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Major bibliographic databases were searched for studies examining the relationship
between fruit and vegetable consumption and the risk of wheezing and asthma.
Random-effects models were used to pool study results. Subgroup analyses
were conducted by fruit and vegetable categories, study design, and age group.
Twelve cohorts, 4 population-based case-control studies, and 26 cross-sectional
studies published between January 1990 and July 2013 were identified. For the
meta-analysis of adults and children, the relative risk (RR) and confidence intervals
(CI) when comparing the highest intake group with the lowest intake group were
0.78 (95%CI, 0.70–0.87) for fruit and 0.86 (95%CI, 0.75–0.98) for vegetables. High
intake of fruit and vegetables (RR = 0.76; 95%CI, 0.68–0.86 and RR = 0.83; 95%CI,
0.72–0.96) reduced the risk of childhood wheezing. Total intake of fruit and
vegetables had a negative association with risk of asthma in adults and children
(RR = 0.54; 95%CI, 0.41–0.69). Consuming fruit and vegetables during pregnancy
had no association with the risk of asthma in offspring. High intake of fruit and
vegetables may reduce the risk of asthma and wheezing in adults and children.
© 2014 International Life Sciences Institute

INTRODUCTION

During the past few decades, the prevalence of asthma
and the morbidity and mortality associated with this con-
dition have increased worldwide.1 Asthma is character-
ized mainly by chronic airway inflammation that
adversely affects normal lung function.1–3 A causal rela-
tionship for the development of asthma has not been
established; however, interactions between genetic and
environmental factors, including diet, are believed to
cause sensitivity to allergic diseases. Diet may be a modi-
fiable factor in predisposing individuals to asthma.1,4 For
example, high intakes of salt,5 a change in the fatty acids

component of the diet,6 and low intakes of fruit and veg-
etables7,8 have been related to the development of
obstructive lung diseases.

High intake of flavone and flavanone was associated
with a lower incidence of asthma.9 Although flavonoids
are considered non-nutritive compounds, many have
antioxidant, anti-inflammatory, anticancer, and gastro-,
cardio-, and neuro-protective properties, which has led to
increased interest in their potential role in the prevention
of some chronic diseases.10–13 High intake of flavonoids
such as quercetin, hesperitin, and naringenin has also
been associated with a lower risk of asthma.9,14 Quercetin,
which is present in apples, has anti-inflammatory and
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antioxidant capacities and is widely ingested.15,16 Increas-
ing evidence from cell and animal studies shows that
flavonoids have a direct effect on signaling cascades
involved in inflammatory cell responses.17,18

Understanding dietary effects on wheezing and
asthma may aid in the prevention of these chronic dis-
eases. Therefore, a meta-analysis of published epidemio-
logical studies was performed to clarify the relationship
between consumption of fruit and vegetables and the risk
of wheezing and/or asthma. It was hypothesized that the
consumption of fruit and vegetables would be negatively
associated with the risk of wheezing and asthma.

METHODS

A systematic review was conducted according to the
MOOSE (meta-analysis of observational studies in epide-
miology) guidelines.19 Using the Medline/PubMed,
Embase, Cinahl, and Scopus databases, an extensive
search was conducted of literature published in English
between January 1990 and July 2013 and involving
humans. The following key words and medical subject
heading (MeSH) were included: asthma [MeSH] or lung
function [MeSH] or asthma symptom and/or fruit
[MeSH] and/or vegetables. Additional studies were iden-
tified from the reference list of selected articles and the
Science Citation Index. Two authors extracted data inde-
pendently (ES, MPM) and two authors (FK, ES) indepen-
dently performed the quality assessment. To ensure
uniformity, a single author checked the extracted data
and validity criteria against the original published report.
Abstracts of all identified studies were read, and irrel-
evant papers were excluded. The full texts of the remain-
ing articles were reviewed to determine whether they met
the criteria of the proposed study. Studies that met the
following criteria were included in the meta-analysis: 1)
the study was prospective, case-control, or cross-
sectional; 2) fruit and/or vegetable intake was the expo-
sure investigated; 3) the outcome was asthma, asthma
symptoms, and/or wheezing; 4) the odds ratio or the rela-
tive risk (RR) and the corresponding 95% confidence
intervals (CIs) were reported. If the data were duplicated
in more than one study, the most recent and complete
study was included in the meta-analysis. Data drawn
from the literature included the type of study, the country
in which the study was performed, sex and age of partici-
pants, sample sizes, outcomes, and potential confounders,
such as duration of the study and type and amount of
fruit and vegetables consumed.

