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Abstract
Background: Chronic obstructive pulmonary disease (COPD) is a major public health problem worldwide.

Smoking is the number one cause of COPD; however, genetic, environmental and dietary factors contribute to
the etiology of this disease. In this study, we assessed the association between three diet quality indices -the
Healthy Eating Index-2005 (HEI-2005), the Healthy Eating Index-2010 (HEI-2010), and Mediterranean Diet
Score (MED)- and the severity of disease in COPD patients.

Methods: This cross-sectional study was performed at  Rasul-e-Akram Hospital in Tehran on 121 COPD pa-
tients with the mean age of (SD) of 66.1(10.9) years. A pulmonary specialist diagnosed all participants based on
a spirometry test. They were categorized into four groups (1, 2, 3, 4 stages of disease). Three diet quality indi-
ces, spirometry test and determination of disease severity were performed for all the participants. ANCOVA and
Kruskal-Wallis test were used to assess the relationship between dietary quality indices and severity of the dis-
ease. The relationship between HEI-2010, HEI-2005, MED score, their components and lung function was as-
sessed using a multiple linear regression analysis. All analyses were done using SPSS 18.

Results: Reduction of the Healthy Eating Index-2010 and MED score were observed along with the increase in
disease severity, but they were not significant. The relationship between the three diet quality indices and lung
function showed a significant association between MED score and Forced expiratory volume in one second
(FEV1), The Forced Vital Capacity (FVC) (β=2.9, 95% CI (1.1, 4.8), p=0.002), (β=2.8, 95% CI (0.9, 4.8),
p=0.007), respectively.

Conclusion: Mediterranean dietary pattern and obtaining a better score on HEI-2010 diet were associated with
a better lung function test.
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Introduction
Chronic respiratory diseases constitute a

public health problem worldwide (1).
COPD is a debilitating condition that could
end in morbidity and death. COPD patients
suffer from limited airflow and systemic
inflammation of the lungs and other organs
and have an impaired quality of life (2).
Several comorbidities such as hypertension,
diabetes mellitus and cardiovascular dis-

ease (CVD) are common in COPD patients.
COPD is a lengthy and costly disease to
treat (3). According to the 2010 Global
Burden of Disease report, COPD was the
third most common cause of death in the
world (4), with a global prevalence of 10%
(5). Proportionally speaking, low- and mid-
dle-income countries presently have the
highest number of chronic respiratory dis-
ease patients worldwide (5). Tobacco
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smoking is the greatest risk factor of COPD
(6). However, COPD appears in only about
20% of smokers (7) and about one third of
COPD patients are non-smokers, suggest-
ing that other factors  such as (4)genetic
and environmental factors ; namely, (8)
outdoor and indoor pollution, exposure to
pollutants at the workplace may contribute
to the development of this disease (4).

Disease management has focused mostly
on smoking; hence, other modifiable fac-
tors, which could potentially alter the
course of the disease, have been largely ig-
nored. Although one of such factors is diet,
the association between diet and the risk of
COPD has not been yet well-documented
(4).

As lungs function in an oxygen rich envi-
ronment, it is reasonable to posit that cer-
tain exposures (and local inflammation) can
further increase the burden of oxidants. The
balance between these potentially toxic
substances and the protective actions of an-
tioxidant defenses, including those derived
from diet, may play a role in the loss of
lung function over time and the eventual
development of COPD (9).

Antioxidant vitamin intake (e.g., vita-
mins C and E, β-carotene) (9) foods rich in
antioxidants (e.g. fruits and vegetables),
omega-3 fatty acids and fish consumption
have been shown to demonstrate positive
effects on respiratory symptoms (10). Some
studies demonstrated that whole fruit intake
has a stronger effect than simply consum-
ing vitamins such as vitamin C and carote-
noids, which are also present in fruits.
Moreover, other nutrients may be equally
effective in providing protection to the
lungs from oxidative stressors (10). On the
other hand, frequent consumption of cured
meat raises the risk of occurrence of COPD
and obstructive pattern of lung function
(11). According to a cohort study on Chi-
nese Singaporeans, a higher consumption
of fiber also proved protective against the
development of symptoms of chronic bron-
chitis (12).

Another large cohort study on American
women (13) and men (8) with ‘‘prudent’’

dietary pattern (i. e., with ample intakes of
fruits, vegetables, fish, whole grains) re-
vealed that this diet reduced the risk of
newly diagnosed COPD.  However, it was
found that a ‘Western’’ diet (i.e., with am-
ple intakes of cured and red meats, desserts,
refined grains, French-fries) escalated the
risk of newly diagnosed COPD (13).

Nevertheless, individual nutrients and
foods are the sole subject of some of the
studies. However, since foods are taken as
a whole and nutrients do interact with each
other, it has been suggested that any study
done on this subject should assess the over-
all diet (8,14).

Diet quality indices are instruments for
evaluating overall diet quality and are
based on nutritional requirements and
guidelines, by which researchers are able to
analyze nutrients and food interactions and
provide suitable diets (4).

The aim of this study, which has been
performed for the first time, was to exam-
ine the association between three diet quali-
ty indices -the Healthy Eating Index-2005
(HEI-2005), the Healthy Eating Index-2010
(HEI-2010), and Mediterranean diet score
(MED)- and the severity of disease in
chronic obstructive pulmonary patients.

Methods
This cross-sectional study was performed

from Jan 2014 to May 2015 in Rasul-e-
Akram Hospital in Tehran on 121 COPD
patients with a mean age (SD) of 66.1
(10.9) years. A pulmonary specialist diag-
nosed all the participants with COPD, using
a spirometry test. COPD severity for all
participants was determined in accordance
with the Global Initiative for Chronic Ob-
structive Lung Disease (GOLD) guidelines.
At the time of the study, all COPD patients
were no more exacerbated and were in a
stable condition. The exclusion criteria
were as follows: Liver, heart or kidney fail-
ure, cancer, endocrine abnormalities and
fever, presence of other pulmonary diseases
in addition to COPD. The medications tak-
en by each participant was recorded. Since
all the participants suffered from pure
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COPD, no significant difference was no-
ticed based on their medication consump-
tion. All were informed and signed a writ-
ten consent prior to taking part in the study.
The Ethics Committee of Isfahan Universi-
ty of Medical Sciences approved this study.

