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Dietary total antioxidant capacity is inversely
related to central adiposity as well as to
metabolic and oxidative stress markers in healthy
young adults
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Abstract

Background: Dietary total antioxidant capacity (TAC) has been assumed as a useful tool to assess the relationship
between the cumulative antioxidant food capacity and several chronic disorders. The aim of this cross-sectional
study was to investigate the potential relationships of dietary TAC with adiposity, metabolic and oxidative stress
markers in healthy young adults.

Methods: This study enrolled 266 healthy subjects (105 men/ 161 women; 22 ± 3 years-old; 22.0 ± 2.7 kg/m2).
Dietary intake, anthropometry, blood pressure, lifestyle features, and biochemical data were assessed with validated
procedures.

Results: In linear regression analyses, dietary TAC values were inversely associated with glycemia, total cholesterol:
HDL-c ratio, triglycerides and oxidized-LDL concentrations, and positively associated with HDL-c concentrations,
independently of gender, age, smoking status, physical activity, vitamin use supplement, waist circumference,
energy intake, fatty acid intake. In addition, plasma TAC was negatively correlated with ox-LDL concentrations (r=
-0.20, P = 0.003), independently of the assessed confounding variables. Finally, dietary TAC values were inversely
related to waist circumference values (r= -0.17, P = 0.005) as well as to lower mild central obesity occurrence (waist
circumference ≥ 80/ 94 cm for women/ men, respectively).

Conclusion: Dietary TAC values are inversely associated with glucose and lipid biomarkers as well as with central
adiposity measurements in healthy young adults, indicating dietary TAC as a useful tool to assess the health
benefits of cumulative antioxidant capacity from food intake. In addition, the independent and inverse relationships
of ox-LDL concentrations with dietary and plasma TAC respectively suggest a putative role of antioxidant rich-diet
in the link between redox state and atherogenesis at early stage.
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Background
Dyslipidemias and insulin resistance constitute major
risk factors of cardiovascular diseases (CVD) and
related-features [1]. Furthermore, oxidative stress
impairment or altered antioxidant status have been sug-
gested as pivotal keys in the onset of certain chronic

diseases such as metabolic syndrome (MS), type 2 dia-
betes and CVD [2,3]. In this sense, oxidized low-density
lipoprotein (ox-LDL), a recognized oxidative stress mar-
ker, has been positively associated with central obesity
[4], metabolic syndrome manifestations [5] and subclini-
cal atherosclerosis [6].
In turn, dietary total antioxidant capacity (TAC) has

been assessed in order to altogether capture synergic
antioxidant/redox activities of single antioxidant com-
pounds from diet [7]. Despite some authors have
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debated about the applicability of the extrapolation of
dietary TAC data to its antioxidant contribution in vivo
[8,9], this dietary index has been a relevant tool in epi-
demiological studies [10,11]. In this sense, increased
dietary TAC has been associated with higher diet quality
scores [12] as well as with improved values concerning
glucose metabolism [13] and inflammatory status
[14,15] in middle-aged people. In addition, dietary TAC
has been recently associated with a lower risk for
ischemic stroke in Italian cohort [16]. However, the rela-
tionship of dietary TAC with biomarkers has been only
modestly investigated in young adult people [17,18],
which is of great interest to provide new light for early
an association of overall antioxidant intake with meta-
bolic and oxidative biomarkers in vivo. Indeed, the asso-
ciation between this dietary TAC and ox-LDL
concentrations has not been apparently reported.
Overall, the present study assessed the potential asso-

ciation of dietary TAC with adiposity as well as with
metabolic and oxidative stress markers in healthy young
adults with emphasis on plasma ox-LDL concentrations,
as a relevant oxidative stress marker and an athero-
sclerosis predictor.