A meta-regression model was used to assess the asso-
ciation between fruit and vegetable intake and risk of
wheezing and/or asthma. This analysis was performed for
the total number of adults and children together, for the
adults and the children separately, and for pregnant

women. To examine the risk of wheezing and/or asthma
from a specific risk factor, the risk estimate from each
study, weighted by the inverse of variance, was pooled.
First, a fixed-effects model was used. When significant
levels were obtained, the random-effects models of
DerSimonian20 were applied, which consider both within-
and between-type study variations. Sensitivity analysis
was conducted to examine whether the inclusion criteria
affected the pooled estimates.21,22 Cochran’s test for het-
erogeneity was used to determine whether the studies
included in the meta-analysis evaluated the same under-
lying sizes of the effect.23 A threshold of P < 0.1 was used
to identify the presence of heterogeneity (genuine varia-
tion in effect sizes). I2 (an estimate of the proportion of
total observed variability due to genuine variation rather
than random error within studies) was used to quantify
the degree of inconsistency between studies and was con-
sidered substantial when I2 was >50%.24 As recommended
in the MOOSE guidelines, analyses were stratified by key
features of the study design to assess the effects on the
results.19 Furthermore, using subgroup analysis, consid-
ering for confounding factors and effect modifiers was
employed using the recommendations of Nurmatov
et al.25 Primary confounding factors, which considered
general characteristics (including age and sex), socioeco-
nomic status (including education and income), environ-
mental factors (such as smoking), and dietary factors,
were taken into account. In the sensitivity analyses, sec-
ondary confounding factors were also accounted for, spe-
cifically physical activity.25 Statistical analyses were
performed with Stata statistical software version 9.1 (Stata
Corp., College Station, TX, USA).

RESULTS

The literature search identified 334 potentially relevant
publications. After screening the titles and abstracts, 259
were excluded because they were irrelevant or were
review articles. The process of study selection is shown in
Figure 1. Seventy-six articles were retrieved for further
review, of which 34 were excluded. Of the studies
excluded, 13 evaluated diet patterns and risk of asthma
using factor analysis.26–38 Another 4 were randomized
controlled trials,39–42 of which 1 investigated the effects of
a mixture of fruit, vegetables, fish oil, and probiotics
supplement,41 1 compared the effects of high intake of
vegetables and fruit with low intake,42 1 studied lycopene
extract from tomato,40 and 1 investigated the effect of
purple passion fruit peel extract on pulmonary function
parameters.39 Five studies reported RRs for the lowest
versus the highest intake of fruit and vegetables,7,8,43–45 1
considered only supplement use,46 2 reported the associa-
tion of fruit intake and forced expiratory volume in 1
second,47,48 1 reported exposure to birch/grass pollen and
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tree-nuts of at 1 or 2 years and asthma symptoms at 4
years of age,49 2 did not provide sufficient information to
allow the calculation of CIs,38,50 and 1 investigated the
effect of nutrition education programs on attitudes,
beliefs, and behaviors related to fruit and vegetable con-
sumption.51 Two studies investigated the influence of
asthma status on fruit and vegetable intake,52,53 and 3
others assessed the effect of fruit and vegetable intake on
allergic responses.54–56

Forty-two articles fulfilled the inclusion criteria.
Table 1 shows the main characteristics of the studies
evaluated, including 12 cohort studies,9,57–67 4 population-
based case-control studies,68–71 and 26 cross-sectional
studies.72–97 Overall, 93,575 subjects with 11.5 years of
follow-up were included from cohort studies, 1,367 cases
and 1,833 controls from case-control studies, and 958,457
participants from cross-sectional studies. The Interna-
tional Study of Asthma and Allergies in Childhood ques-
tionnaire was used to elicit self-reported respiratory
symptoms in studies on children and adoles-
cents.59,60,64–66,70,73,77–81,83,84,86,89–91 A validated food fre-
quency questionnaire was used for dietary assessment in
23 studies,59,61,65–68,72,75–77,81,82,84–88,90,91,93,95–97 and a dietary

habits questionnaire or food diaries were used in 19
studies.9,57,58,60,62,64,69–71,73,74,78–80,83,89,92

RRs from studies that examined an association
between fruit and vegetable consumption and wheezing
and/or asthma in the total number of adults and children
and in subgroup analyses of children were pooled. Fur-
thermore, analyses were performed to determine the
association between maternal fruit and vegetable intake
during pregnancy and the risk of asthma in offspring.

