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Abstract

A total of 267 clinically stable chronic obstructive pulmonary disease (COPD) patients provided complete data about diet
and oxidative stress markers in order to assess the relationship between antioxidant rich food groups and nutrients, and
serum markers of oxidative stress in COPD. Dietary data of the last 2 years was assessed using a validated food frequency
questionnaire (122 items). Levels of carbonyls, nitrotyrosine, malondialdehyde and reduced glutathione (GSH) were meas-
ured in serum. Vitamin E intake was inversely associated with levels of carbonyls (p = 0.05) and olive oil was positively asso-
ciated with GSH levels (»p = 0.01), in active smokers. Intake of vegetables was related to a decrease of malondialdehyde levels
(p = 0.04) in former smokers. No statistically significant associations were found between remaining dietary antioxidants
and serum oxidative stress markers. These results provide new data for a potential dietary modulation of systemic oxidative
stress in COPD patients, particularly in those that continue smoking.
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Introduction . .. ..
mucus hypersecretion, and activation of transcription

Chronic obstructive pulmonary disease (COPD) is a
major cause of morbidity and mortality worldwide,
and it is expected to become the fourth leading cause
of mortality by 2030 [1]. COPD is characterized by
a complex chronic inflammatory condition usually
associated with smoking-induced inflammation and
oxidative stress [2]. Increased oxidative burden plays
an important role in the pathogenesis of COPD, caus-
ing direct injury to the lung cells, increase of prote-
olytic activity due to inactivation of anti-proteases,

factors such as NF-xB, leading to cytokine release
and neutrophil recruitment, further increasing
inflammation and oxidative stress [3,4]. Moreover,
free radical stress appears to extend beyond the lung
in COPD patients, contributing to systemic manifes-
tations of the disease [4]. Given the importance of
oxidative stress in COPD, it has been hypothesized
that targeting oxidative stress with antioxidants or
boosting endogenous levels of antioxidants is likely
to have beneficial effects in COPD [5]. However,
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although antioxidant rich foods, such as fruits and
vegetables, have been associated with better lung
function or symptoms in COPD patients [6-9], to our
knowledge no studies have evaluated the potential
impact of dietary habits on oxidative stress markers
in COPD patients.

The present study aims to assess the association
between antioxidant components of patients’ diet and
several oxidative stress markers, according to smoking
status, in the frame of the ‘Phenotype and Course of
COPD Project (PAC-COPD)’ [10]. This information
could help to partially understand the underlying
mechanisms of the association between foods and
nutrients and COPD.

Subjects and methods
Study population

This study is a cross-sectional analysis in the
‘Phenotype and Course of COPD Project (PAC-
COPD)’. Briefly, the PAC-COPD study includes
COPD patients recruited during their first hospital
admission at nine university hospitals in Spain
between January 2004 and March 2006, with a con-
firmed diagnosis of COPD (post-bronchodilator
forced expiratory volume in the first second to forced
vital capacity ratio (FEV,/FVC) = 0.70) [11] in a
clinically stable condition, at least 3 months after dis-
charge. Detailed information on PAC-COPD recruit-
ment, methods and results is available elsewhere [12].
The protocol was approved by the Ethics Committees
of all the participating hospitals and written informed
consent was obtained from all the COPD patients.

From the 342 patients included in the PAC-COPD
cohort, a total of 267 had available information on
diet and oxidative stress markers. No differences
regarding socio-demographic characteristics, comor-
bidities, dyspnea or lung function parameters were
found between PAC-COPD patients who provided
dietary information and those who did not, as previ-
ously published [13]. All epidemiological and clinical
measures were performed at clinical stability at least
3 months after the recruitment, with the exception of
dietary assessment, that was performed 9—12 months
after the recruitment.

