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URIC ACID ALTERATIONS BY CONSUMPTION OF GLUTEN-FREE
BAKERY PRODUCTS IN RELATION TO CARDIOVASCULAR AND
METABOLIC SYNDROME RISK FACTORS

Martina Gazarovd', Lucia Meciarova’

!Slovak University of Agriculture, Faculty of Agrobiology and Food Resources, Department of Human
Nutrition, Tr. A. Hlinku 2, 949 76 Nitra, Slovak Republic

ABSTRACT

Background. Serum uric acid (UA) levels are one of the determinants of the cardiovascular disease and metabolic
syndrome but none of criteria for that syndrome include serum UA. Consumption of bakery products (with or without
gluten) is associated with an increasing prevalence of overweight/obesity and hyperuricemia frequently occurs in subjects
with overweight and obesity.

Objective. The aim of the study was to find out how 6-weeks consumption of gluten-free bakery products can affect risk
factors for cardiovascular disease and metabolic syndrome, and especially uric acid levels.

Material and Methods. The group was composed of 27 female volunteers consuming gluten-free bakery products during
6-week period. The biochemical parameters levels were measured by Biolis 241 Premium, the anthropometric parameters
by InBody 720 and blood pressure by OMRON Microlife.

Results. We found a non-significant increase in total cholesterol and decrease in triglycerides, in the case of LDL
cholesterol a significant reduction in values and increase of HDL cholesterol. Glucose level increased significantly, but
uric acid has not changed significantly. We found the highest total cholesterol, triglyceride, and LDL concentrations in
the third UA quartile. The highest glucose concentrations were found in the lower UA quartiles, while the lowest in the
highest quartiles. Linear increases in UA concentrations were not observed in any of the parameters. Evaluation of the
anthropometric parameters showed that while values of BMI, VFA, fat mass and waist circumference were the highest at
the beginning of the study in the second quartile, after intervention the highest values were shifted to the third quartile.
Conclusions. Due to the consumption of gluten-free bakery products the risk values of the monitored parameters shifted
to higher UA quartiles.
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INTRODUCTION

Uric acid (UA) is the end-product of purine
metabolism in humans [53]; product of an exogenous
pool of purines and endogenous purine metabolism
[14]. Tts levels vary significantly within humans as
the results of the factors that increase generation (e.g.
high purine or protein diet) or decrease excretion
(e.g. reduction in glomerular filtration rate) [S5]. The
production and catabolism of purines are relatively
constant between 300 and 400 mg per day [14].
Exogenous sources that can increase serum UA include
fatty meat, organ meat, and seafood [33] and fructose
is another source of exogenous UA. Higher serum UA
levels are found in men (with older age, higher blood

pressure, increasing cholesterol level and creatinine,
and higher body mass index) [24, 36].

Hyperuricemia is usually defined as 6.5 or 7.0
mg.dL" in men and 6.0 mg.dL"' in women. This
condition frequently occurs in subjects with overweight
and obesity, insulin resistance, glucose intolerance,
dyslipidemia, hypertension, fatty liver, etc. [23, 60].