Subjects and Methods
Subjects
Participants of the current research were involved in a
study of Interuniversity Cooperation between the Fed-
eral University of Viçosa (Brazil, CAPES-MECD-DGU
109/06) and the University of Navarra (Spain, PHB-
2005-0119-PC). Thus, a group of 266 subjects from Bra-
zil (57 men and 66 women) and Spain (48 men and 95
women), with a mean age of 22 ± 3 years-old (range:
18-35 years) and a mean body mass index (BMI) of 22.0
± 2.7 (range: 18.5-34.9 kg/m2), were enrolled in this
study.
The volunteers were recruited through magazines,

radio, web page, and intranet tools at both Universities.
In the enrollement message, the age range (18-35 years
old) was mentioned as well as relevant clinical informa-
tion for those interested in participating in this cross-
sectional nutritional study. Exclusion criteria were any
diagnosed organic underlying disease (gastrointestinal,
kidney, liver, respiratory or heart disease), cancer, infec-
tious and inflammatory disorders, diabetes (fasting glu-
cose level > 126 mg/dl), hypertension (systolic and
diastolic blood pressure values ≥ 140 and 90 mmHg,
respectively), pregnancy, disorders affecting body com-
position (e.g. lipodystrophy and Cushing syndrome) or
blood lipid-lowering treatments. Other exclusion criteria
were recent follow up of diets designed for weight loss
or unstable weight in the past 3 months. The present
study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures

involving human subjects/patients were approved by the
appropriate human research review boards at each loca-
tion: Ethics Committee in Human Research of the Fed-
eral University of Viçosa (ref. n° 009/2006) and
Investigation Ethics Committee of the Clínica Universi-
dad de Navarra (ref. n° 79/2005). Written informed con-
sent was obtained from all the subjects/patients.

Dietary intake assessment
In the Brazilian sample, dietary intake information was
obtained by a 3 day-record. Daily food consumption was
estimated as a 3d-mean of portion size for each con-
sumed food item, considering in addition to preparation
(crude or cooked), and edible portions. Nutrient intake
was estimated using the Diet Pro 5i® software (AS Siste-
mas, Viçosa, Brazil), adapted with the latest available
information from the food composition tables for Brazil
[19,20]. In the Spanish sample, dietary intake informa-
tion was obtained by a semi-quantitative food frequency
questionnaire with 136 food-items, which is validated
for Spanish people [21,22]. Daily food consumption was
estimated as frequency × portion size for each con-
sumed food item. Nutrient intake was estimated using
an ad hoc computer program specifically developed for
this aim, which displays the latest available information
included in the food composition tables for Spain
[23,24].
Furthermore, dietary TAC from dietary intake infor-

mation, expressed as mmol (of Trolox equivalent)/d,
was calculated by a proxy estimation previously vali-
dated to the 3 day-record as well as for the food-fre-
quency questionnaire [18].

Clinical and biochemical assessments
Anthropometric determinations were taken using stan-
dard measurement procedures, in accordance to pre-
viously described protocols [25] as agreed by both
universities participating in the study. Thus, BMI was
calculated by the ratio between weight (kg) and the
squared height (m2), which was applied to categorize
normal-weight (18.5-24.9 kg/m2), overweight (25-29.9
kg/m2), and obese (BMI ≥ 30 kg/m2) subjects, according
to the World Health Organization criteria [26]. Waist
circumference was used as a central adiposity indicator,
considering values higher than 80 and 94 cm for women
and men, respectively, as an indicator of mild central
obesity. Systolic and diastolic blood pressures were mea-
sured following World Health Organization guidelines
[27].
Venous blood samples were drawn after a 12 h over-

night fast by venipuncture. The EDTA-plasma and
serum samples were separated from whole blood by
centrifugation (2,205 g × 15 min at 4°C) and were frozen
immediately at -80°C until assay. Serum concentrations
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of triglycerides, total cholesterol (TC), high density lipo-
protein-cholesterol (HDL-c), glucose and insulin were
measured by standard methods as previously described
[17,25]. Serum low-density lipoprotein-cholesterol (LDL-
c) and insulin resistance as HOMA-IR were calculated
as described by Friedewald et al. [28] and Matthews et
al. [29] equations, respectively. TC:HDL-c and LDL-c:
HDL-c ratios also were calculated, since they are inde-
pendent predictors of the risk for CVD [30,31].
Hypercholesterolaemia was considered as a total choles-
terol concentration ≥ 200 mg/dl [1]. Plasma ox-LDL was
measured using ELISA kits from Mercodia (Uppsala,
Sweden), based on the mouse monoclonal antibody 4E6,
which is directed against a conformational epitope in
oxidized ApoB-100 [32,33]. Finally, plasma TAC was
determined using a commercial colorimetric kit (Cay-
man Chemical Corporation, Ann Arbor, USA), based on
the inhibition the oxidation of ABTS® (2,2-Azino-di-[3-
ethylbenzthiazoline sulphonate]) to ABTS®·+, which is
subsequently quantified as mmol Trolox equivalent
[34,35].