Dietary assessment

A previously validated 122-item food frequency
questionnaire (FFQ) [14] was used asking for dietary
habits in the last 2 years, thus including the time
period when blood measurements were done. The
questionnaire was administered by two trained inter-
viewers that ensured no missing data in any item. The
questionnaire included specific Spanish foods and
gathered information on seasonality of food con-
sumption. Reported information was converted into
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a daily intake frequency of each food, which was in
turn converted into the daily intake in grams per day
for each food. A Spanish food composition table of
the Centre for Superior Studies in Nutrition and
Dietetics (CESNID) was used to estimate nutrient
intake from each food in the questionnaire [15].
Antioxidant dietary intake was assessed through the
following selected foods and nutrients: fruits, vegeta-
bles, olive oil, beta-carotene, vitamin C and vitamin
E. More details about the creation and validation
of the FFQ have been previously published [14].
Additionally, our group tested the reproducibility of
the FFQ when telephonically administered. Briefly,
moderate-to-high correlations were found between
the first and second questionnaire administration and
no statistically significant differences in means of
intakes of most food groups, macro- and micro-
nutrients were found [13].

Chnical and functional assessment

Information regarding socio-demographic character-
istics, pharmacological treatment, respiratory symp-
toms and lifestyle was obtained using a standardized
epidemiological questionnaire. Nutritional status was
assessed through body mass index (BMI) and fat free
mass index (FFMI) (measured using bioimpedance).
Additionally, post-bronchodilator spirometry (FEV ,
FVC and FEV /FVC ratio) and arterial oxygen and
carbon dioxide partial pressures (PaO,, PaCO,) were
also measured. The Charlson index of comorbidity
[16] was obtained by an expert pulmonologist from
medical records and personal anamnesis and explora-
tion. Detailed information on the methods is described
elsewhere [10,12].

Markers of oxidative stress

Blood samples were obtained at clinical stability
and immediately centrifuged at 2000-3000 rpm for
10 min. Serum was extracted and stored in cryo-
tubes at —80°C. Serum oxidative stress markers (car-
bonyls, nitrotyrosine, malondialdehyde and reduced
glutathione) were determined from all the partici-
pating COPD patients from the different centres
in the same laboratory at IMIM-Hospital del Mar
(Barcelona, Spain).

Protein carbonyls were measured using an enzyme
immuno-assay kit (Northwest Life Sciences Special-
ties, LLLC, Vancouver, WA) based on an enzyme-linked
immunosorbent assay (ELISA). Absorbances were
read at 450 nm using a 655 nm filter as a reference.
Intra-assay and inter-assay coefficients of variation
for blood protein carbonyl formation ranged from
4.5-5.0% in both cases. The minimum detectable
concentration of protein carbonyls in plasma was set
to be 0.1 nmol/mg. Malondialdehyde (MDA) levels
were determined using the MDA Assay (Northwest
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Life Sciences Specialties), based on the reaction of
MDA with thiobarbituric acid (TBA), which forms
an MDA-TBA adduct that absorbs strongly at 532
nm. Spectra from 400-700 nm were recorded in a
spectrophotometer and third derivative analyses
were performed in order to quantify sample MDA
levels in the assay. Intra-assay and inter-assay coef-
ficients of variation for blood MDA quantification
ranged from 5.0-6.0% in both cases. The minimum
detectable concentration of MDA in plasma was
set to be 0.08 UM (nmol/ml). Nitrotyrosine levels
were measured using the Nitrotyrosine ELISA kit
(Northwest Life Sciences Specialties). The absor-
bance in each sample was measured at 450 nm.
Intra-assay and inter-assay coefficients of variation
for blood nitrotyrosine quantification ranged from
2.5-3.0% in both cases. The minimum detectable
concentration of nitrotyrosine in plasma was set
to be 2 nM (nmol/l). Reduced glutathione (GSH)
(one of the strongest endogenous antioxidants) was
measured using the Glutathione Assay (Northwest
Life Sciences Specialties). The absorbance in each
sample was read in a microplate reader with kinetics
capability at 405 nm. Intra-assay and inter-assay
coefficients of variation for blood GSH quantifica-
tion ranged from 4.5-5.0% in both cases. The min-
imum detectable concentration of GSH in plasma
was set to be 0.1 uM (nmol/ml). All measures were
done following the precise manufacturer’s instruc-
tions and a standard curve was always generated
with each assay run.

