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Abstract
Objective: To assess the association between physiological, physical, lifestyle and nutritional variables and
oxidative stress biomarkers in women with breast cancer.
Methods: This cross-sectional study was conducted on
55 women newly diagnosed with breast cancer. The
extent of oxidative stress was analyzed by the measurement of plasma lipid hydroperoxides (LH), thiobarbituric acid reactive substances (TBARS), protein carbonyl, whole blood reduced glutathione (GSH) and serum
antioxidant capacity (AC). Diet data were obtained from
food frequency questionnaire. Linear regression was
used to determine the association between the variables
studied and oxidative stress biomarkers. The protein carbonyl data was not included in the linear regression
analyses since the data did not show a normal distribution, even after logarithmic and other transformations.
Results: After adjusting for energy intake, the intake of
chicken and high-fat dairy products was associated with
increased levels of LH, while vitamin E intake was associated with decreased LH levels (R2 = 23.8%). Intake of oils
was associated with increased levels of TBARS (R2 =
6.82%). Positive axillary lymph node status was associated with decreased levels of GSH (R2 = 9.31%). Increasing age was directly associated with levels of AC, while
animal fat, dairy product, and sweet food intakes were
associated with low levels of AC (R2 = 41.42%).
Conclusion: Intake of chicken, vitamin E, dairy products (particularly high-fat dairy products), oils, animal
fat, and sweet foods, along with axillary lymph node status and age, may be important determinants of oxidative
stress in women with breast cancer.
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FACTORES ASOCIADOS CON ESTRÉS
OXIDATIVO EN MUJERES CON CÁNCER
DE MAMA
Resumen
Objetivo: Evaluar la asociación entre las variables fisiológicas, físicas, de estilo de vida y nutricionales y de los
biomarcadores de estrés oxidativo en mujeres con cáncer
de mama.
Métodos: Este estudio transversal se realizó en 55
mujeres diagnosticadas de cáncer de mama. Se analizó el
grado de estrés oxidativo midiendo los hidroperóxidos
lipídicos (HL), las sustancias reactivas del ácido tiobarbitúrico (TBARS), las proteínas carbonilo, el glutatión
reducido (GSH) de sangre completa y la capacidad antioxidante sérica (CA). Los datos de la dieta se obtuvieron
mediante cuestionario de frecuencia de alimentos. Se usó
la regresión linear para determinar la asociación entre las
variables estudiadas y los biomarcadores de estrés oxidativo. Los datos de las proteínas carbonilo no se incluyeron
en los análisis de regresión linear puesto que no mostraron una distribución normal, incluso después de la transformación logarítmica y de otro tipo.
Resultados: Después de ajustar para el aporte de energía, el consumo de pollo y de productos lácteos con alto
contenido en grasas se asoció con un aumento en los niveles de HL, mientras que el consumo de vitamina E se asoció con una disminución de los niveles de HL (R2 = 23,8%).
El consumo de aceite se asoció con un aumento de los
niveles de TBARS (R2 = 6,82%). El estado de los ganglios
linfáticos axilares se asoció con un descenso de los niveles
de GSH (R2 = 9,31%). La mayor edad se asoció directamente con los niveles de CA, mientras que la grasa de origen animal y el consumo de dulces se asoció con niveles
bajos de CA (R2 = 41,42%).
Conclusión: El consumo de pollo, vitamina E, lácteos
(especialmente de aquellos con alto contenido en grasa),
aceites y grasas de origen animal, así como dulces, junto
con el estado de los ganglios axilares y la edad podrían ser
determinantes importantes en el estrés oxidativo de mujeres con cáncer de mama.

