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ABSTRACT

Background. Bread is one of the world’s most consumed food commodity. However, in the last years consumption of bread
and bakery products has declined, especially in the Western population. The reason for concern is the weight gain and presence
of gluten in these products. Gluten is unacceptable in the diet only in patients with celiac disease who are forced adhere the
gluten-free diet all the time. The consequences of gluten-free diet in healthy people are the subject of many recent studies.
Objective. The aim of this study was to evaluate the changes of visceral fat area in the general population after 6 weeks of
consumption of gluten-free, gluten-containing and whole-grain bread and other bakery products.

Material and Methods. The study group consisted of 120 volunteers divided into four subgroups each with 30 subjects.
Anthropometric measurements were made using the InBody 720 (Biospace Co. Ltd., Seoul, Republic of Korea). We used
the Lookin’Body 3.0 software to process the results. The collected data from anthropometric measurements were evaluated
statistically and graphically in Microsoft Office Excel 2010 (Los Angeles, CA, USA).

Results. After the intervention we found out that visceral fat area values increased in probands consuming gluten-free
and gluten-containing bakery products, but these changes were not significant (P>0.05; 72.7+29.18 c¢cm? vs 73.26+30.32
cm? and 69.6+34.06 cm? vs 70.34+32.33 cm?, respectively). In whole-grain and control group we observed a reduction
in visceral fat area, in the control group there was a significant change (P>0.05 — 91.58+33 cm? vs 90.47+34.37 ¢cm? and
P<0.05 — 77.3£21.65 cm?vs 75.56+21.87 cm?, respectively). After the intervention the visceral fat area values increased in
gluten-free group in 57% of subjects, in gluten group in 73% of subjects and in the whole-grain group in 43% of volunteers.
Although visceral fat area values had inceased in gluten-free and gluten-containing groups, the number of probands with
reference values increased from 80% to 86% in the gluten-free group and from 43% to 66% in the gluten-containing group.
In the whole-grain group we found decrease in number of subjects with reference values of visceral fat area (from 70% to
63%). There were no changes in the control group (86% vs. 86%).

Conclusions. Consumption of different types of bakery products has mostly changed the visceral fat areca values in
a positive direction.

Key words: bakery products, bread, gluten, gluten-free, InBody 720, visceral fat area, whole-grain

STRESZCZENIE

Wstep. Chleb jest jednym z najczesciej spozywanych produktow zywnosciowych na §wiecie. Jednak w ostatnich latach
spadto spozycie pieczywa, zwlaszcza w populacji zachodniej. Powodem rezygnacji z konsumpcji jest obawa o przyrost
masy ciata i obecno$¢ glutenu w tych produktach. Gluten jest niedopuszczalny w diecie tylko u pacjentéw z celiakia,
ktorzy sa zmuszeni stosowaé diete bezglutenowa. Konsekwencje stosowania diety bezglutenowej u zdrowych ludzi sa
przedmiotem wielu ostatnich badan.

Cel. Celem badania byta ocena zmian w obszarze trzewnej tkanki ttuszczowej w grupie badanej po 6 tygodniach konsumpcji:
chleba bezglutenowego, chleba zawierajacego gluten i chleba petnoziarnistego oraz innych produktow piekarniczych.
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Material i metody. Grupa badana sktadata si¢ ze 120 ochotnikdéw podzielonych na cztery podgrupy, w kazdej po 30 oséb.
Pomiary antropometryczne wykonano przy uzyciu InBody 720 (Biospace Co. Ltd., Seoul, Republika Korei). Do analizy
wynikdw wykorzystano oprogramowanie Lookin’Body 3.0. Zebrane dane z pomiaréw antropometrycznych zostaty
ocenione statystycznie i graficznie w Microsoft Office Excel 2010 (Los Angeles, Kalifornia, USA).

