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Abstract. Maintenance of proper health and prevention of diseases of civiliza-
tion are now significant public health problems. Nutrition is an important factor
in the development of youth, as well as the current and future state of health.
The aim of the study was to show the benefits of the application of cluster anal-
ysis to assess the dietary habits of high school students. The survey was carried
out on 1,631 eighteen-year-old students in seven randomly selected secondary
schools in Bialystok using a self-prepared anonymous questionnaire. An evalu-
ation of the time of day meals were eaten and the number of meals consumed
was made for the surveyed students. The cluster analysis allowed distinguishing
characteristic structures of dietary habits in the observed population. Four clus-
ters were identified, which were characterized by relative internal homogeneity
and substantial variation in terms of the number of meals during the day and
the time of their consumption. The most important characteristics of cluster 1
were cumulated food ration in 2 or 3 meals and long intervals between meals.
Cluster 2 was characterized by eating the recommended number of 4 or 5 meals
a day. In the 3rd cluster, students ate 3 meals a day with large intervals between
them, and in the 4th they had four meals a day while maintaining proper inter-
vals between them. In all clusters dietary mistakes occurred, but most of them
were related to clusters 1 and 3. Cluster analysis allowed for the identification of
major flaws in nutrition, which may include irregular eating and skipping meals,
and indicated possible connections between eating patterns and disturbances of
body weight in the examined population.

Introduction

The maintenance of proper health and prevention of diseases of civ-
ilization are now significant public health problems. Improper lifestyle in
early childhood and adolescence may adversely affect health in the future
(Bagińska et al., 2012; Krawczyńska et al., 2013; Ponczek et al., 2012). Diet
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is one of the most important lifestyle determinants of health. Both deficiency
and excess of energy supply and nutrients adversely affect the nutritional
status of the body.
The epidemic of obesity, which increasingly draws the attention of the

World Health Organization, affects not only adults, but also children and
adolescents (WHO, 2012). According to NHANES research from the years
2009–2010, obesity affects one-third of adults and almost 17% of children
and adolescents (Ogden et al., 2012).
The OLAF survey, conducted among children and adolescents of school

age, revealed that 14% of girls and 18% of boys were overweight or obese,
and total weight deficiency occurred in 12% (10% of boys and 13.7%
girls) (Kułaga et al., 2011). It is a significant concern that a large pro-
portion of obese children remain obese as adults (Pelone et al., 2012;
Speiser et al., 2005).
Improper diet significantly contributes to the development and severity

of diseases such as type 2 diabetes, hypertension, stroke, and coronary heart
disease, leading to reduction in length and quality of life (Baker et al.,
2010; Kardasz et al., 2008). In the year 2014, overweight and obesity were
responsible for the deaths of 3.4 million people in the world, which was
associated with a loss of 3.9% years of life and 3.8% disability adjusted
years of life (DALY) (Ng et al., 2014).
One of the criteria for assessing the quality of diet is regularity – the

number and timing of food intake. Direct analysis of hours of food in-
take using classical statistical methods encountered difficulties. If the hours
of eating each meal were treated as independent variables, it would re-
sult in a set of data with many shortcomings due to the fact that only
a small percentage of respondents ate all the meals. As a result, direct
analysis of meal times would entail exclusion of a significant percentage of
the respondents.
The aim of the study was to show the benefits of the application of the

method of cluster analysis to assess dietary habits among groups of high
school students.

Material and Methods

The survey was carried out on 1,631 eighteen-year-old students in seven
randomly selected secondary schools in Bialystok using a self-prepared
anonymous questionnaire during the 2008/2009 school year. The question-
naire contained questions about selected dietary habits, for instance the
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number and type of consumed meals, frequency of consumption, snacking
between meals, and the assessment of diet. Girls accounted for 64.5% (1051),
and boys 35.5% (580) of respondents. The research was conducted in col-
laboration with the Board of Education in Bialystok. Prior to the survey,
the students were informed about the purposes and methods of research.
Each student agreed to join the study by filling out a specially prepared
form. The questionnaire was approved by the Bioethics Committee of the
Medical University of Bialystok.
Proper research was preceded by a pilot study to check the organization

of research, its course and the students’ understanding of the questions in
the questionnaire. The pilot study was carried out in a group of 60 students
attending secondary schools in Bialystok.
The weight and height of the young people were measured to calculate

the growth rate of weight-BMI (Body Mass Index) of the young people as
the ratio of weight in kilograms and height in meters squared according to
the formula:

BMI =
mass(kg)

(height(m))2

BMI values of the young people were interpreted by comparison with
centile growth charts of BMI for boys and girls aged eighteen years. Among
the surveyed students, different groups were distinguished in terms of nutri-
tional status, based on BMI: students with deficient body weight, eutrophic
students and students with excessive body weight, the overweight and obese.
The study presented an evaluation of the times and numbers of meals

the surveyed students consumed. The aim was to identify the character-
istic structures of meals in this population by using cluster analysis. The
source data for the analysis were the time of consumption of individual
meals (1st breakfast, 2nd breakfast, dinner, afternoon tea, supper) on the
day preceding the survey. In many cases, there were missing data due to
the large number of variations in the configuration of meals taken by the
respondents. According to the direct method, we could use only data from
people consuming all meals, which would obviously lead to an unrepresen-
tative subgroup analysis. To avoid this limitation, artificial indicators were
introduced which described a daily schedule of meals in a synthetic way
and could be computed regardless of number of consumed meals. Seven in-
dicators were used in total: time of the first and last meal, the length of
the night break between meals (the difference between the first and the last
meal), the number of meals, the average interval between meals (arithmetic
mean of the distances between meals; set to 24 hours when a person con-
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sumed only one meal a day), as well as the minimum and maximum interval
between meals.
The above-described indicators were used to identify clusters of per-

sons with similar dietary habits. The clustering was conducted using the
TwoStep Clustering method available in IBM® SPSS® Statistics software.
The aim of the clustering algorithm was to minimize within-cluster variabil-
ity, while maximizing between-cluster variability. Log-likelihood was chosen
as a distance measure between individual data vectors. The optimal num-
ber of clusters was selected automatically by a clustering algorithm based
on Schwarz’s Bayesian Information Criterion (BIC).
Identified clusters were compared regarding distributions of a number of

categorical variables. The relationship between the cluster membership vari-
able and those categorical variables were evaluated with Pearson’s χ2 test.
This test was extended with the z test for two proportions, which allowed
for pairwise comparisons. Results of these tests were adjusted for multiple
comparisons using Bonferroni adjustment to keep type I error at the same
level as for Pearson’s χ2 test. All statistical hypotheses were verified at
a significance level of α = 0.05.

Results

It has been shown that 78.3% of girls and 77.9% of boys were among
eutrophic students (BMI between 5 and 85 percentiles). In 10.5% of girls
and 4.1% of boys (p < 0.001) nutritional disorders presented as a weight
deficiency (BMI below the 5th percentile) were observed. Overweight was
present in 8.7% of girls and 10.2% boys. 2.5% of girls and 7.8% of boys
(p < 0.001) were classified as obese. Table 1 presents the assessment of BMI
in the examined group of students according to sex.

Table 1. The assessment of BMI in the examined group of students according
to sex

girls boys
BMI category Statistical significance

N (%) N (%)

< 5 centile weight deficiency 111 10.5 24 4.1 p < 0.001

[5 − 85) centile norm 823 78.3 452 77.9 NS

[85 − 95) centile overweight 91 8.7 59 10.2 NS

≥ 85 centile obesity 26 2.5 45 7.8 p < 0.001

total 1051 100.0 580 100.0 –
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Four clusters were distinguished, which were characterized with relative
within-cluster homogeneity and substantial between-cluster variability in
terms of the number of meals during the day and time of consumption
(Table 2).