(Nutr Hosp. 2011;26:528-536)
DOI:10.3305/nh.2011.26.3.4812
Palabras clave: Cáncer de mama. Estrés oxidativo. Ingesta
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Introduction

Subjects and methods

Breast cancer, the most common cancer among
women worldwide, accounts for the highest morbidity
and mortality.1 Annually, around 1 million new
patients are diagnosed with breast cancer and 400,000
women die from the disease.2 The etiology of breast
cancer is multifactorial and several risk factors associated with breast cancer may exert their effects via generation of an oxidative stress status.
Oxidative stress is caused by an unfavorable balance between reactive oxygen species (ROS) and
antioxidant defenses. ROS are generated during normal cellular metabolism, as a result of the influence
of various environmental factors, as well as during
pathological processes.3 Oxidative stress is responsible for DNA, lipid and protein damage and it plays an
important role in the development and progression of
many human diseases, including breast cancer.4 Furthermore, there is a great interest in the measurement
of oxidative stress biomarkers in breast cancer
patients. Several markers of oxidative stress are currently available, such as lipid hydroperoxides (LH)
and thiobarbituric acid reactive substances
(TBARS), which have been used extensively as
markers of lipid peroxidation, as well as protein carbonyl, that is the most frequently used biomarker of
protein oxidation in epidemiological and clinical
studies.5-8
To control the overproduction of ROS, the cells
are protected against oxidative stress by antioxidant
detoxifying mechanisms, which include nonenzymatic antioxidants such as reduced glutathione
(GSH), vitamins A, C and E and various antioxidant
enzymes. 9 Erythrocyte glutathione has been commonly employed as a biomarker of oxidative stress
because GSH is a reducer compound widely distributed in cells. In addition, the levels of erythrocyte
GSH may reflect the glutathione activity in other tissues.10 Due to the complexity involved in measuring
all known antioxidants separately and the interactions among different antioxidant compounds, several methods have been developed to assess the
antioxidant capacity (AC) of serum or plasma. 11,12
These methods provide an overview of the biological
interactions between individual antioxidants and
how efficiently these translate into host cell protection during periods of oxidative stress.13
Identification of potentially modifiable factors
that affect oxidative stress in breast cancer patients is
an increasingly important task. Dietary intake represents one of a set of factors that have received considerable attention because of its ability to either
reduce or promote oxidative stress.14-16 Therefore, in
the present study, we investigated the association
between blood biomarkers of oxidative stress and
physiological, physical, lifestyle and nutritional
variables in newly diagnosed women with breast
cancer.