Wyniki. Po interwencji dietetycznej wykazano, ze wartosci trzewnej tkanki tluszczowej wzrosty u oséb spozywajacych
produkty pickarnicze bezglutenowe i zawierajace gluten, ale zmiany te nie byly istotne statystycznie (p>0,05,72,7+29,18 cm?
w poréwnaniu z 73,26 + 30,32 cm? i 69,6 + 34,06 cm? vs 70.34 + 32,33 cm?, odpowiednio). W grupie 0sob spozywajacych
chleb pelnoziarnisty i kontrolnej obserwowano zmniejszenie trzewnej tkanki ttuszczowej, w grupie kontrolnej nastapita
istotna zmiana (p> 0,05 - 91,58 + 33 cm? wobec 90,47 + 34,37 cm? i p <0,05 - 77,3 = 21,65 cm? vs 75,56 + 21,87 cm?,
odpowiednio). Po interwencji dietetycznej wartosci trzewnej tkanki thuszczowej zwickszyly si¢ w grupie spozywajacej
chleb bezglutenowy u 57% badanych, w grupie spozywajacej chleb z glutenem u 73% badanych oraz w grupie osob
spozywajacej chleb petnoziarnisty u 43% ochotnikéw. Chociaz wartosci trzewnej tkanki tluszczowej byly obecne
w grupach 0sob spozywajacych chleb bez glutenu i zawierajacych gluten, liczba uczestnikéw o wartosciach referencyjnych
prawidtowych wzrosta z 80% do 86% w grupie bezglutenowej i z 43% do 66% w grupie zawierajacej gluten. W grupie
0s6b spozywajacych chleb z pelnymi ziarnami stwierdzono zmniejszenie liczby os6b z warto$ciami referencyjnymi
prawidtowymi trzewnej tkanki tluszczowej (z 70% do 63%). W grupie kontrolnej nie zanotowano zmian (86% vs. 86%).
Whioski. Spozywanie réznych rodzajéw produktow piekarniczych w wigkszo$ci zmienito zawarto$¢ trzewnej tkanki
thuszczowej u 0s6b poddanych badaniu.

Stowa kluczowe: produkty piekarnicze, chleb, gluten, bezglutenowy, InBody 720, trzewna tkanka thuszczowa, pelnoziarnisty chleb

INTRODUCTION

White bread derived from wheat is one of the main
staple consumed in Western populations. As a result
of its nutritive value, price and simplicity of usage,
it has become the basis of all civilizations” diets. It
contributes to total energy intake and delivers dietary
fiber, proteins and vitamins and minerals [50, 64]. The
term whole-grain has been applied to foods that contain
the intact grain and to foods containing the appropriate
proportions of all the milled grain constituents [30].
Because of the belief that foods rich in fiber are low in
fat, many authorities have recommended consumption
of grain products to control weight [35]. Whole grains
have positive effect on weight control thanks to a sense
of satiety [65]. Results from several studies suggest that
consumption of whole-grain products increase satiety
and reduce energy intake and contribute to weight loss
or maintain optimal body weight [55]. Cereal foods
are good sources of dietary fiber — barley and oats
provide p-glucans [16]. Bread is mainly produced
from wheat and rye flours containing prolamins and
a protein fraction responsible for structure and quality
(gluten). However, there is a group of people for
whom consumption of prolamins — gliadins of wheat,
secalins of rye, hordeins of barley and avenins of oats
— causes disorders such as coeliac disease, allergy and
non-celiac gluten sensitivity [17, 26]. Coeliac disease
is a lifelong disease caused by the intolerance to gluten
[62] and has become an intensively researched topic
over the last years [18]. In recent years there has been
an increasing interest on gluten-free foodstuffs [34].
The proportion of people on a gluten-free diet exceeds
in more than five times the number of those who require
gluten exclusion as a treatment [ 11]. Gluten-free diet is

