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Petra Lenártová, Mária Holovičová
ABSTRACT
The aim of the study was to evaluate the effect of a short-term consumption (six weeks) of gluten-free bakery products on
the anthropometric parameters. The study group was composed of volunteers from the general population and consisted of
30 healthy adults. The amount of bakery product was determined as follows: women consumed 150 – 200 grams per day;
men 200 – 250 grams per day. Anthropometric measurements were made by using InBody 720, we received data such as
body weight, Body Mass Index (BMI) and Waist-to-Hip Ratio (WHR), which we evaluated the presence of overweight and
obesity in the monitored groups. We also observed visceral fat area (VFA). We found out that the 6-week consumption of
gluten-free bread and bakery products showed a significant reduction in body weight and BMI (p <0.01), but also to a
significant increase in VFA (p <0.05). By the impact of consumption we recorded the increase of body weight and BMI in
70% of participants (in 30% there was slight increase), decrease of WHR in 33% (increase in 43%) and decrease of VFA in
43% (increase in 57%). For other participants, the values remained unchanged. Two months after the termination of the
consumption of gluten-free products we found out the increase of body weight and BMI, WHR remained unchanged,
however in the case of VFA showed significant increase of values. We can summarize that dietary habits play a crucial role
in the development of overweight and obesity and the consumption of bread and bakery products can also affect it.
However, the overall effect of bread and bakery consumption on the development of overweight depends on many factors,
such as the composition of the bread and bakery products and the presence of gluten.
Keywords: gluten, bakery products, body mass index, waist-to-hip ratio, visceral fat area
to people with disorders such as coeliac disease, allergy
and non-celiac gluten sensitivity (Hamer, 2005).
The prevalence of celiac disease is high, ranging from
0.5 – 1% in Europe and America, a similar prevalence is
also estimated in Australia, the Middle East, North Africa
and probably also in northern China. In Slovakia, the
incidence of celiac disease is 1:250. Prevalence is more
pronounced in women with a ratio of 2:1 to 3:1 (Suchá et
al., 2015). Celiac disease also known as celiac sprue or
gluthene enterotherapy is a digestive and autoimmune
disorder resulting in damage to the small intestine mucosa
caused by eating foods containing gluten (Bansal, Gupta
and Bansal, 2017). Recognition of symptoms, as well as a
responsible approach to disease therapy and nutrition
counseling is very important for the patient's prognosis
(Haas et al., 2014). At present, the only affordable and
acceptable treatment for celiac disease is a strict glutenfree diet, which in practice means excluding all foods
containing rye, wheat and barley. The inclusion of oats in
the diet is still under discussion. At present, we are still
working on the development and validation of new