Table 2. Characteristics of clusters with respect to the number of meals during
the day and the time of consumption

Characteristics of clusters Mean SD Minimum Median Maximum

First meal cluster 1 9.1 3.1 5.3 7.5 19.0
cluster 2 7.3 1.9 4.5 7.0 21.0
cluster 3 7.2 1.0 5.5 7.0 11.0
cluster 4 7.5 1.2 5.8 7.3 13.0

Last meal cluster 1 18.0 2.2 10.0 18.0 25.0∗

cluster 2 20.0 2.5 6.5 20.0 25.0∗

cluster 3 19.9 1.5 17.0 20.0 26.5∗

cluster 4 19.0 1.2 16.5 19.0 25.0∗

Night break cluster 1 15.1 2.8 7.0 15.0 22.0
cluster 2 11.3 3.3 6.0 11.0 24.0
cluster 3 11.3 1.4 7.0 11.7 13.7
cluster 4 12.5 1.3 6.0 12.5 17.0

Number of meals cluster 1 2.6 0.5 2.0 3.0 3.0
cluster 2 4.3 1.0 1.0 4.0 5.0
cluster 3 3.0 0.1 3.0 3.0 4.0
cluster 4 4.1 0.5 2.0 4.0 5.0

Average interval cluster 1 5.9 2.5 1.5 5.0 16.5
between meals cluster 2 5.2 4.8 3.0 4.2 24.0

cluster 3 6.3 0.7 5.2 6.2 8.5
cluster 4 3.7 0.8 2.3 3.8 11.0

Minimum interval cluster 1 5.0 3.0 0.0 4.0 16.5
between meals cluster 2 3.8 5.2 0.5 2.5 24.0

cluster 3 4.2 1.4 0.0 4.0 8.0
cluster 4 2.4 0.9 0.5 2.5 11.0

Maximum interval cluster 1 6.8 2.6 2.0 6.0 16.5
between meals cluster 2 6.9 4.5 3.5 5.5 24.0

cluster 3 8.4 1.3 5.5 8.5 13.0
cluster 4 5.3 1.4 3.0 5.0 14.0

∗ Number of hours exceeding 24 means the meals were consumed the next day

Cluster 1 was characterized by late consumption of breakfast (after
9 a.m.), and the relatively early consumption of the last meal of the day
(6 p.m.). The night break between meals was more than 15 hours. People
belonging to this cluster had 2 or 3 meals a day, with an average inter-
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val between each meal of almost 6 hours (5 hours and 54 minutes). The
minimum interval between meals was 5 hours, and the maximum time
was 6 hours and 48 minutes. In cluster 2, students had breakfast after
7 a.m. and the last meal of the day at 8 p.m. The night break between
meals was 11 hours and 20 minutes. Students belonging to this cluster
usually consumed 4 or 5 meals a day, and the average interval between
the meals was 5 hours and 12 minutes. The minimum interval between
meals was 3 hours and 48 minutes, and the maximum was 6 hours and
54 minutes. Cluster 3 was characterized by consumption of breakfast af-
ter 7 a.m., and the last meal of the day before 8 p.m. The night break
between meals was 11 hours and 20 minutes. Students belonging to clus-
ter had 3 meals, with an average interval between meals of 6 hours and
18 minutes. There were large fluctuations in the intervals between meals
(4 hours and 12 minutes to 8 hours and 24 minutes) in this cluster. In
cluster 4, breakfasts were at 7:30 a.m. The last meal of the day was at
7 p.m. The night break between meals was 12 hours and 30 minutes. Stu-
dents belonging to this cluster had 4 meals a day, with an average interval
between meals of 3 hours and 28 minutes. The minimum break between
meals was 2 hours and 24 minutes, and the maximum was 5 hours and
18 minutes.
In conclusion, the most important feature of cluster 1 was the accu-

mulation of food ratios in 2 or 3 meals with long intervals between them.
Cluster 2 was characterized by eating the recommended number of 4 or
5 meals a day. Cluster 3 was characterized by eating 3 meals a day with
large intervals between them, and in cluster 4, 4 meals a day while main-
taining proper intervals between them. Clusters 2 and 4 were characterized
by better ways of nutrition according to the analysed parameters.
Among the surveyed students, differences were observed in terms of

nutritional status: students with malnutrition, eutrophic students and stu-
dents with overweight and obesity. Most students with low BMIs were in
cluster 2 (10.6%), and the fewest were in cluster 4 (5.9%); the difference
between these clusters was statistically significant (p < 0.05). The fewest
students with regular weight were found in cluster 1 (75.1%). In clusters 2,
3 and 4, the percentages were higher (79.6%, 79.9% and 80.3%); a statisti-
cally significant difference was found between clusters 1 and 2. At the same
time, in cluster 1 the greatest number of people with overweight and obe-
sity (16.9%) was observed, while the least were observed in cluster 2 (9.7%)
(Table 3).
The sex of examined students was taken into consideration. In clusters 1

and 4, there were significantly more girls (73.5% and 70.5% respectively)
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Table 3. BMI of surveyed students in separate clusters

Cluster p∗∗

BMI category Total p∗ 1 1 1 2 2 3
1 2 3 4 vs. vs. vs. vs. vs. vs.

