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ABSTRACT

Aims: To test if the level of oxidative stress is different in women with overweight and with
metabolic syndrome.

Study Design: Cross- sectional.

Place and Duration of Study: Endocrinology Clinic of the Botucatu Medical School- UNESP,
between March 2013 and March 2014.

Methodology: Eighty women (31.15 + 7.91 years old) attended at the Endocrinology Clinic of the
Botucatu Medical School- UNESP composed this study. According to the body mass index (BMI)
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predictor for damage to DNA.

they were divided in 3 groups: Group 1 (G1, n=36 eutrophic); Group 2 (G2, n=21 overweight) and
Group 3 (G3, n=23 women with MS-Metabolic syndrome). It was evaluated: dietary intake of macro
and micronutrients dietary; antioxidant capacity (HAC) of plasma and levels of malondialdehyde
(MDA); carotenoids, retinol and a-tocopherol in peripheral lymphocytes and the comet assay.

Results: Damage to DNA, oxidized purines and the levels of MDA didn’t differ between women
with overweight and with metabolic syndrome but they are higher than those in the control group.
Correlation was positive for BMI and waist circumference (WC) with damage to DNA. Linear
regression showed that higher consumption of protein and sodium is related to damage to DNA
and both carotenoids and omega- 3 are protectors.
Conclusion: Damage to DNA occurs independent of overweight or obesity and WC could be a

Keywords: Body Mass Index (BMI); DNA damage; dietary intake; Metabolic Syndrome (MS).

1. INTRODUCTION

Obesity is a multifactorial condition leaded
by genetic, behavioral, environmental and
socioeconomic factors. However, nowadays a
sedentary lifestyle and a high caloric intake from
sugar and processed foods are also responsible
by this epidemic condition [1]. Estimative from
World Health Organization demonstrated that in
2016, 39% of adults aged over 18 years were
overweight and 13% were obese [2].

A clinical definition of obesity, useful in many
contexts, is the body mass index (BMI) =
30.0 kg/m? [3]. However, it is clear that BMI is a
poor indicator of body fat rate since it does not
differentiates fat or lean mass [4]. Within context,
waist circumference (WC) has been shown to
predict visceral fat, thus reinforcing the use both
BMI and waist circumference in clinical practice
to evaluate the risk of metabolic disorders [3].

Metabolic syndrome is a condition usually
associated with obesity, and considered a public
health problem in many countries since it
increases the risk for cardiovascular disease
(CvD), type 2 diabetes, hypertension,
dyslipidemia and several cancers [5]. Oxidative
damage, produced by intracellular reactive
oxygen species (ROS), results in modification in
DNA base, breaks in single-strand and double-
strand, and lesions in apurinic/apyrimidinic, many
of them are toxic and/or mutagenic [6].
Therefore, not only ROS are implicated in the
etiology of disease, but the result of DNA
damage may also be a direct contributor to
deleterious biological consequences [7]. A
relationship among increased production of ROS,
impairment of the antioxidant defense,
peroxidatve damage to membrane, and
processes inflammatory in degenerative disease
has been demonstrated [8]. Thus, the evaluation

44

of biomarkers of oxidative stress can help
explore the relation between oxidative damage to
macromolecules (such as DNA, lipids, and
proteins) and several diseases [9].

In according with some researches, human
disorders are proportional to the increase in
adipose mass, specially visceral fat [10-12].
Excessive body fat would lead to an increased
formation of ROS resulting in oxidative stress [7],
however the results are inconclusive. So, the aim
of this study was to test if oxidative stress level is
different in women with overweight and with
metabolic syndrome.

2. MATERIALS AND METHODS
2.1 Subjects

Cross- sectional Study performed between
March 2013 and March 2014 at the
Endocrinology Clinic of the Internal Medicine
Department, Botucatu Medical School, S&o
Paulo State University (UNESP).

The criteria of selection included: non-consumers
more than 60 g/day of alcohol; non-smoking
subjects; non-users of statins; non — users of
antioxidant supplements during the sixty days
before this study; no altered hematological
parameters and albumin; no liver and kidney
dysfunction; no cancer, diabetes or altered
thyroid function.

The subjects studied were part of a group
(convenience sample) of participants followed in
the Endocrinology clinic. So, based on inclusion
criteria, 80 women (mean age of 31.15 + 7.91
years) composed this study. According to their
body mass index (BMI), they were divided into
three groups: Group 1 (G1, the control group):
36 women with a BMI between 18.5 and



24.9kg/m?; Group 2 (G2): 21 women with BMI
between 25 to 29.9kg/m?, classified as women
with overweight; and Group 3 (G3): 23 women
with MS [Metabolic Syndrome was specified
according to the International Diabetes
Federation (2005)] [13].