Spirometry and Determination of COPD
Severity

The spirometry test is a simple and the
most common of the pulmonary function
tests and measures lung function, using a
device called a spirometer. All participants
underwent the test with a nurse who was
specially trained to perform spirometry.
Patients were instructed not to use Bron-
chodilator on the day of pulmonary func-
tion assessment. All patients were studied
in a sitting position. Data were used from
the highest amount of flow volume curve
Forced Vital Capacity (FVC) and Forced
Expiratory Volume in One Second (FEV1)
for the calculations. FEV1 was expressed
as FEV1% predicted based on gender,
height and age, using the reference of the
American Thoracic Society. Moreover, the
severity of disease in accordance with
GOLD guidelines was determined and was
as follows (15):

Stage1: FEV1/FVC<70% and FEV1≥
80%,

Stage2: FEV1/FVC<70% and
50%≤FEV1<80%,

Stage3: FEV1/FVC<70% and
30%≤FEV1<50%,

Stage4: FEV1/FVC<70% and
FEV1<30%,

Assessment of Dietary Intake and Diet
Quality Indices

Dietary Intake: We used a verified FFQ
to collect dietary intake information of the
previous 12 months. The FFQ has been
used in many studies in Iran. A validation
study of the FFQ, which was conducted on
132 randomly selected participants, showed
high reliability for nutrients. For instance,
the correlation coefficients were 0.81 for
dietary fiber, 0.85 for magnesium and 0.79
for vitamin E. Validity was verified by

comparing FFQ with intakes gathered from
the average of twelve 24-hour dietary re-
calls (one for each month of the year).The
observed correlation coefficients were 0.69,
0.61 and 0.67 for dietary fiber, vitamin E
and magnesium consumption, respectively.
In general, these data reveal the valid
measurements of the average long-term
dietary intakes as provided by the FFQ
(16).

Each food was organized into its standard
portion size. There were nine categories of
frequency of consumption for each food on
the list covering -never to- six times per
day. A nutrient database (Nutritionist IV)
was used to analyze all food items, and an
educated dietitian carried out the FFQ.

In this study, we used three diet quality
indices such as Healthy Eating Index-2005
(HEI-2005), Healthy Eating Index-2010
(HEI-2010) and Mediterranean-diet score
(MDS) to assess total diet quality in COPD
patients.

Details on the diet quality indices, their
components and the scoring levels are de-
scribed in Appendix 1.

Diet Quality Indices: Guenther et al. pro-
posed HEI-2005 according to MyPyramid
and the dietary guidelines of 2005. Twelve
components of the index are scored ranging
from 0 to 100. With this index, the adequa-
cy and moderation of the diet can be as-
sessed.

Total grains, whole grains, total vegeta-
bles, dark-green vegetables, orange vegeta-
bles, and legumes, total fruit, and whole
fruit are scored 0 to 5 points each; milk,
meats and beans, oils, saturated fat and so-
dium are scored 0 to 10 points each; and
one component (calories from solid fat, al-
cohol, and added sugar) is distributed 0 to
20 points.

Scoring components are energy-adjusted
on a density basis (per 1,000 calories) (17).
Details on HEI-2005 components and scor-
ing are described in Appendix 1.

Scores are distributed evenly except for
saturated fat and sodium; these components
are assessed with 0 to 8 and 8 to 10 points
(with 8 and 10 points being the acceptable
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and optimal levels, respectively) (17,18).
Total score is divided into three levels:
scores<51 = ‘‘inadequate diet;’’ scores

between 51 and 80 = ‘‘diet requiring modi-
fications;’’ and scores >80 =‘‘healthy di-
et.’’(18)

Both HEI-2005 and HEI-2010 have 12
components, and the standard is set using
density approach or the percentage of calo-
ries (19).

Food quality was emphasized more in the
2010 edition of HEI; e.g., whole grains
were separated from the refined ones and
were more important in the index. To en-
courage healthy eating, seafood and plant
proteins and the ratio of unsaturated to sat-
urated fatty acids were introduced (19,20).
Details are presented in Appendix 1.

Trichopoulou et al. designed MDS to ana-
lyze adherence to the traditional Mediterra-
nean diet. The original index included nine
items: Vegetables, legumes, fruits and nuts,
dairy, cereals, meat and meat products, fish,
alcohol, and the monounsaturated to satu-
rated fat ratio. However, it was later edited
to include fish consumption (21).

In this study, the original MDS was al-
tered: Two separate groups were created for
nuts and fruit components. Alcohol compo-
nent was deleted; a negative point was giv-
en to the ratio of red meat to white meat;
and whole grain and refined grain were cat-
egorized into two groups. Polyunsaturated
fatty acid (PUFA) replaced MUFA intake
(22). For each component of MDS, the me-
dian of the target group consumption was
calculated, and then the score of zero and
one were allocated to the healthy compo-
nents if they were below the median and
above the median, respectively. If the det-
rimental component consumption was be-
low the median, the score of 1 was given.
When it was at or above the median, a
score of 0 was assigned (21,22).

Ultimately, the edited MDS includes: (i)
fish, (ii) fruits, (iii) legumes, (iv) nuts, (v)
PUFA : SFA, (vi) vegetables, (vii) whole
grains, (viii) refined grains, (ix) dairy prod-
ucts, and (x) ratio of red and processed
meats to white meat. Thus, the total score

has a range from 0 (lowest adherence) to 10
(highest adherence) (22) (Appendix 1).

Assessment of Other Variables
Information on smoking status included

the categories of never- smokers, ex-
smokers, and current smokers. Educational
achievements were categorized in four
groups (illiterate, high school, high school
graduation, university). Body weight was
assessed with a beam scale to the nearest
0.1 kg with the participants standing bare-
foot and in light clothing. Height was
measured by a clinical stadiometer in bare
or stocking feet. BMI, defined as weight
(kg) divided by the square of height (me-
ters), was calculated.