Some observational studies have suggested that
serum UA levels are one of the determinants of the
metabolic syndrome and cardiovascular diseases
[4]. Metabolic syndrome has become health problem
worldwide due to its relationships with cardiovascular
disease and type 2 diabetes. It rises with aging and
women are more affected than men [50]. The diagnostic
criteria for metabolic syndrome vary [3, 28], but three
or more of these manifestations are needed to diagnose:
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for European individuals waist circumference >94
and >80 c¢cm in men and women respectively; serum
triglycerides 1.7 mmol.L"'; high-density lipoprotein
cholesterol <1 mmol.L"' and 1.3 mmol.L"! in men and
women respectively; blood pressure >140/90 mmHg;
and fasting blood glucose >6.1 mmol.L"'[2, 3, 8]. None
of these criteria include serum UA although elevated
levels are in subjects with metabolic syndrome [62]
and it has therefore been suggested that serum UA
is one of the determinants of syndrome [46]. Whilst
hyperuricemia is not accepted as factor for the
diagnosis of metabolic syndrome, many studies have
suggested that serum UA levels are uniformly elevated
[11, 47]. Body composition including muscle mass and
fat mass are associated with serum UA levels. In adults
with normal body mass index, the metabolic syndrome
is 10 times higher in those having serum UA >10
mg.dL" compared to those with <6 mg.dL"! [17]. The
hazard ratio of incident metabolic syndrome shows a
steady increase when normal adults were allocated
into four quartiles according to serum UA [63]. Shani
et al. [52] found that high normal serum UA was also
associated with future development of type 2 diabetes
among lean healthy and normoglycemic women.
Elevated serum UA predicted diabetes mellitus and
insulin resistance [35]. Uric acid is also commonly
associated with hypertension and the risk to develop
the hypertension rises greater in hyperuricemic male
and female subjects; this chance augments in older
age [58, 61]. Leiba et al. [39] found that those with
serum UA higher than 3 mg.dL"' had a greater chance
to develop hypertension and the higher the serum UA
within the normal range, the greater was the risk to
develop hypertension. The risk is stronger in younger
ages and in females and high serum UA is one of the
major predictors of worse blood pressure control [18,
38, 56]. Increased serum UA was also appointed as
independent risk factor for overall and cardiovascular
mortality. The relationship is higher in the lowest and
highest quintiles in both men and women [59].
Gluten-free eating patterns are frequently
perceived to be healthier than gluten-containing
ones and good health is the primary reason given for
a gluten-free diet adoption in healthy population. 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 [13]. However, the nutritional value
and quality of gluten-free products is questionable.
Lucisano et al. [41] reported that most gluten-free
products had poor cooking quality compared with
their wheat counterparts and there is a need to
improve the nutritional quality of these products.
Researchers found an excess intake of total energy,
animal protein and fat and a lower intake of dietary

fibre, magnesium and folic acid by following a gluten-
free diet [44, 66]. Gluten-free breads had a higher
glycaemic index than the conventional breads and had
great divergences in fat [19]. Almost all the gluten-
free products were high in available carbohydrates
[42]. Gluten-free bread provides twice as much fat,
mainly saturated fat in comparison to its equivalents
with gluten [44]. Consumption of bread and bakery
products (with or without gluten) is associated with
an increasing prevalence of overweight and obesity. It
was demonstrated that the obesity risk is increased in
celiac on gluten-free diet because of the high glycemic
index of the gluten-free diet [37].

Therefore, the aim of the study was to find
out how six weeks of consumption of gluten-free
bakery products can affect selected risk factors for
cardiovascular disease and metabolic syndrome,
and especially uric acid, whose elevated levels are a
significant predictor of these diseases.

MATERIALS AND METHODS

Characteristics of the participants

Twenty-seven female volunteers were included
in the study. The requirement for participation was
the consent of individuals with whole study and
measurement conditions which they will have to
complete during the research. The group of participants
was composed of volunteers from the general
population, consuming gluten-free bread and gluten-
free bakery products during 6-week period; however
the participants of the study were not allowed to be on
total and strict gluten-free diet. Participants with the
present severe disease or with recommended special
dietary regimen were excluded prior to the start of the
study. The amount of bread and bakery products was
determined according to the recommended dietary
allowance for the Slovak population 150-200 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. Volunteers completed
a total of 2 measurements (1** measurement before
consumption as a control, 2" measurement after the
6-week consumption). The trial was approved by the
Ethic Committee at the Specialized St. Svorad Hospital
Nitra Zobor (Slovakia); (protocol no. 012911/2016).