2.2 Anthropometric Analysis

It was measured the body mass of participants
(kg), height (cm), and waist circunference (cm).
Body mass was measured using a portable scale
accurate to 0.1kg (PL 200, Filizola S.A., Séo
Paulo, Brazil). The height was measured with a
stadiometer accurate to 0.5cm (Professional
Stadiometer Sanny, S&o Paulo, Brazil). The
waist circumference (WC) was measured at the
narrowest level between the rib margin and the
iliac crest using a non-flexible anthropometric
tape precise to 0.1mm (SN-4010, Sanny, S&o
Paulo, Brazil). It was also calculated the subjects'
body mass index (BMI [body weight
(height)?]). All the procedures were done by
health professionals previously trained for the
data collection.

2.3 Blood Pressure (BP)

The BP was measured at rest in the left superior
limb according to recommendation by the
American Heart Association, using a digital BP
monitor (Digital Omron BP Monitor, Model 11
EM403c, Tokyo, Japan). For each measurement,
the subjects rested for 15minutes in the sitting
position with their feet supported and kept their
arm at the heart level.

2.4 Dietary Intake

Habitual food intake was assessed using three
non-consecutive days (two week days and a
week-end day) dietary records. The amounts of
foods registered by trained professional were
converted into grams for the analysis of energy,
macro and micronutrient and dietary fiber intake
using the Diet Pro®software — version 5.1i. The
diet records were analyzed by a single person.

2.5 Plasma Analysis

After 12h overnight fasting, it was obtained the
plasma for determination of  glucose,
triglycerides, total cholesterol and fractions, urea,
creatinine, ALT (alanine aminotranferase), AST
(aspartate aminotransferase), uric acid and blood
counts by using an automatic enzymatic analyzer
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system (Chemistry Analyzer BS-200, Mindray
Medical International Limited, Shenzhen, China).
All the analysis were performed at the Botucatu
Medical School- UNESP.

2.5.1 Extraction of lymphocytes

The level of DNA damage (comet assay) was
evaluated in the peripheral blood lymphocytes.
Blood samples (3ml) were collected into tubes
with 3 ml of RPMI 1640 medium (Sigma-
Aldrich), placed carefully on 3 ml Histopaque ®
1077 (Sigma-Aldrich) and centrifuged at
2500rpm for 30 minutes at 10°C. The
lymphocytes layer was removed and
mixed with 3ml RPMI 1640 medium and
centrifuged again at 1500 rpm for 15 min. After
this  procedure, the  supernatant was
discarded and lymphocytes were re-suspended
to be used for DNA damage evaluation by comet
assay.

2.5.2 Comet assay

The comet assay was an adaptation of the
protocols described by Singh and collaborators
[14] and Tice and collaborators [15]. Clean slides
were briefly dipped into a container with standard
melting point agarose (Sigma-Aldrich] diluted in
1.5% (300 mg/20 mL) PBS buffer (Sigma-
Aldrich) (free of Ca?" and Mg?*). After this
procedure, the slides was dried at room
temperature. In the next day 10pl of lymphocytes
was added to 120ul of low melting point agarose,
diluted in 0.5% (100mg/20 mL) PBS buffer
(Sigma- Aldrich) (free of Ca?* and Mg?*). This
suspension was placed on two previously
prepared and identified slides and then
overlaid with covers lips (24 x 60 mm) and
placed at 4°C for 10 minutes to solidify the
agarose.

After this period, covers lips were removed and
slides were placed in containers, with ice-cold
solution of freshly prepared lysis and (2.5 M
NaCl, 100 mM EDTA, 10mM Tris, Triton X-100
and 1% DMSO), where they remained in the dark
for a period of 24 hours at 4°C. In order to
increase the specificity of the assay, two sheets
per individual were treated with endonuclease Il
enzymes (endo Ill) and formamidopirimidina-
DNA glycosylase (FPG) (BioLabs® Inc,
Ipswich,MA,USA) capable of detecting
pyrimidines and oxidized purines, respectively
[16]. After cell lysis, the slides were placed in a
container containing PBS (Ca?* and Mg?* free)
for 5 minutes and then transferred to a flask
containing Flare 1x (40mM Hepes, 0.1M KClI,



bovine serum albumin (BSA) buffer 0.2 mg/mL
and 0.5 mM EDTA, pH 8, (sigma-aldrich)) for 5
minutes. This procedure was repeated three
times.

After being placed in a moist chamber, the slides
were treated with 50 mL buffer (950 pL Milli-Q
H20, 40mL Flare 10x and 10mL BSA, control) or
50mL endo Il (1:1000 dilution) or 50mL FPG
(dilution 1: 1000), covered with a cover slip and
incubated for 45 minutes at 37°C. Then the
slides were placed in a refrigerator for 10
minutes to solidify the agarose. After this period,
the covers lips were carefully removed and the
slides transferred to the electrophoresis tank,
filled with cold, freshly prepared alkaline buffer
(ImM EDTA and 300mM NaOH, pH > 13). After
a period of 40 minutes, to unwind DNA,
electrophoresis was performed at 25V and
300mA for 30 minutes. After this step, the plates
were placed for 15 minutes in a neutralization
solution (0.4M Tris, pH 7.5), fixed with 100%
ethanol and allowed to dry at room temperature.