Statistical Analysis
We used Kolmogorov-Simonov test to

assess the normal distribution of data.
To assess the significant differences in

the HEI-2010 and HEI-2005 among GOLD
stages (three subgroups), ANCOVA test
was used; and Kruskal-Wallis test was uti-
lized for the MDS variable. BMI and smok-
ing status were observed as covariates.

Multiple linear regression analysis was
used to examine the relationship between
independent variables (diet quality indices,
their components, sex, educational levels,
BMI, age, smoking status), and FEV1, FVC
as dependent variables. All analyses were
performed using SPSS 18. A p-value less
than 0.05 was assumed as significant.

Results
This study was conducted on 121 COPD

patients (103 men: 85.1%; 18 women:
14.9%), with a mean age (SD) of
66.1(10.9) years, who were in the COPD
stages 1 to 4. The participants were divided
into four groups based on the severity of
the disease (GOLD stage): 3.3% of the
COPD patients were classified in stage 1;
38% in stage 2; 38% in stage 3; and 20.7%
in stage 4. Of the patients, 47.1% (n = 57)
and 52.9% (n = 64) were smokers (current
smokers) and non-smokers (ex-smokers
and never smokers), respectively. Nine of
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the smoker patients were female. Nine of
the female patients did not have any smok-
ing history, but some were passive smok-
ers, or had a history of bread baking using
biomass fuels in rural places. Some of the
non-smoker male patients were passive
smokers at work or exposed to occupational
pollutants.

Table 1 displays the characteristics of the
variables based on the diet quality indices.

In Healthy Eating Index, scores <51, 51-
80 and >80 equals poor diet, needs im-
provement and good, respectively. In MED
scale, scores 1-3, 4-6 and 7-10 means low
adherence, moderate and high adherence,
respectively.

Our results revealed that according to the
MED score, 28.9% of the participants ad-

hered little, 57.9% adhered moderately and
13.2% adhered highly to the Mediterranean
diet.

According to healthy index 2010, 37.2%
of the patients had a poor diet, 60.3% had
an inadequate diet and needed improve-
ment and 2.5% had good diet. According to
healthy index 2005, 14.9% of the partici-
pants had a poor diet, 79.3% needed im-
provement and 5.8% had a good diet. These
results are demonstrated in Table 1.

The results of dietary quality indices cat-
egorized by disease severity according to
GOLD stage are shown in Table 2. Four
COPD patients were in stage 1. For better
analysis, stage 1 and 2 were merged and
represented as stage 1, 2 in Table 2.

The mean value of the Mediterranean diet

Table 1. Distribution of the COPD Patients according to Dietary Quality Indices
Mediterranean - Diet score HEI-2005 HEI-2010

1-3
n(%)

35(28.9)

4-6
n(%)

70(57.9)

7-10
n(%)

16(13.2)

<51
n(%)

18(14.9)

51-80
n(%)

96(79.3)

>80
n(%)
7(5.8)

<51
n(%)

45(37.2)

41(39.8)
4(22.2)

51-80
n(%)

73(60.3)

>80
n(%)

Sex
Male
Female

30(29.1)
5(27.8)

60(58.3)
10(55.6)

13(12.6)
3(16.6)

16(15.5)
2(11.1)

81(78.6)
15(83.3)

6(5.8)
1(5.6)

60(58.3)
13(72.2)

2(1.9)
1(5.6)

Age
<60
>=60

13(39.4)
22(25)

16(48.5)
54(61.4)

4(12.1)
12(13.6)

5(15.2)
13(14.8)

27(81.8)
69(78.4)

1(3)
6(6.8)

17(51.5)
28(31.8)

16(48.5)
57(64.8)

0(0)
3(3.4)

Education level
Illiterate
High school
High school education
University

9(34.6)
16(30.8)
8(27.6)
2(14.3)

15(57.7)
28(53.8)
17(58.6)
10(71.4)

2(7.7)
8(15.4)
4(13.8)
2(14.3)

8(30.8)
7(13.5)
2(6.9)
1(7.1)

18(69.2)
41(78.8)
25(86.2)
12(85.8)

0(0)
4(7.7)
2(6.9)
1(7.1)

11(42.4)
20(38.5)
12(41.4)
2(14.3)

14(53.8)
31(59.6)
16(55.2)
12(85.7)

1(3.8)
1(1.9)
1(3.4)
0(0)

Smoking status
Current smoker
Ex-smoker
Never smoker

18(31.6)
12(30.8)

5(20)

35(61.4)
20(51.3)
15(60)

4(7)
7(17.9)
5(20)

8(14)
9(23.1)

1(4)

46(80.7)
28(71.8)
22(88)

3(5.3)
2(5.1)
2(8)

28(49.1)
14(35.9)

3(12)

28(49.1)
25(64.1)
20(80)

1(1.8)
0(0)
2(8)

BMI
<20kg/m2

20-24.9 kg/m2

25-29.9 kg/m2

>30 kg/m2

8(38.1)
11(22.9)
10(27.8)
6(37.5)

8(38.1)
36(75)
18(50)
8(50)

5(23.8)
1(2.1)
8(22.2)
2(12.5)

4(19)
9(18.7)
4(11.1)
1(6.3)

16(76.2)
37(77.1)
29(80.6)
14(87.4)

1(4.8)
2(4.2)
3(8.3)
1(6.3)

9(42.8)
20(41.7)
13(36.1)
3(18.7)

11(52.4)
28(58.3)
21(58.3)
13(81.3)

1(4.8)
0(0)

2(5.6)
0(0)

Severity of disease
Stage 1,2
Stage 3
Stage 4

10(20)
15(32.6)
10(40)

30(60)
27(58.7)
13(52)

10(20)
4(8.7)
2(8)

6(12)
7(15.2)
5(20)

42(84)
34(73.9)
20(80)

2(4)
5(10.9)

0(0)

17(34)
16(34.8)
12(48)

32(64)
28(60.9)
13(52)

1(2)
2(4.3)
0(0)

HEI-2010: Healthy Eating Index- 2010, HEI-2005: Healthy Eating Index-2005, MED: Mediterranean Diet, Healthy Eating Index, scores <51, 51-80
and >80 equals “poor diet”, “needs improvement” and “good” respectively. In MED scale, scores 1-3, 4-6 and 7-10 means low adherence, moderate
and high adherence respectively

