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Abstract

Chronic obstructive pulmonary disease (COPD) is characterized by increased
oxidative stress. Dietary factors such as ample consumption of foods rich in
antioxidants such as fruits and vegetables, might have beneficial effects in COPD
patients. We investigated the association between dietary shift to foods rich in
antioxidants and lung function in COPD in a 3-year prospective study. 120 COPD
patients were randomized either to follow a diet based on increased consumption of
fresh fruits and vegetables (intervention group-1G), or to follow a free diet (control
group-CQG). The mean consumption of foods containing antioxidants was higher in IG
than in CG throughout the study period (p<0.05); The relationship between
consumption of foods rich in antioxidants and FEV(%pred) was assessed by using a
general linear model for repeated measures: the two groups overall were different in
time (p=0.03) with IG showing a better outcome. In investigating the effect of several
confounders  (gender/age/smoking-status/comorbidities/exacerbation) in  group
response over time, non-significant interactions were found between confounders,
group and time. Our findings suggest that a dietary shift to higher antioxidant foods
intake may be associated with improvement in lung function and in this respect,
dietary interventions might be considered in COPD management.

(NCT00884299 — ClinicalTrials.gov)
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Abbreviation list

BMI = body mass index

CG = control group

COPD = Chronic Obstructive Pulmonary Disease
FEV, = forced expiratory volume in 1 second
FVC = forced vital capacity

IG = intervention group

GOLD = Global initiative for Chronic Obstructive Lung Disease



Introduction

The course of Chronic Obstructive Pulmonary Disease (COPD) is characterized by
progressive and irreversible airflow obstruction, impaired quality of life and increased
mortality [1]. COPD prevalence is increasing worldwide and thus, the management of
the disease is currently considered a major health issue. Several therapeutic strategies
including smoking cessation, pharmacological interventions and rehabilitation
programmes are used aiming to improve the quality of life and to decelerate the lung
function decline in COPD patients.

There is increasing evidence that COPD is characterized by increased airway and
systemic inflammation which partially is triggered by the aggravated oxidative stress
that is prevalent in COPD patients compared to healthy subjects. Thus, it has been
hypothesized that balancing oxidative stress might be protective for the development
of COPD and other airway diseases. Previous studies [2,3,4,5] investigated the
protective role of dietary interventions (based on adequate intake of antioxidants and
avoidance of increasing girth) against oxidative stress. These studies showed that
foods rich in antioxidants (e.g. fruits, vegetables) may protect the lungs from
oxidative damage [6,7] resulting from smoking or air pollution [8,9,] because
antioxidants are able to modulate the acute harmful effects of oxidative air pollution
and smoking on the lungs [10,11,12,13]. Notably, a beneficial association between
fruit intake and lung function was observed in cross-sectional surveys where FEV for
subjects with increased fruit intake was about 100 ml higher than that for subjects
with decreased intake of fruits [2,14,15].

However, the impact of dietary supplementation on lung function has not been
demonstrated in prospective longitudinal studies in COPD. In this setting, questions
still remain and the role of dietary interventions based on high intake of antioxidants

(i.e. diet rich in fruits and vegetables) in COPD management, is not yet clear.



Our primary aim was therefore to investigate prospectively whether a nutritional
intervention consisting of diet rich in antioxidants such as raw fresh fruits and
vegetables, would significantly affect lung function decline in COPD patients
compared to a free diet. We randomized a population of COPD patients of varying
severity to receive either a diet rich in fruits and vegetables or a free diet and we
studied the relationship between that dietary intervention and lung function decline in

3 years.

Methods

Patients

This investigation was a 3-year prospective study, incorporating a recruitment period
of two months, a run-in period and outpatient clinic visits, scheduled every 6 months.
Consecutive sampling was used to recruit patients between 2004 and 2007, from a
community based outpatient primary medical clinic of Achilopoulion General
Hospital. The clinic was based at Argalasti, a rural area in South Pelion, Greece. In
order to be included in the study, patients should have a diagnosis of COPD based on
medical history, clinical signs and spirometry according to the GOLD definition [1],
to be free of a COPD exacerbation[1] for at least 4 weeks. Patients with a favourable
response to bronchodilators (FEV, change post-bronchodilator >15%), history of
Asthma, atopy, allergic rhinitis, continuous use of systemic steroids for more than 30
days in the previous year or history of lung cancer or other respiratory disease were
excluded from the study. One thousand four hundred fifty five subjects who visited
the outpatient clinic during the recruitment period were assessed for eligibility. One
hundred twenty of them who were eligible, gave their consent and entered the study
(Figure 1). The study was approved by the Internal Review Board and Ethics Comitee

of University of Thessaly and Achilopoulion General Hospital.