Dietary Assessment

For study purposes, we monitored the nutritional
intake (Table 1) of study participants in order to
evaluate the recommended nutritional doses and to
better assess the potential impact of consumption
of gluten-free bakery products on the blood
concentrations of the monitored parameters. Dietary
intake was assessed using 3-day 24-h food recalls,
two on weekdays and one at the weekend. We used the
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Table 1. Nutrient intake of participants

Energy (kJ) Carbohydrates (g) Lipids (g) Proteins (g)
mean + SD 7840 + 3241 229.54 + 113 79.34 + 37 68.75 £ 28
max 17290.35 643.82 208.42 161.33
min 2378.35 66.75 25.11 21.2
med 7218.25 195.54 69.7 66.09
mod ND ND 93.48 ND
Dietary fibre Polyunsaturated Monounsaturated Saturated
(2) fatty acids (g) fatty acids (g) fatty acids (g)
mean + SD 19.04 = 11 11.57+£6 22.06 £11 2492 + 14
max 58.45 36.38 53.34 63.66
min 4.8 1.13 5.84 7.8
med 17.72 10.3 19.1 21.39
mod 58.45 13.3 36.07 47.48
Phosphorus (mg) Magnesium (mg) Sodium (mg) Iron (mg)
mean + SD 1026.35 + 501 335.89 + 541 397477 £ 2772 12.65+7
max 2923.66 5004.57 15147.43 36.44
min 162.22 78.94 967.53 3.33
med 909.75 258.12 3248.25 11.36
mod ND ND ND 36.44
Calcium (mg) Potassium (mg) Pyridoxine (mg) Thiamine (mg)
mean + SD 775.62 + 414 2332.23 £ 1148 1.20+ 1 1.02£1
max 2111.8 6024.09 423 3.8
min 185.87 675.95 0.34 0.14
med 747.32 2055.11 1.12 0.94
mod ND ND 1.32 0.93
Table 2. Compliance with the standard for nutrient intake (according to Kajaba et al. [32])
Energy Carbohydrates Lipids Proteins
(%) (o) (%) (o)
mean 89 63 124 133
max 503 183 321 316
min 25 18 39 41
Dy ey | sl | Vo | S
mean 81 55 104 116
max 244 182 267 318
min 5 7 26 36
Phosphorus (%) Mag(r:;slum So(col/l:)lm I(r(;)r)l
mean 87 83 256 78
max 244 203 939 243
min 21 23 65 21
Calcium Potassium Pyridoxine Thiamine
() (o) () ()
mean 85 52 67 100
max 746 134 240 280
min 19 15 19 14
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nutritional software program Mountberry — Nutrition
& Fitness Software (2011, Version 1.1, Slovakia).
Mountberry provides a complete analysis of food,
meals, recipes based on an updated food database
and nutritional recommendations for nutrient intake,
health insights, dietary guidelines, and individual user
needs. The average nutrient intake for participants
was assessed according to the Recommended Dietary
Allowance (OVD in Slovakia) updated in 2015
[32] (Table 2). During the trial we focused on basic
parameters such as energy, proteins, carbohydrates,
fats and also minerals (phosphorus, magnesium,
sodium, iron, calcium and potassium) and vitamins
(pyridoxine and thiamine).

Blood samples

Blood samples were obtained before and after
intervention. Venous blood was collected in the
morning after 8 h of fasting using 2.5 mL EDTA
solution and in a 2x7.5 mL serum gel tube. After the
separation of blood serum, the parameters levels were
measured by automatic biochemical analyser Biolis
24i Premium (Tokyo Boeki Machinery Ltd., Japan)
using direct ion selective electrodes methods in the
laboratory of the Department of Human Nutrition
(Slovak University of Agriculture in Nitra). We focused
on changes in serum lipid profile (total cholesterol,
triglycerides, LDL cholesterol and HDL cholesterol),
glucose and uric acid. The serum UA concentration
was divided into four quartiles as follows: 1% quartile
<3.5 mg.dL", 2" quartile 3.6-4 mg.dL", 3" quartile
4.1-4.6 mg.dL" and 4" quartile >4.7 mg.dL"' [63].