Table 2. Relation of Diet Quality Indices and GOLD Stage in COPD Patients
Score Stage 1,2 Stage  3 Stage 4 p
Mediterranean diet score 5.1(1.7)* 4.5(1.5) 4(1.6) NS
Healthy Eating Index-2010 (HEI-2010) 56.8(13.5) 55.8(12.1) 52.7(11.3) NS
Healthy Eating Index-2005 (HEI-2005) 63.7(11.2) 64.4(11.8) 61(10.7) NS

* Mean (SD)
MED score from 0 to 10, HEI-2010 from 0 to 100, HEI-2005 from 0-100
Results of diet quality indices by GOLD stage in COPD patients are adjusted for BMI and smoking status
NS means not significant



Diet quality & chronic obstructive pulmonary disease

6 Med J Islam Repub Iran 2016 (31 May). Vol. 30:380.http://mjiri.iums.ac.ir

score and Healthy Eating Index-2010 (HEI-
2010) diminished as the severity of disease
increased; the results of HEI-2010 and
HEI-2005 measurements did not signifi-
cantly differ among disease stages.

Kruskal-Wallis test was used to assess
MED score difference among GOLD stages
(three subgroups). BMI and smoking status
were observed as covariates. The results of
MED score measurements did not signifi-
cantly differ among disease stages (Table
2).

Multiple linear regression test revealed a
significant relationship between MED score

and FEV1, FVC (β=2.9, 95% CI (1.1, 4.8),
p=0.002), (β=2.8, 95% CI (0.9, 4.8),
p=0.007), respectively. Our results showed
that everyone increase in the MED score
was associated with a 2.9 increase in FEV1;
also, a one-unit increase in MED score was
associated with a 2.8 increase in FVC.

The association of dietary quality indices
and lung function in COPD patients is pre-
sented in Table 3.

We conducted an additional analysis and
examined the association between the com-
ponents of the three diet quality indices
(MED, HEI-2010, HEI-2005) and lung

Table 3. Association of Dietary Quality Indices & their Components with Lung Function in COPD Patients
Variables FEV1 FVC

Coefficient (95% CI) p Coefficient (95% CI) p
MED score 2.9(1.1,4.8) *0.002 2.8(0.9,4.9) * 0.007
Components of MED
 Vegetables 0.04(0.01,0.08) *0.009 0.03(0.0,0.07) *0.041
 Fruits 0.01(-0.01,0.03) 0.338 0.01(-0.01,0.03) 0.405
 Fish 0.01(-0.1,0.2) 0.887 0.07(-0.1,0.3) 0.520
 Legumes 0.08(-0.1,0.3) 0.392 0.03(-0.1,0.3) 0.730
 Nuts 0.1(-0.04,0.3) 0.148 0.06(-0.1,0.3) 0.483
Whole grains 0.01(-0.01,0.04) 0.295 0.01(0.01,0.04) 0.462
 Dairy products *-0.004(-0.02,0.01) 0.682 ®0.0(-0.02,0.01) 0. 791
PUFA : SFA 5.8(0.01,11.5) *0.049 8(1.7,14.2) *0.013
Red & processed meat : white meat ®-0.4(-1.4,0.7) 0.516 ®-0.2(-1.2,1) 0.748
Refined grains ®-0.01(-0.03,0.004) 0.120 ®-0.01(-0.03,0) 0.207
HEI-2010 0.2(-01,0.5) 0.210 0.1(0.1,0.4) 0.365
Components of HEI-2010
Total Fruit 3.4(-5.4,12) 0.445 2.8(-6.8,12.5) 0.563
Whole Fruit 2.1(-7.5,11.8) 0.662 1.5(-9,12) 0.777
Total Vegetables 3.8(-6,13.5) 0.447 3.3(-7.5,14) 0.544
Greens and Beans 0.9(-14,12) 0.820 1.9(-13,17) 0.794
Whole Grains 1.5(-0.5,3.5) 0.149 1(1,3.2) 0.327
Dairy ®-0.3(-1.6,1) 0.372 ®-0.3(-1.7,1.2) 0.722
Total Protein Foods 2.1(-1.8,5.9) 0.291 2.5(-1.8,6.7) 0.265
Seafood and Plant Proteins 4.9(-0.1,10.7) 0.1 3.9(-2.5,10.5) 0.233
Fatty Acids 4(0.1,7.8) ®0.043 5(0.8,9.1) ®0.019
Refined Grains ®-1.7(-3.5,0.3) 0.084 ®-1.3(-3.2,0.8) 0.229
Sodium 0.004(0.0,0.0) 0.051 0.004(0.0,0.0) 0.082
Empty Calories ®-0.2 (-0.8,0.3) 0.472 ®-0.2 (-0.8,0.4) 0.622
Components of HEI-2005 0.1(-0.2,0.4) 0.588 0.04(0.2,0.4) 0.788
Total Fruit 3.4(-5.4,12) 0.445 2.8(-6.8,12.5) 0.563
Whole Fruit 2.1(-7.5,11.8) 0.662 1.5(-9,12) 0.777
Total Vegetables 3.8(-6,13.5) 0.447 3.3(-7.5,14) 0.544
Dark Green and Orange Vegetables
and Legumes

®-0.3(-2.2,1.6) 0.769 ®-0.5(-2.6,1.6) 0.639

Total Grains ®-0.7(-3,1.8) 0.602 ®-0.6(-3.5,2) 0.665
Whole Grains 1.5(-0.5,3.5) 0.149 1(1,3.2) 0.327
Milk ®-0.3(-1.6,1) 0.372 ®-0.3(-1.7,1.2) 0.722
Meat and Beans 2(-1.8,5.9) 0.291 2.5(-1.9,6.8) 0.261
Oils 0.2(-0.1,0.6) 0.249 0.01(-04,0.4) 0.949
Saturated Fat ®-0.7(-2.2,0.8) 0.331 ®-1.6(-3.2,0.03) 0.053
Sodium 0.004(0.0,0.0) 0.051 0.004(0.0,0.0) 0.082
Calories from SoFAAS ®-0.2 (-0.8,0.3) 0.472 ®-0.2 (-0.8,0.4) 0.622