Statistical analysis

Socio-demographic and clinical characteristics,
intakes of main antioxidant-rich foods and nutrients,
treatment with antioxidant mucolytics and oxidative
stress markers were described by mean (SD), median
(P25-P75) or number (%), as appropriate according
to each variable distribution. Comparisons between
antioxidant intake levels and oxidative stress markers
levels were assessed using several approaches. First,
both groups of variables were used as continuous and
their relationship assessed using bivariate linear
regression. Secondly, we compared, using Students’
¢t test, the level of oxidative stress markers between
low and high food and nutrient intake. Low and high
intakes were defined as being below or above the
median consumption of the food or nutrient: fruits
280 g/day, vegetables 242 g/day, olive oil 15 g/day,
beta-carotene 2578 ug/day, vitamin C 148 mg/day
and vitamin E 10 mg/day. This comparison was then
represented graphically. To test for the possibility of
differences only in extreme intakes, we also compared
the level of oxidative stress markers between first
quartile and fourth quartile of foods and nutrients
intake, using Students’ r-test.

Prior to multivariate linear regression both expo-
sure and outcome variables were transformed using
Box-Cox [17] when necessary to fulfill the assump-
tion of normality. Multivariate linear regression mod-
els were used to estimate the association between
antioxidant-rich foods and nutrients and oxidative
stress markers, after adjusting for potential confound-
ers (age, gender, BMI, FFMI, antioxidant mucolytic
treatment, statins treatment, smoking status, COPD
severity and self-reported traffic density in the
patients’ street address). The potential confounding
factors were included in the final models only if they
were related to both the exposure and the outcome.
Possible effect modification by smoking status was
assessed through stratification of the final models,
given the key role of cigarette smoke as a source of
oxidants. Goodness of fit of all linear regression mod-
els was assessed through graphical study of the resid-
uals [18]. As sensitivity analyses, all analyses were
repeated: (i) excluding women (7% of total subjects),
(i1) excluding patients with asthma (29% of total sub-
jects) (self-reported asthma or positive bronchodila-
tor test—defined as an increase of post-bronchodilator
FEV, > 200 ml or 12% of pre-bronchodilator FEV,
value - post-bronchodilator) [2] and (iii) including all
anti-oxidant foods or nutrients in the multivariate
models. Data analysis was conducted using Stata
8.2 (StataCorp, College Station, TX).

Results

Table I shows the main characteristics of the patients.
Ninety-three per cent of participants were males with
a mean age of 68 years. Most subjects had moderate-
to-severe COPD (distribution in COPD severity
stages: 5% mild, 52% moderate, 37% severe and
6% very severe). Mean consumption of antioxidant
foods and nutrients was moderate-to-high, with most
mean intakes above the Spanish recommendations
[13] and higher than those in other developed coun-
tries such as the US [19]. As expected, current smok-
ers presented significantly higher values of carbonyls
(0.22 nmol/mg) and nitrotyrosine (7.61 nmol/l) than
former smokers (0.17 nmol/mg and 6.18 nmol/l,
respectively), despite no differences in FEV, or FEV /
FVC being observed.

A 0.004 nmol/mg reduction of carbonyl levels for
each 1 mg increase of vitamin E intake (p=0.05)
was found in bivariate linear regression analysis
of antioxidant intake and oxidative stress markers.
No other statistically significant associations were
found. Figure 1 shows graphically that serum mean
concentrations of carbonyls, nitrotyrosine, malondi-
aldehyde and reduced glutathione (GSH) were
indeed very similar between subjects with low
and high intake of fruits, vegetables, olive oil, beta-
carotene, vitamin C and vitamin E. No differences
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Table I. Description of sociodemographic and clinical data, antioxidant food and nutrient intake and levels of serum oxidative stress

markers in 267 COPD patients, according to smoking status.

