inflammatory [8–12] aspects, but also
the measurement of antioxidant activity [6], because the
integrated antioxidant defence system plays the main role in
the defence against ROS and oxidative stress. In nutritional
epidemiology, the intake of antioxidants from food is usually
evaluated by the Dietary Antioxidant Index (DAI) [13].
OBJECTIVES
The primary aim of the study was to estimate diets
antioxidant capacity (measured as DAI values) and assess
the hierarchy of contribution of particular food products in
DAI. A secondary aim was to examine the consumption of all
dietary fats: saturated, mono- saturated and polyunsaturated,
and cholesterol, as well as the frequency of consumption of
products which are a source of fats in the diet of people over
the age of 65, without confirmed cardiovascular diseases.
MATERIALS AND METHOD
Participants. The study included 143 persons (73 women
and 70 men) aged 65–80 who were independent and without
any physical or mental disability, free-living in own flats in

Krakow and its suburbs. The common feature of these persons
was daily participation in social and physical exercises (4
hours daily, on average) organized by Senior Clubs and City
Cultural Centres. The diseases typical for older age were
stated in medical interviews, but none of the participants
was under specialist medical control, including cardiological
control. The studied people did not suffer from any diseases
influencing nutritional status. All studied persons gave a
written consent to participle in the study. They provided data
through questionnaires. The study protocol was approved
by the Bioethical Committee of the Medical College of the
Jagiellonian University in Kraków (No. KBET/54/B/2014).
Dietary Antioxidant Index (DAI) assessment. Assessed
on the basis of the food frequency questionnaire (FFQ),
prepared on the basis of American Dietetic Association
recommendations [13]. In the FFQ, 145 food items were
classified into 9 groups: fruits and dried fruits, vegetables,
herbs and spices, grains and cereal-based products, fish
and seafood, mixed dishes; oil and dips, sweets, beverages.
It was stated in the questionnaire that every nutritional
position represents all forms of a particular food (fresh,
frozen, cooked or packed in cans), e.g. ‘apples’ meant fresh
fruit, apple juice, compote and apple pie. The participants
reported how often they had eaten each food in the previous
month. In order to calculate thre DAI for each participant,
previously published databases from the USA and Italy
containing the most commonly consumed foods were used.
The value of a medium portion (100g of a product, volume of
a glass, the content of a soup spoon, or the amount of product
necessary to spread over 2 pieces of bread), was written in
the questionnaire for every nutritional product. Medium
serving size was shown as a reference. A half of a medium
portion was treated as a small portion, whereas one and a half
of a medium portion or more was classified as a big portion.
The total antioxidant capacity of food intake was measured
using the method by Benzi IF [14]. This method exploits the
ability of the sample to reduce ferric ions to ferrous ions
(FRAP) which are bound in the coloured complex with
trpiridyl-S-triazine. FRAP value (measured in mMol/l) was
written in the questionnaire for a medium portion. The small
portion obtained a half, and a big portion obtained one and
a half of the FRAP value. FRAP values specific for the size
of portion were multiplied by the amount of portions, and
divided for 30 days. The outcome was treated as the size of
FRAP value of daily nutritional ration. The sum of FRAP
value/day for all nutritional products was treated as the
Dietary Antioxidant Index (DAI).
Dietary fat intake assessment – 24-hour dietary recall.
Carried out 3 times for each participant (2 working days
and one feast day). To secure the best reliability of the
nutritional assessment, the 24-hour-dietary recall interviews
were conducted face-to-face. During the interview, photos
of products included in the ‘Album of photos of portions of
Products and Meals’ by the Institute of Food and Nutrition
[15] were presented to respondents. The data gathered from
the interviews underwent qualitative and quantitative
analysis that included percentage participation of energy
coming from total fats, fatty acids with the division to
saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA) and cholesterol.
The calculations were performed using software for
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24-hours nutritional recall analysis – Diet-Pro. The results
calculated individually for each person were compared with
nutritional norms recommended.by the Institute of Food
and Nutrition in Warsaw [16], recommendations of Polish
Forum of the Prophylactics of Cardiovascular Diseases [17],
Healthy Diet according to Polish Cardiology 2012 [18], and
recommendations of the European Food Safety Authority
(EFSA) [19].
Assessment of frequency of fat consumption. Fat
consumption quality was estimated with the use of the
Questionnaire of Food Products Frequency Intake (FFQ). The
FFQ questionnaire included 20 nutritional products treated
as a main source of fats. The frequency of consumption
during the previous month was estimated on the basis of
7 categories (ranges), such as: not eaten at all, eaten once a
month, 2–3 times a month, once a week, 3 times a week, 4–6
times a week, eaten every day.
Statistical analysis. All analyses were carried out using the
statistical package ‘Statistics for Windows’ (Statsoft, Poland,
version 10.0). Non-parametric Mann-Whitney U test was
used to ascertain statistical differences between arithmetic
means of nutritional parameters in the female and male
groups. Statistical significance of percentage share of the
men’s and women’s responses for each question was analysed
using χ2 test. The differences were considered to be significant
for p<0.05.