FEV1: Forced Expiratory Volume in 1 Second, FVC: Forced Vital Capacity, HEI-2010: Healthy Eating Index- 2010, HEI-2005: Healthy
Eating Index-2005, MED: Mediterranean Diet, PUFA: poly unsaturated fatty acid, SFA: saturated fatty acid. SoFAAS: solid fats and
added sugars. All components are explained in appendix1
*p<0.05 is significant., ® non-significant inverse relationship
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function parameters, using multiple linear
regression analysis. The results of examin-
ing the relation between MED score, HEI-
2010, HEI-2005, their components and
FEV1, FVC are presented in Table 3. A
significant positive relationship was found
between vegetables (β=0.04 ; 95% CI
(0.01,0.08), p=0.009), (β=0.03; 95%CI
(0.0,0.07), p=0.041), the ratio of PUFA to
SFA (β=5.8; 95% CI (0.01,11.5), p=0.049)
(β=8; 95% CI (1.7,14.2), p=0.013) of
MED component and FEV1, FVC, respec-
tively (Table 3).

In MED quality index, an inverse associa-
tion was observed between the component
of ratio of red and processed meat to white
meat, dairy products and refined grains of
MED diet score with FEV1 and FVC, but
this negative relationship was not signifi-
cant (Table 3).

We found a significant positive relation-
ship between the score of fatty acids (Ratio
of poly- and monounsaturated fatty acids to
saturated fatty acids) and FEV1, FVC,  re-
spectively, in the COPD patients (β=4; 95%
CI (0.1,7.8), p=0.043) (β=5; 95% CI
(0.8,9.1), p=0.019). In addition, an inverse
relationship was detected between refined
grains, dairy, empty calories and lung func-
tions in HEI-2010, although not significant.
Moreover, we observed a non-significant
negative relation between total grain, satu-
rated fat, milk and calories from SoFAAS
and lung function parameters in HEI-2005
(Table 3).

Discussion
In this cross- sectional study, the associa-

tion between lung function parameters and
three dietary quality indices was examined
in a population of 121 patients with COPD
in stages 1-4.

Based on HEI-2010 and HEI-2005, our
results showed that most individuals had
the diet score of “needs improvement”; and
when the score was based on MED scale, it
was observed that 57.9% of the COPD pa-
tients were in “moderate adherence group”.
This is one of the first studies to make an
overall assessment of the diet quality of

COPD patients.
Results of this study revealed that meas-

ured parameters (Mediterranean diet score,
Healthy Eating Index-2010 (HEI-2010) de-
creased in the COPD patients as the disease
became more severe. These reductions
were much more severe in stage 4 than in
any other stage.

Since lungs function in an oxygen rich
environment, they are more susceptible to
inflammations and oxidants; hence, they
require more anti-oxidant defense, which
are extracted from the daily diet. Therefore,
a balanced diet plays a crucial role in the
lungs’ health and in preventing COPD pro-
gression (9). A higher HEI-2010, HEI-2005
and Mediterranean diet score reflects high
intakes of vegetables, fruits, whole grains,
polyunsaturated fatty acids, MUFA, nuts.
Furthermore, low intakes of red and pro-
cessed meat, refined grains, empty calories
and sodium were associated with a better
lung function test (19,21).

These findings confirm that diet quality
index scores are vital to chronic diseases,
and particularly in this case, to the patho-
genesis of COPD (9).

To date, the role of nutrition in disease
prevention was analyzed one nutrient at a
time and studies have concentrated on their
impact on general health. However, the in-
teraction between different nutrients is of
great importance (8,14). Hence, diverse diet
indices have been designed to measure the
overall compliance with a given diet, using
certain components and then scoring them
(4).

Our findings confirmed the findings of a
previous prospective cohort study per-
formed on the association between dietary
patterns and Alternate Healthy Eating In-
dex 2010 (AHEI-2010) and the risk of new-
ly diagnosed COPD in participants in the
Nurses’ Health Study and the Health Pro-
fessionals Follow-up Study in the United
States (4). That study showed that the “pru-
dent pattern” diet was negatively and
“Western pattern” diet positively associated
with the risk of the onset of COPD (8,13).
In addition, the risk of newly diagnosed
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COPD was inversely associated with the
AHEI-2010 diet score (4).

Five studies have explored the links be-
tween dietary pattern and lung function or
COPD symptoms or its occurrence. Four of
them observed a detrimental function of the
“Western pattern” diet. One of these studies
was conducted on the Chinese Singapore-
ans, whose diet included high intake of
chicken, pork, fish, rice and noodle dishes,
and preserved foods (23). Another was
done among the Dutch adults, whose diet
pattern included a consumption of cured
and red meat, potato, boiled vegetables,
added fat, coffee, and beer (24). Another
one was performed among the U.S. adults.
The Americans consumed a high amount of
cured and red meat, refined grains, desserts,
sweets, French- fries, and full fat dairy
products (8,25).

To the best of our knowledge, this was
one of the first studies to investigate the
association between diet quality (through
dietary quality indices) and the severity of
disease (according to GOLD stage) and
lung function parameters in COPD patients.

Our results showed that selecting those
components from the three dietary indices
that correspond to healthy foods such as
vegetables and healthy fat might have posi-
tive effects on the lung function. In addi-
tion, a higher ratio of red and processed
meat to white meat, an increased intake of
refined grains, empty calories and saturated
fatty acids were accompanied with an in-
verse association with lung function.

One of the remarkable results of this
study was finding a significant relationship
between healthy fat consumption and better
lung function and an inverse relationship
between saturated fat and lung function.

According to one study, in the general
population, an increase in the consumption
of n-3 fatty acid was linked to a higher lung
function in smokers and correlated to a de-
crease in the incidence of chronic bronchi-
tis, emphysema and COPD, as detected by
pulmonary function test (26). Another
study observed a positive relation between
trans-fatty acid intake and prevalence of

asthma, eczema and hay fever (27). Never-
theless, there is only limited evidence on
the relation between individual fatty acids
and lung function. Our findings are similar
to those of previous studies although these
studies were done on asthma not COPD.