At baseline all patients underwent physical examination that included measurements
of height, weight, body mass index (BMI calculated as weight/heigth?), they were
questioned for smoking habits, alcohol intake, dietary habits, physical activity while
lung function was assessed by pre- and post bronchodilation spirometry, and
comorbidities by using the Charlson index. Respiratory symptoms such as dyspnea
(duration and severity), sputum production, cough, wheezing, were assessed and used
as additional confirmatory measurements regarding COPD diagnosis and assessment
of disease severity. Baseline assessment was based on accepted diagnostic tools
[16][17][18][19].

Spirometry

Every 6 months post-bronchodilation spirometry was performed following
premedication with 200 pg salbutamol via metre-dose inhaler, according to
standardized guidelines [1], using a computerized spirometer (Spirolab II, Italy).
Spirometry was performed by laboratory technicians who were not aware of the study
design, group allocation or study outcomes. Attention was taken on the day that the
spirometry was performed; the subject was free of an exacerbation for at least 4
weeks.

Fruit and vegetables consumption assessment

In this study we evaluated the change in the nutritional status by using a questionnaire
regarding food intake and by assessing BMI. Food intake assessment was based on
previously accepted food questionnaire modified according to antioxidant food
sources and the local dietary habits [20][21][22]. It contained questions for
38 different items regarding fresh salads or raw vegetables (including olives, spinach,
beet, mushrooms, cruciferous, carrots, tomatoes, potatoes, broccoli, dark-green leafy),
fresh fruits and pure fruit juice (including strawberries, plum, apples, citrus, oranges,

mandarin, kiwi, nuts). Most of these nutrients are produced in this rural



Mediterranean region and all of them are available all year in this area. For each food
item, patients were asked to rate their consumption in a scale as: once or more than
once a day, most days, once or twice a week, less than once a week, or never. These
responses were assigned a score from 5to 0 accordingly, following the methods
reported previously [4,23]. An overall fresh fruit consumption score was calculated by
taking the mean of consumption levels. This was then divided into five categories for
the purposes of presentation (0-1, 1.01-2, 2.01-3, 3.01-4, and 4.01-5), with the two
extreme groups representing "never" and "more than once a day" on an annual basis.
Change in fresh fruit consumption was calculated by the absolute difference in scores.
Food categories such as overall meat, overall poultry, overall fish and overall cereals
intake was assessed as well in order to identify whether the shift towards a diet rich in
fruits and vegetables was associated with a decrease of other food groups.

Study groups and interventions

Patients were randomized to follow for three years either, a diet with increased
consumption of foods containing antioxidants such as fresh fruits, fruit juices and
vegetables (intervention group or IG, n=60) or, a free diet (control group or CG,
n=60). Randomization was performed with the use of tables of random order [24] by a
person (GP) who was not involved in the study monitoring or outcome assessment.
Two attending physicians (EK, EM) and two specialist nurses (HM, GK) were
responsible for seen and monitoring the patients in both groups and were blind to
outcome assessment. It was scheduled for both groups to be seen equally by all
physicians/nurses. 1G patients were seen regularly in the outpatient clinic (scheduled
outpatient visits every six months) where they were informed for the potential
beneficial effects of fruits and vegetables in their health status by two members of the
study team (one of the two attending physicians and one of the two specialist nurses).

At baseline and at each visit it was clearly explained to them that the dietary goal was



to increase fresh fruit /fruit juices/vegetable consumption of at least one portion per
day compared to baseline based on results of the MORGEN study and of local dietary
habits and to maintain this regime throughout the study period [15,23]. Patients in CG
were also seen regularly (scheduled outpatient visits every six months) in the
outpatient clinic by two members of the study team (one of the two attending
physicians/nurses) receiving the standard care for COPD and dietary issues were not
discussed. The dietary questionnaire was repeated in each outpatient visit. All patients
were allowed to contact the study team each time they experienced deterioration of
their clinical condition. COPD exacerbations were treated according to published
guidelines [1] and recorded at each visit. Outcome was assessed by senior members of
the research team (KG, DM).