Other variable assessment
For lifestyle variables, the participants were asked about
their smoking status (never, former, or current smokers)
and about vitamin supplement use (Yes/No). With
respect to physical activity, the participants declared
whether they took regular physical activity (Yes/No),
and if so, the type and the volume of activity (h/week).
To quantify the volume of activity, a metabolic equiva-
lent (MET) index was also computed by assigning a
multiple of resting metabolic rate (MET score) to each
activity [36], followed by the sum over all activities to
obtain a value of overall weekly MET/h as described
elsewhere [37].

Statistical analysis
Results are shown as mean ± standard deviations (SD)
or median (interquartile interval), depending on the
variable distribution as determined by the Shapiro-Wilk
test. Non-normally distributed variables were log-trans-
formed before statistical analyses. Dietary intakes were
adjusted for the daily energy intake, while biochemical
variables, when considered outcomes, were adjusted for
study center, both by the residuals method, applying
separate models among women and men [38]. To assess
the associations of dietary TAC values with anthropo-
metric, clinical and lifestyle characteristics of the partici-
pants, we categorized the participants by tertiles of this
specific dietary index. Linear trends were assessed by
assigning the median value to each tertile of dietary
TAC and modeling these values as a continuous vari-
able. Comparisons between three groups were per-
formed by chi-square tests (categorical variables) or by

one-factor ANOVA tests (continuous variables), while
the post hoc Bonferroni test was used to correct the
impact of multiple comparisons.
Moreover, b-coefficients and 95% confidence intervals

(CIs) were calculated in multivariate linear regression
models to assess the association of dietary TAC values
(independent continuous variable) with the investigated
glucose and lipid biomarkers (dependent variables). Lin-
ear regression models were controlled by gender, age
(years), waist circumference (cm), daily energy intake
(kcal/d), physical activity during leisure time (METs-
hour per week), smoking status (never, former and cur-
rent smokers), vitamin supplement use (Yes/ No), and
monounsaturated (MUFA): saturated fatty acid (SFA)
ratio intake, since these variables were considered
potential confounding factors. In addition, partial corre-
lations were established to evaluate the potential rela-
tions between dietary TAC, plasma TAC and ox-LDL
concentrations as well as potential links between dietary
TAC and waist circumference as a central adiposity
indicator.
Furthermore, we used stepwise multiple regressions

[38] to identify the variability impact of the consumed
food-items concerning dietary TAC values of the partici-
pants of this study. Statistical analyses were performed
with SPSS 15.0 software (SPSS Inc., Chicago, IL, USA)
for Windows XP (Microsoft, USA). A P-value < 0.05
was considered as statistically significant.

Results
Anthropometric, clinical and lifestyle characteristics
were examined by tertiles of dietary TAC values
(Table 1). Thus, those subjects included in the highest
tertile were older subjects, had lower values for diastolic
blood pressure and higher values for physical activity
counts (METs), while reported higher vitamin supple-
ment use as compared with those of the lowest tertile
(P < 0.05). In addition, the participants included in the
last tertile of dietary TAC consumption had significantly
lower waist circumference values as well as lower occur-
rence of mild central obesity (as waist circumference ≥
80 and 94 cm for women and men, respectively).
Indeed, dietary TAC values were negatively and signifi-
cantly correlated (r = -0.17, P < 0.05) with waist circum-
ference values in the partial correlation adjusted for
gender (Figure 1).
Moreover, those participants who were included in the