currently one of the three most popular food regimens
in the world [9]. If healthy people decide to follow
a gluten-free diet because they consider it is healthier,
they should be very careful to accomplish the nutrition
balance. The nutritional value of gluten-free products
is poor [47]. Researchers are motivated to investigate
new ingredients and technologies to be applied in
gluten-free bread-making in order to improve the
quality and nutritive value of these products [3, 10,
13, 25, 57]. Gluten-free breads had a higher glycaemic
index than the conventional breads [12], had great
divergences in fat and protein composition and their
contribution to the daily protein intake is very low
[59]. Almost all the gluten-free products were high in
available carbohydrates, with approximately 50% of
sugar content in cookies, breakfast and sweet products,
whichresultsinahigh glycaemicload[44]. Breadisalso
one of the most restricted foods in popular hypocaloric
diets. It is considered dangerous and caloric and is
included in the list of forbidden foods by those trying
to lose weight [40, 41]. Dietary habits play a crucial
role in the development of overweight and obesity [8].
Their prevalence has increased in developed countries.
Obesity is a serious health condition significantly
associated with higher mortality and morbidity
[31] and highly prevalent metabolic disorder that is
characterized by excessive body fat mass. It produces
adipokines that are strongly associated with much
comorbidity, e.g. type 2 diabetes and metabolic
syndrome [1]. Abdominal obesity and excess visceral
fat are independent risk factors for cardiovascular
diseases [15], diabetes mellitus and total mortality [29,
60]. The severity of obesity is evaluated by different
methods. Measurement of visceral fat area is also
reported to be useful for predicting atherosclerosis
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[19]. Visceral fat area is important factor used in the
assessment of cardiometabolic risk and is correlated
with the metabolic syndrome even at the normal body
mass index indicating the absence of obesity [5, 28].

The aim of the study was to evaluate the effect of
consumption of different types of bread and bakery
products on visceral fat area and find the relation
between gluten-free, gluten-containing and whole-
grain bakery products consumption and changes in
abdominal fat gain.

MATERIAL AND METHODS

One hundred and twenty adults from the general
population took part in the study (42 males and 78
females, age between 20 and 55 years). The requirement
for participation in the research was informed consent
of volunteers with all the study and measurement
conditions which they will have to complete during
the research. All participants signed written informed
consent to participate in the study. Probands with the
present severe disease or with recommended special
dietary regimen were excluded. The trial was approved
by the Ethic Committee at the Specialized Hospital
St. Zoerardus Zobor, n.o. (protocol no. 012911/2016).
Participants were divided into four study subgroups —
gluten-free, gluten-containing, whole-grain and control
group. Each subgroup was composed of thirty adults.
Their characteristics are shown in Table 1. Participants
of gluten-free group consumed gluten-free bread and
gluten-free bakery products, however were not allowed
total gluten-free diet. Participants of gluten group
consumed gluten-containing bread and bakery products
and participants of whole-grain group consumed whole-
grain bread and bakery products. The amount of bread
and bakery product for consumption was determined
according to the recommended consumption of food for
the Slovak population as follows: women consumed 150-
200 grams per day; men 200-250 grams per day during
6-week period. All participants were asked not to change
their eating habits and also not to change their habits
related to the physical activity. Volunteers had a total
of 3 anthropometric measurements (first measurement

Table 1. The basic characteristics of the study groups (age)

before consumption, second measurement after the
6-week consumption of bread and bakery products, and
third measurement two months after end of consuming
chosen products). The anthropometric measurements
were made by using InBody 720 (Biospace Co. Ltd.,
Seoul, Republic of Korea). Each of the participants was
informed with the measurement procedure, explained
the possible risks of measuring in the case of pregnancy
or having an artificial pacemaker at the heart. Before
the measurement, participants were asked to excrete
and refrain from drinking excessive amounts of water
[67]. At the same time each participant signed informed
consent for the measurement procedure and also agreed
to the processing of personal data. One woman did
not complete the trial (whole-grain group). We used
the Lookin’Body 3.0 software to process the results.
We observed the visceral fat area (VFA). Its excessive
amount causes the metabolic and cardiovascular
diseases. In the examination, VFA is defined as
the cross-sectional area of visceral fat found in the
abdomen. VFA values can be divided into 6 categories:
values below 40 cm? are evaluated as low visceral fat
area; values between 41-70 cm? mean optimal visceral
fat area; values between 71-100 cm? expressed limit
visceral fat area; values ranged between 101-130 cm?
mean border visceral fat area; values between 131-160
cm? mean high visceral fat area and values above 160
cm? mean extreme visceral fat area. We evaluated the
collected data from the anthropometric measurements
statistically and graphically in Microsoft Office Excel
2010 (Los Angeles, CA, USA). The changes in different
groups were performed using Pared Student t-test and
the data were presented as mean + standard deviation
(SD). The levels of statistical significance were set at
P<0.05 (*), P<0.01 (**), P<0.001 (***).