Figure 2. Percentage contribution in FRAP values (mMol/l) of particular groups of
food products in daily diet of all studied women (n=73) and all studied men (n=70)
*p< 0.05

Table 1. Contribution of particular groups of food products in Total
Dietary Antioxidant Index (DAI) in all studied people
Groups of food products

Mean Median

Min

Max

SD

%DAI

Fruits and dried fruits

12.39

9.56

2.21

32.34

4.43

36.15

Vegetables

2.44

2.23

0.47

6.19

1.22

7.12

Herbs and spices

0.44

0.18

0

6.62

0.83

1.28

Grains and cereal–based
products (pastas, rice, nuts)

8.09

7.16

1.5

27.12

4.62

23.61

Fish and seafood

0.91

0.99

0.28

2.01

0.34

2.65

Mixed dishes

0.52

0.48

0

1.23

0.29

1.52

Oils and dips

0.17

0.14

0.02

0.63

0.10

0.50

RESULTS

Sweets (chocolate, honey, jam)

1.09

0.79

0.08

7.18

1,02

3.18

Beverages

8.22

7.07

0.92

27.65

4.74

23.99

The mean value of Dietary Antioxidant Index (DAI),
expressed as the value of total antioxidant capacity (mMol/l),
measured as the ability to reduce ferric ions to ferrous ions
(FRAP) of all examined persons was 34.27 + 11.72 mMol/l.
The largest percentage of studied people had FRAP values
in the range 25–35 mMol/l (Fig. 1).

FRAP value (mMol/l) of daily
nutritional ration

34.27

31.39

17.48 71.66 11.72 100%

Beverages were consumed more frequently by men than
woman (p<0.05). Unfortunately, in both examined groups,
the vegetables were eaten too rarely (only 7.49% of women
and 6.63% of men in total DAI values). The contribution
of the remaining food products (fresh herbs and spices,
fish and seafood, fats and oils, mixed dishes and sweets)
was low.
The consumption of total fat, fatty acids and cholesterol
contained in the Daily Nutritional Ration (DNR) of the
studied men and women is presented in Table 2, and the
percentage share of fat and particular types of fatty acids in
the energetic value of DNR is presented in Table 3.
Table 2. Intake of fat, fatty acids and cholesterol in DNR by elderly people

Figure 1. Frequency distributions of FRAP values obtained from studied people
(n=143)

The mean FRAP values of particular groups of food
products and their proportional contribution in DAI values
in all studied people are presented in Table 1, and in female
and male subgroups in Figure 2.
Both in the female and male groups, fruits had the biggest
contribution in Total Dietary Antioxidant Index. They were
eaten more frequently by women than men (p<0.05). Grains
and cereal-based products were in the second position
(there were no statistically significant differences in DAI
values between results obtained for men and women).