Subjects

Factors associated with oxidative
stress

The population of this cross-sectional study was
selected from 226 women admitted between October 1,
2006 and July 31, 2007, attending by breast surgery in
the Carmela Dutra Maternity Hospital, Florianópolis,
Santa Catarina, Brazil. One-hundred fifty nine women
were ineligible for inclusion in the study: 65 (28%)
were excluded because they had already started some
type of neoadjuvant cancer treatment; 90 (39%) had
benign tumors without suspicion of malignancy and; 4
(2%) had previous history of cancer. Thus, there were
67 eligible women, of which one (2%) refused to participate and 11 (5%) had benign tumors diagnosis after
the interview. Finally, 55 women newly diagnosed
with a first primary in situ or invasive breast cancer
were interviewed. All subjects were classified anatomopathologically according to the Tumor-NodeMetastasis system.17 There were no age or race restrictions. None of the patients were pregnant or lactating.
The study was approved by the ethical committee of
the Federal University of Santa Catarina and of
Carmela Dutra Maternity Hospital.
Blood samples
Blood samples were obtained by venous arm puncture
using a vacuum system (Vacutainer) in a tube containing
EDTA and a tube with serum-separation gel after
overnight fasting between 7 and 8 am. Plasma and serum
were immediately obtained by centrifugation (1000 x g,
10 min, 4°C). To quantify the reduced glutathione
(GSH), an aliquot of EDTA-blood was hemolyzed and
immediately preserved in trichloroacetic acid medium.
Plasma samples were used for measurement of
TBARS, LH and protein carbonyls and the serum was
used to measure the AC. TBARS and LH levels were
analyzed immediately after sample collection. The
remaining plasma, serum and acid extracts were stored
at -70oC for no longer than 1 month for other biochemical determinations. All measurements were performed
in duplicate.
Reagents
Thiobarbituric acid (TBA), butylated hydroxytoluene
(BHT), 5,5-dithiobis (2-nitrobenzoic acid) (DTNB),
trichloroacetic acid (TCA), 1,1,3,3-tetramethoxypropan
(TMP), triphenylphosphine (TPP), reduced glutathione
(GSH), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), 6hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox), guanidine hydrochloride, 2,4-dinitrophenylhydrozine (DNPH), and bovine serum albumin (BSA)
were obtained from Sigma-Aldrich Co (St. Louis, MO,
USA). Xylenol orange, ammonium ferrous sulfate
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hexahydrate and potassium phosphate monobasic were
purchased from Vetec Química Fina (Rio de Janeiro,
RJ-Brazil). All other chemicals and reagents used in
the study were of analytical grade and obtained from
standard commercial suppliers.
Biochemical analysis
Plasma lipid hydroperoxides (LH) were determined
using ferrous oxidation-xylenol orange (FOX), as
described by Jiang et al.18 The method is based on the
fast oxidation of Fe2+ to Fe3+ in acid medium mediated
by lipid peroxides. In the presence of xylenol orange,
Fe3+ forms a complex (Fe3+-xylenol orange), which is
measured spectrophotometrically at 560 nm. The FOX
reagent (1.4 mL), containing 250 mM H2SO4, 4.4 mM
BHT, 1 mM xylenol orange, and 2.5 mM iron and
ammonium sulfate in methanol, was added to aliquots
of plasma. Subsequently, the mixture was kept at room
temperature for 30 min, the tubes were centrifuged
(1,000 x g, 5 min) and the absorbance was read. A standard hydrogen peroxide curve was used to quantify the
LH.
Lipid peroxidation of plasma was estimated through
the detection of derivative products from oxidation, substances that react with thiobarbituric acid–reactive substances (TBARS), mainly malondialdehyde, according
to a procedure previously described by Esterbauer and
Cheeseman.19 Aliquots of plasma or deionized water
(blank) were mixed with 0.5 mL 20% TCA containing
0.5 N HCl and 50 μL of 10 mM BHT. Thiobarbituric
acid at 1% was added and the mixture was incubated at
100o C for 1 h. After cooling in an ice-bath, 2.5 mL of
butyl alcohol was added, vortex-mixed and centrifuged
at 1000 x g for 5 min. The absorbance of the supernatant was measured at 532 nm against the blank.
Recently prepared 1,1,3,3-tetramethoxypropan (TMP)
was used as the standard.
The carbonyl content in plasma protein was determined using the reagent 2,4 dinitrophenylhydrazine
(DNPH) as described by Levine et al.8 One hundred
microliters of plasma were mixed with 600 μL of 10
mM DNPH in 2 N HCl in 1.5 mL test tubes. Six hundred microliters of 2 N HCl were added to 100 μL of
plasma as the blank. The tubes were vortex-mixed
every 10 min and after 1 h of incubation at room temperature in the dark, 600 μL of 20% TCA was added.
After a further 10 min of incubation all samples were
centrifuged at 11,000 x g for 5 min. The supernatant
was then discarded and the precipitate was washed 3
times with 800 μL of a mixture of ethanol:ethyl acetate,
1:1 (v/v) and centrifuged after 10 min. Finally, the protein precipitate was dissolved in 900 μL of 6 M guanidine hydrochloride in 20 mM KH2PO4. The samples
were then incubated again for 1 h at 37o C. The
absorbance of the test sample was measured at 360 nm
against a guanidine solution. Total protein concentration was determined through measuring the absorbance
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of the blank at 280 nm, using bovine serum albumin as
the standard. The concentration of carbonyls (nmol/mg
protein) was calculated using a molar extinction coefficient (ε) of 22.000.
The concentration of thiol compounds of low molecular weight in whole blood, such as GSH, was evaluated according to the method of Beutler et al.10 Firstly,
an aliquot of the total EDTA-blood was hemolyzed
with cold water and the proteins were precipitated by
the addition of 30% TCA. Aliquots of 50 μL of the
hemolyzed sample and 50 μL of 10 mM DTNB were
mixed in tubes containing 0.8 mL of 200 mM phosphate buffer, pH 8.0. After 3 min, the absorbance of the
thiolate anion was measured at 412 nm. Commercial
GSH was used as the standard.
The antioxidant capacity (AC) of the serum samples
was determined using the ferric-reducing antioxidant
power (FRAP) assay as described by Benzie and
Strain.11 In this procedure, the antioxidants present in
the serum are evaluated as reducers of Fe3+ to Fe2+,
which is chelated by TPTZ to form a Fe2+-TPTZ complex with maximum absorbance at 593 nm. Ten microliters of serum were mixed with 1 mL of reagent containing 1.7 mM FeCl3 and 0.8 mM TPTZ, prepared in
300 mM sodium acetate, pH 3.6. The samples were
incubated for 15 min at 37°C and the absorbance was
measured at 593 nm. The results were calculated using
Trolox as standard and were expressed as Trolox
equivalents.
Data collection
The main questionnaire was administered by a
trained interviewer through in-person interviews conducted at the Nutrition Service Unit of the Carmela
Dutra Maternity Hospital and lasted ~ 1 h. Information
was collected on known and suspected risk factors for
breast cancer, including cigarette smoking, alcohol
intake, menstrual and reproductive histories, hormone
use, physical activity, prior medical history and other
study variables. During each interview, height and
weight were measured (Filizola, São Paulo, Brazil)
using standard procedures20 to obtain body mass index
(BMI). The participants were then classified according
to categories defined by the World Health Organization.21
Usual dietary intake was obtained using a food frequency questionnaire, previously validated in Brazil,22
containing 94 food items classified into ten groups:
cereals, fruits, vegetables, beans, meat and eggs, dairy
products, oils and fat, sweet foods, alcoholic beverages
and non-alcoholic beverages. For each food item the
participants determined the size of the portion consumed with the help of an album containing color photographs of products23 or household measures of different sizes commonly utilized, and the subjects were
asked how often they had consumed that food throughout the previous year. The conversion of portions to
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Table I
Characteristics of newly diagnosed breast cancer women (n = 55), Florianópilis, SC-Brazil