Statistical analysis

In analysis, the dependant variable was change in post-bronchodilation
forced expiratory volume in 1 sec (FEV)) expressed as a percentage of the predicted
value as previously described [19]. The two groups (control and intervention group)
were compared using a general linear model for repeated measures with Bonferonni’s
adjustment. The model uses as response the FEV; and includes the following sources:
group effect, patients within group effect, follow-up (time) effect, interaction between
follow-up and group, and error. The effect of possible confounders (gender, age (cut-
off 65yrs), smoking status (ever/never), morbidities (by using Charlson Index values)
and exacerbations (frequent exacerbators or not according to median value [19]) was
also assessed by including each confounding effect (in turn) and its interaction with
group and time in the above model. The power for detecting the overall observed
mean difference in FEV, between the two groups based on the sample estimated
standard deviations at significant level 5%, given that 60 patients were allocated in

each group, was calculated. The association between excess of fruits/vegetables



consumption and improvement in FEV, was tested using the Fisher’s exact test. The
normality of the response variable FEV1 at each time point was tested using the
Kolmogorov-Smirnov test. A result was considered significant when p<0.05. Data

were analysed using the SPSS, v12 and StatsDirect software packages.

Results

Baseline characteristics of participants are presented in Table 1. Participants mean
(SE) age was 68.1(1.4) years, 105 out of 120 (87.5%) were men. According to the
GOLD severity of COPD 22 (18.5%) patients were stage I, 79 (65.8%) were stage II,
15 (12.5%) were stage III, 4 (3.3%) were stage IV. Table 1 demonstrates that there
were no statistically significant differences between the two groups, intervention
group (IG) and control group (CG), at baseline with respect to demographic, smoking
and dietary habits clinical characteristics and spirometry. Participants have attended
794 out of 840 6-monthly scheduled visits (394 and 400 visits in IG and CG
respectively). There was no difference between IG and CG in respect of the frequency
seen by each attending physician (chi-square test, p=0.38). Twenty three patients
(19.1%) stopped smoking during the study. There was no significant difference
between the proportion of patients who quitted smoking in IG and CG. There were no
significant changes in BMI and exercise between the two groups. There was also no
significant difference regarding alcohol consumption between the two groups
throughout the study. The mean (SE) annual exacerbation rates in the year preceding
the study were 0.45 (0.1) and 0.51(0.1) in IG and CG respectively (p=0.1) and the
mean annual rates during the study were 0.18(0.09) and 0.34(0.07) respectively
(p=0.001). Three deaths occurred during the last semester of the study, all in IG

(p=0.24).
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Fresh fruit and vegetables consumption

Figures 2 and 3 show that patients in the IG group increased significantly the mean
annual consumption of fresh fruits and vegetables compared to the control group.
There was no significant difference in compliance regarding the suggested and the
actual intake of fresh fruits and vegetables (Mann-Whitney U-test, p=0.72). In IG
meat consumption score was reduced at the end of the study compared to baseline
[1.90(0.3) vs 1.71(0.3) respectively, p=0.45, Wilcoxon signed rank test] whereas in
CG no significant difference was found [1.87(0.4) to 1.91(0.3), p=0.7).

Lung function

The response variable FEV; was normally distributed at each time point (p>0.20).
The mean annual rate of FEV(%pred) change of the entire population was 0.35 (95%
CI -0.22 to 0.55) corresponding to an absolute value of 63 (-41 to 93) ml/year.
Spirometric values in IG patients (FEV,, FVC, and FEV,/ FVC) were found
significantly higher at the end of the study. The association between the frequency of
different fruits and vegetables rich in antioxidants and average FEV,(%pred) change
per six months are shown in Table 2. Excess of antioxidant consumption and
improvement in FEV, was statistically significant associated (p<0.01).

General linear model for repeated measures analysis revealed that the two groups (IG
and CG) overall were different in time (p=0.03) with the IG showing a better outcome
(Figure 4). However, the differences between the two groups were not consistent in
time, i.e. there was an interaction between group effect and time and the difference in
FEV, between groups tended to increase overtime (p<0.01). In investigating the effect
of confounders (gender, age, smoking status, comorbidities and exacerbations) in
group response over time, non-significant interactions were found between the
confounders, the group and time (p=0.81, p=0.16, p=0.77, p=0.48 and p=0.43,

respectively).
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Discussion

In the present prospective randomized study, we evaluated the association between
lung function decline and dietary shift to foods rich in antioxidants in a population
consisting of 120 patients with COPD, for a total of 3-year follow-up period. The
main finding of this study is that COPD patients who followed a diet with high intake
of fruits and vegetables presented increase of annual FEV,%pred while patients who
were on standard diet exhibited a decrease in FEV; within 3 years (General linear
model for repeated measures, p=0.03). Our results are consistent with the results of
previous studies [2,6,15,25] which investigated the effect of antioxidant intake in lung
function, despite the differences in design and study population between the present
and former studies.