In this study, a non-significant inverse re-
lation was found between refined grains,
total grains, calories from SoFAAS with
lung function.

According to Varraso et al., the “Western
pattern” diet was linked with a lowered
lung function because this diet is rich in
foods categorized in the “high glycemic”
index, and it has been proposed that hyper-
glycemia is linked to damaged lung func-
tions (4). McKeever et al. also observed
that an increased consumption of refined
foods was linked to a fast decline in FEV1
over a five- year period (24). According to
the current hypothesis, the COPD patho-
genesis involves an up regulation of in-
flammatory biomarkers, which in turn
cause connective tissue damage due to
smoking. According to Walter et al. an as-
sociation exists between glycemic state and
lowered lung function. The regulation of
inflammatory pathways might be influ-
enced by hyperglycemia, which could also
increase the inflammatory response in the
lungs and could help develop chronic venti-
lator degradation (28).

According to a study, postprandial blood
glucose might act as a more important risk
factor than fasting hyperglycemia in case of
cardiovascular diseases. Sudden increases
in glycemic state might act as surrogate
markers of oscillations of plasma glucose
after meals. They observed that cytokine
levels were influenced more by oscillatory
hyperglycemia than by continuous hyper-
glycemia; hence, IGT might intensify this
situation (29).

Our results on refined grains and added
sugar and worsened lung function were
consistent with those of previous studies.

Furthermore, in some studies diet patterns
rich in processed and red meat accompa-
nied lower FEV1 and a more prevalent
COPD. One of the main causes could be
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the existence of nitrite in processed meat,
which could produce reactive nitrogen spe-
cies, which in turn could amplify nitrosa-
tive stress. This stress may help the deterio-
ration progression in lung function (4).
What we observed corresponded to the
findings of the previous study: An inverse
relation between the ratio of red and pro-
cessed meat to white meat in the partici-
pants.

One of the components studied in this pa-
per was sodium. Four cross- sectional stud-
ies found a positive association between
sodium intake and airway hyper-reactivity
or asthma, but four other studies observed
no correlation (30). A study observed an
intensified airway inflammation in asthmat-
ic subjects following exercise when the diet
was rich in salt. Nevertheless, no data were
found on COPD patients (31). In this study,
we observed no inverse relationship be-
tween sodium and lung function.

In addition, we found a non-significant
inverse relationship between dairy products
intake and lung function, which may be due
to the high amount of fat in dairy products
consumed by the COPD patients; most of
the participating patients consumed high fat
cheese and yogurt.

In one study, they observed two different
dietary patterns. One diet was rich in fruit,
vegetables, fish, poultry, whole-grain prod-
ucts and low-fat dairy products; this diet
was linked to a significant lowered risk of
new cases of COPD. The other diet was full
of refined grains, cured and red meat, des-
serts and sweets, French- fries and high-fat
dairy products; this diet was linked to a
higher risk of COPD (25).

Thus, the cause of the negative relation
between dairy products and lung function
might be correlated to a high fat dairy con-
sumption. However, we need to conduct
more studies to understand this relation bet-
ter.

Another finding of our study demonstrat-
ed that a higher consumption of vegetables,
which were a component of MED index,
was linked to a better lung function. Ac-
cording to a study, “prudent pattern” diet,

which is rich in fruits and vegetables, is
linked to a lower newly diagnosed COPD
(8). This finding correlates with the previ-
ous epidemiological literature, which sug-
gests that antioxidant consumption has a
beneficial effect on COPD or FEV1 (9,32).

There were some limitations in the study.
Patients suffering from COPD showed
signs of boredom and lack of cooperation
with the medical staff due to their advanced
respiratory problems; thus, nutritional eval-
uation was hampered. The target group was
those with pure COPD, without any other
normally accompanying disease such as
asthma, cardiovascular and endocrine dis-
eases and this led to the time-consuming
process of finding a suitable sample group.

Conclusion
In summary, a higher MED scale, HEI-

2010 and HEI-2005 dietary score, a higher
intake of vegetables, ratio of PUFA to SFA
and a lower intake of red/processed meat to
white meat, empty calories and SFA were
associated with a better lung function alt-
hough in some parts it was not significant.
This novel finding supports the importance
of diet in managing COPD. However, ef-
forts to prevent COPD should continue to
focus on smoking cessation, and our find-
ings support the inclusion of a healthy diet
in programs to prevent or manage COPD.
Our results encourage clinicians to consider
the potential effect of a healthy diet in pro-
moting lung health. We highly recommend
that further studies be conducted on COPD
patients in this field.

Acknowledgements
The authors wish to thank the staff of

Hazrat-e-Rasool-e-Akram Hospital and its
hardworking and friendly pulmonary spe-
cialists who helped us throughout this pro-
ject. This project was been supported by
Isfahan University of Medical Sciences.

References
1. Nillawar AN, Joshi KB, Bharat Patil S,

Bardapurkar JS, Bardapurkar SJ. Evaluation of HS-



Diet quality & chronic obstructive pulmonary disease

10 Med J Islam Repub Iran 2016 (31 May). Vol. 30:380.http://mjiri.iums.ac.ir

CRP and Lipid Profile in COPD. JCDR 2013;7(5):
801-803.

2. Ghobadi H, Sadeghieh Ahari S, Kameli A, Lari
SM. The Relationship between COPD Assessment
Test (CAT) Scores and Severity of Airflow Ob-
struction in Stable COPD Patients. Tanaffos 2012;
11(2):22-26.

3. Sharifi H, Masjedi MR, Emami H, Ghanei M,
Buist S. Burden of Obstructive Lung Disease Study
in Tehran: Research Design and Lung Spirometry
Protocol. IJPM 2014;11.

4. Varraso R, Chiuve S, Fung TT, Graham Barr
R, Hu FB, Willett WC, Camargo CA. Alternate
Healthy Eating Index 2010 and risk of chronic ob-
structive pulmonary disease among US women and
men: prospective study. BMJ 2015;350:286.