third tertile of dietary TAC presented higher consump-
tion of olive oil, fruits, vegetables, fruit juices, fish, coffee
and red wine as well as higher intake values of protein,
lipids, monounsaturated fatty acid (MUFA), and dietary
fiber, while lower intake values for saturated fatty acid
(SFA) were found as compared with subjects in the low-
est tertile (Table 2). In addition, the food-groups
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consumed by the participants with higher contribution
to dietary TAC values were vegetables, fruits and fruit
juices (R2 = 0.69). Other important contributing food
items, such as olive oil, coffee, fish, and legumes,
explained altogether 22% of total variability in dietary
TAC. Fruits and vegetables remained as the highest con-
tributors to dietary TAC when the analysis was per-
formed by study center (data not shown).
Regarding the association between dietary TAC and

glucose profile, dietary TAC values were inversely asso-
ciated with glycemia and HOMA-IR (P < 0.05), indepen-
dently of gender, age, waist circumference, smoking
habit, physical activity counts, vitamin supplement use
(Table 3). Furthermore, higher dietary TAC values were
statistically associated with lower values to TC concen-
trations, TC:HDL-c ratio, ox-LDL and triglycerides

concentrations as well as with higher values to HDL-c
concentrations, independently of the same covariates
(Table 3). Interestingly, similar outcomes are found
when waist circumference (cm) was substituted by BMI

Table 1 Anthropometric, clinical, and lifestyle
characteristics, according to tertiles (T) of energy-
adjusted dietary TAC (n = 266)

Energy-adj. dietary TAC (mmol/
d)

T1 (< 1.6) T2
(1.6-5.9)

T3
(≥ 5.9)

P-
valuea

Participants (n) 86 90 90

Men (n, %) 34 (39.5)b 35 (38.8) 34 (37.8) 0.994

Age (y) 21 ± 3e 22 ± 3 23 ± 4 0.031

Body mass index (kg/m2) 21.8 ± 3.1 22.5 ± 2.6 21.9 ± 2.4 0.201

Waist circumference (cm) 76.1 ± 9.0e 75.5 ± 8.1 72.9 ± 7.6 0.027

Overweight/ Obesity
(n, %)c

11 (33.3) 13 (39.5) 9 (27.3) 0.731

Mild central obesity (n, %)
d

12 (14.0) 12 (13.3) 2 (2.2) 0.014

Physical activity practice
(n, %)

47 (54.6) 54 (60.0) 60 (66.7) 0.087

METs (h/ week) 32 (18;59)e 40 (20; 85) 98
(43;186)

0.037

Former/ Current smoker
(n, %)

14 (16.9) 24 (26.7) 26 (28.9) 0.106

Vitamin supplement use
(n, %)

10 (11.6) 23 (25.5) 28 (31.1) 0.031

Hypercholesterolaemia
(n, %)

13 (39.4) 8 (24.2) 12 (36.4) 0.132

Systolic BP (mmHg) 110 ± 9 113 ± 11 112 ± 10 0.081

Diastolic BP (mmHg) 72 ± 8e 69 ± 9 66 ± 8 < 0.001
aP-value from one-factor ANOVA test or c2 test, for continuous or categorical
variables, respectively. Non-normally distributed variables were log-
transformation before analyses.
bContinuous variables are presented as mean ± SD or median (interquartile
interval), while categorical variables are presented as number of the
participants (percentages).
cOverweight/Obesity occurrence, according to BMI values (≥ 25 and ≥ 30 kg/
m2, respectively).
dMild central obesity occurrence, according to waist circumference values (≥
80 and ≥ 94 cm for women and men, respectively).
eP < 0.05, T1 vs. T3; from the post hoc Bonferroni test for multiple
comparisons.

TAC, total antioxidant capacity; MET, metabolic equivalent index; BP, blood
pressure.

Table 2 Food and nutrients consumption, according to
tertiles (T) of energy-adjusted dietary TAC (n = 266)

Energy-adj. dietary TAC (mmol/d)