At the moment of analysis, the slides were
stained with 70pL solution of SYBR Gold (2:10
000; Invitrogen, USA), covered with a cover slip
and nucleotides viewed with a fluorescence
microscope (400X magnification) coupled within
image analysis system (Comet Assay I,
Perceptive Instruments, UK). 50 nucleotides per
slide were analyzed. The tail intensity (intensity
of DNA in the tail) was used as a parameter for
assessing levels of DNA damage. The test was
performed in duplicate and analyzed blind with
coded slides.

2.5.3 Plasma Hydrophilic Antioxidant

Capacity (HAC)

The hydrophilic antioxidant capacity in plasma
was determined fluorometrically, as described by
Beretta et al. (2006) [17] using a VICTOR X2
reader (Perkin Elmer, Boston, MA). The
antioxidant activity was quantified by comparing
the area under the curve relating to the oxidation
kinetics of the suspension phosphatidylcholine
(PC), which was used as reference biological
matrix. The peroxyl radical 2’,2’-azobis-(2-
amidinopropane) dihydrochloride (AAPH) was
used as an initiator of the reaction. The results
represent the percent inhibition (4,4 difluoro-5-(4-
phenyl 1-3 butadiene)-4-bora-3,4-diaza-s-
indacene) (BODIPY) 581/591 plasma with
respect to the control sample of BODIPY
581/591 PC liposome. All analyses were
performed in triplicate. The results are reported
as percentage of protection.
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2.5.4 Plasma antioxidants levels

Carotenoids, retinol and a-tocopherol were
measured in 100uL of plasma by reversed-phase
high performance liquid chromatography (HPLC;
Waters Alliance 2695 Separation Module,
Waters, Wilmington, MA, USA). The column
used was C30 (Waters Alliance, YMC
carotenoid: 4.6 x 150mm; 3.0um). The
measurements were performed as previously
described by Yeum and collaborators [18].

2.6 Statistical Analysis

Groups were compared by One-way ANOVA
followed by Tukey's multiple comparison test for
symmetrical data. Non-symmetric data were
analyzed using a generalized linear model with
gamma distribution followed by the Wald
adjusted multiple comparison test. Through
Pearson's correlation coefficient, variables which
were in a significant relationship to the DNA
damage and oxidative damage to purines and
pyrimidines were determined. A stepwise
multiple linear regression model was used to
assess which nutrients influence DNA damage,
considering DNA damage as continuous
response variable and the intake of nutrients as
explanatory variables. Data are presented as
means and standard deviations. All the tests
were performed using SAS for Windows, v9.3.
with a significant level at 5%.

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Anthropometric data and blood

pressure

Women with overweight (G2) and with metabolic
syndrome (G3) presented weight, BMI, WC and
SBP higher than the control group, with G3
presenting the highest values. DBP was high
only in G3. There was no difference for height
(Table 1).

3.1.2 Biochemical determinations

Table 2 shows plasma biochemical parameters.
Total cholesterol didn’t differ among groups and
HDL-cholesterol was lower in G3 in comparison
to the other groups. LDL-cholesterol and
triglycerides presented increased levels in G2
and G3 compared to G1. About glucose levels,
G2 and G3 presented higher levels compared to
G1, but the highest levels were found in G3
(Table 2).



3.1.3 Macronutrients intake

The dietary intake of macronutrients and
micronutrients are presented in Table 3. Except
for protein (higher in G3) all the others didn’t
present difference among the groups. Regarding
the micronutrients intake, the consumption of
vitamin C and vitamin D was lower in G3
compared to the other groups. All the other
micronutrients didn’t present difference.

3.1.4 Antioxidants in plasma

The concentrations of antioxidants are presented
in Table 4.

Cryptoxanthin and a- carotene were reduced in
G3. On the other hand, uric acid and retinol were
increased in G3. There was no difference among
the groups for lutein, lycopene and a-tocopherol.

3.1.5 Biomarker of
damage to DNA

oxidative stress and

Table 5 shows the damage to DNA, total
antioxidant capacity (TAP) and levels of
malondialdehyde (MDA) in each group. About
the damage to DNA, it is important to emphasize
that both G2 and G3 presented more damage
compared to G1l. The same pattern was
observed in oxidative damage to purines.
Damage to pyrimidines was higher according to
the nutritional status (G1l<G2<G3). Total
antioxidant capacity was increased in G3. MDA
levels was higher in G2 and G3 compared to G1.