All Former smokers Current smokers
(n = 2677) (n = 178) (n = 80)
M (SD) M (SD) M (SD) p-value**
Male [1(%)] 249 (93) 173 (97) 68 (85) < 0.001
Age (years) 68 (8) 71 (7) 62 (9) < 0.001
BMI (kg/m?) [n(%)]
<20 6 (2) 2 (1) 34 0.162
=20& <25 50 (19) 30 (17) 18 (23)
=25 & < 30 113 (42) 82 (46) 27 (34)
= 30 98 (37) 64 (36) 32 (40)
FFMI (kg/m?) 19.8 (3.1) 20 (2.9) 19.4 (3.3) 0.088
Primary or higher education [1(%)] 153 (59) 102 (57) 49 (39) 0.414
Active worker [7(%)] 44 (10) 14 (8) 30 (37) < 0.001
Low socioeconomic status™* [1n(%)] 203 (82) 140 (84) 57 (78) 0.285
Age when started smoking (years) 16 (4) 16 (4) 16 (5) 0.799
Age when quit smoking (years) (n=178) 59 (11) 59 (11) — —
Smoking duration (years) 45 (12) 44 (12) 46 (10) 0.472
Smoking intensity (packs/day) 1.3 (0.9) 1.5 (0.9) 0.7 (0.7) < 0.001
Pack-years 68 (40) 69 (41) 69 (36) 0.760
> 1 Comorbidities (Charlson index) [7(%)] 146 (55) 106 (60) 34 (43) 0.011
Dyspnea score (MMRC) [1(%)]
0 (none) 21 (8) 12 (7) 8 (10) 0.403
1 (slight) 14 (5) 10 (6) 4 (5)
2 (moderate) 116 (44) 76 (43) 37 (46)
3 (moderately severe) 63 (24) 40 (22) 20 (25)
4 (severe) 14 (5) 13 (7) 1)
5 (very severe) 38 (14) 27 (15) 10 (13)
Post-bronchodilator FEV, (% predicted) 53 (16) 53 (16) 52 (15) 0.802
Post-bronchodilator FEV,/FVC 54 (12) 55 (12) 54 (12) 0.487
PaO, (mmHg) 75 (11) 75.4 (10.9) 73.6 (10.7) 0.268
PaCO, (mmHg) 42 (5) 41 (5.1) 43.1 (4.5) 0.005
Antioxidant mucolytic treatment [72(%)] 6 (2) 503) 1(1) 0.442
Fruits (g/d) 270 (153) 282 (155) 249 (144) 0.098
Vegetables (g/d) 296 (128) 295 (127) 303 (127) 0.468
Olive oil (g/d) 17 (12) 17 (12) 18 (13) 0.464
Beta-carotene (ug/d) 2514 (1663) 2511 (1681) 2541 (1692) 0.871
Vitamin C (mg/d) 160 (74) 162 (74) 157 (76) 0.684
Vitamin E (mg/d) 11 (4) 10 (3) 12 (5) 0.061
Carbonyls (nmol/mg) 0.19 (0.09) 0.17 (0.07) 0.22 (0.12) 0.009
Nitrotyrosine (nmol/l) 6.6 (4.4) 6.18 (4.36) 7.61 (4.47) 0.003
Malondialdehyde (nmol/ml) 9.3 (5.8) 8.78 (5.1) 10.43 (6.9) 0.111
Reduced glutathione (nmol/ml) 3.2 (0.64) 3.19 (0.66) 3.11 (0.61) 0.170

“Former and current smokers do not add to the total because of two never smokers and seven subjects with missing data about current

smoking status when serum samples were obtained.
“*p-value for comparison of former vs current smokers.

**Skilled or unskilled manual workers classified as low socioeconomic status.

were found between the first and fourth quartile of
food group and nutrient intake.