INTRODUCTION
Obesity is health problem affecting more than a million
adults worldwide (WHO, 2008). Health professionals
recommend the exclusion of some foods in weight loss
diets (Layman et al., 2003; Luscombe et al., 2003;
Yancy et al., 2004; Noakes et al., 2005). Restricting the
consumption of carbohydrates, especially bread, is
a frequent practice since these foods are considered as
inappropriate and are included in the list of forbidden
foods by those trying to lose weight (Malinauskas et al.,
2006; López Sobaler et al., 2007). High carbohydrate
content in cereals is considered as one of the factors
contributing to the obesity epidemic (Hoffmanová and
Sánchez, 2015).
Bread is one of the most popular staple foods in the world
and its consumption provides energy, proteins, dietary
fiber, minerals and vitamins intake (Nanditha and
Prabhasankar, 2009). Bread and bakery products are
usually produced from wheat and rye containing gluten.
Prolamins such as gliadins of wheat, hordeins of barley,
secalins of rye and avenins of oats cause health problems
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methods for determining the presence of gliadins, secalins
and hordeins in plant material and on the possibilities of
using various alternative plants and pseudocereals in
nutrition of celiatics (Socha, Raždíková and Urminská,
2010; Chňapek et al., 2014).
Dietary measures usually lead to normalization of
clinical, laboratory and enterobioptic findings at a different
time from the introduction of a gluten-free diet (Suchá et
al., 2015). The content of some vitamins (B1, B2, B12, D),
minerals (iron, calcium, zinc, magnesium) and dietary
fiber in the gluten-free diet may be lower than
recommended for a sufficient intake (Frič and Keil,
2011). In the western civilization, daily consumption of
gluten is very high, on average 20-50 g (Hoffmanová and
Sánchez, 2015).
Recently, gluten-free products are very popular among
consumers without diagnosed celiac disease, which has
caused an exponential increase in gluten-free product
sales. This report was updated by NHANES (National
Health and Nutrition Examination Survey) from
2009 – 2012. From all of study participants
(14,701 participants), 0.9% of them adhered to a glutenfree diet even though they had no diagnosed celiac disease
(Missbach et al., 2015). A gluten-free diet is necessary for
patients with any form of gluten sensitivity. However,
today many healthy people adhere to a gluten-free diet,
although this is not necessary (Kolesárová et al., 2017).
This is a trend promoting gluten-free diet as a healthier
diet. According to the survey, up to 30% of Americans are
adhering to this diet. After removing gluten from the diet,
these people feel less tired and, above all, do not have a
weight problem. In fact, gluten-free foods are known to
have an increased amount of fat, in some cases they
contain up to 5 times more fat than gluten-containing
products, so it is difficult to lose weight with this diet
(Kutner, 2014). According to Penagini et al. (2013)
gluten-free products contain more carbohydrates and lipids
compared to the gluten products and have a high glycemic
index (estimated glycemic index of gluten-free products is
ranged between 83.3 – 96.1 vs. 71 for white bread). In
2015, a study involving 30,000 respondents from
60 countries worldwide was carried out. It was found that
21% of respondents rated gluten-free products as an
important attribute when they purchased food. The older
generation is less affected by the gluten-free industry,
despite the reports of an increased incidence of
hypersensitivity to gluten in the elderly. According to the
study, 37% of respondents under the age of 20 and 31%
aged 21 – 34 were willing to pay higher prices for glutenfree products and only 22% of respondents aged
50 – 64 years and 12% aged 65 and over were also willing
to invest in gluten-free products (Reilly, 2016).
At present, the results of scientific studies have been
gathered to find out the impact (also negative impact) of
gluten-free foods on a healthy consumer. Some commonly
used gluten-free foods contain more fat and carbohydrates
and have a lower protein, iron and folic acid content
compared to the conventional products (Kulai and
Rashid, 2014). For a healthy consumer, gluten-free foods
do not provide additional health benefits from a nutritional
point of view, so it is not appropriate to replace products
containing gluten by gluten-free foods that are
considerably more expensive (Missbach et al., 2015). Our
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study was mainly focused on the effect of six weeks
consumption of gluten-free bread and bakery products on
changes in selected anthropometric parameters.
Simultaneously, we assessed other changes of selected
parameters two months after the termination of
consumption of gluten-free bakery products.
Scientific hypothesis
Six weeks consumption of gluten-free bread and bakery
products have effect on changes in selected anthropometric
parameters.

MATERIAL AND METHODOLOGY
The trial was approved by the Ethic Committee at the
Specialized Hospital St. Zoerardus Zobor, n.o. Nitra,
Slovakia (protocol no. 012911/2016). 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. The participant group was composed of
volunteers from the general population and consisted of
30 healthy adults (3 men and 27 women), who during
6-week period consumed gluten-free bread and gluten-free
bakery products, however the participant of the study were
not allowed total gluten-free diet. Participants with the
present severe disease or with recommended special
dietary regimen were excluded from the study group. The
amount of bread and bakery products was determined
according to the recommended consumption of food for
the Slovak population as follows: women consumed 150200 grams per day; men 200 – 250 grams per day. All
participants were asked not to change their eating habits
and also not to change their habits related to the physical
activity.
Probands had a total of 3 anthropometric measurements
(first measurement before consumption of gluten-free
bakery products, second measurement after the 6-week
consumption of gluten-free bread and bakery products, and
the third measurement 2 months after end of consuming
gluten-free bakery 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 (Wiklund et al.,
2014). At the same time each participant signed informed
consent for the measurement procedure and also agreed to
the processing of personal data. We used the Lookin'Body
3.0 software to process the results. Through the Inbody
720 we received data such as weight, Body Mass Index
(BMI) and Waist-to-Hip Ratio (WHR), which we
evaluated the presence of overweight and obesity in the
monitored groups. We also observed visceral fat area
(VFA). Its excessive amount causes the metabolic and
cardiovascular diseases. In the examination, the visceral
fat area is defined as the cross-sectional area of visceral fat
found in the abdomen.
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Statistical analysis
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 (***).