T1 (< 1.6) T2 (1.6-5.9) T3 (≥ 5.9) P-valuea

Participants (n) 86 90 90

Energy intake (kcal) 2758 ± 699 2540 ± 922 2785 ± 855 0.108

Carbohydrate (% EI) 50.5 ± 7.9b,c 47.3 ± 8.4 d 44.5 ± 8.0 < 0.001

Protein (%EI) 15.0 ± 2.5 b,c 16.5 ± 2.7 d 17.5 ± 2.6 < 0.001

Lipids (%EI) 33.3 ± 6.0 b,c 36.1 ± 6.1 36.9 ± 6.0 0.002

MUFA (%EI) 6.3 ± 4.2b,c 12.4 ± 6.2d 15.7 ± 4.5 0.001

PUFA (%EI) 4.6 ± 2.1c 5.5 ± 2.7 5.4 ± 1.9 0.017

SFA (%EI) 12.2 ± 3.6 b,c 10.6 ± 4.0d 9.1 ± 3.8 0.003

Dietary fiber (g/d) 24.2 ± 13.2 b 25.3 ± 15.0 29.6 ± 12.7 0.023

Olive oil (ml/d) 4 ± 16 b,c 19 ± 27 d 39 ± 33 < 0.001

Fruits (g/d) 154 ± 120 b,c 245 ± 190d 393 ± 300 < 0.001

Vegetables (g/d) 94 ± 68 b,c 253 ± 211d 572 ± 395 < 0.001

Fruit juice (ml/d) 67 ± 95b 91 ± 122 169 ± 233 < 0.001

Cereals (g/d) 145 ± 114 167 ± 104 177 ± 83 0.103

Legumes (g/d) 29 ± 20 28 ± 31 20 ± 13 0.127

Red meats (g/d) 99 ± 67 96 ± 54 84 ± 61 0.214

Fish (g/d) 16 ± 43 b,c 41 ± 52 d 93 ± 63 < 0.001

Nuts (g/d) 8 ± 10 7 ± 8 15 ± 32 0.281

Coffee (ml/d) 38 ± 63b 59 ± 82 68 ± 84 0.028

Beer (ml/d) 31 ± 62 31 ± 49 58 ± 107 0.069

Red wine (ml/d) 6 ± 5b 7 ± 4d 50 ± 18 0.009
aP-value from one-factor ANOVA test.
bP < 0.05, T1 vs. T3; cP < 0.05, T1 vs. T2; dP < 0.05, T2 vs. T3, from the post hoc
Bonferroni test for multiple comparisons.

dietary TAC, dietary total antioxidant capacity; EI, energy intake; MUFA, monounsaturated
fatty acid; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.

Figure 1 Association between dietary TAC and waist
circumference values. P-value from partial correlation, adjusted for
gender (n = 266).
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(kg/m2) or by mild central obesity occurrence, as cate-
gorical covariate (data not shown).
Since dietary fatty acids have been related to athero-

genesis and CVD, linear regression models were also
adjusted for MUFA:SFA ratio. In this case, the associa-
tions of dietary TAC values with glycemia, TC:HDL-c
ratio, HDL-c, ox-LDL and triglycerides concentrations
maintained the trend and the statistical significance,
while its associations with insulin, HOMA-IR, and TC
lost the statistical significance (Table 3). For this reason,
the interaction between dietary TAC and MUFA:SFA
ratio was tested, but any statistical interplay was found
(P > 0.05).
Finally, dietary TAC values were positively related with

plasma TAC concentrations in the participants of the
study, although statistical significance was not identified
(r = 0.11, P = 0.131) in the partial correlation, adjusted
for study center, gender, age, and energy intake. Interest-
ingly, plasma TAC was inversely correlated with ox-LDL
concentrations (r= -0.20, P = 0.003), independently of the
study center, gender, age, energy intake, waist circumfer-
ence and LDL-c concentrations (Figure 2).

Discussion
The first relevant finding of this study was the lower
occurrence of mild central obesity in those individuals
included in the last tertile of dietary TAC, while dietary
TAC values were inversely correlated to waist circum-
ference values in a young population. Other studies
have reported an inverse association of the dietary TAC
and dietary antioxidants with obesity indicators, while
abdominal obesity has been associated with decreased

serum antioxidants concentrations in other age groups
[10,39-41]. Thus, in the line with existing literature, data
from our study indicate a relationship between dietary
antioxidant consumption, body fat distribution and anti-
oxidant status in healthy young people.
In this study, the dietary TAC was also inversely asso-

ciated with glucose biomarkers. This finding is in agree-
ment with other studies that have reported an inverse
relationship between dietary TAC and glucose biomar-
kers in young and middle-aged subjects [13,18], reinfor-
cing the hypothesis of an interactive influence between