Multivariate linear regression models for the asso-
ciation between transformed dietary antioxidants and
oxidative stress markers were built, adjusting for age,
gender, BMI, FFMI, antioxidant mucolytic treatment,
statins treatment, smoking status, COPD severity and
self-reported traffic density in the patients’ street
address. However, since none of these variables exhib-
ited a significant relationship with the outcome nor
altered the relationship between dietary antioxidants
and the outcomes, they were removed from the final
models, so the presented final models were all bivari-
ate. Intake of vitamin E was associated with a decrease

in serum carbonyl levels in current smoker COPD
patients (p=0.05) (Table II). Similarly, olive oil intake
was associated with an increase in GSH serum levels
in current smoker COPD patients (p=0.01). Intake
of vegetables was associated with a decrease in malon-
dialdehyde serum levels only in former smokers. No
other statistically significant associations were found.
Sensitivity analyses excluding women and excluding
asthmatics yielded very similar results. The inclusion
of all anti-oxidant foods or nutrients in the multi-
variate models yielded very similar estimates for all
the described associations, although the association
between vitamin E and carbonyls lost statistical
significance (p-value = 0.14 instead of 0.05).
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Figure 1. Mean serum oxidative stress markers levels according to low or high antioxidant food or nutrient intake in 267 COPD

patients.

Discussion

This is the first study assessing the association between
daily dietary antioxidant food and nutrient intake and
levels of serum oxidative stress markers in COPD
patients. Vitamin E and olive oil were, respectively,
associated with reduced carbonyl levels and increased
GSH levels in current smoker COPD patients. Intake
of vegetables was associated with a slight reduction in
malondialdehyde levels in former smokers. No other
statistically significant associations were found.

This study has several limitations that could make
the interpretation of the data speculative to some
extent. First of all, dietary intake is solely estimated
based on interviews. Therefore, there could be some
degree of misclassification, inherent to the use of food
frequency questionnaires (FFQ), and this could be
partially responsible for our null associations with
some of the dietary antioxidants. However, FFQs are
the standard tool to assess food and nutrient intake
in epidemiological studies, since other potentially
more valid instruments are not feasible in this con-
text. Secondly, the cross-sectional study design makes
a causal link impossible to be established, as such
studies give no information on the temporal ordering
of possibly causal events. However, we consider

unlikely that dietary habits change as a result of oxi-
dative stress levels, being more likely that oxidative
stress levels are modulated according to diet. Finally,
the fact that our findings were mostly restricted to
active smokers is biologically consistent with the
increased demand for antioxidants due to the increase
of reactive oxygen species coming from tobacco smoke
inhalation [20]. In contrast, given the current knowl-
edge, the authors could not find an explanation for
the fact that the association between vegetables and
MDA was restricted to former smokers.

An association was found between dietary vitamin
E intake and carbonyl serum levels in COPD patients
that are still smokers. This result is in agreement
with a previous small clinical trial (z=35) that
showed a reduction in oxidative-induced DNA breaks
in the vitamin E (400 mg/day) and C (250 mg/day)
supplemented group vs the placebo group, after a
12 week supplementation period in COPD patients
[21]. However, another clinical trial (z=24) found
no significant differences in biochemical parameters
of oxidant—antioxidant status in plasma, leukocytes
and red cells between vitamin E and placebo groups,
after an 8-week vitamin E supplementation (800 mg/
day) in COPD patients [22]. A trial in the general
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Table II. Associations” between vegetables, fruits, olive oil, beta-carotene, vitamin C and vitamin E intakes and serum reduced glutathione
(GSH), carbonyls, nitrotyrosine and malondialdehyde, using linear regression models according to smoking status, after appropriate

transformations™ of variables using Box-Cox.

All subjects (n = 267)

Former smokers (n = 178) Current smokers (n = 80)