In the present investigation we found that dietary shift to a nutricion richer in
antioxidants foods may have a significant impact on lung function. Patients who
changed their diet from low to modest consumption of fruit and vegetables
(intervention group-IG) exhibited an increase in FEV; which is a parameter of lung
function that characterizes the course of COPD. In contrast patients in the control
group (CG) exhibited a decline in lung function. The impact of dietary shift to higher
antioxidants food intake, may have positively affected lung function in our COPD
patients by balancing oxidative stress and reducing lung inflammation.

Fruits and vegetables contain significant amounts of antioxidant Vitamins such as C,
E and beta Carotene which may protect the lungs from oxidative damage by smoking
and air pollution. There is evidence from previous studies that those vitamins present
antioxidant and antinflammatory properties [26]. Vitamin C, is present in intracellular

and extra cellular lung fluids and supports the normal hydration of airway surfaces. Its
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deficiency may lead to dry, sticky mucus membranes lining the airway and thus, low
levels of vitamin C may play a role in the progression of inflammation in airway
diseases. Vitamin E is present in extracellular lung fluid and lipid membranes where it
converts oxygen radicals and lipid peroxyl radicals to less-reactive forms. Beta-
Carotene is a free- radical scavenger present in tissue membranes.

In this respect, previous studies [7,9,12,14] investigated whether the consumption of
antioxidants affects lung function. However, these studies had observational design
and used populations with respiratory symptoms and not particularly COPD patients.
In addition, they used end points such as bronchial reactivity, which are applicable
rather in Asthma than COPD. Thus, firm conclusions were difficult to be drawn. In
the present prospective randomized study, we included COPD patients among 1455
subjects who visited the outpatient clinic during the recruitment period and according
to a recent Greek study this population might represent the general COPD population
in this region [27]. Thus, our findings which showed relationship between the
consumption of food rich in antioxidants and lung function in COPD patients might
be considered in the management of COPD.

One might argue that lung function in IG might have been positively affected by other
factors which are not related to dietary shift to higher antioxidant foods such as fruits
and vegetables. We certainly cannot exclude that other dietary, environmental, genetic
factors or the presence of comorbidities may have affect the course of lung function in
IG patients. For example, the addition of fruits and vegetables in the regime of IG
patients resulted in decreased consumption of meat which is known to increase the
burden of oxidative stress [26,28]. In addition, persons who initiate a preventive
therapy (such as a dietary regime based on fruits and vegetables that might be
considered as healthy) may also adhere to other social health behaviours that may also

decrease the risk of adverse outcomes. Almost 47% of patients in our study had
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cardiovascular problems and a diet rich in fruits and vegetables might have been
helpful in the status of these patients by improving muscle mass and
performance[29][30]. However, in this study we assessed several factors that could
have acted as confounding variables biases in the study such as changes in physical
activity, alcohol intake, comorbidities, exacerbation frequency and no significant
difference was found between the two groups.

Furthermore, the population studied represented mainly COPD patients followed at
the same health centre and both population groups were in many terms homogenous
(white, mediteraneans, inhabitants of a rural peninsula, similar baseline spirometric
indices and clinical status). Thus, we assume that all of the subjects were affected by
the same environmental factors and comorbidities have not affected our results.
Another alternative explanation for the relationship that was found between dietary
shift to higher antioxidant foods and lung function in our study, it could be that
patients who were marginally malnourished recovered with additional energy input
and therefore their respiratory performance improved. However, baseline dietary
status was similar in both groups in this study (Figures 2 and 3) and neither changes in
BMI, smoking status nor social activities support this alternative explanation.

We certainly acknowledge that the beneficial impact of fruit and vegetable intake on
lung function might be due to another bioactive nutrient and not due to the presence
of antioxidants in fruits and vegetables only. A limitation of this study is that we have
not assessed oxidative stress by using blood, urine or exited breath condensate marker
that would provide further insight in our hypothesis. This could be certainly a point of
interest that could be adequately assessed in the future.

Nineteen percent of patients stopped smoking during the present study. Kanner et al
[30] analyzed the data of Lung Health Study and reported that patients who

permanently quit smoking showed a deceleration in lung function decline or, even an
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improvement in lung function within years. However, it is not likely that smoking
cessation may have affected our results. There was no significant difference between
the proportion of patients who quitted smoking in IG and CG in our study and
therefore, the effect of smoking in lung function may have affected both groups
similarly.