below the recommended minimum value (1 participant). In
one analytic study, in whose participated total 37 patients,
were collected data about the patients with celiac disease,
where after the year of the consumption of the gluten free
diet the authors recorded significant increase of the body
weight. The value of BMI remained within the normal
range (Quero et al., 2015). After 2 months since the
termination of the consumption of gluten free bakery
products, we did not record any significant changes,
despite the fact that the average weight was increased to
65.88 ±12.78 kg, the maximum to 102.7 kg and the
minimum to 50 kg. The exceeding of the recommended
body weight was recorded in 20% probands, the rest of the
participants were within the range of the recommended
values.
Figure 1 compares the results of all 3 measurements with
respect to the specified individual weight standard of each
proband. During all 3 measurements, the variability of the
body weight of our participants was as follows: in the
second measurement (due to the consumption of bakery
products), 9 participants (30%) changed its weight, which
had an increase in body weight relative to the first
measurement. The greatest deviation was shown in the
weight gain by 2.59% and the lowest by 0.34%. 70% of
the participants reduced their weight, the greatest weight
loss was by 1.96% and the lowest weight loss was by
0.18%. According to Diamanti et al. (2014) the
occurrence of overweight in patients with celiac disease is
in the range from 8.8% to 20.8%. The overweight/obesity
is more common in newly diagnoses patients with celiac
disease. It is possible that disinclination to food is led to
the preference of food with high content of fat and proteins
and high caloric food. However, the occurrence of obesity
is possible to explain as a global trend of the
overweight/obesity in people, including celiatics. During
the third measurement (two months after the end of the
consumption of gluten-free bread and bakery products) 20
participants (67%) increased their body weight, while the
greatest recorded increase of body weight was by 2.46%.
The rest 10 probands (33%) reduced their body weight
with the greatest deviation in the increase of body weight

RESULTS AND DISCUSSION
Figures 1 – 4 and Table 1 show the changes of selected
monitored parameters of participants throughout the
survey.
Body weight
Bread is one of the most restricted foods in hypocaloric
and reduced diets. Loria-Kohen et al. (2012) found that
the results obtained after the completion of a hypocaloric
diet intervention in overweight and obese patients are not
related to the presence or absence of bread in the diet.
There were no significant differences between bread or nobread groups, both groups significantly reduced their body
weight. Study of Lean et al. (1997) showed that a greater
intake of bread is associated with less weight loss in
postmenopausal women; however, Aston, Stokes and
Jebb (2008) reported that the presence of bread was
associated with greater weight loss.
At the beginning of the study during the first
measurement was the average body weight of probands
65.32 ±12.60 kg. The value of maximal body weight was
101.40 kg and the lowest value of body weight was
48.50 kg. 20% of the participants exceeded their maximum
recommended weight (Figure 1, Table 1). One proband
was below the recommended minimum, other participants
ranged within recommended values. After 6-week
consumption of gluten-free bakery products, the average
body weight of participants significantly decreased to
65.08 ±12.54 kg (p <0.01). The value of maximal body
weight was 100.50 kg and the lowest value of body weight
was 48.10 kg. The exceeding of the recommended body
weight was again recorded in 20% probands and same as
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Figure 1 Changes of body weight compared to the individual weight standard in percent during the study.
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by 5.35% and the lowest body weight decrease was by
0.15%. We found out that while at the beginning of the
study 50% of the participants exceeded the ideal body
weight, by the influence of the consumption of gluten-free
bakery products the ideal body weight was exceeded in
less probands (47%), but when comparing the number of
subjects who exceeded the normalized body weight at the
start and at the end of the study it was found the
worsening, because up to 60% of the participants exceeded
the normalized body weight limit in the conclusion of the
study. Compared with the initial values, the body weight
increased in 53% of participants, decreased in 40%, and
7% of the participants had the same body weight values
between the first and last measurements. These changes
were not significant.