Coefficient p-value Coefficient p-value Coefficient p-value
Carbonyls (nmol/mg°-4%)
Fruits (g/d) —-0.00006 0.12 —-0.00002 0.61 —-0.0001 0.32
Vegetables (g/d) -0.00006 0.22 —0.00008 0.10 -0.00008 0.48
Olive oil (g/d®3%) 0.007 0.40 ~0.001 0.90 0.02 0.28
Beta-carotene (lg/d®4%) —-0.00022 0.72 —-0.00027 0.67 -0.00019 0.89
Vitamin C (mg/d) -0.0001 0.22 < —-0.00001 0.96 -0.00028 0.12
Vitamin E (mg/d®¢1) -0.01 0.14 -0.006 0.43 -0.025 0.05
Nitrotyrosine (nmol/10-02)
Fruits (g/d) 0.00001 0.32 0.00001 0.32 < 0.00001 0.80
Vegetables (g/d) < -0.00001 0.57 —-0.00001 0.46 0.00001 0.61
Olive oil (g/d0‘34) -0.0003 0.77 0.0005 0.72 -0.0018 0.29
Beta-carotene (},Lg/do'45) -0.00003 0.70 —0.00001 0.89 0.00001 0.93
Vitamin C (mg/d) < 0.00001 0.68 0.00001 0.69 0.00001 0.70
Vitamin E (mg/d®61) -0.0004 0.67 0.0006 0.57 -0.0006 0.61
Malondialdehyde (nmol/m1--08)
Fruits (g/d) —-0.00001 0.74 —-0.00001 0.66 —-0.00001 0.85
Vegetables (g/d) —-0.00002 0.22 —0.00005 0.04 -0.00001 0.85
Olive oil (g/d%3%) 0.0011 0.76 0.0002 0.95 0.0031 0.63
Beta-carotene (ug/d®43) 0.00011 0.67 0.0001 0.75 —-0.00006 0.90
Vitamin C (mg/d) < —0.00001 0.99 -0.00003 0.48 0.00002 0.70
Vitamin E (mg/d®¢1) -0.001 0.66 0.001 0.88 —-0.005 0.29
GSH (nmol/ml)
Fruits (g/d) -0.00017 0.52 -0.00035 0.28 0.00005 0.92
Vegetables (g/d) —-0.00001 0.97 —0.0001 0.81 0.00016 0.78
Olive oil (g/d%3%) 0.089 0.10 0.033 0.63 0.231 0.01
Beta-carotene (ug/d®%4%) -0.0003 0.94 -0.0001 0.98 -0.00272 0.70
Vitamin C (mg/d) —-0.00003 0.96 —0.0004 0.55 0.00033 0.72
Vitamin E (mg/d®61) 0.021 0.62 -0.014 0.81 0.076 0.23

“Reported associations are all bivariate. All the potential confounding factors were not independently related to the outcome or to the

exposure, nor modified the estimates for the exposure.

**According to Box-Cox methodology [17], some of the variables were transformed (as detailed in the table) to approach a normal
distribution. Therefore, coefficients where the exposure (the food/nutrient) or the outcome (the oxidative stress marker) were transformed
cannot be interpreted as the increase in 1 unit of the outcome for an increase in 1 unit in the exposure.

population (#z=39) administering daily an antioxi-
dant-supplemented drink (including 600 mg of
vitamin C, 400mg of vitamin E and 30 mg of beta-
carotene) to non-COPD smoker subjects during a
4-week period [23] showed a reduction both in lipid
peroxidation (assessed by breath pentane) and sus-
ceptibility of LDL to oxidation. Finally, clinical trials
assessing the effect of non-dietary antioxidant sup-
plements such as nebulized N-acetylcysteine (NAC)
showed different results depending on the length of
the supplementation period. For instance, Kasielski
and Nowack [24] showed a 2-fold reduction in
exhaled air H,O, in subjects receiving nebulized
NAC during a 9-month treatment compared with
subjects receiving placebo, while a single dose nebu-
lized NAC administration study showed transient
increases in exhaled H,O,, suggesting pro-oxidant
effects of nebulized NAC [25]. Our study assessing
the role of the last 2-years self-reported dietary
antioxidants intake in a non-intervened sample of
COPD patients concurs with evidence obtained from

the above-mentioned clinical trials with long-term
antioxidants supplementation.