Ingredient

Men

Women

P

X

SD

X

SD

Total fat [g]

70.28

7.86

70.57

8.61

Ns
(0,837)

Saturated fatty acids [g]

22.68

3.68

22.15

3.77

ns
(0,417)

Monounsaturated fatty acids [g]

20.68

3.27

20.35

3.26

ns
(0,564)

Polyunsaturated fatty acids [g]

6.02

1.73

6.05

1.73

ns
(0,933)

Cholesterol [mg]

230

48

226

48

ns
(0,583)
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Table 3. Percentage participation of fats and fatty acids (saturated fatty
acids – SFA; monounsaturated fatty acids – MUFA; Polyunsaturated fatty
acids PUFA) in obtained energetic value of DNR of examined persons
Men
Ingredient

Women

[kcal]

Recommended
intake

Recommended
intake

[%]

Fats

632.52

<30%*, ***

<30% *, ***

34.48

SFA

201.41

<10%**
<7%***

14.0

199.35

<10%**
<7%***

13.83

MUFA

183.45

<20 %***

13.5

143.25

<20 %***

11.0

PUFA

53.36

6–10%***, ****

3.92

57.21

6–10%*** ****

4.39

[%]

[kcal]

34.22 635.13

,

*Recommendations of Norms of Human Nutrition [16].
**Recommendations of Polish Forum of Prophylactic of Cardiovascular diseases [17].
***Recommendations of Healthy Diet According to Polish Cardiology 2012 [18].
****Recommendations of the European Food Safety Authority (EFSA) [19].

The fat consumption in the daily nutritional ration was
similar in the male and female groups (about 70g/24 hours).
This value was about 34% of the energetic value of the diet,
and exceeded the nutritional recommendation for elderly
people. The mean consumption of saturated fatty acids
was 22g/day in the diet of respondents of both genders.
This value was about 14% of the energetic value of the daily
diet of elderly people included in the study. The level of
saturated fatty acids exceeded nutritional recommendations,
according to which saturated fatty acids should deliver no
more than 10% of the energy included in meals, and among
persons with increased cardiovascular risk, even less than
7% of energy. It was also evidenced that most women (66%)
used a diet with a bigger percentage share of saturated fatty
acids. In group of men, 59% of the participants consumed
saturated fatty acids on a level lower than 10% in daily diet.
The amount of monounsaturated fatty acids was 13.5% of
the energetic value in men, and 11.0% of the energetic value
in group of women group, which was insufficient according
to the recommendation. The amount of polyunsaturated
fatty acids in the diets of the analyzed group, on average,
was 6g, which constituted 3.9% of the energy value of the
diet among the men, and 4.4% of the energy value of the diet
among the women. The data collected showed an insufficient
consumption of polyunsaturated fatty acids versus current
nutritional recommendations. Cholesterol consumption in
the diets was on the level of 230mg/24 hours in men and
226mg/24 hours in the group of women. These values were
in accordance with nutritional recommendations (cholesterol
consumption should not exceed 300 mg/24 hours in a wellbalanced diet).
Analysis of the Food Frequency Questionnaire allows the
statement that the main sources of fats were sausages and
frankfurters (consumed by 36% of men and 24% of women,
with a frequency of 4–6 times a week (p<0.05), and butter
consumed with the same frequency by 20.5% of men and
37.2% of women (p<0.05). Eggs were eaten 2–3 times a week
by 40% of all examined individuals. More women (50%) than
men (20%) consumed cakes and layer cakes 2–3 times a week
(p<0.05), and chocolate products (30% vs 20%) which were
consumed once a week. Vegetable oils were usually consumed
2–3 times a week (40% men and 25% women), and semi-hard
pressed rennet cheese once a week (25% of men and 34% of
women). Lard was eaten only by 22% of men once a week.
The studied people reported low consumption of fish (once
a month: 7.2% of men and 10% of women). 20% of men and
women consumed nuts and seeds of oily plants once a month.