observed the increase of the average value of BMI to
23.03 ±4.02 kg.m-2, it was also increased Max value of
BMI to 35.96 kg.m-2 and Min value to 18.3 kg.m-2.
Increase or decrease of BMI values in the dynamics of the
study directly correlate with the changes in the body
weight values. As it is shown in the Figure 2, nine
participants (30%) increased their values of BMI in the
range from 0.04 to 0.54 kg.m-2, on the contrary, decreasing
of BMI were observed in 21 participants (70%) in the
range of 0.04 – 0.54 kg.m-2. During the third measurement
since 2 months after the consumption of gluten-free bakery
products we observed further increase of BMI values in
20 probands (67%) in the range from 0.03 to 1.17 kg.m-2,
decreasing was found in 10 probands (33%) in the range of
0.03-0.05 kg.m-2. During the study, BMI values over
25 kg.m-2 had 20% of the participants, under 19 kg.m-2 at
the beginning 3%, after consumption since the end of the
study 7% of participants. Ukkola et al. (2012) monitored
the influence of the year consumption of gluten-free diet to
the body mass index in the celiatics. The values of BMI at
the determination of the diagnosis and after a year on the
gluten-free diet were assessed and compared with the data
of general population. At the beginning of the diagnosis of
the disease were underweight 4% of monitored probands,
57% of probands had values in the normal range, 28%
were overweight and 11% were obese. After a one year
consumption of gluten-free diet, 69% of underweight
participants increased their body weight, and 18%
overweight and 42% obese participants lost weight. BMI
values of other subjects remained unchanged. The celiac
group showed more favorable BMI results than the normal
population.
In Italy, a study was conducted to compare BMI between
150 patients with celiac disease and 288 healthy subjects.
At the diagnosis of celiac disease the median value of BMI
was significantly lower as in the healthy subjects; patients
usually did not suffer from overweight or obesity. During
gluten-free diet, there was a significant decrease in the
number of underweight patients (13 vs. 27) and a minimal
increase in the number of overweight patients (9 vs. 6).

BMI

Body Mass Index
The body mass index is used to determine the
approximate degree of obesity. The BMI method is widely
used in the general medicine, dietary and sport medicine as
the main means for the evaluation of degree of obesity.
The disadvantage of this method is that it can not be
applied to adults with a high degree of muscle mass, to
children and persons over 65 years or to pregnant women.
The body mass index does not capture the changes in the
nutritional status in the presence of overweight or obesity,
because malnutrition can be present and masked by the
abnormal amount of fat. Prior to the commencement of the
consumption, a group with a normal weight was consisted
of 23 participants, three probands had the overweight, two
probands suffered from the first degree of obesity and the
second degree of obesity was occurred in one participant
(Figure 2, Table 1).
The average value of BMI was 22.83 ±3.95 kg.m-2, while
the values were in the range from 17.75 kg.m-2 to
35.5 kg.m-2. After the 6-week consumption of gluten-free
bakery products we recorded significant decrease of this
index (p <0.01), while the average value of BMI was
22.75 ±3.95 kg.m-2 (Max value was 35.19 kg.m-2 and Min
value was 17.68 kg.m-2). After the last measurement we
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Figure 2 Changes of Body Mass Index during the study.
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Table 1 Changes of body weight, BMI, WHR and VFA during the study.
VFA (cm2)

body weight (kg)

mean

baseline

after 6 weeks
of
consumption

2 months after
end of
consumption

baseline

after 6 weeks
of
consumption

2 months after
end of
consumption

65.32

65.08

65.88

72.70

73.26

75.65

±SD

12.60

12.54

12.78

29.18

30.32

29.01

Max

101.40

100.50

102.70

153.94

167.22

157.86

Min

48.50

48.10

50.00

37.80

41.07

41.50

Med

62.95

62.20

62.95

67.36

66.60

p

0.1576

significance

0.0041

a

0.0587

0.4175

**

0.0244

66.62
a

*
-2

BMI (kg.m )