Table 3 Association of dietary TAC values (as independent variable) and glucose and lipid profile (as dependent
variables) in the participants of the study (n = 266)

Dependent variablesa Energy-adj. dietary TAC (mmol/d) as independent variable

Model 1b Model 2b

Glucose (mg/dl) -0.002 (-0.003; -0.001)c -0.002 (-0.003;-0.001)

Insulin (μIU/l) -0.009 (-0.0180; -0.001) -0.006 (-0.016; 0.003)

HOMA-IR -0.011 (-0.021; -0.002) -0.008 (-0.019; 0.004)

TC (mg/dl) 0.003 (0.001; 0.006) 0.002 (-0.002; 0.005)

HDL-c (mg/dl) 0.007 (0.004; 0.010) 0.005 (0.001; 0.008)

LDL-c (mg/dl) 0.004 (-0.001;0.008) -0.001 (-0.003; 0.005)

TC:HDL-c ratio -0.004 (-0.007; -0.001) -0.003 (-0.006;-0.001)

LDL-c:HDL-c ratio -0.003 (-0.008; 0.001) -0.004 (-0.008; 0.001)

ox-LDL (U/l)d -2.772 (-3.226; -2.318) -1.976 (-2.422; -1.531)

TG (mg/dl) -0.013 (-0.020; -0.007) -0.007 (-0.013; -0.001)
aNon-normally distributed variables were log-transformed before regression analyses and, adjusted for study center by residual method.
bModel 1: multivariate linear regression adjusted for gender, age (years), waist circumference (cm), daily energy intake (kcal/d), smoking habit (never or smoker/
former), METs (h/week), and vitamin supplement use (Yes/ No). Model 2: multivariate linear regression adjusted for as model 1 plus MUFA: SFA ratio intake.
cData are b-coefficient (95% Confidence Interval). Bold style to significant associations.
dn = 224, for this variable.

TAC, total antioxidant capacity; HOMA-IR, insulin resistance index; TC, total cholesterol; HDL-c, high density lipoprotein-cholesterol; LDL-c, low density lipoprotein-
cholesterol; ox-LDL, oxidized low density protein cholesterol; TG, triglycerides.

Figure 2 Association between log plasma TAC and log ox-LDL.
P-value from partial correlation, adjusted for study center, gender,
age, energy intake, waist circumference and LDL-c concentrations (n
= 224).
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oxidative stress, pro-inflammation and insulin resistance
[2,42].
In turn, the association of a higher dietary TAC with

lower values of some specific lipid biomarkers appears to
be reported apparently for the first time in the present
study. In fact, an increased consumption of antioxidant-
rich foods, such as fruits, vegetables, olive oil, nuts, red
wine, seafood and legumes, has resulted in an improve-
ment in the lipid profile, with increased HDL-c and
decreased LDL-c and triglycerides concentrations in some
intervention trial studies [43-46]. Likewise, polyphenols
and carotenoids have the ability to reduce cholesterol
absorption, to increase cholesterol and fecal bile excretion,
to inhibit cholesterol synthesis and to stimulate the
expression and activity of the LDL receptors [47]. Since
these compounds might contribute to dietary TAC values,
they could be related to potential hypocholesterolemic
mechanisms involving the dietary healthy index. In this
context, our findings suggest that dietary TAC is a reliable
indicator to assess the relationship of antioxidant-food
items altogether with glucose and lipid biomarkers, despite
other studies could contribute to establish molecular and
cellular mechanisms as well as its potential application in
the treatment of chronic disorders in vivo.
Other relevant outcome of this cross-sectional study,

which is also apparently reported for the first time, was
the inverse and independent association of dietary TAC
values with ox-LDL, a recognized oxidative stress mar-
ker and independent risk factor for MS and CVD [5,6].
In fact, a high consumption of antioxidant-rich foods
might decrease oxidation in the low-density lipoprotein.
On one hand, by scavenging free radicals and by sparing
lipophilic antioxidant content of lipoproteins and, on
the other hand by increasing the plasma TAC availabil-
ity [47-50]. In this sense, the independent correlation
between plasma TAC and ox-LDL concentrations
observed in this study might explain, at least in part, the
potential effect of dietary TAC on this oxidative stress
marker. In fact, lipid-soluble antioxidants (e.g. carote-
noids) are carried in LDL; therefore, an increase in the
antioxidant-substrate could be reflected in higher LDL
resistance to oxidation [51].
Moreover, we had previously reported an inverse asso-