Anthropometric measurements

Body height was measured in a standing position
without shoes on the electronical medical scales Tanita
WB-300 while shoulders were in normal alignment
and the data were recorded to the nearest 0.1 cm.
Weight was measured in light clothing without shoes
using a standard scale and recorded to the nearest 0.1
kg. Waist circumference was measured at the umbilical
level and that of the hip at the maximum level over
light clothing, using a stretched tape meter, without
any pressure to body surface and measurements were
recorded to the nearest 0.1 cm. BMI (kg.m?) was
calculated as weight (kg) divided by square of the
height (m?).

The anthropometric measurements were made by
using InBody 720 (Biospace Co. Ltd., Seoul, Republic
of Korea). Body composition was diagnosed by multi-
frequency bioelectrical impedance analysis, which
measures the total impedance at frequencies of 1, 5,
50, 100, 500, 1000 kHz. 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. At the same time each participant signed
informed consent for the measurement procedure
and also agreed to the processing of personal data.
The Lookin’Body 3.0 software was used to process
the results. We focused especially on visceral fat area
(VFA, cm?) and fat mass (FM, kg / %).

Measurement of blood pressure

Blood pressure (systolic and diastolic) was
measured by using OMRON Microlife AG, 9443
(Widnau/Switzerland) with fully automatic operation
and the possibility of using both the classic and
elongated inflatable cuff on the arm. Blood pressure
was measured after the body fluid had settled, resting,
sitting. The reference limits were for systolic pressure
120-129 mmHg, diastolic pressure 80-84 mmHg and
pulse 60-90 beats per minute.

Statistical analysis

We evaluated the collected data from the
measurements  statistically and graphically in
Microsoft Office Excel 2010 (Los Angeles, CA,
USA). The changes between biochemical and
anthropometric measurements were performed using
paired Student’s t-test and the data were presented as
mean + standard deviation (SD). Statistical analyses
were performed using the program STATISTICA Cz
version 10. Differences among data were also tested
with a one-way analysis of variance (ANOVA) and
were compared using Tukey’s Post Hoc Test. The
levels of statistical significance were set at P <0.05 (¥),
P <0.01 (**), P <0.001 (***). We used also Pearson’s
correlation analysis between parameters.

RESULTS AND DISCUSSION

Changes of the biochemical and anthropometric
parameters after intervention are shown in Table 3.
Within the lipid spectrum, we found a non-significant
increase in total cholesterol from 5.82 + 0.94 mmol.L!
t05.93 + 0.91 mmol.L"! and a decrease in triglycerides
from 0.98 + 0.41 mmol.L"' to 0.91 £+ 0.46 mmol.L".
However, in the case of LDL cholesterol, we found
a significant reduction in values from 3.29 + 0.75
mmol.L"! to 2.97 + 0.71 mmolL" (P <0.001) and
increase of HDL cholesterol from 1.93 + 0.40 mmol.L!
t02.02 £0.41 mmol.L"' (P <0.05). In this regard, we can
conclude that an increase in total cholesterol may have
been due to an increase in HDL, but it is important
for the assessment of cardiovascular risk in which
HDL and LDL subfractions are predominant, since
not every increase in HDL or decrease in LDL must
clearly predict increased or decreased cardiovascular
risk. Therefore, further analyses are needed.



