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INTRODUCTION

Background: The relationship between dietary pattern and the risk of chronic
obstructive pulmonary disease (COPD) has been described; however, the
exclusive role of dietary factors remains controversial. Hence, we conducted
this systematic meta-analysis to clarify the role of some nutrients and
antioxidant vitamins in the risk of COPD.

Materials and Methods: PubMed, Embase, and Scopus databases were
searched for studies evaluating the associations between COPD outcome
measures, symptoms, and mortality, and intake of fruits and vegetables, fiber,
fish, n-3 or n-6 fatty acids, and antioxidant vitamins in adults. The random-
effect model meta-analyses were used to pool the results.

Results: Ten cohort, six case-control, and 20 cross-sectional studies were
identified. The pooled relative risks (RRs) of the COPD and confidence intervals
(CIs) for the highest intake group compared with the lowest intake group were
0.74 (95% CI: 0.65-0.85) for fruit, 0.65 (95% CI: 0.55-0.78) for dietary fiber, 0.71
(95% CI: 0.58-0.85) for fish, and 0.89 (95% CI: 0.76-0.99) for vitamin C. No
association was observed between the risk of COPD and the intake of
vegetables, n-3 fatty acids, vitamin E, and p-carotene; however, it was
associated with n-6 fatty acids 1.06 (95% CI: 0.87-1.30).

Conclusion: The results suggested that a higher intake of fruits, probably
dietary fiber, and fish reduce the risk of COPD.

Key words: COPD; Antioxidant Vitamins; Fruit; Vegetables; Dietary Fiber;
Fatty Acids

Chronic obstructive pulmonary disease (COPD) is a global
public health problem and is a major cause of morbidity
and mortality in developed and developing countries;
according to estimations, it is the eighth cause of disability-
adjusted life-years (DALYs) in 2016 in all age groups, and
with an aging population, COPD prevalence is believed to
increase (1-4). COPD is a preventable disease characterized
by progressive airflow limitation, which only can be

partially reversible. Smoking is the principal cause of

COPD, but not all smokers develop the disease (2). Besides
genetic factors, environmental exposures and dietary
habits have been suggested as etiological factors for the
risk of COPD (5-7). Additionally, the increased oxidative
burden, as a major source in the pathogenesis of COPD,
plays a critical role in lung injury and airway remodeling.
One of the primary treatment targets of COPD is an
improvement in the quality of life. In this regard, evidence

highlights the importance of dietary modifications as



antioxidant sources in the prevention and management of
COPD (8, 9).

Several studies have suggested that specific foods and
dietary supplements may be beneficial in COPD
prevention and management (10, 11). Specific antioxidants
(e.g., vitamins C and E), as well as foods rich in
antioxidants (e.g.,, fruit and vegetables), appear to
modulate lung function positively, airway damage, and
COPD development and symptoms (12, 13). A recent
review reported that a high intake of dietary fiber is
associated with reduced COPD risk (14). In addition, fish
and fatty acid consumption have both been directly
correlated with respiratory symptoms of COPD (15).
Omega-3 polyunsaturated fatty acids (n-3 PUFAs),
including eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), appear to have anti-
inflammatory effects; however, there is contradictory
evidence regarding the inverse association between intake
of n-3 PUFAs and the risk of COPD and mortality (16).
These findings have not yet been quantified in a
comprehensive review or pooled using meta-analysis
techniques. A recent review reviewed randomized
controlled trials (RCTs) on the relationship between dietary
pattern (nutritional supplementation) and the risk of
COPD, in which no relationship was found between these
two factors (17, 18). Thus, this study systematically
investigated the association between some nutrients,
including fruits, vegetables, fatty acids, and the antioxidant

vitamins and the risk of COPD.

MATERIALS AND METHODS

Both the systematic review and meta-analysis were
conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for reporting the current study (19).
Search strategy and eligibility criteria

We searched PubMed (Medline), Embase, and Scopus
databases for studies published in English from January
1990 to November 2018 on the associations between COPD

outcomes and the intake of fish, fruits and vegetables,
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fiber, fatty acids (n-3 and n-6), and antioxidant vitamins (C,
E, and B-carotene) in adults. Additional studies were
identified by searching the reference list of the retrieved
articles and the Science Citation Index manually.

