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Abstract: A significant part of vitamin D, which is necessary for important vital processes, a person
receives with food. Vitamin D affects the proper functioning of the lungs and the immune system,
which can be important in the development, severity and course of allergic diseases (asthma, eczema
and food allergies). The purpose of this study is to investigate the relationship between the presence
of vitamin D-containing foods in the diets of young people and the appearance of allergic diseases
symptoms. The study is a cross-sectional descriptive survey of 223 first-year students of the Kharkiv
State University of Food Technology and Trade (Ukraine). Using questionnaires, the frequency of
consumption and food preferences were assessed in relation to 22 vitamin D-containing foods and
for the screening of allergic diseases. The analysis of the results shows that the consumption of foods
rich in vitamin D is at a lower level than the respondents” desire to consume them. It is revealed
that the main food source of vitamin D is chicken eggs. This fact speaks in favor of the fact that
young people in Ukraine experience a certain lack of vitamin D. The analysis of questionnaires for
screening for allergic diseases shows that, depending on the year of the survey, about 69% of the
respondents had symptoms of allergic diseases. The survey suggests that foods rich in vitamin D
are not among the preferences of young people. As a consequence, there is a definite relationship
between the presence of vitamin D deficiency in young people and a high percentage of respondents
with allergic diseases symptoms.

Keywords: vitamin D-containing foods; intake of vitamin D; descriptive survey; allergic diseases;
food preferences

1. Introduction

Vitamin D is a fat-soluble vitamin, which is necessary for important vital processes.
Vitamin D affects the proper functioning of the lungs and the immune system, which can
be important in the development, severity and course of allergic diseases (asthma, eczema
and food allergies). The COVID-19 pandemic has further increased interest in vitamin D, as
studies have emerged that link the severity of the disease to vitamin D levels in the human
body [1]. Therefore, it is suggested that increasing the intake of vitamin D in different forms
may reduce the risk and severity of COVID-19 infection [2,3].

The uniqueness of this vitamin is associated with the duality of its intake into the
human body. The first path is associated with the synthesis of vitamin D by the human
body under the influence of sunlight. Additionally, the second way is associated with the
consumption of foods containing this vitamin. However, the diet of a modern person is
characterized by the presence of highly processed food, as a rule, deficient in terms of
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vitamin D. Research data suggest that vitamin D insufficiency affects almost 50% of the
worldwide population. An estimated one billion people worldwide, across all ethnicities
and age groups, have a vitamin D deficiency [4].

The duality of the vitamin D intake in the human body is a significant obstacle to
the formulation of diets with an adequate intake of this vitamin. At the same time, the
analysis of the diet of the population is a rather serious tool for determining the level of
vitamin D intake and other aspects of nutritional status and nutritional behavior. There is
experience in conducting such studies in Czech [5] and German [6] populations. Studies
have shown that people do not reach the current recommended vitamin D intake level. In
Ukraine, in recent years, there has been practically no reliable open scientific information
regarding research in the field of the analysis of the diets of the population, including
young people. In this regard, an attempt was undertaken to conduct a pilot study on a
small sample of respondents for an assessment of the relationship between the presence of
vitamin D-containing foods in the diet of young people and the development of allergic
diseases. The original hypothesis assumed the existence of such a relationship.

2. Methods
2.1. Design of Questionnaire

Data collection was carried out by conducting two parallel questionnaires, using
questionnaires A and B. Using questionnaire A, the frequency of consumption and food
preferences were assessed for 22 vitamin D-containing foods (Table 1).

Table 1. Vitamin D-containing foods of research.

Cluster Average

Sample Amount of Vitamin D, Consumption
Cluster Code Food ug/100 g [7] Frequency Preferences Consumption Preferences
Frequency

10 Chicken egg 2.2 3.13 2.94

1 3.05 3.09
22 Cheese 1 2.96 3.23
4 Sprats in oil (canned) 20.5 1.90 2.44
6 Mackerel 16.1 2.10 2.62

2 7 Atlantic salmon 11 1.58 2.54 191 2.54
15 Caviar red granular 29 153 2.65
20 Butter 1.3 242 2.45
3 Salty fat herring 30 1.54 1.87
11 Tuna 5.7 1.25 2.03
12 Chanterelles 5.3 1.30 2.08

3 . 1.32 1.95
13 Quail egg 14 1.23 1.96
14 River perch 3 1.46 1.94
17 Pike 2.5 1.13 1.84
2 Codfish liver (canned) 100 0.95 1.51
8 Humpback salmon 10.9 1.00 1.61
9 Caviar black granular 8 0.77 1.83