Adults and children

Fruit and vegetable intake and risk of wheezing.
Two cohort studies58,65 and 13 cross-sectional
studies73,77–81,84–87,90,91,96 evaluated the association between
fruit intake and different descriptions of wheezing,
including wheeze, wheezy illness, severe wheeze, short-
ness of breath with wheeze, severe wheeze with atopy, and
exercise-related wheeze (Table 2). A strong negative asso-
ciation was found between high fruit intake and wheezing
(RR = 0.81; 95%CI, 0.74–0.88), with significant heteroge-
neity confirmed among included studies (P for hetero-
geneity <0.0001, I2 = 81.9%) (Figure 2A). A sensitivity

 
 

  

Publications identified from PubMed, with
additional papers identified from reference lists
of pertinent reviews or retrieved articles (1990
to July 2013) (n=76)

Papers included in the meta-analysis (n=42)

Cohort studies
(n=12)

Population case-
control studies (n=4)

Cross-sectional
studies (n=26)

Excluded studies:
1.   Studies of the association between lowest dietary intake vs. highest
      intake and risk of asthma (n=5)
2.   Studies about the relation between dietary pattern and asthma (n=13)
3.   Studies in the base of randomized clinical trials (n=4)
4.   Studies in which children received fruit as a supplementation (n=1)
5.   Data without calculation of OR (95%CI) of dietary intake and
      asthma (n=2)
6.   Studies that did not provide data on intake of fruit or vegetables and
      asthma (n=2)
7.   Studies that reported early symptoms of exposure to pollen or fruit
      (n=1)
8.   Studies that investigated the effect of nutrition education
      programming on attitudes, beliefs, and behaviors related to fruit
     and vegetable consumption (n=1)
9.   Studies that investigated asthma status that influenced fruit and
     vegetable consumption (n=2)
10. Studies in which OR (95%CI) was derived from association between
      fruit and vegetable intake and allergen sensitization (skin-prick…etc.)
      (n=3)

Figure 1 Summary of screening process to identify studies for meta-analysis.
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Table 2 Meta-analysis of the association between fruit and vegetable intake and risk of wheezing and asthma in
studies in adults and children, in children, and in pregnant women.

Population and analysis type Pooled effect
estimate (95%CI)

P heterogeneity I2 No. of studies

Adults and children
Wheeze and fruit

Overall 0.81 (0.74–0.88) <0.0001 81.9% 15
By type of study

Cohort 0.96 (0.84–1.10) 0.38 0.0% 2
Cross-sectional 0.79 (0.72–0.86) <0.0001 84.1% 13

Subgroup analysis
Apples 0.64 (0.42−0.98) 0.03 71.9% 2 (CS)
Citrus fruit 0.68 (0.60–0.76) 0.20 35.2% 4 (CS)

Wheeze and vegetables
Overall 0.89 (0.81–0.98) <0.0001 82.5% 11

By type of study
Cohort 1.22 (1.04–1.44) – – 1
Cross-sectional 0.86 (0.78–0.94) <0.0001 81.1% 10

Subgroup analysis
Tomatoes 0.50 (0.35–0.70) 0.20 40.1% 2 (CS)
Peppers 0.64 (0.32–1.31) 0.52 0.0% 2 (CS)

Asthma and fruit
Overall 0.84 (0.80–0.90) <0.0001 70.0% 23

By type of study
Cohort 0.78 (0.66–0.92) 0.02 65.1% 5
Population based case-control 0.71 (0.60–0.85) 0.65 0.0% 4
Cross-sectional 0.84 (0.83–0.94) <0.0001 69.5% 14

Subgroup analysis
Apples 0.84 (0.78−0.91) 0.05 52.8% 7 (1 cohort, 2

PCC, and 4 CS)
Citrus fruit 0.86 (0.78–0.96) 0.04 60.7% 5 (1 cohort, 1

PCC, and 3 CS)
Asthma and fruit and vegetables

Overall 0.64 (0.41–1.01) <0.0001 86.5% 4
By type of study

Cohort 0.60 (0.40–0.90) – – 1
Cross-sectional 0.65 (0.37–0.1.16) <0.0001 88.1% 3

Asthma and vegetables
Overall 0.88 (0.82–0.95) <0.0001 83.8% 18

By type of study
Cohort 0.77 (0.35–1.69) 0.004 88.2% 2
Population-based case-control 0.80 (0.43–1.48) 0.03 72.3% 3
Cross-sectional 0.87 (0.81–0.94) <0.0001 86.1% 13

Atopy and fruit 0.98 (0.95–1.01) 0.53 0.0% 3 (CS)
Atopy and vegetables 0.99 (0.96–1.01) 0.44 0.0% 3 (CS)
Adults
Wheeze and fruit 0.69 (0.49–0.96) 0.27 17.5% 2