2 3 4 3 4 4

< 5 centile n 34 59 17 22 132 ∗∗

% 8.0 10.6 6.8 5.9 8.3

[5; 85) centile n 320 442 199 297 1258 ∗∗

% 75.1 79.6 79.9 80.3 78.6 0.008

≥ 85 centile n 72 54 33 51 210

% 16.9 9.7 13.3 13.8 13.1

Total n 426 555 249 370 1600

% 100.0 100.0 100.0 100.0 100.0
∗ Pearson’s χ2 independence test
∗∗ Test for two proportions with a Bonferroni correction for multiple comparisons, p < 0.05

Table 4. Sex of surveyed students in separate clusters

Cluster p∗∗

Sex Total p∗ 1 1 1 2 2 3
1 2 3 4 vs. vs. vs. vs. vs. vs.

2 3 4 3 4 4

Boys n 113 241 104 109 567 ∗∗ ∗∗ ∗∗ ∗∗

% 26.5 43.4 41.8 29.5 35.4

Girls n 313 314 145 261 1033 < 0.001 ∗∗ ∗∗ ∗∗ ∗∗

% 73.5 56.6 58.2 70.5 64.6

Total n 426 555 249 370 1600

% 100.0 100.0 100.0 100.0 100.0
∗ Pearson’s χ2 independence test
∗∗ Test for two proportions with a Bonferroni correction for multiple comparisons, p < 0.05

than boys compared to clusters 2 and 3 (56.6% and 58.2% respectively)
(Table 4).
We analysed the usual dietary habits of various meals consumed

throughout the day by the surveyed students. Cluster 1 was characterized
by a low percentage of students consuming a 1st breakfast compared to
other clusters. Second breakfast, dinner, and afternoon tea were consumed
mostly by students belonging to clusters 2 and 4. Lack of eating supper was
frequently declared by students in cluster 1 (Table 5).
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Table 5. Frequency of usual consumption of individual meals in separate
clusters

Cluster p∗∗

Type of meal Total p∗ 1 1 1 2 2 3
1 2 3 4 vs. vs. vs. vs. vs. vs.

2 3 4 3 4 4

1st breakfast n 261 482 219 315 1277 < 0.001 ∗∗ ∗∗ ∗∗

% 61.3 86.8 88.0 85.1 79.8

2nd breakfast n 166 400 47 282 895 < 0.001 ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

% 39.0 72.1 18.9 76.2 55.9

Dinner n 371 514 220 353 1458 < 0.001 ∗∗ ∗∗ ∗∗ ∗∗

% 87.1 92.6 88.4 95.4 91.1

Afternoon tea n 74 268 14 155 511 < 0.001 ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

% 17.4 48.3 5.6 41.9 31.9

Supper n 227 500 220 311 1258 < 0.001 ∗∗ ∗∗ ∗∗

% 53.3 90.1 88.4 84.1 78.6
∗ Pearson’s χ2 independence test
∗∗ Test for two proportions with a Bonferroni correction for multiple comparisons, p < 0.05

Snacking between meals was a phenomenon present in the diet of 96.2%
of high school students in Bialystok. Students belonging to cluster 1 were
the least likely to snack between meals, while the most frequently snacking
students belonged to cluster 2, p < 0.05 (Table 6).

Table 6. Snacking between meals among the surveyed students in separate
clusters

Cluster p∗∗

Do you snack Total p∗ 1 1 1 2 2 3
between meals? 1 2 3 4 vs. vs. vs. vs. vs. vs.