4 0.97 1.60
16 Flounder 2.8 0.87 1.56
18 Sea bass 2.3 0.98 1.58
19 Ghee 1.8 1.27 1.50
1 Fish Oil 250 0.46 0.44

5 5 Dog salmon 16.3 0.39 0.79 0.52 0.74
21 Goat’s milk 1.3 0.71 1.00

The assessment of the taste preferences to the above-mentioned products was carried
out on a 5-point rating scale: “very much” (4), “like” (3), “I have nothing against” (2),
“rather not like than like” (1), “not at all like” (0). The evaluation of the frequency of
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consumption of food also occurred on a 5-point rating scale, with anchors “I eat very often”
(4), “I eat, but not often” (3), “sometimes I eat” (2), “very rarely I eat” (1), “I don’t eat at
all” (0). Using questionnaire B, the identity of allergic diseases was assessed according to
method [8], developed by the Ministry of Health of Ukraine.

2.2. Questionnaire Distribution and Data Collection

The study was a cross-sectional descriptive survey. The respondents included in the
study were 223 students of the Kharkiv State University of Food Technology and Trade
(Ukraine) aged 17 to 21, of which 30% were women and 70% were men. The assessment
procedure was carried out in 2017-2021 among first-year students who voluntarily agreed
to take part in the study. The overwhelming majority of participants in the study lived in
the Kharkiv region prior to admission to university.

2.3. Data Analysis

Before analysis of data, the reliability was carried out. Reliability within the study
was considered as the degree of consistency between two independently obtained series
of indicators within the framework of a statistical approach using Pearson correlation
coefficients. The assessment of reliability as a measure of the internal consistency of the
results was carried out using the Cronbach alpha method [9], within which the spread
of each element was compared with the overall scale range. The obtained coefficients of
0.924 and 0.928 testify to the reliability of the data obtained on consumption frequency and
preferences of vitamin D-containing foods.

The hierarchical cluster analysis (HCA) was performed to classify the food samples
based on the similarities of their frequency of consumption and preferences. The linkage
method, which was applied here, was Ward’s method. Clusters were calculated using the
Euclidian distance. For this purpose, the data were centered and divided by their standard
deviation to ensure that all the elements had equal weight in the results. Moreover, the
statistical significance of the obtained clusters was tested by various formal and empirical
statistical criteria: ratios of agglomeration and crosstabulation and adjusted Rzadj calculated
by Expression (1) as in research [10]:

R%,4j=1— WSS(n — 1)/TWSS(n — k), (1)

where WSS is within the cluster the sum of squares of distances; TWSS is within sampling
the total sum of the squares of distances; n is total samples; k is number of clusters. The
HCA analysis was performed by using Minitab ver. 18 (Minitab LLC., State College, PA,
USA) software.

3. Results and Discussions
3.1. Data Analysis of Frequency of Consumption and Preferences of Vitamin D-Containing Foods

Based on the data from the questionnaires, the respondents’ average consumption
and preferences were calculated for all these 22 vitamin D-containing foods (Table 1). The
obtained values of consumption and preferences correlated with each other with Pearson
correlation r = 0.887 (Figure 1a). The data analysis allowed us to trace several patterns:

The consumption of products containing vitamin D was below the possible level of
consumption, which should arise based on the preference values of the respondents;

1. Only for three products, chicken eggs (10), fish oil (1) and butter (20), was there a
correspondence between consumption and preferences;

2. Fishoil (1), dog salmon (5), humpback salmon (8), caviar black granular (9) and goat’s
milk (21) had the lowest score according to both food preferences and frequency of
consumption;

3.  The leading product in terms of the frequency of consumption was chicken eggs (on
average 3.13 points, which corresponded to the definition “I eat, but not often”.
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4.  The leading product in food preferences was cheese (3.1 points on average, which
corresponded to the definition of “like”).

5. Products 4 (sprats in oil (canned)), 6 (mackerel), 7 (Atlantic salmon), 15 (caviar red
granular), and 20 (butter) had the same high scores, both in the frequency of consump-
tion category and in the food preferences category.

9.60

10 .-
° 22
L]
20~
/,'
6 . 640
4 ° c
L 5
73 7 2
01412 '105 =
17.0’11
. 3.20
2869
L
= 0887 p=0000 ; R e T Y gy [ = M
1 5 21 2 % 8 18 9 19 3 14 11 12 13 177 4 6 20 7 15 10 22
2 3 4
Name of Food
Preferences

(a) (b)

Figure 1. (a) Pearson correlation between consumption frequency and preferences of vitamin D-
containing foods; (b) hierarchical cluster analysis dendrogram with four distinguished vitamin
D-containing foods.