No 3 M. Gazarova, L. Metiarova 283
Table 3. Changes of the biochemical and anthropometric parameters after intervention
Baseline After 6 weeks
Parameters - -

mean + SD max min mean + SD max min | Pvalue
Age (years) 2911+7 45 23
Height (cm) 167.1 £5.6 176 156
Weight (kg) 63.51 £ 11.93 101.4 48.5 63.29 + 11.88 100.5 48.1 0.1550
Uric acid (mg.dL™") 37+£0.72 5.28 2.55 371 +0.81 5.48 2.38 0.9293
Total cholesterol (mmol.L") 5.82+0.94 8.50 4.41 5.93+0.91 7.94 471 0.3066
Triglycerides (mmol.L") 0.98 +0.41 2.05 0.48 091 £0.46 2.63 0.48 0.2595
LDL cholesterol (mmol.L") 3.29+0.75 5.10 1.78 2.97+0.71 4.55 1.75 <0.001
HDL cholesterol (mmol.L") 1.93 £0.40 2.95 1.18 2.02+0.41 2.97 1.27 0.0166
Glucose (mmol.L") 4.55+0.39 5.23 3.89 4.85+0.51 5.84 392 | <0.001
Body mass index (kg.m?) 2275 +4.12 35.50 17.75 22.67+4.13 35.19 17.68 | 0.1797
Visceral fat area (cm?) 74.10 £30.16 | 153.94 | 37.80 747743137 | 16722 | 41.07 | 0.3732
Fat mass (kg) 18.70 £ 9.44 51.30 8.70 18.66 +9.27 50.50 9.80 | 0.8080
Percentage of body fat (%) 28.16 + 8.02 50.59 16.51 28.22 £7.70 50.21 19.10 | 0.8155
Waist circumference (cm) 82.08+10.99 | 11030 | 68.40 | 82.31+11.30 | 11490 | 6990 | 0.4023
Systolic blood pressure (mmHg) 121 £9.82 141 103 119 £9.82 142 101 0.2138
Diastolic blood pressure (mmHg) 79 +9.74 97 64 77 + 8.61 94 63 0.3363

Table 4. Changes of the biochemical and anthropometric parameters according to quartiles of serum uric acid concentration

UA quartiles UA (mg.dL?) T-C (mmol.L") TAG (mmol.L")
baseline after 6 weeks baseline after 6 weeks baseline after 6 weeks
<3.5 mg.dL"! 3.0 3.0 5.64 5.72 0.92 0.81
3.6-4 mg.dL"! 3.7 39 5.62 5.68 1.02 0.86
4.1-4.6 mg.dL"! 4.3 44 6.39 6.72 1.09 1.26
>4.7 mg.dL! 5.0 5.0 5.76 6.20 0.93 0.94
UA quartiles LDL (mmol.L") HDL (mmol.L") G (mmol.L")
baseline after 6 weeks baseline after 6 weeks baseline after 6 weeks
<3.5 mg.dL"! 3.24 2.80 1.83 2.00 4.53 5.01
3.6-4 mg.dL"! 3.39 2.60 1.73 2.08 4.66 4.53
4.1-4.6 mg.dL"! 3.48 3.77 2.23 1.97 4.52 5.13
>4.7 mg.dL™! 2.88 3.29 2.11 2.05 443 4.55
UA quartiles BMI (kg.m?) VFA (cm?) FM (kg)
baseline after 6 weeks baseline after 6 weeks baseline after 6 weeks
<3.5 mg.dL"! 22.37 22.36 70.91 71.49 17.25 17.66
3.6-4 mg.dL"! 24.21 21.13 86.82 65.52 23.16 15.50
4.1-4.6 mg.dL"! 22.46 26.34 66.98 101.30 17.10 2770
>4.7 mg.dL! 21.33 22.35 70.34 72.80 16.80 17.60
UA quartiles WC (cm) SBP (mmHg) DBP (mmHg)
baseline after 6 weeks baseline after 6 weeks baseline after 6 weeks
<3.5 mg.dL"! 814 81.2 119 118 77 75
3.6-4 mg.dL"! 83.30 78.40 120 117 73 78
4.1-4.6 mg.dL"! 79.25 92.9 124 126 83 80
>4.7 mg.dL"! 80.23 81.2 126 121 38 82