0.0111b
*

WHR

baseline

after 6 weeks
of
consumption

2 months after
end of
consumption

baseline

after 6 weeks
of
consumption

2 months after
end of
consumption

mean

22.83

22.75

23.03

0.87

0.87

0.87

±SD

3.95

3.95

4.02

0.06

0.06

0.06

Max

35.50

35.19

35.96

1.00

1.01

1.02

Min

17.75

17.68

18.30

0.78

0.80

0.79

Med

21.62

21.61

21.69

0.85

0.86

0.86

0.0597

0.2550

0.5725

0.1110

p
significance

0.1637

0.0033

a

**

Note: ±SD – standard deviation; Max – maximum value; Min – minimum value; Med – the median value of a range of values; VFA
– visceral fat area, [cm2]; 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 gluten-free bakery products; b – differences between baseline data
and post-intervention data.

The high frequency of overweight patients in determining
the diagnosis confirms the need for individual nutritional
care (Brambilla et al., 2013). Loria-Kohen et al. (2012)
recorded a significant reduction in BMI in both groups
when comparing two groups with and without of bread
consumption. Dickey and Kearney (2006) and Capristo
et al. (2009) reported the increase of BMI during glutenfree diet. Zanini et al. (2013) found that during gluten-free
diet the mean value of BMI increased significantly. The
large majority of the patients remained in the same
category as at baseline and 9% of patients moved from the
underweight to the normal weight category. However, 8%
of patients moved from normal to overweight/obese group.

During the study the WHR values did not significantly
change, the mean WHR values were between 0.87 ±0.06.
The Max and Min values of the observed parameter varied
in the dynamics of the study by a more rising trend from
1.00 at the beginning of the study to 1.01 when the
consumption of gluten-free bakery products was over, up
to 1.02 at the end of the study (Min 0.78/0.8/0.79). Due to
the consumption of gluten-free bakery products, the
number of participants with abdominal obesity (23%) did
not increase and two months after the end of the
consumption the number of participants with WHR greater
than 0.9 even decreased (20%). As shown in the Figure 3,
during the consumption of gluten-free bakery products
WHR increased in 43% of probands, decreased in 33% and
in 23% of participants WHR did not change. Two months
after the end of consumption, a further increase in WHR
values occurred in 47% of participants and a decrease in
37% of participants. We compared the values of the
observed parameter at the beginning and the end of the
study and we found that 30% of the participants reduced
their WHR values, 50% of participants increased their
WHR values, and in 20% of probands the values remained
unchanged.

Waist-to-hip ratio
Among the indices reflecting visceral fat accumulation,
waist circumference or waist-to-hip ratio have been used
for convenience. However, waist circumference includes
both visceral and sucutaneous fat (Kuk et al., 2005).
Waist-to-hip ratio (a trait of the criteria for metabolic
syndrome) is more strongly related to the cardiovascular
disease than BMI (St-Onge, Janssen and Heymsfield,
2004). Subjects with the WHR value 0.9 and higher are
considered as the subjects suffer from abdominal obesity.
At the beginning of the study we found values higher
than 0.9 in 23% of participants in the range of 0.91 – 1, the
average value of the group was 0.87 ±0.06 (Figure 3,
Table. 1).