3.1.6 Correlation among BMI, WC, DNA
damage, oxidative damage to purines
and oxidative damage to pyrimidines

Fig. 1 shows the correlation between DNA
damage and BMI (Fig. 1A) and between DNA
damage and WC (Fig. 1D). Both anthropometric
variables presented correlation with DNA
damage, such as: BMI and oxidative damage to
pyrimidines (Fig. 1B), BMI and oxidative damage
to purines (Fig. 1C), WC and oxidative damage
to pyrimidines (Fig. 1E) and WC and oxidative
damage to purines (Fig. 1F). However, the
correlation between DNA damage and WC was
stronger.

3.1.7 Association between DNA damage,
consumption of macro and
micronutrients and plasmatic variants

The final linear regression model showed a
positive association between the consumption of
sodium and protein and DNA damage. On the
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other hand, polyunsaturated fat intake and
plasma levels of a-carotene were negatively
associated with DNA damage (Table 6).

3.2 Discussion

The aim of this study was to evaluate if the
oxidative stress is different in women with
overweight and with metabolic syndrome. Our
results showed that the damage to DNA already
occurs in women with overweight. Moreover, it
was also demonstrated that increased waist
circumference is associated with DNA damage,
independent of the level of BMI.

Regarding the anthropometric and biochemical
parameters, BMI, waist circumference, diastolic
and systolic blood pressure, and glucose were
higher in group with metabolic syndrome (G3)
compared to overweight group (G2). Several
studies found this same result [19-22]. Many
chronic diseases are also result from obesity
(e.g., metabolic syndrome, diabetes mellitus,
liver and cardiovascular diseases, and cancer).
Obesity is associated with low-grade chronic
systemic inflammation in adipose tissue that
promotes pro-inflammatory status exercising a
critical role in the pathogenesis of obesity-related
disorders [23].

Although medical and epidemiological literature
studying the relationship  between diet
composition and a variety of illnesses such as
cardiovascular disease, high blood pressure, and
diabetes [24,25], our results show no difference
in the intake for the most of macronutrients and
micronutrients among the groups. Even being a
non expected result, the literature reports some
possible explanation for this: a- the patient
forgets to report the food consumed (omission
errors), as soon reporting foods that have not
been consumed; b- obese people tend to
underestimate their food intake [26].

Reactive oxygen species (ROS) occur under
physiological conditions and in many diseases
causing direct or indirect damage in different
organs; thus, it is known that oxidative stress
(OS) is involved in pathological processes such
as obesity, diabetes, cardiovascular disease, and
atherogenic processes. It has been reported that
obesity may induce systemic OS, a condition
associated with an irregular production of
adipokines, which contributes to the development
of the metabolic syndrome [27]. Interestingly,
damage to DNA, oxidative damage to purines
and the levels of MDA were the same in



overweight and metabolic syndrome women and
higher compared to control group even with no
difference in plasma antioxidant levels among
the groups. Studies show that not only an
increase in fat mass leads to an increased
oxidative stress and consequently to oxidative
damage, but also metabolic syndrome and type Il
diabetes usually aggravate oxidative stress and
damage [28]. However, different from the
literature our data showed that the damage to
DNA is the same in overweight and MS
women.

Added to this, our results show a correlation
between BMI and WC with damage to DNA,
oxidative damage to purines and pyrimidines.
Considering this, the results suggest that WC
could be used as a predictor for oxidative stress
and DNA damage in conditions which is not
possible to analyze oxidative stress parameters.
Corroborating  this, although the current
classification of obesity is based on the Body
Mass Index (BMI), which is the weight (in
kilograms) divided by the square of height (in
meters), BMI has limitations because it does not
distinguish between lean mass and fat; it may
overestimate body fat in well-trained body
builders and underestimate body fat in older
persons. Moreover, BMI does not identify fat
distribution. So, it is now well recognized that
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abdominal fat is a major risk for obesity-related
diseases, contributing to pro-oxidant and pro-
inflammatory states, as well as to alterations in
glucose and lipid metabolisms [29].

The final linear regression for damage to DNA
was negative for a- carotene and
polyunsaturated fat acid. The literature shows
that carotenoid can prevent oxidative stress and
DNA damage [30,31] as well as polyunsaturated
fat acid, especially omega-3 from cold water fish
[32]. The literature also reports that n-3
polyunsaturated fatty acids increases the levels
of HDL cholesterol and decrease LDL cholesterol
[33] and protect against autoimmune diseases,
type 2 diabetes, rheumatoid arthritis and cancer
[34]. On the other hand, the final linear
regression for damage to DNA was positive for
protein and sodium. Studies show that diets high
in sodium may predispose individuals not only to
the development of obesity but also to
complications such as hypertension [35,36].
Moreover, sodium intake was also positively
correlated with oxidative stress in experimental
studies; however, the mechanism responsible for
this effect is still being studied, but it has been
suggested that a high-salt diet stimulates the
formation of reactive species through the
activation of NADPH oxidase [37].