Overall
By type of study

Cohort 0.81 (0.53–1.22) – – 1
Cross-sectional 0.57 (0.36–0.90) – – 1

Wheeze and vegetables 1.2 (0.86–1.67) – – 1
Asthma and fruit 0.77 (0.68–0.87) <0.0001 84.4% 9
Overall
By type of study

Cohort 0.71 (0.61–0.82) 0.27 23.0% 3
Population-based case-control 0.72 (0.60–0.87) 0.70 0.0% 2
Cross-sectional 0.87 (0.76–1.002) <0.0001 85.1% 4

Subgroup analysis
Apples 0.77 (0.66–0.90) 0.02 66.1% 5 (1 cohort, 2

PCC, and 2 CS)
Citrus fruit 0.76 (0.56–1.02) 0.01 76.9% 3 (1 cohort, 1

PCC, and 1 CS)
Asthma and vegetables 0.84 (0.74–0.96) <0.0001 92.7% 6

Overall
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analysis performed by excluding the three types
of wheezing (severe wheeze with allergic sensitization
atopy, severe wheeze, and exercise-related wheeze) in
two studies73,80 produced similar results (RR = 0.83;
95%CI; 0.77–0.90). To ensure confounder and effect

modification25 were properly accounted for, sensitivity
analysis was performed by including studies that adjusted
for both effect modification and at least two primary con-
founders (general characteristics, socioeconomic status,
smoking, and physical activity). Further analysis found

Table 2 Continued
Population and analysis type Pooled effect

estimate (95%CI)
P heterogeneity I2 No. of studies

By type of study
Population-based case-control 0.88 (0.62–1.25) – – 1
Cross-sectional 0.84 (0.73–0.97) <0.0001 94.2% 5

Children
Wheeze and fruit

Overall 0.81 (0.74–0.88) <0.0001 83.1% 14
By type of study

Cohort 0.98 (0.86–1.12) – – 1
Cross-sectional 0.79 (0.72–0.86) <0.0001 84.2% 13

Subgroup analysis
Apples 0.64 (0.42−0.98) 0.03 71.9% 2 (CS)
Citrus fruit 0.69 (0.61–0.77) 0.22 32.3% 4 (CS)

Wheeze and vegetables
Overall 0.88 (0.79–0.97) <0.0001 83.7% 10

By type of study
Cohort 1.22 (1.04–1.44) – – 1
Cross-sectional 0.84 (0.76–0.93) <0.0001 82.4% 9

Subgroup analysis
Tomatoes 0.50 (0.35–0.70) 0.19 40.1% 2 (CS)
Peppers 0.64 (0.32–1.31) 0.52 0.0% 2 (CS)

Asthma and fruit
Overall 0.90 (0.86–0.94) 0.21 24.5% 12

By type of study
Cohort 0.90 (0.83–0.99) 0.55 0.0% 2
Population-based case-control 0.51 (0.23–1.16) 0.36 0.0% 2
Cross-sectional 0.90 (0.85–0.95) 0.13 38.2% 8

Asthma and fruit and vegetables
Overall 0.57 (0.42–0.77) 0.69 0.0% 2

By type of study
Cohort 0.60 (0.40–0.90) – – 1
Cross-sectional 0.53 (0.33–0.84) – – 1

Asthma and vegetables
Overall 0.91 (0.82–1.00) <0.0001 69.2% 12

By type of study
Cohort 0.77 (0.35–1.69) 0.004 88.2% 2
Population-based case-control 0.73 (0.20–2.66) 0.01 85.9% 2
Cross-sectional 0.91 (0.83–0.99) 0.02 57.9% 8

Pregnant women
Wheeze and fruit 0.94 (0.0.73–1.27) 0.02 70.2% 4 cohort
Wheeze and apples 0.84 (0.48–1.46) 0.06 71.8% 2 cohort
Wheeze and vegetables 0.91 (0.70–1.18) 0.05 61.0% 4 cohort
Asthma and fruit

Overall 0.94 (0.81–1.08) 0.84 0.0% 3
By type of study

Cohort 0.92 (0.78–1.08) 0.81 0.0% 2
Cross-sectional 1.01(0.74–1.38) – – 1

Asthma and vegetables
Overall 1.06 (0.72–1.58) 0.05 67.4% 3

By type of study
Cohort 0.95 (0.81–1.12) 0.31 5.0% 2
Cross-sectional 1.80 (1.06–3.20) – – 1

Abbreviations: CS, cross-sectional study; PCC, population-based case-control study.
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the association between fruit intake and wheezing was
similar (RR = 0.81; 95%CI, 0.75–0.89; P for heterogeneity
<0.0001, I2 = 82.5%).