An HCA analysis was performed to classify samples based on the similarity of con-
sumption frequency and food preferences for foods containing vitamin D (Figure 1b). Based
on this analysis, all 22 products were divided into clusters (Table 1). The resulting clusters
actually reflected the ratio of preferences and consumption of the studied foodstuffs con-
taining vitamin D. A retrospective review of the obtained clustering allowed us to highlight
some facts:

1. The distribution of 22 vitamin D-containing food by clusters was obtained as a ratio
2:5:6:6:3;

2. Foods containing the highest amount of vitamin D belonged to clusters four and five,
i.e., less attractive to students and less consumed;

3. The most useful product, fish oil (1), was included in the cluster of the least consumed
foods and with the least preference;

4. Cluster number one with the highest values of consumption and preference was
composed of traditional products in the diets of the population of Ukraine, but with a
low content of vitamin D;

5. Cluster number one was the only one in which the consumption met the preference,
which partly reflected the specifics of the student’s diet.

3.2. Results of Processing the Data of Questionnaire B

Questionnaire B showed that, on average, about 70% of all respondents had signs
of various types of allergic diseases caused by substances of different origins: natural
allergens (for example, the seasonal flowering of plants that causes allergic reactions),
the presence of food allergens in their diets, as well as allergens of anthropogenic origin
(including household chemicals and pharmaceuticals). The average value for the time
period 2017-2021 of the number of respondents using vitamins was 10.3% (Table 2).
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Table 2. Results of the analysis of the data of questionnaire B.
Percent of Respondents Consumption Frequency (Average Score)
With Symptoms of Using Vitamin D Respondents without Respondents with Symptoms of

Allergic Diseases

Supplements Symptoms of Allergic Diseases Allergic Diseases

68.8

10.3 1.59 1.49

However, during this period, there was a positive trend regarding an increase in
the percentage of young people using vitamin D supplements, which correlated with a
decrease in the number of allergic manifestations. The increased consumption of vitamin
D supplements may be related to information in the media about its positive effect on
immunity and the severity of COVID-19, as interest in vitamin D has increased since 2019
among the population.

The analysis of the B survey data also showed that there was a certain relationship
between the low frequency of consumption of foods containing high concentrations of
vitamin D and the presence of allergic diseases in the respondents. The respondents who, as
a result of the questionnaire, did not reveal signs of allergic diseases, had a higher average
score for the frequency of consumption of foods rich in vitamin D (Table 2). This was
especially true in 2017 and 2018.

In general, the tendency revealed as a result of the study was quite alarming, since in
the studied cohort of young people, on the one hand, there was a low level of consumption
of foods rich in vitamin D, and on the other hand, a high percentage of respondents with
allergic diseases. At the same time, the percentage of the consumption of food supplements
with vitamin D was low. In addition, it was shown that in this sample of respondents, the
frequency of consumption of foods rich in vitamin D in those with symptoms of allergic
diseases was lower by 1.49 than in those who did not have these symptoms. The latter
fact may speak of the beneficial effect of vitamin D on the scenario of the development of
allergic diseases.

4. Conclusions

The survey suggests that foods rich in vitamin D are not among the preferences of
young people, with the exception of foods such as eggs and cheese. Different types of fish
and seafood containing the highest concentrations of vitamin D had rather low scores, both
in terms of the frequency of consumption and food preferences. It should also be noted that,
for butter, the scores were quite high both in relation to the frequency of consumption and
in relation to food preferences. Despite the fact that Ukraine has a very poorly developed
tendency to fortify products with vitamin D, this product could be very convenient for
these purposes. Since, as studies have shown, this is well accepted by young people, it is
traditional for Ukraine and is excellent for the fortification of fat-soluble vitamins, including
vitamin D. In addition, when introducing vitamin D fortification technology in Ukraine,
the rich world experience of oil fortification could use cheese and dairy products.

Undoubtedly, it is impossible to draw an unambiguous conclusion about the de-
pendence of the presence or development of allergic diseases and the frequency of the
consumption of foods rich in vitamin D on the basis of the above data. However, it should
be recognized that a certain dependence exists. These studies require continuation and
the questionnaires should be conducted on a wider scale. In addition, in our opinion, in
future studies, in order to assess the correlation between the presence of allergic diseases
and the consumption of foods rich in vitamin D, the analysis of diets should also be taken
into account, indicating the exact amounts of food consumed. Additionally, in the same
study, the questionnaires should include questions about the duration of exposure to the
sun, depending on the season.
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