Table 1. Anthropometric data and blood pressure in women control (G1), with --overweight
(G2) and with metabolic syndrome (G3)

Variable G1 (n=36) G2 (n=21) G3 (n=23)
Age (years) 27.10+4.72 33.8+8.5° 35.1+8.6°
Weight (kg) 55.5+5.02 75.2+6.9° 95.8+21.0°
Height (m) 1.62 +0.05% 1.65+0.07% 1.63+0.07%
BMI (kg/m?) 21.1+1.72 27.7+1.8" 36.1+7.3°¢
WC (cm) 70.4 +£552 89.2 £6.6° 109 +17°
SBP (mmHg) 109 + 92 116 + 10" 126 + 12°¢
DBP (mmHq) 71.7+7.72 76.2+6.52 84.3+7.1°

BMI = body mass index, WC = waist circumference, SBP = systolic blood pressure, DBP = diastolic blood pressure.
Results are expressed as means and standard deviation. Means followed by different superscript letter indicating
whether significant differences among groups (ANOVA followed by Tukey’s test at p < 0.05)

Table 2. Plasma biochemical profile in control (G1), overweight (G2) and metabolic syndrome

(G3) women
Variable G1 (n=36) G2 (n=21) G3 (n=23)
Cholesterol (mg/dL) 184 + 312 204 + 312 198 + 252
HDL-cholesterol (mg/dL) 68.1+16.92 61.4 +15.02 46.0 + 10.7°
LDL-cholesterol (mg/dL) 98.6 +31.82 117 + 362 122 +26°
Triglycerides(mg/dL) 88.4+31.12 122 + 63° 149 + 60°
Glucose (mg/dL) 73.2+4.7° 78.9+6.8° 85.5+7.7°¢

Results are expressed as means with standard deviation. Means followed by different superscript letter indicating
whether significant differences among groups (ANOVA followed by Tukey’s test at p < 0.05)
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Table 3. Dietary intake of macronutrients and micronutrients in control (G1), overweight (G2)
and metabolic syndrome (G3) women

Variable G1 (n=36) G2 (n=21) G3 (n=23)
Macronutrients

Carbohydrate (g) 207 +76¢% 215+81*2 208 £ 642
Cholesterol (mg) 176 £ 902 184 £ 762 195 +117+°
Fiber (g) 141+6.72 12.2+5.0? 11.8+3.82
Monounsaturated fat (g) 13.4+6.6° 143+7.1°% 141+6.5°
Polyunsaturated fat (g) 99+52¢2 9.9+9.0? 89+4.02
Saturated fat (g) 13.1+7.2% 143 +6.3° 12.7+6.0°
Total fat () 59.4 +19.42 65.6 £ 30.72 57.0 £ 20.9°
Protein (g) 70.7 £ 20.3? 75.3+20.9% 105 + 133"
Micronutrients

Calcium (mg)* 637 + 199 586 + 3482 442 +284°
Iron (mg)** 37.9£99.22 36.4+112.1° 11.0+4.6°
Folate (ug)** 152 + 742 149 £ 652 134 + 382
Phosphorus (mg) * 802 + 2442 803 + 2542 772 £1732
Magnesium (mg)* 159 + 792 213 +199°2 135+ 352
Potassium (mg) * 1764 + 635° 2037 + 16502 1565 + 4382
Selenium (ug) ** 79.6 £82.7° 81.2+79.62 70.2£29.2%
Sodium (mg) ** 1705 + 6672 2447 + 1322° 2130 £ 730
Vitamin A (equiv. retinol)** 794 + 4012 649 + 4342 631 + 4862
Vitamin C (mg)** 148 + 1312 78.8 + 47.1° 79.8 £ 53.0°
Vitamin D (ug)** 25.6 £49.92 3.62+8.24% 3.18 +5.55°
Vitamin E (mg)** 76.3+243.9% 41.6 +139.92 12.7 +6.3"°
Zinc (mg)** 10.2 +22.4% 16.4 + 34.32 17.3+30.02

Results are expressed as means with standard deviation. Means followed by different superscript letter indicating

whether significant differences among groups (ANOVA followed by Tukey’s test at p < 0.05). * ANOVA followed by
Tukey’s multiple comparison test. ** Generalized linear model with gamma distribution followed by Wald multiple
comparison test

Table 4. Plasma carotenoids, a-tocopherol, uric acid and retinol of women control (G1), with
overweight (G2) and with metabolic syndrome (G3)