RESULTS AND DISCUSSION

The basic characteristics of the study participants
are shown in Table 1. The sample of probands consisted
of 120 people from the general population without any
gender difference. The mean age of the study group
was 31.949.18 years in the range of 20-55 years.

years all participants gluten-free group gluten group
all female male all female male all female male
n 120 78 42 30 27 3 30 17 13
mean 31.90 31.64 32.38 29.73 29.11 35.33 30.73 31.76 29.38
+SD 9.18 9.42 8.8 7.29 8.69
years whole-grain group control group
all female male all female male
n 30 12 18 30 22 8
mean 39.70 44.08 36.78 27.43 27.86 26.25
+SD 8.63 7.27

Abbreviations: n — number of participants; £SD — standard deviation
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Participants were divided into 6 categories
according to VFA values in each subgroup (Table 2).
At the beginning of the study before intervention we
recorded the highest number of probands in the low
VFA category in the gluten group (33%), but also
with border VFA values (20%), the most probands
with optimal values of VFA were in gluten-free group
(57%), the most limit VFA values had probands in
control group (53%) and whole-grain group had at the
beginning of the study the majority of subjects with

high (10%) and extreme (3%) VFA values. During
study there were the changes in the representation
of subjects in each category. In gluten-free group
there was no proband with low VFA after 6 weeks
of consumption. The greatest change in this category
occurred in the gluten group, where from the initial
33% of the probands the number decreased to 10%,
which means that their VFA values increased with
consumption of gluten-containing bakery products.

Table 2. Representation of participants in VFA categories during study

Category of VFA (cm?) baseline after 6 weeks of consumption 2 months after end of consumption
all participants n % mean n % mean n % mean
low <40 12 10 37.13 5 4 34.02 5 4 35.97
optimal 41-70 43 36 56.18 51 43 54.09 49 41 54.68
limit 71-100 41 34 84.69 40 33 83.92 41 34 85.68
border 101-130 16 13 113.63 16 13 112.78 15 13 114.04
high 131-160 7 6 141.87 6 5 140.17 7 6 141.19
extreme > 160 1 1 190.81 2 2 178.83 2 2 177.89
male group n % mean n % mean n % mean
low <40 4 10 35.14 3 7 31.01 2 5 34.82
optimal 41-70 14 33 56.14 15 36 55.32 15 36 52.78
limit 71-100 13 31 86.51 12 29 85.03 14 33 86.99
border 101-130 8 19 114.41 9 21 112.05 8 19 116.36
high 131-160 2 5 149.43 2 5 147.3 1 2 146.11
extreme > 160 1 2 190.81 1 2 190.44 2 5 177.89
female group n % mean n % mean n % mean
low <40 8 10 38.13 2 3 38.53 3 4 36.74
optimal 41-70 29 37 56.19 36 46 53.58 34 44 55.51
limit 71-100 28 36 83.84 28 36 83.44 27 35 85
border 101-130 8 10 112.86 7 9 113.72 7 9 111.38
high 131-160 5 6 138.84 4 5 136.61 6 8 140.37
extreme > 160 0 0 0 1 1 167.22 0 0 0
gluten-free group n % mean n % mean n % mean
low <40 1 3 37.8 0 0 0 0 0 0
optimal 41-70 17 57 55.42 19 63 56.04 18 60 57.13
limit 71-100 7 23 81.39 7 23 84.53 7 23 85.96
border 101-130 3 10 112.94 2 7 117.04 2 7 104.38
high 131-160 2 7 146.23 1 3 139.92 3 10 143.59
extreme > 160 0 0 0 1 3 167.22 0 0 0
gluten group n % mean n % mean n % mean
low <40 10 33 36.88 3 10 29.72 5 17 35.97
optimal 41-70 7 23 54.6 13 43 47.99 11 37 50.7
limit 71-100 6 20 83.15 7 23 81.56 8 27 83.34
border 101-130 6 20 114.98 6 20 114.4 5 17 120.3
high 131-160 1 3 148.27 1 3 139.7 1 3 146.11
extreme > 160 0 0 0 0 0 0 0 0 0
whole-grain group n % mean n % mean n % mean
low <40 0 0 0 1 3 40.03 0 0 0
optimal 41-70 9 30 58.51 9 30 59.04 8 28 54.55
limit 71-100 12 40 86.7 10 33 85.23 10 34 86.12
border 101-130 5 17 114.45 6 20 112.39 7 24 112.34
high 131-160 3 10 139.15 3 10 141.89 2 7 135.94
extreme > 160 1 3 190.81 1 3 190.44 2 7 177.89
control group n % mean n % mean n % mean
low <40 1 3 38.98 1 3 4091 0 0 0
optimal 41-70 10 33 56.47 10 33 53.86 12 40 54.72
limit 71-100 16 53 85.21 16 53 83.86 16 53 86.45
border 101-130 2 7 108.57 2 7 104.85 1 3 113.91
high 131-160 1 3 134.88 1 3 135.72 1 3 139.59
extreme > 160 0 0 0 0 0 0 0 0 0
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With respect to standard bakery products based
on wheat flour, gluten-free bread contains smaller
amounts of minerals, vitamins and dietary fiber [2].
Gluten-free bread provides twice as much fat, mainly
saturated fat in comparison to its equivalents with
gluten [48]. Gluten-free diet has been popularized
among people who want to lose weight and gluten-free
consumers stand out the idea that gluten-free products
are healthier and gluten-free diet improve their health
[22]. The reason for gluten-free products consumption
was 27% to lose weight [24]. Considering gluten-
free products suitable for weight loss could lead
to overconsumption of these energy-rich products
and could result in promoting weight gain [23, 66].
Researchers found an excess intake of total energy,
animal protein and fat and a lower intake of dietary
fiber by following a gluten-free diet [42, 48, 54 ].
Higher intake of fat could be caused by ingredients
used for gluten-free bread making [63]. Gluten-free