5. Jaganath D, Jaime Miranda J, Gilman RH,
Wise RA, Diette GB, Miele CH, et al. Prevalence
of chronic obstructive pulmonary disease and varia-
tion in risk factors across four geographically di-
verse resource-limited settings in Peru. Respir.Res
2015;16:40.

6. Chermiti Ben Abdallah F, Taktak S, Chtourou
A, Mahouachi R, Ben Kheder A. Burden of Chron-
ic Respiratory Diseases (CRD) in Middle East and
North Africa (MENA). World Allergy Organ J
2011;4(Suppl 1):S6-S8 .

7. Hirayama F, Lee AH, Terasawa K, Kagawa Y.
Folate intake associated with lung function, breath-
lessness and the prevalence of chronic obstructive
pulmonary disease. Asia Pac J Clin Nutr 2010;19:
103-109.

8. Varraso R, Fung TT, Hu FB, Willett W, Ca-
margo CA. Prospective study of dietary patterns
and chronic obstructive pulmonary disease among
US men. Thorax 2007;62:786-791.

9. Vardavas CI, Flouris AD, Tsatsakis A, Kafatos
AG, Saris WH.Does adherence to the Mediterrane-
an diet have a protective effect against active and
passive smoking? Public Health 2011;125(3):121-
8.

10. Kan H, Stevens J, Heiss G, Rose KM, London
SJ. Dietary fiber, lung function, and chronic ob-
structive pulmonary disease in the Atherosclerosis
Risk in Communities (ARIC) Study1. Am J Epi-
demiol 2008;167(5):570-578.

11. Jiang R, Paik DC, Hankinson JL, Barr RG.
Cured meat consumption, lung function and chron-
ic obstructive pulmonary disease among US adults.
Am J Respir Crit Care Med 2007 Apr 15;
175(8):798-804.

12. Butler LM, Koh WP, Lee HP, Yu MC, Lon-
don SJ. Dietary fiber and reduced cough with
phlegm: a cohort study in Singapore. Am J Respir
Crit Care Med 2004;170:279-87.

13. Varraso R, Willett WC, Camargo CA Jr. Pro-
spective Study of Dietary Fiber and Risk of Chron-
ic Obstructive Pulmonary Disease Among US
Women and Men.  Am J Epidemiol 2010;171:776-
84.

14. Bosire C, Stampfer MJ, Subar AF, Park Y,
Kirkpatrick SI, Chiuve SE. Index-based Dietary Pat-
terns and the Risk of Prostate Cancer in the NIH-
AARP Diet and Health Study. Am J Epidemiol
2013;177:504-513.

15. Vestbo  J, Hurd  S S, Agust AG,Jones P W,
Vogelmeier C, Anzueto A, et al. Global Strategy
for the Diagnosis, Management, and Prevention of
Chronic Obstructive Pulmonary Disease, GOLD
Executive Summary. Am J Respir Crit Care Med
2013;187:347-365.

16. Esmaillzadeh A, Mirmiran P, Azizi F. Whole-
grain intake and the prevalence of hypertriglycer-
idemic waist phenotype in Tehranian adults. Am J
Clin Nutr 2005;81:155-63.

17. Guenther PM, Reedy J, Krebs-Smith SM,
Reeve BB, Basiotis PP. Development and Evalua-
tion of the Healthy Eating Index-2005: Technical
Report. 2007. Center for Nutrition Policy and Pro-
motion, U.S. Department of Agriculture. Available
at: http://www.cnpp.usda.gov/HealthyEatingIndex.
htm.

18. Guenther PM, Reedy J, Krebs-Smith SM.
Development of the Healthy Eating Index-2005. J
Am Diet Assoc 2008;108:1896-1901.

19. Guenther PM, Casavale KO, Reedy J, Kirk-
patrick SI, Hiza HA, Kuczynski KJ, et al. Update of
the Healthy Eating Index: HEI-2010, J Acad Nutr
Diet 2013;113(4):569-80.

20. Yu D, Sonderman J, Buchowski MS,
McLaughlin JK, Shu XO, Steinwande M, et al.
Healthy Eating and Risks of Total and Cause- Spe-
cific Death among Low-Income Populations of Af-
rican-Americans and Other Adults in the South-
eastern United States: A Prospective Cohort Study.
Journal.pmed 2015.

21. Trichopoulou A, Costacou T, Bamia C, Tri-
chopoulos D, Adherence to a Mediterranean Diet
and Survival in a Greek Population. N Engl J Med
2003;348:2599-2608.

22. Asghari G, Mirmiran P, Hosseni-Esfahani F,
Nazeri P, Mehran M, Azizi F. Dietary Quality
among Tehranian Adults in Relation to Lipid Pro-
file: Findings from the Tehran Lipid and Glucose
Study. J Health Popul Nutr 2013;31(1): 37-48.

23. Butler LM, Koh WP, Lee HP, Tseng M, Yu
MC, London SJ. Prospective study of dietary pat-
terns and persistent cough with phlegm among chi-
nese singaporeans. Am J Respir Crit Care Med.
2006 Feb 1;173(3):264-70.

24. McKeever TM, Lewis SA, Cassano PA, Ocké
M, Burney P, Britton J, et al. Patterns of dietary
intake and relation to respiratory disease, forced
expiratory volume in 1 s, and decline in 5-y forced
expiratory volume. Am J Clin Nutr 2010;92:408-
15.

25. Varraso R, Fung TT, Barr RG, Hu FB, Willett
W, Camargo CA. Prospective study of dietary pat-
terns and chronic obstructive pulmonary disease
among US women. Am J Clin Nutr 2007;86:488-



L. Yazdanpanah, et al.

11Med J Islam Repub Iran 2016 (31 May). Vol. 30:380. http://mjiri.iums.ac.ir

95.
26. McKeever TM, Lewis SA, Cassano PA, Ocké

M, Burney P, Britton J, et al. The relation between
dietary intake of individual fatty acids, FEV1 and
respiratory disease in Dutch adults. Thorax 2008;
63(3):208-214.

27. Weiland SK, von Mutius E, Husing A, Asher
MI. Intake of trans fatty acids and prevalence of
childhood asthma and allergies in Europe. Lancet
1999; 353:2040-1.