Patients in IG group presented fewer exacerbations compared to controls during the
study. In this respect one might argue that exacerbation frequency might have a
significant impact on lung function changes in the two groups. However, in
investigating the effect of confounders in group response over time, significant
interactions were not found between exacerbations, patient group and time.
Nevertheless, we should underline that exacerbations have been assessed by
symptoms questioning alone in this study and exacerbation rates were lower
compared to previous studies where more rigorous methodology based on diary cards
data were used [19]. Therefore, patients might have underreported exacerbations in
this study might and this limitation has to be considered in the interpretation of
results.

In this prospective longitudinal investigation, data were collected by interviewing
patients and by using questionnaires and accordingly, compliance in the suggested
dietary regime was assessed. We certainly acknowledge that although we have
assessed the intake of different fruits and vegetables, other food groups such as meat,
poultry, fish and cereals have been assessed only as groups (i.e. overall meat intake).
This fact did not permit us to evaluate further parameters such as the total energy
intake that could provide further information for our population. However, our
primary aim was to augment the consumption of foods rich in antioxidants, such as
fruits and vegetables, which are easily available and less costly than meat or fish in

this particular geographic area.
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One might argue that using frequency questionnaires to assess consumption of food
might not be as precise as a 24h recall or a 7-day recall that may permit better
assessment of the adopted diet. In addition, apart from the questionnaire used another
formal evaluation (i.e. home visits or 24h diary cards) that could further verify
regarding compliance in diet advised has not been done. Nevertheless, frequency
questionnaires are an accepted methodology that has been widely applied in previous
COPD longitudinal studies [30] and easier to be applied in this setting than 24h recall
method.

A final point that should be also noted is that the present is an open label study.
Despite that the persons who gave the advice regarding fruits and vegetables
consumption, were not involved in outcome assessment, they were aware of group
allocation and this fact has to be considered in the interpretation of our findings.

In conclusion, in the present prospective randomised trial we demonstrated by using
long term follow-up and adequate control subjects that the increase intake of fruit and
vegetables may have a protective effect on FEV| in patients with COPD. We certainly
acknowledge that the effects of a high fruit and vegetable intake on FEV,; might be
small to result in changes in clinically-manifest disease. Future investigations should
assess whether a dietary shift to higher antioxidant foods has also an impact on other
than lung function outcome measures which are important to patients’ perception of
their disease, such as quality of life, function or perceived dyspnoea. Nevertheless,
our findings suggest that a diet rich in antioxidants such as fruits and vegetables may
be associated with favourable outcomes in COPD and in this respect, the place of

dietary interventions in the management of COPD warrants consideration.
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Figure Legends

Figure 1. Flow diagram of the study.

Nutritional enhancement in COPD: a randomized controlled trial

Assessed for eligibility (n=1455)

Excluded (n=1335)

Not meeting inclusion criteria {n=1329)
Refused to participate (n=6)
Other reasons (n=0)

Randomized (n=120)

Allocated to diet rich in antioxidants | n=60 )

Received intervention (n=60)
Did not receive intervention (n=0)

Allocated to free diet (n=60)

Received intervention ( n=60 )
Did not receive intervention (n=0)

1
Folow-

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=1)
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Figure 2. Annual consumption score of vegetables in patients who followed a diet
rich in fruits and vegetables [intervention group(IG)] and in patients who followed a

free diet during the study [control group (CG)]. Bars represent mean values.
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Figure 3. Annual consumption score of fresh fruits in patients who followed a diet
rich in fruits and vegetables [intervention group(IG)] and in patients who followed a

free diet during the study [control group (CG)]. Bars represent mean values.
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Figure 4. FEV,(%pred) change from baseline over the 3-year study period by dietitic
intervention. Open squares represent patients who followed a diet rich in fruits and
vegetables (IG), closed squares represent patients who followed a free diet (CG);
values are means with bars representing SE. P value represents the difference in
average annual decline rate in FEV;(%pred) between IG and CG as obtained by a

general linear model for repeated measures with Bonferonni’s adjustment.
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Table 1. Baseline characteristics of COPD patients overall and by dietary intervention