After stratifying by study type, there was a significant
24% reduction in risk for the cross-sectional studies,
whereas results for cohort studies were null. There was
also a significant negative association between high
intake of apples and citrus fruit and reduced risk of
wheezing (Table 2). There was a significant heterogeneity
within studies for apple consumption (P for heterogene-
ity = 0.03, I2 = 71.9%), but not for citrus fruit (P for het-
erogeneity = 0.20, I2 = 35.2%).

The association between vegetable intake and risk of
wheezing was examined in 1 cohort65 and 10 population-
based cross-sectional studies (Table 2).77–79,81,85–87,90,91,96

Total raw and cooked vegetable consumption was corre-

lated with a significant decrease in risk of wheezing
(RR = 0.89; 95%CI, 0.81–0.98; P for heterogeneity
<0.0001, I2 = 82.5%) (Figure 2B). Four studies65,77,90,91

reported inverse associations between cooked vegetables
and wheezing, in which the pooled effect of a high intake
of cooked vegetables was null (RR = 0.99; 95%CI, 0.81–
1.22; P for heterogeneity = 0.027, I2 = 67.4%).A sensitivity
analysis, performed by excluding these four studies, also
showed raw vegetable consumption significantly
decreased the risk of wheezing (RR = 0.70; 95%CI, 0.53–
0.94; P for heterogeneity <0.0001, I2 = 79.3%). Further-
more, the sensitivity analysis showed no association
between high vegetable intake and reduced risk of wheez-
ing (RR = 0.92; 95%CI, 0.85–1.01; P for heterogeneity
<0.0001, I2 = 82.1%). In the subgroup analysis, high
tomato intake was negatively associated with the risk of

Study

Cohort studies 
Butland (1999)58

Willers (2011)65

Cross sectional studies
Forastiere (2000)73

Farchi (2003)77

Awasthi (2004)78

Wong (2004)79

Nja (2005)80

Tabak (2006)81

Okoko (2007)84

Chatzi (2007)85

Chatzi (2007)86

Tsai (2007)87

Takaoka (2008)90

Nagel (2010)91

Ellwood (2013)96

Pooled (all studies)

RR (95% CI)

0.81 (0.53, 1.22)
0.98 (0.86, 1.13)
0.96 (0.84, 1.09); P for heterogeneity=0.378

0.67 (0.59, 0.76)
0.75 (0.54, 1.04)
0.66 (0.46, 0.94)
0.70 (0.54, 0.89)
0.78 (0.45, 1.35)
0.96 (0.56, 1.66)
0.92 (0.83, 1.01)
0.84 (0.62, 1.14)
0.32 (0.22, 0.48)
0.96 (0.93, 1.00)
0.57 (0.36, 0.89)
0.86 (0.79, 0.94)
0.87 (0.82, 0.91)
0.79 (0.72, 0.86); P for heterogeneity=0.000 

0.81 (0.74, 0.88); P for heterogeneity=0.000 

.1 1 10

b) Vegetable intake and risk of wheezing

a) Fruit intake and risk of wheezing

Pooled (all studies)

Cross sectional studies

Tsai (2007)87

Nagel (2010)91

Cohort studies

Study

Takaoka (2008)90

Chatzi (2007)85

Chatzi (2007)86

Ellwood (2013)96

0.89 (0.81, 0.98); P for heterogeneity=0.000

1.22 (1.04, 1.44)

1.00 (0.96, 1.03)

0.92 (0.85, 1.00)

0.63 (0.49, 0.80)

1.20 (0.86, 1.67)

0.96 (0.56, 1.66)

0.86 (0.78, 0.94); P for heterogeneity=0.000

1.22 (1.04, 1.44)

0.46 (0.23, 0.92)

0.47 (0.28, 0.80)
0.45 (0.27, 0.75)

0.81 (0.64, 1.03)

0.90 (0.86, 0.94)

.1 101

RR (95% CI)

Willers (2011)65

Farchi (2003)77

Awasthi (2004)78

Wong (2004)79

Tabak (2006)81

Figure 2 Forest plots of the association between intake of fruit (a) or vegetables (b) and risk of wheezing.
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wheezing. The findings for high bell pepper intake,
however, were null (Table 2).