DISCUSSION
In primary and secondary prevention of diseases resulting
from antioxidant failure and changes towards oxidation
processes, the intake of exogenic antioxidants from food
is very important [20]. The total antioxidant capacity
(measured as DAI) of the diet among the studied elderly
people (38.49 mMol/l – women and 29.91 mMol/l – men) was
lower than that obtained in a previous report by the authors
of the presented study, based on 350 healthy inhabitants of
Krakow aged 42.3±14.1 years (80.26 mMol/l – women and
46.95 mMol/l – men), and 80 students from the Jagiellonian
University and Technical Academy, aged 24.2±2.4 years
(92.24 mMol/l – women and 50.89 mMol/l – men) [21].
This indicates that those who were studied consumed
too little antioxidant food, such as fruits, vegetables and
vegetable oils, as well as grains and cereal-based products,
fresh herbs and beverages. Besides the incorrect intake of
antioxidants, many mistakes in the range of fat consumption
were evidenced in the dietary scheme of the studied people.
Similar to results obtained from another Polish population
[22], in the current study there was also found an excessive
consumption of SFA, together with a parallel low supply in
PUFA. Therefore, in individual counseling sessions with
a dietitian, the participants were encouraged to change
their diet and instructed to consume more fruit, vegetables,
walnuts, and other natural products with a proper content
of polysaccharides and fatty acids. Literature data indicate
that increased consumption of fruit and vegetables is
recommended as a key component of a healthy diet for
the prevention of chronic diseases [23]. A meta-analysis
including 16 prospective cohort studies (data sources:
MEDLINE, Embase, and the Cochrane Library) provided
further evidence that a higher consumption of fruit and
vegetables (around 5 servings of fruit and vegetables a day) is
associated with a lower risk of all-cause mortality, particularly
cardiovascular mortality [24]. An earlier examination
showed that the risk of CHD may be decreased by 4% [RR
(95% CI): 0.96 (0.93–0.99); P = 0,0027] for each additional
portion of fruit and vegetables per day, and by 7% [0.93
(0.89–0.96); P < 0,0001] for the portion of fruit intake [25].
The consumption of fruit and vegetables, particularly green
leafy vegetables and vitamin C–rich fruit and vegetables,
appears to have a protective effect against coronary heart
disease [26]. There is also growing evidence that lycopene,
carotenoid without provitamin A activity, found in high
concentrations in a small number of plant foods (tomato,
watermelon, pink grapefruit, papaya and apricot), have
significant antioxidant potential in vitro, which suggests their
role in the prevention of cardiovascular disease. Additionally,
lycopene may have a cholesterol synthesis–inhibiting effect
that may enhance LDL degradation. It has been found that a
higher lycopene concentration in plasma was associated with
a lower risk of CVD in middle-aged and elderly women [27],
although this effect was not confirmed in the study of older
men [28]. Regular consumption of nuts has been associated
with reduced risk of cardiovascular disease [28]: a walnutrich diet resulted in favorable changes in lipid levels and in
weight loss [29]. Most nuts contain monounsaturated fatty
acids, and walnuts are a rich source of polyunsaturated fatty
acids, particularly the omega-3 fatty acids, alfa-linolenic acid,
and omega-6 linoleic acid. Walnuts also provide antioxidants
(tocopherols, phenolic compounds and allagic acid [30, 31].
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Literature data also indicate that a proper amount and quality
of total fats and fatty acids from subsequent groups: SFA,
MUFA and PUFA may bring many benefits in the prevention
of cardiovascular system diseases. The results presented by
Willett [32] indicate that specific dietary fatty acids play
important roles in the cause and prevention of CHD, but
total fat as a percent of energy is not important. Also, the
ratio of omega-6 to omega-3 is not useful. Trans-fatty acids
from partially hydrogenated vegetable oils have clear adverse
effects and should be eliminated from the diet. Saturated
fat should be replaced by a combination of poly- and monounsaturated fat; however, the benefits of polyunsaturated fat
appear to be stronger. Little or no benefit is gained if saturated
fats are replaced by carbohydrates, because carbohydrates,
particularly refined carbohydrates and added sugars, increase
the levels of triglycerides and small LDL particles, and reduce
high-density lipoprotein cholesterol [33]. Therefore, Willet
[31] claims that in practice, reducing red meat and dairy
products in the food supply and increasing the intake of
nuts, fish, soy products, and non-hydrogenated vegetable
oils, will improve the mix of fatty acids and have a markedly
beneficial effect on the rates of CHD. This is the same as
the recommendation given in one of the studies [34] and
especially that by the American Heart Association [35].
These recommendations emphasize replacing SFAs with
PUFAs in the diet, while also providing specific food-based
dietary goals, including recommendations for promoting
the consumption of fish, nuts, legumes, and seeds, while
also limiting the intake of processed meats. The American
Heart Association recommends (DALLAS, 7 February 2013)
limiting saturated fats and consuming instead healthier fats,
such as mono- and poly-unsaturated fats. The association
bases its recommendations on a robust body of scientific
studies that demonstrated a strong association between
eating a diet high in saturated fat, and the development of
atherosclerosis which clogs arteries and causes heart disease.
Hosseinpour-Niazi et al. [36] showed that SFA intakes were
positively associated with the prevalence of metabolic
syndrome, independent of total dietary fat, MUFA and
PUFA intake. However, total dietary fat may modulate the
association between SFA and some components of metabolic
syndrome results, emphasizing that both the quality and
quantity of dietary fat are relevant with metabolic syndrome
and cardiometabolic risk factors.
It is worth emphasizing that all authors are unanimous
and that the most prudent and scientifically supportable
recommendation for the general and elderly population is to
consume a well-balanced diet rich in antioxidants originating
from fresh fruit, vegetables and whole grains. The diet
should contain proper nutritional components, especially fats
and fatty acids (both in quantity and quality). This is especially
important because most randomized, controlled trials have
not found antioxidant supplementation to be effective for the
prevention of different diseases caused by oxidative stress,
including CHD [37]. The Physicians’ Health Study II showed
that long-term vitamin E or vitamin E supplementation
did not reduce the risk of major cardiovascular events in
middle-aged and older men [38]. In Cochrane Review of 2008
(updated in 2012 [40], it was demonstrated that antioxidant
supplements (beta-carotene, vitamin A, vitamin C, vitamin
E, and selenium) seem to increase mortality [39]. This study
included 78 randomized trials with 296,707 participants
who were either healthy (primary prevention trials), or