The following medical subject heading (MeSH) terms
and/or keywords were used: “COPD”, “emphysema”,
“chronic bronchitis” (as COPD outcomes), “COPD
symptoms (including cough, phlegm, breathlessness, and
dyspnea), or “COPD mortality”; and “diet”, “fish”, “fatty
fish”, “fruit”, “citrus fruit”, “vegetables”, “dietary fiber”,
“fatty acid”, “n-3 fatty acids”, “n-6 fatty acids”, “omega-3
fatty acid”, “omega-6 fatty acid”, “essential fatty acid”,
“EFA (essential fatty acid)”, “polyunsaturated fatty acid”,
“docosahexaenoic acid”, “eicosapentaenoic acid”, “fish
oil”, “vitamin E”, “ vitamin C”, “p-carotene”, “a-
tocopherol”, and “ascorbic acid”. After retrieving the
articles, prospective, case-control, cross-sectional,
irrelevant, and duplicate studies, except for the most
relevant articles were excluded. The extracted studies were
independently inspected by two authors (ESR and MPM).
Discrepancies were resolved by consensus, or, if needed,
by arbitration from a senior author. We read the abstracts
of all the remaining studies to exclude relevant articles.
Studies that (i) only investigated the association between
dietary supplementation among COPD patients, (ii)
reported an association between blood levels of nutrients
and risk of COPD, (iii) conducted diet pattern analyses, (iv)
provided no data on relative risks (RRs) and or odds ratios
(ORs), (v) reported duplicated data from another study,
and (vi) provided no contrast between intake categories
(Fig. 1) were also excluded. The full texts of the remaining
articles were reviewed to determine the inclusion criteria
and check the reported RR, OR, confidence intervals (CIs),
or the required data to compute the COPD outcomes and
symptoms to compare the high and low intake categories.
The Critical Appraisal Skills Programme (CASP) was used

to critically appraise the included observational

studies (20).
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Data extraction

The following information was extracted from the
included studies: publication date, type of study, author’s
name, country, sample size, year of enrollment,
participants’ characteristics, food items, dietary assessment
methods, year of study, follow-up duration, potential
confounding factors that accounted for COPD outcomes
and symptoms, and smoking status.
Data analysis and statistical methods

To conduct the meta-analysis, OR estimates from case-
control and cross-sectional studies, and the risk or rate
ratios from cohort studies, were assumed to be valid
estimates of RR. RR estimates were pooled using the
DerSimonian and Laird method through a weighted
average of the log RR and considering random-effects.
Heterogeneity for each pooled estimate was assessed using
the Cochran’s Q-test. Heterogeneity was considered as P <
0.1 for the Q statistic and regarded significant when 12 was
>50%. Both the Begg’s rank correlation test and Egger’s
regression model were used for assessing the publication
bias. Analyses were conducted using Stata 13 software

(Stata Corp LP, College Station, TX).

RESULTS

The characteristics of the ten cohort studies (15, 21-29),
six case-control studies (30-35), and 20 cross-sectional
studies (36-55) included in the meta-analysis of the
associations between dietary factors and the risk of COPD
are shown in Table 1. Therefore, 36 publications were
assessed in detail (Fig. 1).

Included studies had been conducted in different
geographical areas as follows: eight studies in Asia (25, 27,
31-33, 35, 48, 55), 19 studies in Europe (22-24, 28-30, 34, 36,
38, 42, 43, 44-47, 49, 51, 52, 54), eight studies in the United
States (15, 26, 37, 39-41, 50, 53) and one study in seven
countries in Asia, Europe, and North America (Table 1).
The characteristics of the included studies are displayed in
Table 1. Most studies had been adjusted for age, sex, BMI,

energy intake, smoking status, and social history.

To assess usual dietary intake, 28 studies had used food
frequency questionnaires (FFQ), of which two studies had
used FFQ and a 24-hour recall, three studies had used the
crosscheck dietary method, one study had assessed with
only 24-hour recall, and one study had used weighted
household food records.