Footnotes: UA - uric acid; 7-C - total cholesterol; TAG - triglycerides; LDL - low-density lipoproteins; HDL - high-density
lipoproteins; G - glucose; BMI - body mass index; VFA - visceral fat area; F'M - fat mass; WC - waist circumference; SBP
- systolic blood pressure; DBP - diastolic blood pressure
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and anthropometric parameters (BMI, visceral fat
area, fat mass; P<0.05) and waist circumference
(P<0.01). Glucose had a correlation with visceral fat
area and fat mass (P<0.05). BMI had a significant
relationship with VFA, fat mass, waist circumference
(P<0.01) and visceral fat area with fat mass and waist
circumference (P<0.01). Blood pressure systolic and
diastolic was associated with lipid parameters (total
cholesterol, triglycerides, LDL; P<0.01).

In terms of metabolic syndrome prevalence, at
least one risk factor was found in 52% and 48% of
respondents at the beginning and end of the study.
Metabolic syndrome would be diagnosed in 11%
of participants before intervention, but only in one
case after intervention. The most female participants
with one risk factor occurred in the first and fourth
quartiles of the UA. Volunteers with two or more risk
factors for metabolic syndrome (after intervention)
were found in the second and third quartiles. Prior to
intervention, the highest incidence of risk factors was
in the second quartile. The most frequently occurring
risk factors were increased waist circumference and
diastolic blood pressure.

In terms of cardiovascular risk, total cholesterol,
waist circumference, and LDL (elevated concentrations
in 81%, 48% and 67%, respectively) were the most
critical parameters before and after the intervention.
Most risk factors occurred in the first quartile (between
1 and 4 risk factors per participant). The highest
incidence of risk factors per participant occurred in
the third quartile.

The gluten-free diet is for people suffering from
celiac disease, for which the only form of treatment is
the strict exclusion of gluten from the diet [9, 57]. The
early development of gluten-free products has been
associated with many technological and rheological
problems, with the nutritional value of these products
being secondary. Therefore, gluten-free products
were nutritionally unbalanced [12]. Many studies
have confirmed higher levels of saturated fatty acids,
salt, low dietary fibre [1, 26]. These facts support the
suspicion that in such nutritional composition of gluten-
free products, consumers are at risk of higher intake of
risk food components involved in the development of
cardiovascular, metabolic and other diseases [64].

However, considering gluten-free products suitable
for weight loss could lead to overconsumption
of these energy-rich products and could result in
promoting weight gain [27]. Obesity is a serious
health condition significantly associated with higher
mortality and morbidity [30] and highly prevalent
metabolic disorder that is characterized by excessive
body fat mass. Abdominal obesity and excess visceral
fat are independent risk factors for cardiovascular
diseases [21], diabetes mellitus and total mortality [29,
51]. Visceral fat area is important factor used in the

assessment of cardio-metabolic risk and is correlated

with the metabolic syndrome even at the normal body

mass index indicating the absence of obesity [6].
Elevated serum UA levels are commonly seen

in association with individual cardiovascular
and metabolic syndrome risk factors such as
hypercholesterolemia, hypertriglyceridemia,

hypertension, hyperglycemia, and obesity [23].

Many studies reported that the association
between serum UA levels and metabolic syndrome
was stronger in females than in males. Women with a
higher serum UA concentration had a higher incidence
of hypertension, hypertriglyceridemia and low HDL
as well as increased cardiovascular morbidity and
mortality compared to that in men [7, 15, 24, 60].

Yang et al. [60] observed that higher levels of serum
UA were significantly associated with increasing BMI,
waist circumference, systolic blood pressure, serum
total cholesterol, LDL, and triglycerides but fasting
plasma glucose and reduced HDL were significantly
negatively related to serum UA concentration.