2 3 4 3 4 4

Yes, often n 148 328 106 153 735 ∗∗ ∗∗ ∗∗ ∗∗

% 34.7 59.1 42.6 41.4 45.9

Yes, sometimes n 253 212 135 205 805 ∗∗ ∗∗ ∗∗

% 59.4 38.2 54.2 55.4 50.3 < 0.001

No n 25 15 8 12 60 ∗∗

% 5.9 2.7 3.2 3.2 3.8

Total n 426 555 249 370 1600

% 100.0 100.0 100.0 100.0 100.0
∗ Pearson’s χ2 independence test
∗∗ Test for two proportions with a Bonferroni correction for multiple comparisons, p < 0.05
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Students belonging to clusters 2 and 4 significantly more often evaluated
their diets as “very good” and less often as “rather bad”, compared to
students in clusters 1 and 3, p < 0.05 (Table 7).

Table 7. Subjective assessment of diet in the opinion of the surveyed students
in separate clusters

Cluster p∗∗

How do you Total p∗ 1 1 1 2 2 3
rate your diet? 1 2 3 4 vs. vs. vs. vs. vs. vs.

2 3 4 3 4 4

Very good n 29 91 24 57 201 ** ** ** **

% 6.8 16.4 9.6 15.4 12.6

Rather good n 285 365 163 267 1080 **

% 66.9 65.8 65.5 72.2 67.5

Rather bad n 103 92 60 45 300 < 0.001 ** ** ** **

% 24.2 16.6 24.1 12.2 18.8

Bad n 9 7 2 1 19 **

% 2.1 1.3 0.8 0.3 1.2

Total n 426 555 249 370 1600

% 100.0 100.0 100.0 100.0 100.0
∗ Pearson’s χ2 independence test
∗∗ Test for two proportions with a Bonferroni correction for multiple comparisons, p < 0.05

All the described clusters were characterized by dietary mistakes. How-
ever, most of them were related to clusters 1 and 3, as opposed to clusters 2
and 4.

Discussion

Our study was designed to assess dietary habits of 18-year-old students.
We extracted clusters of them, which differed in terms of the analysed di-
etary behaviours. Our findings indicate the existence of many deficiencies
in the nutrition of youths. Irregular consumption and omitting any of the
basic meals leads to gaps between meals that are too long and promotes the
formation of hunger (Mazur et al., 2008; Moreno et al., 2010). In the case of
young people, the frequency of meals during a day plays an important role
in the regulation of body weight (Utter et al., 2007). Consuming too small
a number of meals was related to students belonging to cluster 1, where they
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declared an intake of 2 or 3 meals a day. This cluster included the greatest
number of students with overweight and obesity compared to other clusters
and a significant proportion of girls. Another study confirms that girls more
often reduce the number of meals a day and eat meals more irregularly than
boys (Wanat et al., 2011).
Frequent eating promotes eating smaller portions at a time, which sup-

plies less energy and maintains better body weight (Koletzko et al., 2010;
Toschke et al., 2009). Research carried out among 16-year-olds confirmed
that eating five meals a day is associated with a reduced risk of over-
weight/obesity in both sexes and abdominal obesity in boys (Jääskeläinen
et al., 2013). A regular consumption of five meals a day causes the body to
be used to a continuous supply of the appropriate doses of energy and nutri-
ents, allowing it to reasonably administer them. When a person eats every
3–4 hours, the body does not need to over-accumulate stocks to adjust for
longer periods of starvation. During gaps between meals that are too long
a body can lower its metabolic rate, which causes the energy supply to accu-
mulate with the subsequent meals. Another shortcoming is the combination
of lunch with dinner as one meal and consumption of it in the late after-
noon or evening, which is common in adolescents (Batyk, 2012). Research
conducted by Piotrowska et al. (2009) suggested that the correct intervals
between meals were observed in only 2.7% of eighteen-year-old girls. Accord-
ing to our research, the students did not keep the recommended intervals
between meals, which was the most visible in clusters 1 and 3. The maximum
interval between meals in cluster 3 was 8 hours and 24 minutes.
Another phenomenon popular among school children was eating during

the night. Research published by Kolarzyk et al. indicated that during the
time period of their study the habit of night eating affected 33.9% of high
school girls. The most popular night snacks included: fruit, yoghurt, candies,
dinner leftovers and sandwiches (Kolarzyk et al., 2007). Similarly, we also
noticed snacking during the night, and the minimum night interval was only
6–7 hours.
Proper distribution of meals during a day is essential for the proper