ciation between dietary TAC values, plasma C-reactive
protein and gene expression of the nuclear factor-
kappa-B, interleukin-1 receptor-1, interleukin-6 and
tumor necrosis factor-alpha [17]. Since ox-LDL is able
to induce a pro-inflammatory status by the activation of
the nuclear factor-kappa-B, a redox-sensitive and pro-
inflammatory transcriptional factor [42,52], our previous
and current findings suggest jointly a putative role of
antioxidant rich-foods, expressed by dietary TAC values,
in the link between oxidative stress and inflammation in
which TAC and ox-LDL are likely interacting.

In turn, when MUFA:SFA ratio was included in the
linear regression models, the prediction power of dietary
TAC on glucose and lipid biomarkers was attenuated or
lost in some cases (HOMA-IR, TC and triglycerides).
This finding suggests potential synergistic actions of the
subtype of fat intake and dietary antioxidant content in
the glucose and lipid metabolism, since the replacement
of SFA to MUFA resulted in an improvement in the
lipid profile and glycemic control in other intervention
trials [43,53-55]. Likewise, since dietary TAC values
were inversely correlated to waist circumference values
in this study and, body adiposity has been positively
associated with pro-inflammatory and oxidative stress
markers [4,10,56,57], the inverse relationships of dietary
TAC values with some of the investigated biomarkers
could be biased by a lower central obesity among those
participants with higher dietary TAC values. However,
the associations between dietary TAC and the studied
markers maintained the trend and the statistical signifi-
cance regardless of the waist circumference, suggesting
that the effects of dietary TAC on glucose and lipid pro-
file in this study were independently from body fat dis-
tribution. In addition, our sample presented higher
number of women (60%). The hormone estrogen (17b-
estradiol in particular) has been noted to have antioxi-
dant and antilipidemic properties [58], which might
influence in the association of dietary intake with the
studied biomarkers, depending on menstrual cycle sta-
tus. However, we adjusted dietary total antioxidant by
energy in separated models for women and men and we
assessed the association of dietary TAC values with the
investigated glucose and lipid biomarkers in multivariate
linear regression models controlled by gender. Thus, our
main study outcomes should be independent from gen-
der and sex-hormonal effect. Moreover, estradiol con-
centrations have not been able to modify the oxidative
and inflammation status in young women, regardless
menstrual cycle phase [58].
Our study had certain limitations. First, since the nat-

ure of this study is cross-sectional, we cannot prove that
the reported associations are causal, although we con-
trolled for several potential covariates. Second, the use
of different dietary assessment methods (food-frequency
questionnaire and 3 day-record) by the study centers
could provide differences in the information concerning
dietary intake. However, both dietary assessment meth-
ods were validated to assess dietary TAC with a strong
correlation between them [18]. At the same time, both
dietary questionnaires have been successfully used to
assess the relationship of dietary TAC values from habi-
tual diet with biomarkers [13,14,17,18]. In addition,
major outcomes of this study maintained the statistical
significance after adjusting for study center. Finally,
although the sample size is adequate from the

Hermsdorff et al. Nutrition & Metabolism 2011, 8:59
http://www.nutritionandmetabolism.com/content/8/1/59

Page 6 of 8



standpoint of an initial association discovery, further
replication in independent and larger samples would be
convenient for a future translational application at a
population level.

Conclusion
In this cross-sectional study, dietary TAC values are
inversely associated with glucose and lipid biomarkers as
well as with central adiposity in healthy young adults,
indicating dietary TAC as a useful epidemiological tool
to assess to health benefits of a cumulative antioxidant
capacity from food intake. In addition, the independent
and inverse relationships of ox-LDL concentrations with
dietary and plasma TAC suggest a putative role of an
antioxidant rich-diet in the link between redox state and
atherogenesis at early stage.
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