In the study of Zhang et al. [65] participants
with metabolic syndrome were more likely to have
higher levels of BMI, waist circumference, systolic
and diastolic blood pressure, total cholesterol,
triglycerides, fasting glucose and lower HDL levels
in both men and women. The prevalence of metabolic
syndrome increased according to the quartiles of
serum UA concentration. In women, the prevalence
raised from 24.98% among the participants with
serum UA concentrations <3.5 mg.dL"' to 55.71%
among those with concentrations >4.7 mg.dL".
In the fourth quartile, 9.65% in women exhibited
five metabolic components. There was a positive
association between serum UA concentration and
central obesity, hypertriglyceridemia, low HDL and
high blood pressure in men and women.

The prospective study of Liu et al. [2014] conducted
in US reported that subjects with a high vs low serum
UA concentrations were 2.29 times more likely to
have metabolic syndrome in women. In addition,
the association between serum UA and metabolic
syndrome was stronger among women than men,
consistently with other studies [16, 54].

Hyperuricemia and hypertension may both result
from the common pathway hyperinsulinemia due
to insulin resistance, which increases urine sodium
retention and decreases renal uric acid clearance [25].

In prospective study of a Chinese population Yang
et al. [60] found that there was a graded increase in the
incidence of metabolic syndrome among individuals
with increasing levels of serum UA. Findings suggest
that there was a sex-related association, and therefore
hyperuricemia is a significantly independent risk
factor for the development of metabolic syndrome in
women and tended to interact additively with elevated
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blood pressure and elevated waist circumference.
Postmenopausal women have higher uric acid levels
than younger ones due to their lack of estrogens,
which are naturally uricosuric and favour uric acid
excretion. Serum UA concentrations are always lower
in women than in men at any age albeit less markedly
so with aging [20]. These differences are caused by
other determinants as estrogens.

Zurlo et al. [67] found in their study that women
with higher baseline serum UA concentrations had
a higher incidence of both hypertriglyceridemia and
high blood pressure than men. They also found out
that high baseline serum UA concentrations were able
to predict the onset of metabolic syndrome only in
older women, but not in men. At the baseline, higher
serum UA levels were significantly associated with
more abdominal obesity in both genders and high
triglyceride levels, but only in men.

Obesity is a well-recognized marker and risk
factor for type 2 diabetes, but many individuals with
diabetes are not obese [31]. Results of Krishnan et al.
[35] suggest that elevated serum urate concentration
may be one of the risk factor. Data from the Rotterdam
Study showed that the age and gender adjusted hazard
ratio for diabetes was greatest among persons in the
highest quartile of serum urate level [22].

Hyperuricemia have been proposed as novel risk
factors for diabetes, but the results from epidemiologic
studies have been not clear [10, 49]. The role of serum
UA as a risk factor for diabetes is gender related and
due to different dietary patterns, genetic factors and
the influence of sex hormones [43]. Although higher
than normal serum UA levels are positively associated
with diabetes, some studies suggest that patients with
recently-diagnosed diabetes tend to have lower serum
UA than non-diabetics [5]. Nan et al. [45] reported a
bell-shape association between serum UA and fasting
glucose, which showed an increasing trend in UA up to
fasting glucose of 7.0 mmol.L"'. Thereafter, the serum
UA started to decrease along with further increases in
fasting glucose.

CONCLUSIONS

The results of our study showed that consumption
of gluten-free bread and bakery products during
six weeks had no significant effect on the observed
cardiovascular and metabolic syndrome risk
parameters. But we found that in the case of the lipid
profile, women had the highest total cholesterol,
triglyceride, and LDL cholesterol concentrations
in the third quartile of UA and the values of all the
above mentioned parameters increased in the third
quartile after six weeks of consumption of gluten-
free bread and bakery products. The highest glucose
concentrations were found in the lower UA quartiles,

while the lowest in the highest quartiles. In terms of
metabolic syndrome prevalence, prior to intervention,
the highest incidence of risk factors was in the second
quartile. The most frequently occurring risk factors
were increased waist circumference and diastolic blood
pressure. In terms of cardiovascular risk, the highest
incidence of risk factors per participant occurred in
the third quartile.
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