In the final analyses, the following number of studies
had reported data for the associations between the risk of
COPD (outcomes and symptoms) or mortality and the
following dietary factors: seven for fruits (22, 25, 28, 30, 32,
54, 56), six for vegetables (25, 28, 30, 32, 46, 54), three for
fruits & vegetables (28, 31, 35), five for fiber intake (25, 26,
29, 32, 53), six for n-3 fatty acids (15, 22, 32, 33, 36, 39), four
for n-6 fatty acids (15, 32, 33, 36), two for linolenic acids
(32, 36), three for linoleic acid (22, 32, 36), seven for fish (15,
21, 24, 37, 39, 47, 52), six for vitamin C (27, 32, 34, 35, 37,
55), five for vitamin E (27, 34, 35, 44, 45), and six for p-
carotene (27, 32, 34, 35, 44, 45).

The pooled analysis of seven studies showed a 26%
reduction in the risk of COPD (symptom and outcomes)
that was significantly associated with high fruit intake
without heterogeneity (Table 2 and Fig. 2a). In this regard,
the results of sensitivity analysis of the study design for
three cohort studies (22, 25, 28) were: RR=0.71, 95% CI:
0.63- 0.79; 12: 0.0%, heterogeneity P-value: 0.8; for two
population case-control studies (30, 32) were: RR= 0.59,
95% CI: 0.33- 1.06; 12: 50%, heterogeneity P-value: 0.2; and
for two cross-sectional studies (54, 56) were: RR= 0.88, 95%
CL: 0.72- 1.07; 12: 27%, heterogeneity P-value: 0.2. In
addition, in the subgroup meta-analysis for five included
studies reporting an association between fruits intake and
COPD outcomes (22, 28, 30, 32, 54) or three studies
regarding symptoms (25, 32, 56), there were no changes in
the pooled effect estimates as displayed in Table 2. Meta-
analysis on the association between COPD mortality and
higher fruit consumption also showed a significant
reduction in the risk of COPD mortality (RR=0.53; 95% CI:
0.39-0.74; 12: 0.0%; heterogeneity P-value: 0.65) (Table 2).

When the highest intake category of vegetables was
compared with the lowest intake category, the pooled RR
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was null for the associated COPD symptoms and outcomes
(Table 2). Following stratification by study design as a
sensitivity analysis, the pooled RRs for two cohort studies
(25, 28) were 0.85, 95%ClI: 0.74-0.97; 12: 0.0%; heterogeneity
P-value: 0.5; for two population case-control studies (30,
32) were 0.54, 95%CI: 0.33-0.87; 12: 0.0%; heterogeneity P-
value: 0.6 and for two case-control studies (46, 54) were
0.92, 95%CI: 0.52-1.62; 12: 96%; heterogeneity P-value:
<0.001. No association was found in two studies that had
investigated vegetable intake and the risk of COPD
mortality (21, 24). In addition, there was no association
between COPD risk and the total intake of fruits and
vegetables (Table 2).

A meta-analysis of the relationship between dietary
fiber consumption and COPD risk (symptoms and
outcomes), showed a 35% reduction in COPD risk (Table 2
and Fig. 2c). In this regard, stratification by study type
showed a 39% reduction in the COPD risk in three cohort
studies (RR=0.61; 95% CI: 0.54-0.68; 12: 0.0%; heterogeneity
P-value: 0.9) (25, 26, 29). The pooled analysis for the
association between COPD outcomes and dietary fiber
intake also indicated a significant reduction in outcomes
(RR=0.65; 95% CI: 0.49-0.91; 12: 77%; heterogeneity P-value:
0.01) (26, 29, 32, 53).

Among six studies investigating n-3 fatty acids, there
were no associations between their high intake and risk of
either COPD outcomes alone or both COPD symptoms and
outcomes (Table 2). Similarly, the subgroup analysis
according to study design exhibited no relationship
between these factors as follows: two cohort studies
(RR=1.00; 95% CI: 0.79-1.27; 12: 41%; heterogeneity P-value:
0.2) (15, 22); two population case-control studies (RR=0.79;
95% CI: 0.49-1.27; 12: 0.0%; heterogeneity P-value: 0.7) (32,
33) and two cross-sectional studies ((RR=0.74; 95% CI: 0.39-
1.38; 12: 90%; heterogeneity P-value: 0.001) (36, 39). The
pooled analysis of n-3 fatty acids and COPD symptoms
indicated a positive relationship (Table 2) (33, 36). Also,
there was an association between Linolenic acids intake
and COPD risk (RR=1.02; 95% CI: 0.74-1.41; 12: 0.0%;
heterogeneity P-value: 0.6). Of four studies investigating n-

6 fatty acids, there were positive associations between their
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intake and risk of COPD (Table 2). Studies that specifically
had investigated linoleic acids also displayed positive
associations with COPD risk (RR=1.25; 95% CI: 0.88-1.77;
12: 52.5%; heterogeneity P-value: 0.1).