had various diseases in a stable phase: gastrointestinal,
cardiovascular, neurological, ocular, dermatological,
rheumatoid, renal, endocrinological, or unspecified diseases
(secondary prevention trials). The authors found no evidence
to support antioxidant supplements for primary or secondary
prevention. Additionally, the review showed that the
potential health damage and increased risk of mortality was
associated with beta-carotene, and possibly with vitamin E
and vitamin A, but was not associated with the use of vitamin
C or selenium. Generally, it is not recommended to use the
antioxidant supplements in the general population, or in the
group of patients with various diseases.
Limitation of the study. The initial intention of the authors
of the presented study was to check if there is a relation
between the intake of antioxidants in the daily diet, and
the antioxidants level in the plasma of elderly people, as
well as between the consumption of fats and plasma lipids
and lipoproteins. Unfortunately, no consent was given by
the people in the study for the collection of blood samples.
Therefore, the study had to be restricted only to the intake
of antioxidants and lipids in foods.
CONCLUSIONS
1. The majority of elderly people made nutrition mistakes,
mainly in terms of fat quantity and quantity and low
consumption of antioxidant-rich fruit and vegetables, and
whole grains and cereal-based products.
2. In order to improve the nutrition of the studied
population and to protect them against the development of
cardiovascular diseases, a 10-day balanced menu, adjusted
to their health condition and individual preferences, was
constructed for each person in the study.
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