Table 3. Changes of VFA during trial in the study groups

bread contains twice amount of fat in comparison to
white bread [48]. From this reason, people who want
weight gain think that following a gluten-free diet
as a good alternative [52]. Changes of VFA values
of study subgroups expressed Table 3. In gluten-free
group average values of VFA changed with a rising
trend, an initial value of 72.7+£29.18 c¢m? has risen
to 73.26+£30.32 cm? without statistical significance.
It is interesting that the highest mean VFA value in
this group was recorded two months after end of
consumption (75.65£29.01 cm?) with a significant
change compared to previous values (P<0.05). The
highest individual VFA value was 167.22 cm? detected
during the second measurement in this subgroup.
When compared to the control group there were no
significant differences (Table 4) and no significant
changes in VFA categories during consumption. The
majority of probands had optimal or limit VFA values
(63% and 23%, respectively).

After 6 2 months After 6 2 months After 6 2 months
Baseline ~ weeks of after end of  Baseline weeks of afterend of Baseline  weeks of after end of
consumption consumption consumption consumption consumption consumption
all participants male group female group
n 120 120 119 42 42 42 78 78 77
mean  77.80 77.40 79.21 82.29 81.83 83.62 75.38 75.02 76.81
+SD 30.68 30.73 31.04 35.10 34.74 35.63 27.96 28.29 28.20
max 190.81 190.44 194.33 190.81 190.44 194.33 153.94 167.22 157.86
min 27.31 19.36 31.24 27.31 19.36 31.24 32.97 36.15 32.01
med 74.26 74.33 74.99 79.94 81.93 82.06 72.77 71.39 72.42
P 0.32 0.00° 0.02° 0.55 0.05 0.21 0.43 0.00° 0.04¢
significance ok * ** *
Table 3. Changes of VFA during trial in the study groups — continued
5} “—‘5 WQSE 5} “—‘5 VJQSE [} “—‘E Vi%g ) ‘*—‘.S V’QSE
E $o28 £2¥Ee £ LJ&8 €2e £ SJ8 €=a £ £ JE £€=a
3 BLEe §5g 3 BLE §5E 3 BLE §5E 3 BLE §GE
£ SEZ sz & SEZ Fzi & Stz Fz: & SEE Fi:
o Y o s Y o s Y5 o s Y o
o o o o o o o o
gluten-free group gluten group whole-grain group control group
n 30 30 30 30 30 30 30 30 29 30 30 30
mean  72.70 73.26 75.65 69.60 70.34 71.73 91.58 90.47 93.50 77.30 75.56 76.45
+SD 29.18 30.32 29.01 34.06 32.33 32.53 33.00 34.37 35.50 21.65 21.87 22.83
max 15394 16722 157.86 14827 13970 146.11 190.81 190.44 19433  134.88 135.72  139.59
min 37.80 41.07 41.50 27.31 19.36 31.24 42.36 40.03 45.11 38.98 40.91 43.53
med 67.36 66.60 66.62 64.57 63.12 61.97 87.02 84.07 89.78 80.53 77.35 75.05
P 0.42 0.02° 0.01¢ 0.40 0.18 0.07 0.17 0.00° 0.26 0.02¢ 0.42 0.46
significance * * ok *