Variables (r)llelrzaél Interverllliig(r)l group Con‘gl(;16%roup p- value
Male / Female, n 105/15 54/6 51/9 0.58
Age, years 68.1 (1.4) 66.1 (1.46) 70.2 (1.15) 0.07
BMI (body mass index) 28.6 (0.41) 28.2 (0.60) 29.02 (0.66) 0.35
Current Smokers, n (%) 37 (30.8) 17 (28.3) 20 (33.3) 0.69
Ex-smokers, n (%) 76 (63.3) 39 (65) 37 (61.6) 0.84
Pack-years 68 (3.79) 62.4 (5.03) 73.6 (5.62) 0.14
Vegetable consumption score 1.18 (0.4) 1.75 (0.4) 1.46 (0.4) 0.35
Fresh fruits-juices consumption 142 (0.4) 122 (0.4) 148 (0.5) 0.7

SCore
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Meat consumption score
Fish consumption score
Alcohol consumption score
Chronic cough, n (%)
Chronic sputum , n (%)
Chronic dyspnea , n (%)
FEV,,L

FEV ,%pred

FVC, L

FVC%pred

FEV/FVC %pred

PEF, Lit/min
Saturation 02, %
Charlson Index
Arthritis, n (%)

Cardiac failure, n (%)
Coronary disease, n (%)
Diabetes, n (%)
Diseases of the liver, n (%)
Hypertension, n (%)
Nephropathy, n (%)

Stroke, n (%)

1.87 (0.2)
1.05(0.2)
1.61 (0.3)
89 (74)
86 (71)
52 (56)

1.82 (0.06)

64.28 (1.58)

2.75 (0.09)

74.64 (1.66)

64.67 (0.96)

4.62 (0.17)

95.58 (0.24)

258 (0.12)

1(0.8)
25(20.8)
33(27.5)
22(18.3)

2(1.7)
69(57.5)

3(2.7)

8(6.7)

1.90 (0.3)
1.11 (0.3)
1.3(0.3)
45 (75)
39 (65)
28 (46)
1.93 (0.10)
64.39 (2.32)
2.90 (0.14)
75.71 (2.47)
64.77 (1.14)
4.98 (0.28)
95.20 (0.33)
2.39 (0.16)
0(0.0)
10(16.7)
16(26.7)
8(13.3)
0(0.0)
32(53.3)
2(1.7)

4(6.7)

1.87 (0.4)
1.02 (0.4)
1.18 (0.3)
44 (72)
47 (78)
24 (40)

1.71 (0.07)

64.17 (2.19)

2.59(0.11)

73.50 (2.22)

64.57 (1.56)

426 (0.21)

95.96 (0.34)

2.77(0.17)

1(1.7)
15(25.0)
17(28.3)
14(23.3)

2(3.3)
37(61.7)

1(3.3)

4(6.7)

0.7

0.6

0.17

0.61

0.39

0.75

0.09

0.94

0.09

0.52

0.92

0.10

0.81

0.11

0.36

0.23

0.49

0.46

1

1

Continuous data are expressed as mean (SE) otherwise is indicated, Mann-Whitney test or
Fisher’s Exact test was used appropriately for comparisons between groups.
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Table 2. Association between frequency of fruits and vegetables rich in antioxidants

and average FEV%pred change per six-months, in COPD patients participated in the

study.
Consumption
several days per week once or less per week

FEV %pred change p values
Olive (black ) 1.14 (0.93, 1.36) -0.54 (-1.02, -0.43) 0.0001
Spinach 1.15 (0.95, 1.35) -0.85 (-1.10, -0.60) 0.0001
Mushrooms 1.03 (0.68, 1.23) -0.93 (-0.52, 0.65) 0.12
Beet 1.09 (0.86, 1.32) -0.90 (-1.15, -0.66) 0.07
Broccoli 1.14 (0.89, 1.13) -0.91 (-0.76, -0.21) 0.0005
Radichio 1.11 (0.91, 1.30) -0.91 (-1.17, -0.66) 0.0001
Strawberry 1.19 (0.97, 1.14) -0.64 (-0.9, -0.37) 0.005
Orange 1.00 (0.76, 1.23) -1.01 (-1.12, -0.77) 0.0001
Plum 1.09 (0.88, 1.29) -0.89 (-1.11, -0.64) 0.0001
Grapes (yellow) 0.57 (-0.29, 0.84) -0.90 (-1.23,-0.57) 0.0003
Tangerine 0.35 (-0.38, 1.32) -0.41 (-1.12,0.32) 0.1

Data are presented as mean(95%CI).
p values represent differences (Mann Whitney-U test) between FEV,%pred six-months change

according to frequency of fruits and vegetables consumption.
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