Fruit and vegetable intake and risk of asthma. Meta-
analysis of 5 prospective cohorts,9,57,63,65,67 4 population-
based case-control studies,68–71 and 14 cross-sectional
studies76,80–84,87–89,91,93,94,96,97 that evaluated intake of fruit in
relation to risk of asthma yielded a significant negative
association. The overall RR was 0.84 (95%CI, 0.80–0.90)
for the highest fruit intake group compared with the
lowest intake group, with significant heterogeneity (P for

heterogeneity <0.0001, I2 = 69.4%) (Table 2). A sensitivity
analysis performed by excluding severe asthma in one
study96 produced similar results (RR = 0.84; 95%CI, 0.79–
0.9). Subgroup analysis by study design yielded a signifi-
cant negative association between high fruit intake and
risk of asthma among population-based case-control
studies, cohort studies, and cross-sectional studies
(Table 2, Figure 3A). When data were stratified by fruit
type, the results remained statistically significant for both
high intake of apples and for citrus fruit intake and risk of
asthma (Table 2).

a) Fruit intake and risk of asthma

Pooled ( all studies)
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Agrawal (2013)97

Tsai (2007)87

Barros (2008)88
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Garcia (2008)89
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Study
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Tabak (2006)81

Patel (2006)69

Ellwood (2013)96

0.84 (0.79, 0.89); P for heterogeneity=0.000
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0.59 (0.45, 0.77)
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Fruit and vegetable consumption in pregnant women
and risk of wheezing or asthma in their children. Meta-
analysis of 2 cohort studies,65,67 3 population-based
case-control studies,69–71 and 13 cross-sectional
studies72,76,81–83,87,88,91–94,96,97 showed that high consumption
of vegetables had a modest association with reduced risk
of asthma (RR = 0.88; 95%CI, 0.82–0.95; P < 0.0001,
I2 = 83.8) (Figure 3B). A sensitivity analysis was per-
formed by excluding 2 studies65,70 on cooked vegetables;
there was a significant negative association between
high raw vegetable consumption and risk of asthma
(RR = 0.87; 95%CI, 0.81–0.94; P for heterogeneity
<0.0001, I2 = 84.1%). In subgroup analysis, a null inverse
association was found between high vegetable intake and
risk of asthma among cohort and population-based case-
control studies but significant negative association was
found among cross-sectional studies (Table 2).

High consumption of a mixture fruit and vegetables
was significantly associated with a decreased risk of
asthma (RR = 0.64; 95%CI, 0.41–1.01; P for heterogene-
ity< 0.0001, I2 = 86.5%).62,74,80,95

Data from 3 cross-sectional studies76,85,86 showed
no association between high intake of fruit (RR = 0.98;
95%CI, 0.95–1.01) or vegetables (RR = 0.99; 95% CI, 0.96–
1.01) and risk of atopy (Table 2).

Adults

Fruit and vegetable intake and risk of wheezing and
asthma. One cohort study58 and 1 cross-sectional study90

that examined the association between fruit intake and
risk of wheezing in adults showed a reduction in risk of
asthma when highest versus lowest intakes were com-
pared (RR = 0.68; 95%CI, 0.49–0.96; P for heterogene-
ity = 0.27, I2 = 17.5%). One cross-sectional study
presented a positive relation between vegetable intake
and wheezing (RR = 1.20; 95%CI, 0.86–1.70).90

Meta-analysis of 3 cohorts,9,57,63 2 population-based
case-controls,68,69 and 4 cross-sectional studies76,82,88,97

evaluated intake of fruit in relation to risk of asthma and
showed a significant negative association, with an overall
RR of 0.77 (95%CI, 0.68–0.87; P for heterogeneity
<0.0001, I2 = 84.4%) for the highest fruit intake compared
with the lowest intake. Analysis by study type showed a
negative association for the cohort, population-based
case-control, and cross-sectional studies (Table 2). In sub-
group analysis, an inverse association was also found
between apple or citrus fruit consumption and risk of
asthma (RR = 0.77; 95%CI, 0.66–0.90; P for heterogene-
ity = 0.02, I2 = 66.1% and RR = 0.76; 95%CI, 0.56–1.02; P
for heterogeneity = 0.013, I2 = 76.9%, respectively). Meta-
analysis from 1 population-based case-control69 and 5
cross-sectional72,76,82,88,97 studies revealed a negative asso-
ciation between high vegetable intake and risk of asthma

(RR = 0.84; 95%CI, 0.74–0.96; P for heterogeneity
<0.0001, I2 = 92.7%).