Abbreviations: n — number of participants; £SD — standard deviation, max — maximum value; min — minimum value; med — the median
value of a range of values, the levels of statistical significance chosen for the comparisons were P<0.05 (*), P<0.01 (**), P<0.001
(***); a — intra-group differences after 6-weeks consumption of bakery products; b — differences between data obtained after 6 weeks of
consumption and post-intervention data, c — differences between baseline data and post-intervention data

From all probands in gluten group the most of them
were in the category with low or border VFA before
intervention (33% and 20%, respectively; Table 2).
Due to the consumption of gluten-containing bakery

products VFA values increased which was reflected in
the shift of subjects between different VFA categories.
At the beginning of the study 33% of participants had
the low VFA values but after 6 weeks of consumption
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this number dropped to 10%. VFA values of these
subjects increased which means that these probands
were ranked to category with optimal VFA (23% at
baseline, 43% after intervention).

In the other VFA categories there were no
significant changes in participants’ presence. Similarly
to the gluten-free group also in this group the mean VFA
values changed with increasing tendency (Table 3).
The initial VFA values increased from 69.6+34.06
cm? to 70.34+32.33 cm?. None of the changes was
significant. VFA values ranged between 19.36 cm? and
148.27 cm?. Compared with the control group we did
not find any statistically significant changes (Table 4).
In general, increase in total bread consumption is
associated with more weight gain. Bautista-Castario et
al. [6] found and suggest a dose-response relationship
between the increase in white-bread consumption and

Table 4. Differences between study groups

weight gain. Gaining weight more than 2 kg were not
associated with an increase in bread consumption, but
decrease in white-bread consumption was associated
with losing weight. In this study participants who
decreased consumption of total bread increased the
intake of fish, dairy products, vegetables, cereals and
sweets, those who increased their bread consumption
decreased the intake of these foods. Fuente-
Arrillaga et al. [14] found that participants with the
highest consumption of white bread (=6 slices per
day) significantly increased their risk of becoming
overweight or obese in compare with those with the
lowest consumption (< 3 slices per week). Lean et
al. [37] associated a greater intake of bread with less
weight loss in postmenopausal women. However,
Aston et al. [4] found that the presence of bread in the
diet was associated with greater weight loss.

Baseli After 6 weeks of | 2 months after end . After 6 weeks of | 2 months after end
aseline . . Baseline . .
consumption of consumption consumption of consumption
gluten-free/gluten gluten-free/whole-grain
P 0.71 0.72 0.63 0.04* 0.07 0.09
significance *
gluten-free/control gluten/whole-grain
P 0.46 0.71 0.90 0.04* 0.05 0.05°
significance * *
gluten/control whole-grain/control
P 0.29 0.46 0.49 0.07 0.06 0.04°
significance *

Abbreviations. ¢ differences between groups in baseline data; * differences between groups in post-intervention data.