The pooled analysis of three studies on fish intake
showed a 35% reduction in the risk of COPD (RR=0.65;
95% CI: 0.52-0.82; I2: 72%; heterogeneity P-value: 0.03).
There was also a decrease in the risk of COPD by analysis
of the included studies on both symptoms and outcomes
(RR=0.71; 95% CI: 0.58-0.85; I12: 76 %; heterogeneity P-value:
0.002); a considerable heterogeneity among these studies
was observed. High fish intake was not associated with the
risk of COPD mortality (21, 24); however, a significant
decrease (19%) in the risk of COPD had been reported
considering symptoms alone (RR=0.81; 95% CI: 0.71-0.92;
12: 0.0%; heterogeneity P-value: 0.73) (Table 2) (47, 52).

The pooled estimation was not significant regarding
studies on the association of high intakes of vitamin E and
risk of both COPD symptoms and outcomes (RR=0.85; 95%
CI: 0.72-1.0; 12: 60%; heterogeneity P-value: 0.04) (Table 2
and Fig. 2d). The detailed analysis based on COPD
symptoms, outcomes, or mortality is shown in Table 2.
High intake of B-carotene was not associated with a risk of
COPD in either the pooled analysis (Table 2) or after
stratification by the study types, RR=0.99; 95% CI: 0.99-1.0;
I12: 0.0%; heterogeneity P-value: 0.9 for population case-
control studies (32, 34, 35) and RR=0.83; 95% CI: 0.74-0.93;
I12: 0.0%; heterogeneity P-value: <0.001 for cross-sectional
studies (44, 45). In addition, a high intake of vitamin C was
associated with a reduced risk of COPD according to six
studies, yet with a substantial heterogeneity (Table 2). The
similar results were identified in subgroup analysis based
on study design, RR=0.81; 95% CI: 0.55-1.17; 12: 51%;
heterogeneity P-value: 0.1 for three population case-control
studies (32, 34, 35) and RR=0.86; 95% CI: 0.76-0.99; 12: 85%;
heterogeneity P-value: 0.01 for cross-sectional studies (37,
55).

The distribution of the funnel plot and Egger’s
regression analysis did not show asymmetry. The
cumulative analyses showed consistency of the findings

over time (Figures not shown).
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Table 2. Meta-analysis of the association between dietary intake and the risk of COPD

Pooled estimate ) No of studies
P heterogeneity |2
RR (95%CI)*
Fruit
COPD symptoms and outcomes 0.74 (0.65- 0.85) 0.1 44% 7
COPD Outcomes 0.74 (0.62- 0.90) 0.04 59% 5
COPD symptoms 0.73 (0.61- 0.88) 0.6 0.0% 3
COPD mortality 0.53(0.39-0.74) 0.7 0.0% 2
Vegetables
COPD Symptoms & Outcomes 0.82 (0.65- 1.04) <0.001 82% 6
COPD Qutcomes 0.79 (0.60- 1.05) <0.01 85% 5
COPD Symptoms 0.71 (0.39- 1.3) 0.1 72% 2
COPD mortality 1.1(0.93-1.2) 0.7 0.0% 2
Total fruit and vegetables
COPD Outcomes 0.80 (0.60-1.1) <0.001 85% 3
Dietary fiber
COPD Symptoms & Outcomes 0.65 (0.55- 0.78) 0.01 69% 5
COPD Outcomes 0.65 (0.49- 0.91) 0.01 7% 3
n-3 fatty acids
COPD Symptoms & Outcomes 0.86 (0.66- 1.11) 0.002 74% 6
COPD Outcomes 0.83 (0.67-1.03) 0.004 72% 6
COPD Symptoms 12 (10-14) 0.7 0.0% 2
n-6 fatty acids
COPD Symptoms & Outcomes 1.06 (0.87- 1.30) 0.14 45% 4
COPD Outcomes 1.04 (0.76- 1.41) 0.1 55% 4
COPD symptoms 0.83 (0.38- 1.86) 0.03 80% 2
Fish
COPD Symptoms & Outcomes 0.71 (0.58- 0.85) 0.002 76% 5
COPD Qutcomes 0.65 (0.52- 0.82) 0.03 2% 3
COPD Symptoms 0.81 (0.71- 0.92) 0.7 0.0% 2
COPD mortality 0.96 (0.92- 1.0) 08 0.0% 2
Vitamin E
COPD Symptoms & Outcomes 0.85(0.72-1.0) 0.04 60% 5
COPD Outcomes 0.79 (0.66- 0.96) 0.1 56% 4
COPD Symptoms 0.93(0.76-1.2) 0.1 67% 2
COPD mortality 0.95 (0.86- 1.1) 04 0.0% 2
B-carotene
COPD Symptoms & Outcomes 0.91 (0.78-1.05) <0.001 95.4% 6
COPD Qutcomes 0.92 (0.76-1.1) <0.001 92% 5
COPD Symptoms 0.88 (0.63- 1.3) 0.001 91% 2
COPD mortality 0.63 (0.35- 1.1) 04 0.0% 2
Vitamin C
COPD Qutcomes 0.89(0.76- 0.99) 0.002 73% 6
COPD mortality 055 (0.3- 1.0) 0.9 0.0% 2