28. Walter RE, Beiser A, Givelber RJ, O’Connor
GT, Gottlieb DJ. Association between Glycemic
State and Lung Function: The Framingham Heart
Study. Am J Respir Crit Care Med 2003 Mar15;
167(6):911-6.

29. Esposito K, Nappo F, Marfella R, Giugliano
G, Giugliano F, Ciotola  M, et al. Inflammatory Cy-
tokine Concentrations Are Acutely Increased by
Hyperglycemia in Humans: Role of Oxidative
Stress. Circulation 2002;106(16):2067-72.

30. Romieu I, Trenga C. Diet and obstructive
lung diseases. Epidemiol Rev 2001;23(2):268-87.

31. Mickleborough TD1, Lindley MR, Ray S. Di-
etary salt, airway inflammation, and diffusion ca-
pacity in exercise-induced asthma.Med Sci Sports
Exerc 2005;37(6):904-14.

32. Butland BK, Fehily AM, Elwood PC. Diet,
lung function, and lung function decline in a cohort
of 2512 middle aged men. Thorax 2000;55(2):102-
108.



Diet quality & chronic obstructive pulmonary disease

12 Med J Islam Repub Iran 2016 (31 May). Vol. 30:380.http://mjiri.iums.ac.ir

Appendix 1. Healthy Eating Index-2010, Healthy Eating Index-2005 and Mediterranean Diet Components and Standards for Scoring
Component Maximum

points
Standard for maximum score Standard for minimum score of zero

HEI-20101

Adequacy:
Total Fruit2 5 ≥0.8 cup equiv. per 1,000 kcal No Fruit
Whole Fruit3 5 ≥0.4 cup equiv. per 1,000 kcal No Whole Fruit
Total Vegetables4 5 ≥1.1 cup equiv. per 1,000 kcal No Vegetables
Greens and Beans4 5 ≥ 0.2 cup equiv. per 1,000 kcal No Dark Green Vegetables or Beans

and Peas
Whole Grains 10 ≥1.5 oz equiv. per 1,000 kcal No Whole Grains
Dairy5 10 ≥1.3 cup equiv. per 1,000 kcal No Dairy
Total Protein Foods6 5 ≥2.5 oz equiv. per 1,000 kcal No Protein Foods
Seafood and Plant Proteins6,7 5 ≥0.8 oz equiv. per 1,000 kcal No Seafood or Plant Proteins
Fatty Acids8 10 (PUFAs + MUFAs)/SFAs >2.5 (PUFAs + MUFAs)/SFAs <1.2
Moderation:
Refined Grains 10 ≤1.8 oz equiv. per 1,000 kcal ≥4.3 oz equiv. per 1,000 kcal
Sodium 10 ≤1.1 gram per 1,000 kcal ≥2.0 grams per 1,000 kcal
Empty Calories9 20 ≤19% of energy ≥50% of energy
HEI-200510

Adequacy:
Total Fruit2 5 ≥0.8 cup equiv. per 1,000 kcal No Fruit
Whole Fruit3 5 ≥0.4 cup equiv. per 1,000 kcal No Whole Fruit
Total Vegetables4 5 ≥1.1 cup equiv. per 1,000 kcal No Vegetables
Dark Green and Orange Veg-
etables and Legumes4

5 ≥0.4 cup equiv. per 1,000 kcal No Dark Green or Orange Vegetables
or Legumes

Total Grains 5 ≥3.0 oz equiv. per 1,000 kcal No Grains
Whole Grains 5 ≥1.5 oz equiv. per 1,000 kcal No Whole Grains
Milk5 10 ≥1.3 cup equiv. per 1,000 kcal No Milk
Meat and Beans6 10 ≥2.5 oz equiv. per 1,000 kcal No Meat or Beans
Oils11 10 ≥12 grams per 1,000 kcal No Oil
Moderation:
Saturated Fat12 10 ≤7% of energy12 ≥15% of energy
Sodium12 10 ≤0.7 gram per 1,000 kcal12 ≥2.0 grams per 1,000 kcal
Calories from SoFAAS13 20 ≤20% of energy ≥50% of energy
Mediterranean dietary score
components Criterion point Score range
Vegetables ≥Median

<Median
1
0

0-1

Fruits ≥Median
<Median

1
0

0-1

Whole grains ≥Median
<Median

1
0

0-1

Refined grains <Median
≥Median

1
0

0-1

Dairy products <Median
≥Median

1
0

0-1

Red-to-white meat ratio <Median
≥Median

1
0

0-1

Fish ≥Median
<Median

1
0

0-1

Nuts ≥Median
<Median

1
0

0-1

Legumes ≥Median
<Median

1
0

0-1

PUFA/SFA ≥Median
<Median

1
0

0-1

1Intakes between the minimum and maximum standards are scored proportionately. 2Includes fruit juice. 3Includes all forms except juice. 4Includes
any beans and peas (called legumes in HEI-2005) not counted as Total Protein Foods (called Meat and Beans in HEI-2005). 5Includes all milk prod-
ucts, such as fluid milk, yogurt, and cheese, and fortified soy beverages. 6Beans and peas are included here (and not with vegetables) when the Total
Protein Foods (called Meat and Beans in HEI-2005) standard is otherwise not met. 7Includes seafood, nuts, seeds, soy products (other than beverages)
as well as beans and peas counted as Total Protein Foods. 8Ratio of poly- and monounsaturated fatty acids to saturated fatty acids. 9Calories from
solid fats, alcohol, and added sugars; 10Intakes between the minimum and maximum standards are scored proportionately, except for Saturated Fat
and Sodium. 11Includes non-hydrogenated vegetable oils and oils in fish, nuts, and seeds. 12Saturated Fat and Sodium get a score of 8 for the intake
levels that reflect the 2005 Dietary Guidelines, <10% of calories from saturated fat and 1.1 grams of sodium/1,000 kcal, respectively. Intakes between
the standards for scores of 0 and 8 and between 8 and 10 are scored proportionately. 13Calories from solid fats, alcoholic beverages, and added sugars
PUFA=Polyunsaturated fatty acid, SFA=Saturated fatty acid