The associations between fruit and vegetable con-
sumption of mothers during pregnancy and allergic
outcomes in their children were investigate. The pooled
RR from 4 cohort studies59,60,64,66 for fruit and from 4
cohort studies60,61,64,66 for vegetables showed that mater-
nal consumption of fruit and vegetables during preg-
nancy was not associated with risk of wheezing
(RR = 0.94; 95%CI, 0.73–1.27; P for heterogeneity = 0.02,
I2 = 70.2% for fruit and RR = 0.91; 95%CI, 0.70–1.18; P
for heterogeneity = 0.05, I2 = 61.0% for vegetables) or
risk of asthma (RR = 0.94; 95%CI, 0.81–1.08; P for het-
erogeneity = 0.84, I2 = 0.0% for fruit and RR = 1.06;
95%CI, 0.72–1.58; P for heterogeneity = 0.05, I2 = 67.4%
for vegetables) in their children. In the pooled analyses
of 2 cohorts,59,64 high intakes of apples during pregnancy
and risk of wheezing in children was also null
(RR = 0.84; 95%CI, 0.48–1.46; P for heterogeneity = 0.06,
I2 = 71.8%) (Table 2).

Children

Fruit and vegetable intake and risk of wheezing and
asthma. The pooled RR from 13 cross-sectional
studies73,77–81,84–87,90,91,96 and 1 cohort study65 conducted for
fruit and for 9 cross-sectional studies77–79,81,85–87,91,96 and
1 cohort study65 conducted for vegetables indicates a
significant negative association between high fruit and
vegetable intake and risk of childhood wheezing (RR
for fruit = 0.81; 95%CI, 0.74–0.88; P for heterogeneity
<0.0001, I2 = 83.1%; and RR for vegetables = 0.88; 95%CI,
0.79–0.97; P for heterogeneity <0.0001, I2 = 83.7%)
(Table 2). Again, analyses were pooled separately by
children within the end age range of ≤11 years old and
by others within the first age range of >11 years
old.70,71,78,80,81,86,87,90–92,96 The reverse association between
fruit intake and wheezing was significant for children ≤11
years old (RR = 0.83; 95%CI, 0.74–0.93; P for heterogene-
ity <0.001, I2 = 72.8%) and for children >11 years old
(RR = 0.81; 95%CI, 0.72–0.90; P for heterogeneity
<0.0001, I2 = 83.3%). The association was weak for veg-
etables in children ≤11 years old (RR = 0.91; 95%CI, 0.84–
0.99; P for heterogeneity <0.001, I2 = 74.1%) and in
children >11 years old (RR = 0.81; 95%CI, 0.65–1.02; P for
heterogeneity <0.0001, I2 = 85.9%). In subgroup analysis
by food, there was a significant negative association
between the risk of wheezing and a high intake of citrus
fruit and tomatoes (Table 2). A weak negative association
was found between risk of asthma and high intake of fruit
(RR = 0.90; 95%CI, 0.86–0.94; P for heterogeneity = 0.21,
I2 = 24.5%) and vegetables (RR = 0.91; 95%CI, 0.82–1.0; P
for heterogeneity <0.0001, I2 = 69.2%). The significant
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inverse association was also found for children >11 years
old by fruit (RR = 0.76; 95%CI, 0.65–0.89; P for heteroge-
neity <0.01, I2 = 64.6%), but not for children ≤11 years old
(RR = 0.89; 95%CI, 0.83–0.95; P for heterogeneity = 0.88,
I2 = 0.0%), and for children >11 years old by vegetable
(RR = 0.92; 95%CI, 0.83–1.02; P for heterogeneity <0.003,
I2 = 70.0%) and for children ≤11 years old (RR = 0.86;
95%CI, 0.71–1.04; P for heterogeneity <0.004, I2 = 70.9%).
Total fruit and vegetable intake had a statistically signifi-
cant negative association with risk of asthma in children)
(Table 2).

DISCUSSION

This review sought to verify whether fruit and vegetable
consumption has a beneficial effect on wheezing and
asthma prevention, and if so, which are the most benefi-
cial. The findings show that high intakes of fruits and raw
vegetables (most markedly of fruit) are significantly asso-
ciated with a reduction in the risk of wheezing, while high
intake of vegetables had a modest negative association
with risk of asthma. This review is unique as it is the first
meta-analysis of the relationship between fruit and veg-
etables and the risk of wheezing and asthma. In a com-
bined analysis of adults and children, individuals in the
highest total fruit and vegetable intake category had a
36% lower risk of asthma than individuals in the lowest
intake categories. In children, high intake of citrus fruit
and tomatoes was negatively associated with the risk of
wheezing, and high intake of fruit and vegetables was
associated with a reduction in the risk of wheezing and
asthma. However, 1 cohort study65 and 2 cross-sectional
studies81,87 showed a positive relationship between high
vegetable consumption and asthma, contradicting these
results. One study66 noted a positive relationship between
vegetable intake in pregnant women and the incidence of
asthma in their infants. In the subgroup of fruit and veg-
etables analyses, high intake of citrus fruit and tomatoes
was strongly related to the reduction in the risk of wheez-
ing, and there was an inverse association between high
intakes of apples and citrus fruit and the risk of asthma.
Similarly, 1 study found a strong negative relationship
between fruit and vegetable consumption and allergic
asthma.74 An observational study in Australia also showed
that the consumption of apples and pears was negatively
associated with risk of asthma and bronchial hyper-
responsiveness.76 Pooled analysis by Nurmatov et al.98 on
children aged 10–14 years showed a high intake of fruit
but not vegetables reduced the risk of wheezing. The
present review showed a negative association between
high fruit consumption and risk of wheezing and asthma
in children >11 years old and between high fruit con-
sumption and wheezing in children ≤11 years old.