Variable G1 (n=36) G2 (n=21) G3 (n=23)
Lutein (ug/dL) 8.35+6.13% 5.13+3.10% 7.72+6.542
Cryptoxanthin (ug/dL) 18.9+18.4°2 10.1+9.22 7.86 +8.45°
a-carotene (pg/dL) 575+ 4.57° 2.63+1.49°2 2.76 +£1.69°2
B-carotene (ug/dL) 12.2+ 1152 6.32 +3.99% 522 +3.36°
Lycopene (pg/dL) 5.87 £6.942 6.09 +5.262 6.06 +5.862
a-tocopherol (ug/dL) 491 £ 2542 462 £ 2422 626 + 2552
Uric acid (mg/dL) 3.75+0.77¢ 4.39 + 1.09" 5.32+1.14°¢
Retinol (po/dL) 80.2+34.6%® 68.4 +29.62 106 + 77°

Results are expressed as means and standard deviations Means followed by different superscript letter indicating
whether significant differences among groups (generalized linear model with gamma distribution followed by Wald
multiple comparison test at 5%)

Table 5. DNA damage, total antioxidant capacity (TAP), malondialdehyde (MDA) levels in
women control (G1), with overweight (G2) and with metabolic syndrome (G3).

Variable G1 (n=36) G2 (n=21) G3 (n=23)
DNA damage (%) ** 49.9 +9.02 76.7 + 13.3° 76.1+9.9°
Oxidative damage to purines (%)** 60.8 +10.32 81.4+11.3° 76.7 9.9
Oxidative damage to pyrimidines (%)** 54.2+10.62 84.8+4.6° 71.7+10.7°¢
TAP (%) * 37.8+12.4¢% 44,0 £14.4%° 51.3+10.1°
MDA (umol/L)* 12.6+8.4°2 34,5 +18.0° 41.2 + 20.0°

Results are expressed as mean and standard deviation Means followed by different superscript letter indicating whether
significant differences among groups. ** Generalized linear model with gamma distribution followed by Wald multiple
comparison tests. * ANOVA followed by Tukey's multiple comparison tests (p < 0.05). TAP= total antioxidant capacity,
MDA = malondialdehyde
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Table 6. Final linear regression model relating DNA damage with consumption of macro and
micronutrients and plasmatic variants

Variable Estimate EP P —value
Intercept 57.67351 4.83736 < 0.0001
a-carotene (ug/dL) -1.13616 0.45101 0.0139
Polyunsaturated fat (g) -1.16142 0.31356 0.0004
Protein (g) 0.05391 0.02171 0.0153
Sodium (mg) 0.00898 0.00206 < 0.0001
(]
60 60 60
o ® s a b mm o _ e
£ w ' R om0 £ mot78
% £y 2 % % 30 .
20 20

r=0.5743
p<0.0001

r=05288
p<0.0001

r=0.5026
p<0.0001

WC (cm)

100

DNA damage (%)

Oxidative damage to pyrimidines (%)

T 1
80 100

60

100 20 4

Oxidative damage to purines (%)

Fig. 1. Correlation between BMI and DNA damage (A); BMI and oxidative damage to
pyrimidines (B), BMI and oxidative damage to purines (C), WC and DNA damage (D), WC and
oxidative damage to pyrimidines (E), WC and oxidative damage to purines (F). BMI- body mass
index (kg/m2); WC- waist circumference (cm). Pearson Correlation between the variables

4. CONCLUSION

In summary, this paper brings important finds:
increased BMI is associated with metabolic
syndrome, higher BMI and waist circumference is
associated with damage to DNA and oxidative
stress but damage to DNA is the same in
overweight and MS women, and high intake of
protein and sodium increases damage
to DNA. So, it is possible to conclude that
increased BMI and waist circumference is
related to increased damage to DNA but is not
different between overweight and metabolic
syndrome women. It is also suggested
that WC could be used as predictor of damage to
DNA.

CONSENT AND ETHICAL APPROVAL

The Ethics Committee on Human Research
from the same university approved the study
protocol (Protocol 3788-2011) and the written

50

informed consent was obtained from all
participants.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge:

Processo n.2011/08373-5, Fundagdo de
Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP) for financial support.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Hruby A, Hu FB. The Epidemiology of
obesity: A Big Picture. Pharmaco-
economics. 2015;33:673-89.

DOI: 10.1007/s40273-014-0243-x



10.

11.

Kelly T, Yang W, Chen CS, Reynolds K,
He J. Global burden of obesity in 2005 and
projections to 2030. Int J Obes. 2008;32:
1431-7.

DOI: 10.1038/ij0.2008.102

Dalvand S, Koohpayehzadeh J, Karimlou
M, Asgari F, Rafei A, Seifi B, et al
Assessing factors related to waist
circumference and obesity: Application of a
latent variable model. J Environ Public
Health. 2015;2015:1-10.