Age (years)
Ductal carcinoma (%)
Positive axillary lymph node status (%)
Anatomopathological stage (%)
0
I
II
III
Body mass index (kg/m2)
Smoking (%)
Nonsmoker
Current smoking
Postmenopausal status (%)
Plasma LH2 (μmol/L)
Plasma TBARS2 (μmol/L)
Plasma protein carbonyl (nmol/mg)
Whole blood GSH2 (μmol/L)
Serum AC2 (μmol/L)
1
2

Mean ± SD1 or percentage

Median

Range

51.2 ± 10.5
94.6
41.8

50.0

33-78

5.5
32.7
40.0
21.8
28.1 ± 4.9

27.3

17.8-40.4

76.4
23.6
54.6
0.89 ± 0.37
4.93 ± 0.87
0.68 ± 0.25
77.2 ± 17.5
664.4 ± 153.3

0.84
4.79
0.63
75.9
686.2

0.12-1.85
3.09-6.84
0.27-1.48
28.5-116.3
409.7-979.5

SD, standard deviation.
LH, lipid hydroperoxides; TBARS, thiobarbituric acid reactive substances; GSH, reduced glutathione; AC, antioxidant capacity.

grams and milliliters of fruits, doughnuts, lard, cream
and yerba mate infusions were obtained according to
the assay described by Griswold.24 The grams of portions for polenta, a dish made from boiled cornmeal,
were obtained from Ben25 and for the other foods from
Pinheiro et al.26
Dietary intake was analyzed in terms of grams and
milliliters of specific food groups determined by traditional food groups27 and the a-priori hypotheses. For
each subject, individual dietary intake was converted to
a monthly frequency weighted variable (in grams or
milliliters) according to the reported portion size. As
described by Block et al.,15 these individual values were
summed to create the specific food groups and divided
by 30.5 to determine an average daily level of consumption (grams or milliliters per day). Food intake
was also analyzed for energy and nutrient content using
the nutrient database of the United States Department
of Agriculture (USDA) (issue 20, full version, 2008).28
Food nutritional values which were not available in this
nutrient database were obtained from Brazilian food
tables.29,30
Statistical analysis
Statistical analyses were performed using Stata 10.0
software, and in all cases the level of significance was
established as 5%. The variables of this study were
classified into: (a) variables related to cancer (anatomopathological stage, axillary lymph node status and
tumor size); (b) variables related to individuals (age,