Laboratory research also supports the biological
plausibility of this finding. Vitamin E is known to be
one of the most potent lipophilic antioxidants. Reac-
tive oxygen species react with polyunsaturated lipids
forming aldehydes such as malondialdehyde and
proteins forming carbonyls and both are defined as
oxidative stress markers [26]. Garibaldi et al. [27]
evaluated the relationship between retinol and tocoph-
erols (vitamin E) levels in plasma and protein carbo-
nyls, concluding that both could at least partially
prevent oxidative damage of circulating proteins. The
lack of association between vitamin E and malondi-
aldehyde in our study could be explained by the fact
that oxidative degradation of the polyunsaturated
fatty acids in LDL only occurs when vitamin E is
largely depleted [28]. Altogether, both clinical and
laboratory research data are consistent with our find-
ing of an association between dietary vitamin E and
carbonyls (as markers of oxidative stress).
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A second relevant result is the association, also
found in COPD patients that continue to smoke,
between olive oil consumption and increased GSH
serum levels, an association not previously reported
in COPD patients. This result is supported by current
knowledge about olive oil components. Briefly, olive
oil is an important source of phenolic antioxidants,
vitamin E and other potentially relevant antioxidant
substances [29], thus making plausible that its con-
sumption could increase endogenous antioxidant
levels. Moreover, experimental studies have suggested
that even low concentrations of flavonoids, which are
present in olive oil, could stimulate the transcription
of a critical gene for GSH synthesis [30].

We found an inverse association between vegetable
intake and malondialdehyde serum levels in former
smokers, which is plausible given that vegetables are
important sources of antioxidant vitamins [15]. The
fact that this result was found with a food group
rather than with specific nutrients could be attrib-
uted to the phenomenon known as food synergy,
that is the additive or more than additive influence
of foods and food constituents on health [31]. In our
case, an association is found with a food group rather
than with the individual foods that constitute the
specific food group.

In contrast to what we expected according to previ-
ous literature [6-9], we found no associations for
other antioxidant-rich foods or nutrients. A potential
explanation for this partial lack of findings could be
the relatively high intake of antioxidants in our sub-
jects. As an example, the mean consumption of fruits
and vegetables in our sample (566 g/day) was close
to the 4™ quartile (> 588 g/day) in the large multi-
centric European Prospective Investigation into Can-
cer and Nutrition (EPIC study) [32]. Therefore, in
our study, few subjects were below the threshold level
where bigger and more easily detectable effects may
occur. Another explanation is the difficulty in relating
2-years average dietary habits and precise levels of
oxidative stress markers (at a given point of time),
when both daily variability in any-nutrient intake and
differences in mean lifetime of the markers really
exist. In this context, the finding of some associations
is (i) clinically relevant even when a higher number
of associations were tested and (ii) probably more
important than would have been in a short-term
effects study.

There is compelling evidence that a healthy diet
is a beneficial factor in improving and/or preventing
multiple chronic diseases, including chronic lung
diseases [9]. However, most influential COPD
guidelines, such as that produced by the Global Ini-
tiative for Chronic Obstructive Lung Disease
(GOLD) or the consensus between the American
Thoracic Society and the European Respiratory
Society [2,11] do not include any specific dietary
recommendation to COPD patients, beyond the

increase of caloric intake for the prevention of weight
loss. This study adds new evidence to what other
previous studies regarding antioxidant rich foods
and COPD [6-9] had pointed out. Therefore, the
authors’ opinion is that a healthy antioxidant-rich
diet, including vitamin E sources such as vegetable
oils, nuts and seeds, should be considered in COPD
international guidelines, as well as in recommenda-
tions to COPD patients in the clinical setting.

In conclusion, this is the first comprehensive study
so far assessing the association between antioxidant
food and nutrient intake and levels of serum oxida-
tive stress markers in COPD patients. Vitamin E and
olive oil are associated with reduced oxidative stress
levels (lower carbonyls and higher GSH, respectively)
in current smoker COPD patients. These results, if
confirmed, provide new evidence on dietary modula-
tion of systemic oxidative stress in COPD patients
that continue to smoke and so on the potential
underlying mechanisms behind the association of
diet with COPD. Furthermore, our results suggest
that, beyond the importance of reinforcing anti-
smoking initiatives at all levels of the healthcare pro-
cess, the recommendation of increasing the dietary
antioxidant intake in COPD patients may be espe-
cially important in active smokers.
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