DOI: 10.1155/2015/893198

Nuttall FQ. Body mass index obesity, BMI,
and health: A critical review. Nutr Res.
2015;50:117-28.

DOI: 10.1097/NT.0000000000000092
Karaman A, Aydin H, Geckinli B,
Cetinkaya A, Karaman S. DNA damage is
increased in lymphocytes of patients with
metabolic syndrome. Mutat Res - Genet
Toxicol Environ Mutagen. 2015;782:30-5.
DOI: 10.1016/j.mrgentox.2015.03.009

Zaki M, Basha W, El-bassyouni HT, El-
toukhy S, Hussein T. Evaluation of DNA
damage profile in obese women and its
association to risk of metabolic syndrome,
polycystic ovary syndrome and recurrent
preeclampsia. Genes Dis. 2018;5:367—73.
DOI: 10.1016/j.gendis.2018.03.001
Demirbag R, Yilmaz R, Gur M, Celik H,
Guzel S, Selek S, et al. DNA damage
in  metabolic syndrome and its
association with antioxidative and oxidative
measurements. Int J Clin Pract. 2006;60:
1187-93.

DOI: 10.1111/j.1742-1241.2006.01042.x
ST M. Antioxidant nutrients and chronic
disease: Use of biomarkers of exposure
and oxidative stress status in
epidemiologic research. J Nutr. 2003;133:
933-40.

DOI:10.1093/jn/133.3.933S

Toperoff G, Aran D, Kark JD, Rosenberg
M, Dubnikov T, Nissan B, et al. Genome-
wide survey reveals predisposing diabetes
type 2-related DNA methylation variations
in  human peripheral blood. Hum Mol
Genet. 2012;21:371-83.

DOI: 10.1093/hmg/ddr472

Kwon H, Kim D, Kim JS. Body Fat
Distribution and the risk of incident
metabolic syndrome: A longitudinal cohort
study. Sci Rep. 2017;7:1-8.

DOI: 10.1038/s41598-017-09723-y
Matsuzawa Y. Diabetes management
obesity and metabolic syndrome: The

Talon et al.; AJARR, 13(2): 43-52, 2020; Article no.AJARR.60210

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

51

contribution of visceral fat and adiponectin.
Diabetes Manag. 2014;4:391-401.

DOI: 10.2217/DMT.14.30

Furukawa S, Fujita T, Shimabukuro M,
Iwaki M, Yamada Y, Nakajima Y, et al.
Increased oxidative stress in obesity and
its impact on metabolic syndrome. J Clin
Invest. 2004;114:1752-61.

DOI: 10.1172/3CI21625

Idf. IDF Worldwide Definition of the
Metabolic Syndrome | International
Diabetes Federation. Epidemiolgy Prev.
2005;50:514211.

Singh NP, McCoy MT, Tice RR, Schneider
EL. A simple technique for quantitation of
low levels of DNA damage in individual
cells. Exp Cell Res. 1988;175:184-91.
DOI: 10.1016/0014-4827(88)90265-0

Tice RR, Andrews PW, Hirai O, Singh NP.
The single cell gel (scg) assay: An
electrophoretic technique for the detection
of dna damage in individual cells. Biol
react intermed iv. 1990;157-64.

Dusinska M, Collins AR. The comet assay
in human biomonitoring: Gene-
environment interactions. Mutagenesis.
2008;23:191-205.

DOI: 10.1093/mutage/gen007

Beretta G, Aldini G, Facino RM, Russell
RM, Krinsky NI, Yeum KJ. Total
antioxidant performance: A validated
fluorescence assay for the measurement
of plasma oxidizability. Anal Biochem.
2006;354:290-8.

DOI: 10.1016/j.ab.2006.04.001

Yeum KJ, Taylor A, Tang G, Russell RM.
Measurement of carotenoids, retinoids,
and tocopherols in human lenses. Investig
Ophthalmol Vis Sci. 1995;36:2756—61.
DOI: 10.1016/j.foreco.2012.03.026

Han TS, Lean ME. A clinical perspective of
obesity, metabolic  syndrome  and
cardiovascular disease. JRSM Cardiovasc
Dis. 2016;5:204800401663337.

DOI: 10.1177/2048004016633371

Ford ES, Giles WH. A comparison of the
prevalence of the metabolic syndrome
using two proposed definitions. Diabetes
Care. 2003;26:575-81.

DOI: 10.2337/diacare.26.3.575

Wu HF, Tam T, Jin L, Lao XQ, Chung
RYN, Su XF, et al. Age, gender, and
socioeconomic gradients in  metabolic
syndrome: biomarker evidence from a
large sample in Taiwan. 2005-2013. Ann
Epidemiol. 2017;27:315-322,e2.

DOI: 10.1016/j.annepidem.2017.04.003



22,

23.

24,

25.

26.

27.

28.