Factors associated with oxidative
stress

menopausal status, use of dietary supplements, use of
medicaments, concomitant diseases, use of oral contraceptives, physical activity and cigarette smoking); (c)
anthropometric variables; and (d) dietary intake variables (food and beverage groups, energy and nutrient
content).
The dietary intake data were analyzed as continuous
or categorized variables (1 = intake greater than 50th
percentile).
The Shapiro-Wilk test was used to evaluate whether
or not the distribution of the variables was normal. The
mean values of two groups were compared using the
Student’s t-test and the means of more than two groups
were assessed using Analysis of Variance followed by
the Bonferroni multiple-comparison test. When the
data distribution was non-parametric, the Mann-Whitney U test or Kruskall-Wallis test (for medians) was
used. The chi-square test and the Fisher’s exact test
were used for comparing categorical variables.
Linear regression was used to estimate the association between the cancer-related, individual, anthropometric and dietary intake variables, and the plasma LH
and TBARS levels, whole blood GSH levels and serum
AC levels. Linear regression was not carried out on the
plasma protein carbonyl levels since the data distribution was not normal, even after logarithmic and other
transformations. The variables with p < 0.25 in the univariate linear regression analysis were employed in the
multivariate regression model. Variables that showed
collinearity or low frequency were excluded from the
multivariate model, whilst variables with more than
two categories were transformed into indicator
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Table II
Dietary intake variables associated with levels of markers of oxidative stress in newly diagnosed breast cancer women
(n = 55), Florianópolis, SC-Brazil
Percentile of daily dietary intake

N

LH1

TBARS1

GSH1

AC1

Carotenoid-rich fruits
≤ 50th
> 50th (> 7.8 g/d)

27
28

0.79 ± 0.36
0.89 ± 0.37

4.89 ± 0.92
4.97 ± 0.83

82.2 ± 15.8*
72.3 ± 17.9

693.19 ± 164.54
636.56 ± 138.89

Low-fat meat
≤ 50th
> 50th (> 45.9 g/d)

27
28

1.01 ± 0.30*
0.76 ± 0.38

5.07 ± 0.65
4.79 ± 1.03

76.5 ± 13.9
77.8 ± 20.6

642.40 ± 155.13
685.53 ± 151.24

Dairy products
≤ 50th
> 50th (> 302.9 g/d)

27
28

0.87 ± 0.40
0.90 ± 0.34

4.93 ± 0.88
5.92 ± 0.88

77.0 ± 19.3
77.3 ± 16.0

716.92 ± 151.58*
613.68 ± 139.43

Oils
≤ 50th
> 50th (> 21.0 g/d)

27
28

0.92 ± 0.36
0.85 ± 0.37

4.65 ± 0.75*
5.19 ± 0.90

80.5 ± 16.9
73.9 ± 17.7

635.84 ± 127.82
691.86 ± 172.23

Animal fat
≤ 50th
> 50th (> 0.5 g/d)

27
28

0.80 ± 0.42
0.97 ± 0.29

4.96 ± 0.92
4.90 ± 0.84

74.7 ± 18.7
79.5 ± 16.2

716.93 ± 149.96*
613.66 ± 141.11

μmol/L; LH, lipid hydroperoxides; TBARS, thiobarbituric acid reactive substances; GSH, reduced glutathione; AC, antioxidant capacity.
Data are expressed as mean ± standard deviation. *p < 0.05 (compared with daily dietary intake > 50th percentile).