For whole-grain group was characterized the
highest mean age (39.748.63 years), which was most
likely reflected at the VFA values at the start of the study
(Table 1). In comparison with other subgroups, the
highest mean VFA values were in whole-grain group
(Table 3). Based on these facts we can predict the effect
of age on the development of overweight or obesity.
During trial VFA values ranged between 40.03-194.33
cm?. After the intervention the baseline mean VFA value
was decreased from 91.58+33 cm?to 90.47+34.37 cm?
(p >0.05). In comparison with other subgroups whole-
grain group had the most of all participants with high or
extreme VFA values (10% and 3%, respectively, Table
2). During the intervention there were no significant
changes in the representation of the probands in the
VFA categories. From the point of view assessment
of the differences between the whole-grain group and
the other monitored subgroups we recorded significant
differences at the beginning of the study with gluten-free
and gluten groups (P<0.05) and two months after end of
consumption with gluten and control groups (P<0.05;
Table 4). Whole grains have been inversely associated
with body weight and fat distribution [39, 45, 53]. Their
beneficial effects may be explained by nutrients that
contain. Fiber may decrease energy intake by inducing

satiety [27], wheat fiber reduced the risk of diabetes [21,
49]. Whole-grain bakery products have lower glycemic
load than white bakery products, which evokes a lower
insulin reaction and leads to decreased hunger and
energy intake. Researchers found no unfavourable
effects on ponderal status when they analysed groups
of food items containing whole-grain breads [33, 58].
Fuente-Arrillaga et al. [14] found inversely association
between a higher consumption of whole-grain bread
and the risk of overweight or obesity.

Mendez et al. [46] observed no differences between
the effects of bread type consumption, while Newby
et al. [51] found differences between white or whole-
grain bread consumption and its effects on weight gain.
Bautista-Castario et al. [6] suggest that the different
composition of whole-grain and white bread have
different effects on body weight and abdominal fat.

From the point of view of the impact of gender
on VFA we found that the male group had a higher
initial mean VFA value compared to a female group
(82.29+35.1 cm? vs 75.38+27.96 cm?, respectively;
Table 3). During the trial VFA values decreased in both
groups and these changes did not differ significantly
between the groups or the baseline values. We found
the highest VFA value in male group two months after
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the end of consumption (194.33 c¢cm?) and the lowest
immediately after the intervention (19.36 cm?). For
women, the highest VFA value was 167.22 cm? after
6 weeks of consumption and the lowest of 32.01 cm?
two months after end of consumption.

The normal range of changes in the VFA of ordinary
subjects was +40 cm? in the study of Maruyama et al.
[43] and Fukui [20] found a maximum change in VFA of
55.9 cm? after twelve weeks in obese Japanese patients.
We observed the greatest change of VFA 13.28 cm?
which in this case meant an increase in VFA in proband
in the gluten-free group. In this group, the highest decline
in the value of the monitored parameter was 4.39 cm?.
In other groups the changes were as follows: in gluten
group the greatest increase of VFA was 10.19 cm?
and decrease 8.57 cm?, in the whole-grain group the
maximum VFA growth was by 8.57 cm? and the decrease
by 11.83 cm?, in the control group the maximum increase
was by 8.32 cm? and a reduction by 8.26 cm?. Increasing
accumulation of visceral fat is associated with worsening
of cardiovascular disease, linearly correlated with the
prevalence of hypertension, elevated fasting glucose
levels [19]; reduction may prevent future stroke and
dementia. The exclusion of bread and bakery products
from the diet may lead to unhealthy nutritional foods
being included into the dietary patterns. Finally, it is
important that the consumption of bread has continued to
fall in the world over the past decades but world epidemic
of obesity has been increasing [61, 68].

CONCLUSIONS

In our study, we observed the effect of consumption
of different kinds of bakery products on visceral fat
area. We found that while gluten-free and gluten bakery
products increased VFA values mainly in participants
with low values of VFA, in participants with higher
levels of VFA caused consumption of whole-grain
bakery products decrease of VFA. During six-week
consumption of gluten-free and gluten-containing
bakery products we found increase of mean VFA values
in both groups, but these changes were not significant.
Mean value of VFA of whole-grain group was during
trial decreased without significant change. Further
research is needed to monitor the effect of whole-grain
bakery products on VFA in the population with low VFA
and consumption of gluten-free and gluten-containing
bakery products on subjects with high VFA values.
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