29.

30.

Falkner B, Cossrow NDFH. Prevalence of
metabolic  syndrome  and  obesity-
associated hypertension in the racial
ethnic minorities of the United States. Curr
Hypertens Rep. 2014;16:1-15.

DOI: 10.1007/s11906-014-0449-5
Marseglia L, Manti S, D’Angelo G, Nicotera
A, Parisi E, Di Rosa G, et al. Oxidative
stress in obesity: A critical component in
human diseases. Int J Mol Sci. 2015;16:
378-400.

DOI: 10.3390/ijms16010378
Riera-Crichton D, Tefft N. Macronutrients
and obesity: Revisiting the calories in,
calories out framework. Econ Hum Biol.
2014;14:33-49.

DOI: 10.1016/j.ehb.2014.04.002

Appel LI, Sacks FM, Carey VJ, Obarzanek
E, Swain JF, Miller ER, et al. Effects of
Protein, Monounsaturated Fat, and
Carbohydrate Intake on Blood Pressure
and Serum Lipids. Jama. 2005;294:2455.
DOI: 10.1001/jama.294.19.2455

Fisberg RM, Marchioni DML, Colucci ACA.
[Assessment of food consumption and
nutrient intake in clinical practice]. Arq
Bras Endocrinol Metabol. 2009;53:617—-24.
DOI: 10.1590/S0004-27302009000500014
Ferndndez-Sanchez A, Madrigal-Santillan
E, Bautista M, Esquivel-Soto J, Morales-
Gonzéalez A, Esquivel-Chirino C, et al.
Inflammation,  oxidative  stress, and
obesity. Int J Mol Sci. 2011;12:3117-32.
DOI: 10.3390/ijms12053117

Savini I, Catani MV, Evangelista D,
Gasperi V, Avigliano L. Obesity-associated
oxidative stress: Strategies finalized to
improve redox state. Int J Mol Sci. 2013;
14:10497-538.

DOI: 10.3390/ijms140510497

Manna P, Jain SK. Obesity, oxidative
stress, adipose tissue dysfunction, and the
associated health risks: Causes and
therapeutic strategies. Metab Syndr Relat
Disord. 2015;13:423-44.

Millner E, Brath H, Toferer D, Adrigan S,
Bulla MT, Stiegimayer R, et al. Genome

Talon et al.; AJARR, 13(2): 43-52, 2020; Article no.AJARR.60210

31.

32.

33.

34.

35.

36.

37.

damage in peripheral blood lymphocytes of
diabetic and non-diabetic individuals after
intervention with vegetables and plant oil.
Mutagenesis. 2013;28:205-11.

DOI: 10.1093/mutage/ges073

Muliner E, Brath H, Pleifer S, Schiermayr
C, Baierl A, Wallner M, et al. Vegetables
and PUFA-rich plant oil reduce DNA strand
breaks in individuals with type 2
diabetes. Mol Nutr Food Res.
2013;57:328-38.

DOI: 10.1002/mnfr.201200343
Kris-Etherton PM, Harris WS, Appel LJ.
Fish consumption, fish oil, omega-3
fatty acids, and cardiovascular disease.
Circulation. 2002;106:2747-57.
DOI:10.1161/01.CIR.0000038493.65177.9
4

Martin CA, De Almeida VV, Ruiz MR,
Visentainer JEL, Matshushita M, De Souza
NE, et al. Acidos graxos poliinsaturados
Omega-3 e Omega-6: Importancia e
ocorréncia em alimentos. Rev Nutr. 2006;
19:761-70.

DOI: 10.1590/S1415-52732006000600011
Sarotra P, Kansal S, Sandhir R, Agnihotri
N. Chemopreventive effect of different
ratios of fish oil and corn oil on prognostic
markers, DNA damage and cell cycle in
colon carcinogenesis. Eur J Cancer Prev.
2012;21:147-54.

DOI: 10.1097/CEJ.0b013e32834c9bfb
Taylor EN, Curhan GC. Body Size and 24-
Hour Urine Composition. Am J Kidney Dis.
2006;48:905-15.

DOI: 10.1053/j.ajkd.2006.09.004

Hoffmann IS, Cubeddu LX. Salt and the
metabolic syndrome. Nutr Metab
Cardiovasc Dis. 2009;19:123-8.

DOI: 10.1016/j.numecd.2008.02.011
Fellner RC, Cook AK, O’Connor PM,
Zhang S, Pollock DM, Inscho EW. High-
salt diet blunts renal autoregulation by a
reactive oxygen species-dependent
mechanism. Am J Physiol Ren Physiol.
2014;307:F33-40.

DOI: 10.1152/ajprenal.00040.2014

© 2020 Talon et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://iwww.sdiarticle4.com/review-history/60210

52


http://creativecommons.org/licenses/by/2.0