1

(dummy) variables. The final models for the linear
regression analysis were constructed using stepwise
regression analysis to select the minimum set of predictors that significantly (p < 0.05) maximized the model
R2 .
In order to validate the final predictive regression
model, we estimated the optimism in the R2 statistic
using an exhanced internal validation technique. The
optimism is the mean difference between the R2 of the
original regression model and the R2 yielded when βcoefficients derived from bootstrap samples (1000 repetitions) are applied to the original dataset31.
Results
Table I gives the characteristics and the levels of
oxidative stress biomarkers of the study participants.
When the mean levels of plasma LH and TBARS,
and the median of plasma protein carbonyl were analyzed according to cancer-related, individual, and
anthropometric variables, no significant differences
were detected (data not shown). Blood GSH level was
not associated with the individual and anthropometric
variables but was associated with the cancer-related
variables. For example, women with positive axillary
lymph node status had significantly (p = 0.0001) lower
GSH levels (69.99 ± 14.76 mol/L) than women with
negative axillary lymph node status (82.33 ± 17.72
mol/L). Serum AC was not associated with cancerrelated or anthropometric variables. However, postmenopausal women or women over 50 years of age had
significantly higher AC levels than premenopausal
women (postmenopausal: 707.7 ± 158.3 vs pre-
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menopausal: 612.3 ± 131.9 mol/L; p = 0.02) or women
with age lower than 50 years (> 50 y: 719.9 ± 150.8 vs ≤
50 y: 618.1 ± 141.7 mol/L; p = 0.01) (data not shown).
Table II shows the dietary intake variables associated with biomarkers of oxidative stress. Enhanced
intake of low-fat meat, which includes roasted or
boiled red meat, pork, chicken or fish, was significantly associated with lower levels of plasma LH. The
enhanced intake of oils was positively associated with
high levels of plasma TBARS. The levels of blood
GSH were significantly lower in women with
increased intake of carotenoid-rich fruits. The levels of
serum AC were significantly lower in women with
high intake of dairy products and animal fat. Variables
related to dietary intake were not significantly associated with plasma protein carbonyls (data not shown).
In the univariate linear regression analysis, plasma
LH levels were significantly related to daily intake of
chicken (β = 0.16; p = 0.03), low-fat dairy products (β
= -0.0005; p = 0.04), oils (β = -0.01; p = 0.01) and
low-fat meat (β = -0.25; p = 0.01) (data not shown).
Table III reports the final model of the linear regression for plasma LH levels after adjusting for energy
intake. This final model explained 23.80% (R2
adjusted) of the plasma LH variability. There was no
significant interaction between the variables of the
model. The final model indicated that the daily intake
of chicken and high-fat dairy products were associated with an increase in the level of LH; while the
daily intake of vitamin E was associated with an
decrease in LH levels (table III). The internal validation of the regression model for plasma LH levels
yielded a very low estimate of the over optimism for
R2 of 0.56745 (< 1%).

F. G. Kunradi Vieira et al.

Table III
Final model of linear regression for plasma lipid hydroperoxide levels (LH) (μmol/L) in breast cancer women
(n = 55), Florianópolis, SC-Brazil (model R2 = 0.2380)
Final Model1

Intercept
Chicken (50 g/d)
High-fat dairy products (100 g/d)
Vitamin E (mg/d)
Energy intake (for 1,000 kcal)
1

β2

SD3

95% CI4

P

1.11
0.20
0.07
-0.13
0.01

0.15
0.06
0.02
0.04
0.07

0.80; 1.43
0.07; 0.33
0.01; 0.13
-0.21; -0.04
-0.13; 0.16

< 0.0005
0.003
0.021
0.005
0.881

Adjusted for dietary energy intake; 2β = Coefficient estimates; 3SD = Standard Deviation; 4CI = Confidence Interval.

Among all variables studied, only intake of oils (β =
0.54; p = 0.02) was positively associated with plasma
TBARS levels in the univariate linear regression analysis (data not shown). After adjusting for energy intake,
intake of oils explained 6.82% (R2 adjusted) of the variability in the TBARS levels. Furthermore, increased
consumption of oils (> 21g/d) was associated with an
increase in the plasma TBARS of 0.52 μmol/L (p =
0.028) (data not shown).
In the univariate linear regression analysis, blood
GSH levels were significantly associated with the positive axillary lymph node status (β = -12.33; p = 0.009),
daily intake of carotenoid-rich fruits (β = -0.18; p =
0.03) and consumption of more than 7.8 g per day of
carotenoid-rich fruits (β = -9.9; p = 0.04) (data not
shown). After adjusting for energy intake, the linear
regression model explained 9.31% (R2 adjusted) of the
blood GSH variability showing that only a positive
axillary lymph node status was associated with a
decrease in the GSH levels of 12.41 μmol/L (p = 0.009)
(data not shown).
Variables significantly associated with serum AC
levels in the univariate linear regression analysis were
age (β = 6.11; p = 0.001), menopausal status (β = 95.41;
p = 0.02), daily intake of dairy products (β = -26.62; p =
0.005), high-fat dairy products (β = -0.275; p = 0.02),
animal fat (β = -58.93; p = 0.01), sweet foods (β = -75.06;