*The overall pooled risk ratio (RR) of COPD risk and the confidence intervals (Cls) for the groups
with the highest versus the lowest levels of intake

** Population case-control
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Eligibility
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April 2018) (n=1174)

Relevant publications from database
searching and retrieved articles (January 1990 to

v

A4

Studies excluded (n=1013):

*  Jmelevant

*  Duplicated

*  Review articles

e Assessment of dietary intake and smoking status
s Other languages

more detail assessment (n=161)

Relevant full text articles retrieved for

A4

Excluded articles (n=125);

Studies in the base of dietary supplementation or
randomized clinical trial (n=26)

Analyzed the effects of dietary factors on oxidative stress,
exposures to PM2.5, inflammatory factors, DNA breaking
and Jung function (e.g. FEV1)(n=1T7)

Asszeszed the relation between dietary patterns and COPD
(n=9)

Did not reported or incomplete data on OR, RR (n=2)
Studies reported prevalence percent of incidence or
mortality of COPD (n=11)

Studied association between dietary factors and smoking
status (n=8)

Association between obesity, occupational exposure, other
diets (e.g. meat, aleohol, wine, dairy Jand lung function

Y

(n=15)

* Investigated nutritional status in COPD patients (n=>5)
e Considered blood or urine levels of nutrients in COPD

patients (n=31)

s Study about red meat consumption and nisk of COPD (n=1)

Articles were included in the meta-analysis (n-36)

& 10 cohort studies

« 6 population case-control studies

* 20 cross-sectional studies

Figure 1. Study selection stages.

a) Fruits
Study RR (95% CI1) Weight (%)
Cohort !
Miedema (1993) = 0.68 (0.54, 0.86) 17.51
Butler (2004) —=— 0.67 (0.52, 0.87) 15.44
Kaluza (2017) Z_ 0.73 (0.62, 0.85) 23.95
Subtotal (I?=0.0%, P=0.8) 0.70 (0.63, 0.79) 56.89
PCC
Watson (2002) —_— 0.45 (0.26, 0.77) 531
hirayama (2009) 0.82 (0.43, 1.54) 3.93
Subtotal (I = 49.7%,P = 0.16]——+] 0.59 (0.33, 1.06) 9.24
cs
Kelly (2003) —=— 0.76 (0.56, 1.03) 12.81
Vukovic (2010) N 0.94 (0.78, 1.13) 21.06
Subtotal (1% = 26.8%,P = 0.24) ™M 0.88 (0.72, 1.07) 33.87
100.00