Volume 11

Visceral fat area
The visceral fat area is defined as the cross-sectional area
of the internal fat found in the abdomen. If VFA is greater
than 100 cm2 we talk about abdominal obesity
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Figure 3 Changes of WHR during the study.
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Figure 4 Changes of visceral fat area during the study in cm2.
found that VFA values above 100 cm2 had four
participants, the increase in VFA values was observed in
57% of participants and decrease in 43% of participants.
Compared to the baseline values at the beginning of the
study there was a statistically significant increase in VFA
(p <0.05), the mean value of the group increased to 73.26
±30.32 cm2 (also the Max value to 167.22 cm2, Min value
to 41.07 cm2). The consumption of gluten-free bread and
pastries may increase the area of visceral fat. Two months
after the end of the gluten-free pastries consumption, the
number of participants with abdominal obesity returned to
the initial number (five participants). The mean value of
the visceral fat area was 75.65 ±29.01 cm2 at the end of the
study (Max VFA was significantly reduced to 157.86 cm2
compared to the previous measurement, the Min VFA was
41.5 cm2). When comparing the initial and final values of
VFA we found a significant increase (p <0.05). Figure 4
shows changes in the visceral fat area throughout the
study. During the consumption of gluten-free bread and
bakery products the increase of visceral fat area was
observed in 57% of participants in the range from 0.28 to
13.28 cm2 and decrease in 43% of participants in the range
of 0.28 – 4.39 cm2. After releasing gluten-free bakery
products we found in many participants a further increase
in visceral fat area values (up to 67% of them) in the range
of 0.12 – 12.85 cm2. Two months after the end of the

(Biospace, 2017). The visceral fat is deposited between the
organs in the abdominal cavity where it is not normally
present. In the case that this kind of fat is present in a
higher amount, it is very dangerous and there is a risk of
cardiovascular diseases, diabetes and the risk of the
metabolic syndrome. Measurement of visceral fat area is
also reported to be useful for predicting atherosclerosis
(Fox et al., 2007). From the point of the risk assessment it
is more important where the fat is stored and not its
amount. Many studies have shown that the fat stored in the
waist area represents a higher risk than the fat stored in the
thighs, buttocks and loins. The visceral fat is hidden and
therefore healthy and slim persons can suffer from it. It
does not need to be produced only by increased energy
intake, but paradoxically even at very low intake or even
the energy intake is lower than the basal metabolic need.
Before the consumption of bread and bakery products
five probands (17%) suffered from the abdominal obesity,
their values were higher than 100 cm2 (Figure 4, Table 1).
The average value of the visceral fat area of all participants
was 72.7 ±29.18 cm2 (the lowest value was 37,8 cm2 and
the highest value 153,94 cm2). At the same time we found
value of VFA lower than 40 cm2 which is undesirable from
the endocrine side. It occurred only in one proband and
only at the beginning of the study. After 6-weeks of
gluten-free bread and bakery products consumption we
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consumption we recorded a reduction in visceral fat area in
33% of participants in the range of 0.12 – 9.36 cm2.
Compared with the baseline values at the end of the study
we found a decrease in VFA in 37% of participants and an
increase in 63% of them. According to Vici et al. (2015)
with the consumption of gluten-free pastries is associated a
higher risk of obesity due to the high glycemic index of
gluten-free foods and also the high content of saturated fat.
During the gluten-free diet, in many studies it was
confirmed the inadequacies in the intake of some
macronutrients and trace elements, mainly fiber, vitamin
B12, vitamin D, calcium, iron, zinc and magnesium.
Bautista-Castaño et al. (2013) found that the different
compositions of whole-grain and white bread have
different influences on body weight and abdominal fat.
This may be caused by factors such as postprandial insulin
responses, gastric emptying after consuming a meal with
high glycemic index and others (Juntunen et al., 2002).
Romaguera et al. (2011) reported a direct association
between the increase in white bread consumption and
annual visceral adiposity gain, independent from BMI.
Similar results were found in our survey, where we
observed a higher increase in VFA values then BMI. Study
results of authors Bautista-Castaño et al. (2013) suggest
that reducing white bread, but not whole-grain bread
consumption is associated with the lower gains in weight
and abdominal fat. Fuente-Arrillaga et al. (2014) in their
study found that participants in the highest category of
white bread consumption (≥6 slices per day) showed
a significantly increased risk of becoming overweight or
obese and that a higher consumption of whole-grain bread
was inversely associated with the risk of overweight and
obesity althought without statistically significant. 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 (WHO, 2000;
Serra-Majem and Quintana, 2010).
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