p = 0.001), energy intake (β = -0.064; p = 0.01), lipids
(β = -1.79; p = 0.02), carbohydrates (β = -0.392; p =
0.01), saturated fat (β = -6.66; p = 0.001) and monounsaturated fat (β = -6.38; p = 0.01) (data not shown).
After adjusting for energy intake, the final model show
that increasing age was associated with an enhanced
serum AC, while that the daily intake of animal fat,
dairy products and sweet foods were associated with a
decrease in the serum AC. The final model explained
41.42% (R2 adjusted) of the variability in serum AC
levels (table IV). There was no significant interaction
between the variables of the model. The internal validation of the regression model for serum AC levels
yielded a very estimate of the over optimism for R2 of
5.96%.
Discussion
One mechanism by which some physiological, physical, lifestyle and nutritional factors may help to prevent cancer is through the modulation of oxidative
stress status. The most common approach to the measurement of free radical and oxidative stress has been
by determining products of free radical reactions with
biological macromolecules.6 It has been shown that
oxidative stress can contribute to cancer development.4

Table IV
Final model of linear regression for serum antioxidant capacity (AC) levels (μmol/L) in newly diagnosed breast cancer
women (n = 55), Florianópolis, SC-Brazil (model R2 = 0.4142)
Final Model*

β1
Intercept
Age (years)
Animal fat (5 g/d)
Dairy products (100 g/d)
Sweet foods (50 g/d)
Energy intake (for 1,000 kcal)

493.77
5.48
-41.19
-26.31
-56.51
22.57

SD2

95% CI3

P

109.51
1.65
18.43
7.98
22.90
26.16

273.68; 713.85
2.15; 8.81
-78.23; -4.41
-45.18; -15.07
-102.55; -10.25
-30.00; 75.15

< 0.0005
0.002
0.030
0.002
0.017
0.392

*Adjusted for dietary energy intake; 1β = Coefficient estimates; 2SD = Standard Deviation; 3CI = Confidence Interval.