functioning of the whole body. This results in better utilization of nutri-
ents. The intervals between meals should not be longer than 3–4 hours.
Meanwhile, in a study conducted with junior high school students, the av-
erage intervals between meals were around five hours and the variability of
these values was characterized by the rule: the more meals, the shorter the
interval (Maksymowicz-Jaroszuk et al., 2010). The analysis of intervals be-
tween meals carried out in this work pointed out breaks that were too long.
The average interval was 5 hours and 54 minutes in the case of students
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belonging to cluster 1; 5 hours and 12 minutes in cluster 2. The average
interval observed in cluster 3 was 6 hours and 18 minutes. Only in cluster 4
was the average interval between meals 3 hours and 28 minutes.
Food eaten between meals, without control over its type and quantity,

can easily lead to an excess of energy in the body, resulting in weight gain
and obesity. Young people who do not have their first breakfast before going
to school are most often involved in snacking between meals. According to
research conducted by the Institute of Food and Nutrition, approximately
10–20% of students reported that they did not consume 1st breakfast before
going to school, and some also did not take their 2nd breakfast with them
(Wolnicka, 2008). In these studies, lack of eating 1st breakfast was noted for
the greatest percentage of students belonging to cluster 1, and the lack of
1st and 2nd breakfast were recorded for the greatest percentage of students
belonging to cluster 3. These were the clusters with the highest percentages
of students with impaired nutritional status.
Incorrect nutrition of youth attending school includes skipping basic

meals, which is confirmed by our study. Skipping tea time affected 68.1%
and 21.4% of the respondents. Students belonging to clusters 1 and 3 less
often consumed tea time meals than those belonging to clusters 2 and 4.
In cluster 1, almost half declared not eating supper. The irregularity of
meals regarding supper was confirmed in a study conducted by Marcysiak
et al. (2009) who showed that one third of surveyed students eat supper
irregularly, and 19% just before bedtime. As the reports indicate, there is
a significant increase in the percentage of young people with excess body
weight (Jarosz et al., 2010). In the majority of studies investigated it was
found that boys are more often found to have excess body weight than
girls (Kułaga et al., 2011; Sweeting, 2008). In Poland, according to the
HBSC 2009/2010 study, excess body weight was observed in 10% of girls
and 17% boys (Currie et al., 2012). In the group of examined students,
malnutrition often involved girls and overweight and obesity were related
to boys.
Although adolescents do not conform to the principles of rational eating,

they appreciate their diet. This was proven by research conducted by Sygit
(2006) among the youth in Szczecin. As many as 23.8% rated their diet
as very good, 61% – as good, and only 1.6% as bad. This was similar to
our findings but students belonging to cluster 1 most negatively evaluated
their dietary habits. In the research conducted by Kolarzyk et al. (2007) it
was stated that that only 34.7% of high school students rated their diet as
regular. The fact that, in the opinion of young people, regularly consuming
meals throughout the day is not related to health and proper body weight,
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should be considered disturbing. Although the surveyed students assessed
their diets mostly as very good (12.6%) or good (67.5%) the results suggest
a lack of knowledge of the principles of nutrition among 18-year-olds.
There were significant differences in the diets of surveyed students with

proper nutritional status (clusters 2, 4) and students with impaired nutri-
tional status (malnutrition, overweight, obesity) (clusters 1, 3) in terms of
the number of meals and the regularity of their consumption. According to
our research, the consumption of 4 or 5 meals at the correct intervals can be
regarded as a protective factor against impaired nutritional status. This has
been confirmed by other reports, stressing that during the processes of body
mass regulation the frequency of meals during the day plays an important
role (Bachman et al., 2011; Utter et al., 2007; Wolnicka, 2008). Due to the
importance of the problem from the public health point of view, the impact
of diet on nutritional status disorders in children and adolescents should be
monitored using statistical methods.

Conclusions

The use of cluster analysis applied to processed data regarding dif-
ferent times of food intake enabled the identification of nutritional prob-
lems occurring in the examined population. The major flaws in nutrition of
a qualitative nature may include irregular eating, skipping meals, and eat-
ing in a hurry or in states of emotional discomfort. Over time, nutritional
mistakes in the dietary habits of youths can become habits themselves.
Shaping proper dietary habits is an essential element in the prevention of
lifestyle diseases. This requires constant monitoring, conducting prevention
programs, regular supervision and therapeutic interventions implemented
at every stage of health education.
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