The possible protective effects of fruit and vegetables
against some types of cancer, heart disease, diabetes,
and asthma have been shown in epidemiological
studies97,99–101 and may be related to the high content of
antioxidants in these foods.102 Antioxidants play a promi-
nent role in ameliorating oxidative damage caused by free
radicals. Flavonoids are a large group of polyphenolic
metabolites and are abundant in fruit and vegetables.103 In
vitro, flavonoids have biological effects such as free-
radical scavenging, modulation of enzymatic activity,
and inhibition of cellular proliferation. Therefore, they
may have potential antibiotic, antiallergic, antidiarr-
heal, antiulcer, apoptotic, immune-modulatory, and anti-
inflammatory effects.104–109 In addition, flavonoids may
enhance the activities of endogenous antioxidants; they
have been shown to lower oxidative stress by inducing the
activity of glutathione S-transferase, an enzyme that may
protect cells from oxidative pathologies.110

Because respiratory airways are highly susceptible to
oxidative damage, numerous enzymatic and nonenzy-
matic antioxidant defense mechanisms are present. Anti-
oxidants may decrease airway inflammation by protect-
ing the airways against oxidants from both endogenous
and exogenous sources.

The mixtures of polyphenols in foods are often
poorly characterized. For instance, tomatoes contain
many polyphenols, such as chlorogenic acid and rutin.
The skins of red tomatoes contain naringenin chalcones;
tomatoes also contain quercetin.111 Therefore, investiga-
tion of individual food items is warranted.

The present analysis showed a strong negative asso-
ciation between high intake of apples and reduced risk
of wheezing and asthma. Lee et al.16 showed that, among
all phenolic phytochemicals in apples, quercetin (the
main flavonoid in apples) contributes most to antioxi-
dant activity. Moreover, the vitamin C content of apples
provides only 11% of the total antioxidant capacity
in apples and compared with vitamin C, flavonoids
such as quercetin contribute more to the total antioxi-
dant activity of apples. Because a large proportion of
quercetin is in apple peels, consuming apples with skins
is recommended.16

This meta-analysis is not without limitations. The
ability to differentiate between food items with respect to
association with asthma was limited. Some analyses were
based on only two studies, and there are few prospective
studies included. The findings, therefore, are based mostly
on cross-sectional studies that are relatively quick and
easy but do not permit distinction between cause-and-
effect associations. As a result, data are prone to subject
recalls and interviewer bias.112 There are also some defects
in adjusting for confounding and modification of effects,
which may have introduced bias to the findings.25 In
addition, differing outcome parameters were used in

Nutrition Reviews® 15



wheezing and asthma. To prevent bias and to enhance the
quality of study, only studies that adjusted for important
confounders were included. In addition to the analysis of
total adults and children, results were stratified again by
study design, range of age in children, and some food
items. Moreover, extensive sensitivity analyses were per-
formed by excluding studies that did not meet specific
criteria for adjustment or study design. None of these
exclusions appreciably changed the overall estimates,
which suggests these findings are reliable. High intake of
fruit and vegetables was negatively associated with risk of
wheezing and asthma in both adults and children.Among
the different kinds of vegetables and fruit investigated,
citrus fruit and tomatoes displayed the strongest negative
association with risk of wheezing, and citrus fruit and
apples showed the strongest negative association with risk
of asthma.

CONCLUSION

The current study represents a comprehensive systematic
review and meta-analysis. The results suggest that a
flavonoid-rich diet is negatively associated with wheezing
and risk of asthma. Further molecular studies may be
necessary to identify possible mechanisms of citrus fruit,
apples, and tomatoes in relation to the development of
asthma. Moreover, prospective cohort studies with large
sample sizes are needed to accurately measure the effects
of high fruit and vegetable intake on risk of asthma.
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