Factors associated with oxidative
stress
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In addition, oxidative stress biomarkers have been
shown to be elevated in the blood and in malignant
breast biopsies of breast cancer patients.5,9,16 Results
from the current study expand upon previously published data by providing an insight into the associations
between several variables cancer-related, individual,
anthropometric and dietary intake variables, and oxidative stress biomarkers assessed by lipid peroxidation
(plasma levels of LH and TBARS), protein oxidation
(plasma levels of protein carbonyl) and by the measurement of antioxidants (blood GSH and serum AC),
in women newly diagnosed with breast cancer.
Overall, a small number of significant associations
between cancer-related variables and oxidative stress
biomarkers were found in our study population. The
extent of oxidative stress was not affected by the level
of malignancy of the breast cancer (advanced anatomopathological status and tumor size) in the women
studied, according to previous studies.5,9,32 Of the variables related to cancer, only positive axillary lymph
node status was inversely associated with blood levels
of GSH. In fact, a decreased content of erythrocyte
GSH has been reported in several diseases including
breast cancer.33,34 The lower levels of GSH seen in
breast cancer patients with positive axillary lymph
node status support the hypothesis that glutathione status is inversely related to malignant transformation.33, 34
Despite some conflicting results, it has been
observed that in healthy populations an older age, postmenopausal status, non use of dietary supplements,
absence of regular physical activity and cigarette
smoking may contribute to the enhancement of oxidative stress.15,16,35 Contrary to our expectations, we
observed increased serum AC levels in older and postmenopausal women with breast cancer. The positive
association of age and postmenopausal status with
serum AC levels might be intriguing and unexpected.
However, our results are in agreement with those of
other studies. For example, a cross-sectional study on
healthy individuals also showed high serum AC levels
in older subjects13 and a positive association between
age and erythrocyte GSH has been reported.6 In addition, increased activity of blood glutathione peroxidase
and superoxide dismutase, two antioxidant enzymes,
was found in postmenopausal compared to premenopausal breast cancer women.5
Here, we found no evidence of a significant association between smoking, intensity of physical activity or
BMI and oxidative stress. Although cigarette smoking
is a well known environmental oxidant, previous studies relating cigarette smoking to markers of oxidative
stress have provided conflicting results.6,15,16 An excess
or lack of physical exercise can produce an imbalance
between ROS and antioxidants, leading to oxidative
stress.36 In addition, obesity may also be associated
with oxidative stress.6,37 However, in agreement with
other studies,6,16 in this study we found no association
between intensity of physical activity or BMI and
oxidative stress status.
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It has been largely believed that fruits and vegetables
(as antioxidant rich foods) and food products with high
content of polyunsaturated fatty acid (PUFAs) (as prooxidants) are the most diet-related constituents closely
linked to oxidative stress. However, considering that
several studies have failed to observe a positive association between blood levels of antioxidants and protection of cells against oxidative damage,38 or between
diet enriched with PUFAs and an increase in lipid peroxidation,39 further studies are warranted to better elucidate the role of dietary intake in the modulation of
oxidative stress. In the current study, the consumption
of high oils diet (rich in PUFAs) by breast cancer
women showed positive association with TBARS in
the multivariate linear regression analysis. These
results are consistent with an earlier study on women
previously treated for breast cancer, which a polyunsaturated fat intake was associated with elevated lipid peroxidation.37 In addition, the results for the multivariate
analysis also indicated that chicken and high-fat dairy
products intake was positively associated with lipid
peroxidation measured by plasma LH levels, while vitamin E intake was negatively associated with lipid peroxidation. For healthy individuals, dietary fat and saturated fat intake, which are found in foods such as
chicken and high-fat dairy products, have been associated with increasing oxidative stress markers.40 The
protective role of dietary vitamin E against lipid peroxidation has also been previously described in breast
cancer patients.37 and, due to its free radical scavenger
activity and lipophilic profile, vitamin E may contribute to a decreased susceptibly of PUFAs in cell
membranes to oxidation.3
The present study showed some surprising results
such as the negative relationship between daily intake
of carotenoid-rich fruits and blood GSH levels in the
univariate linear regression analysis. However, this
association was no longer significant after adjusting for
energy intake in the final model, indicating therefore
that not all associations found in this study are necessarily causal. Regardless, further studies would be necessary to confirm or refute this negative association.
There was no significant interaction between the variables of the model.
In the multivariate analysis, the intake of animal fat,
dairy products and sweet foods by the breast cancer
women was associated with decreased serum AC levels, as has also been described for healthy subjects.41
On the other hand, consumption of fruits and vegetables were not associated with serum AC of breast cancer patients. Although fruit and vegetable intake can
decrease oxidative stress, including the enhancement
of AC,16,37 contrary results have been reported for
healthy people.42
There are, of course, certain limitations to our model.
First, we could not validate our predictive model in a
separate validation set. However, the results of the internal validation indicate very little over optimism in the
estimate of the predictive ability of the method, suggest-
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ing that our model is valid31. Second, our results are
derived from a convenience sample, which may inhibit
the validity of conclusive statements regarding a causeeffect relationship between biomarkers of oxidative
stress status and the variables for women newly diagnosed breast cancer examined. However, our study has
the important advantage that all samples were collected
before surgery and onset of chemotherapy or radiation. It
has been shown that recent treatment promotes significant alterations in the level of oxidative stress markers in
cancer patients.43 Another advantage of our study is the
use of multiple markers of oxidative stress status. Furthermore, the results indicated that some of the proposed
biomarkers of oxidative stress status are associated with
important variables that represent significant risk factors
or prognosis factors for breast cancer. However, the
observed associations are not consistent for all of the different biomarkers, indicating that they cannot be used
interchangeably.
Conclusion
In summary, based on the results of this study, we
suggest that intake of chicken, vitamin E, dairy products (mainly high-fat dairy products), oils, animal fat
and sweet foods, along with the axillary lymph node
status and age, may be important determinants of
oxidative stress in breast cancer women.
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