Overall (17 =43.9%,P =0.1) <&

NOTE: Weights are from random effects analysis

0.74 (0.65, 0.85)

b) Vegetables
Study RR (95% CI)  Weight(%)
Cohort
Butler (2004) - 0.92(0.70, 1.21) 18.38
Kaluza (2017) - 0.82(0.70, 0.97) 21.82
Subtotal (1% = 0.0%, P= 0.48) O 0.85(0.73,0.97) 40.19
PCC
Watson (2002) 0.46 (0.23,0.94) 7.74
hirayama (2009) 0.62 (0.32, 1.20) 8.42
Subtotal (1= 0.0%, P= 0.55F—— 0.54 (0.33, 0.87) 16.16
cs
La Vecchia (1998) - 0.69 (0.61, 0.80) 2254
Vukovic (2010) i 1.23 (1.02, 1.48) 21.11
Subtotal (I?=95.8%, P =0.00) ~———t— 0.92(0.52, 1.62) 43.64
Overall (I12=82.1%, P =000) </ 0.82 (0.65, 1.04) 100.00

NOTE: Weights are from random effects analysis
T

1 1

10

1

-
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c) Fiber d) Vitamin E
Study RR(95% CI)  Weight(%) Study RR(95% CI) Weight(%)
Cohort ; Cohort
Butler (2004) = 0.61(0.47,0.78) 19.22 Joshi (2015) S 0.54 (0.38, 0.77) 13.73
Varraso (2010) == 0.59 (0.48, 0.73) 21.86 Subtotal (I2=.%, P=) > 0.54 (0.37,0.77) 1373
Kaluza (2018) = 0.62 (0.53, 0.71) 26.40
Subtotal (1°=0.0%, P =0.93) < 0.61 (0.55, 0.68) 67.49 PCC
' Chen (2001) 0.77 (0.38, 1.54) 4.93
PCC Lin T 0.88 (0.69, 1.11) 21.69
hirayama (2009) 0.49 (0.26, 0.95) 5.89 Subtotal (12 = 0.0%, P = 0.72) <3 0.87 (0.69, 1.09) 26.62
Subtotal (I = %, P = ) <—__—— 0.49 (0.26, 0.94) 5.89 :
CS !
cs Rautalahti (1997) = 0.87(0.82,0.91) 37.53
Kan (2008) = 0.84 (0.73, 0.96) 26.62 Grievink T 1.07(0.85,1.35) 22.12
Subtotal (I1>= .%, P =) Ol 0.84 (0.72, 0.96) 26.62 Subtotal (I = 66.1%, P = 0.09) < 0.94 (0.77,1.14) 59.65
Overall (I2=69.2%, p = 0.01) 0.65 (0.55, 0.78) 100.00 Overall (I?=60.1%, P = 0.04) 0.85 (0.72, 1.00) 100.00
NOTE: Weights are from random effects anplysis NOTE: Weights are frolm random effects analysis .
: ‘

1 1 10

1 1 10

Figure 2. Forest plots of the association between intake of fruit (a), vegetables (b), dietary fiber (c), and vitamin E (d) and COPD outcomes and

symptom.

DISCUSSION

There has been growing interest in the effects of foods
and nutrients with antioxidant or anti-inflammatory
properties on lung function or COPD symptoms (33).
These investigations are mainly epidemiologic studies with
inconsistent results.

This study was intended to systematically review all
epidemiologic evidence related to the association between
some antioxidant and anti-inflammatory dietary factors
and COPD. The results showed that ample consumption of
fruit significantly reduced the risk of COPD outcomes and
symptoms. In addition, subgroup analyses by study
design, as a sensitivity analysis, similarly supported the
results obtained through a meta-analysis of longitudinal
studies. Fiber intake reduced the risk of COPD outcomes
and symptoms according to cohort studies, whereas n-3
and n-6 fatty acids intakes were not associated with the
risk of COPD. The findings also indicated that high
vitamin E intake significantly reduced the risk of COPD
outcomes and symptoms.

According to epidemiological studies, diets rich in
fruits, vegetables, and vitamins protect against chronic
diseases, such as cardiovascular disease and cancer. Fruits
and vegetables are rich in several types of vitamins and

bioactive components (57). It has been reported that

increased oxidative stress is a potential pathogenic factor
for COPD (58). Therefore, it is suggested that the negative
association between fruits and vegetables intake and
COPD-related outcomes might be partly due to the
antioxidant properties of these nutrients, such as vitamin
C, flavonoids, and carotenoids (26, 59). Previous studies
have supported the protective effect of flavonoids on
COPD symptoms (25, 60). These compounds may protect
against oxidant-mediated damage that leads to COPD (27).
Although these antioxidants can be found in almost all
fruits and vegetables, fruits have higher levels of
antioxidants (61). This difference suggests a possible
explanation for the observation that the association
between COPD and high fruit intake was stronger than
high vegetable intake.

Notably, longitudinal studies support the negative
association between fiber intake and COPD that can be
related to anti-inflammatory properties of dietary fiber
(26). In agreement with our findings, some prospective
studies supported strong associations between long-term
increased fruits and fiber intake and health conditions (62).
Fiber intake is associated with lower levels of C-reactive
protein and pro-inflammatory cytokines and higher levels
of some anti-inflammatory cytokines, such as adiponectin

(63, 64). Lignans, which are constituents of dietary fibers
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and whole grains, inhibit type I-IV allergic inflammation
and pro-inflammatory enzymes (65); however, the exact
mechanism underlying dietary anti-inflammatory activity
of fiber is unclear (26).

A healthy lifestyle, and a healthy diet, in particular,
might be another explanation for the observed association
between fruits intake and COPD related outcomes (66).
Given that significant results were observed in
longitudinal and cross-sectional studies, and also the
included studies were mostly adjusted for several
indicators of a healthy lifestyle (e.g., smoking, alcohol
consumption, physical activity, and energy intake), the
findings suggested that factors associated with a healthy
lifestyle may not substantially affect the relationship
between fruits, vegetables, and fiber intake and the risk of
COPD. Another underlying issue regarding the association
observed in this study might be the confounding effects of
smoking. It has reported that smokers have lower intakes
of fruit, vegetables, and whole grain products; on the other
hand, they higher need vitamin C and f-carotene (66). The
extent to which residual confounding factors influenced
the results might not be significant, as most of the included
studies had reported adjusted effect sizes; however, it
cannot be concluded that underlying factors related to a
healthy diet or the residual confounding effect of smoking
may affect the observed associations.

The findings showed that vitamin E reduced the risk of
COPD symptoms; however, no associations were found in
pooled analysis of both symptoms and outcomes. This
antioxidant vitamin may protect the lungs from oxidative
damage caused by smoking or air pollution. Vitamin E is a
free radical scavenger found in tissue membrane, as well as
intracellular and extracellular lung fluids. In extracellular
lung fluid and lipid membranes, vitamin E converts
oxygen radicals and lipid peroxyl radicals to less reactive
forms (67). A negative relationship was also observed
between the intake of vitamin C and the risk of COPD. In
this study, the interaction between these vitamins had not

been investigated, and their synergic effects had not been

Seyedrezazadeh E, et al. 305

quantified. Additionally, considering the biological
interaction between vitamins C and E, the extent to which
the protective effect of vitamin E is related to that of
vitamin C is unresolved (68).

The results of the meta-analysis did not support the
association between the intake of unsaturated fatty acids
(n-3 and n-6 fatty acids) and the risk of COPD.
Observational studies have been conducted based on the
hypothesis that n-6 fatty acids could stimulate the
production of pro-inflammatory eicosanoids, while anti-
inflammatory n-3 fatty acids might promote the
metabolism of these molecules into less biologically active
eicosanoids, such as leukotriene B5 (69).

The current study had some limitations. Some analyses
were based on only two studies, and few prospective
studies were included. Furthermore, the null findings
suggest that the effect of any individual nutrient in
reducing the risk of COPD may be too small to detect;
however, when several nutrients are consumed together,
the cumulative effect may be sufficient for detection (17).
Although some articles were cross-sectional studies, but
the cohort study, which included in the pooled analysis
studies, exhibited logical outcomes. Another limitation of
this meta-analysis was the heterogeneity identified in some
of the pooled analyses, which may be attributed to the
sample sizes, small number of the studies included, or the
distribution of effective modifiers that were not
investigated in the primary studies and could not be
detected. Studying an overall dietary approach rather than
specific foods or nutrients is effective in investigating the
association between dietary patterns and diseases more
comprehensively. However, this study revealed a strong
negative association with taking fruits and the risk of
COPD (70).

Our results support nutritional interventions
encouraging taking fruits, and probably fish, and dietary

fiber, which can reduce the risk of COPD outcomes and

symptoms significantly.
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