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Summary

Background & aims: We described dietary habits in a Spanish sample of COPD patients and
assessed its adequacy according to dietary recommendations, which so far have never been
published.
Methods: 275 patients hospitalized for the first time for a COPD exacerbation in Spain
answered a 122-item food frequency questionnaire on their last 2 years dietary habits.
A Spanish food composition table was used to estimate nutrient intake. Adequacy of dietary
intakes was assessed using the Spanish Nutrition Society guidelines for the elderly.
Research in Environmental Epidemiology (CREAL), Doctor Aiguader 88, 08003 Barcelona, Catalonia,
34 93 316 06 35.
(J. Garcia-Aymerich).
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Results: Mean(SD) age was 68(8)years, 93% males, 32% current smokers, and post-bronchodi-
lator FEV1 53(16)% predicted. Mean(SD) body mass index was 28(5) kg/m2, with only 2% of
subjects under 20 kg/m2. Mean intake of meat, poultry and eggs was slightly higher (mean
108 g/d) than recommended. Fish and shellfish (86 g/d) as well as fruit and vegetables
(567 g/d) were adequate. Mean energy intake was 2033 kcal/d. The proportion of energy from
carbohydrates was lower (39%) whereas that from proteins and lipids were higher than recom-
mended (20% and 35%, respectively). Alcohol intake was <30 g in 80% of patients. Fatty acids,
vitamin and mineral intakes were adequate, except for a deficiency in vitamin D (4.5 mg/d).
Stratification by socio-demographic and clinical characteristics showed very similar results.
Conclusions: Moderate-to-severe Spanish COPD patients report an adequate intake of the main
food groups and macro- and micro-nutrients according to local recommendations, excepting
vitamin D.
ª 2009 Elsevier Ltd. All rights reserved.
Introduction

Chronic obstructive pulmonary disease (COPD) is a major
cause of morbidity and mortality worldwide, and it is
expected to become the forth leading cause of mortality by
2030.1 In Spain, COPD prevalence among people over 40
years old reaches 9%,2 and represents the fourth leading
cause of mortality and the fifth of hospitalization in men.3

Although cigarette smoking is the main risk factor for COPD,
diet has been suggested to play a role in this disease.4e7

Previous studies 4e7 have highlighted antioxidant rich foods,
such as fruits and vegetables, and omega-3 fatty acid rich
foods, such as oily fish to be associated with improved lung
function or symptoms in COPD patients. Other studies have
observed associations between specific dietary patterns
and risk of COPD.8,9 Additionally, nutritional screening and
therapy is currently viewed as an essential component of an
integrated and more comprehensive COPD management,10

although nutritional interventions are recommended only
for undernourished patients. Indeed, weight or fat free
mass loss are highly prevalent in Northern America and
Northern Europe in advanced stages of the disease,11 and
related to a poor prognosis.12 However, this could be less
common in the Mediterranean area, probably due to life-
style differences.13 Nutritional status and dietary habits of
Mediterranean COPD patients remain unsettled so far. This
information is relevant for public health and will allow for
specific interventions in earlier stages of the disease aimed
at limiting the impact of weight loss and muscle wasting.

The present paper was designed to (i) describe the
dietary habits (food group consumption, energy intake, and
macro- and micro-nutrient intakes) in Spanish COPD
patients, and (ii) evaluate their adequacy according to local
dietary recommendations, in the frame of the ‘Phenotype
and Course of COPD Project (PAC-COPD)’,14 which includes
a cohort of patients recruited during their first hospital
admission due to COPD severe exacerbation.
Subjects and methods

Design

Cross-sectional analysis of dietary habits of COPD patients
included in the PAC-COPD cohort.
Subjects

All subjects from the PAC-COPD cohort were eligible to
participate in this study. Briefly, these are COPD patients
recruited during their first hospital admission at 9 teaching
hospitals in Spain between January 2004 and March 2006,
with a confirmed diagnosis of COPD (post-bronchodilator
forced expiratory volume in the first second to forced vital
capacity ratio (FEV1/FVC) �0.70)15 when they were
considered to be in a clinically stable condition, at least
three months after discharge. Detailed information about
PAC-COPD methodology is available elsewhere.14 Nine to 12
months after inclusion in the PAC-COPD study (from January
2005 through December 2007), patients were asked to
participate in a telephone interview to assess dietary
habits. The final sample of patients included 275 (80% of
the cohort). The protocol was approved by the Ethics
Committees of all the participating hospitals, and written
informed consent was obtained from all subjects.

Dietary assessment

A previously validated 122-item food frequency question-
naire (FFQ)16 asking for dietary habits in the last 2 years
was administered by two trained interviewers. In order to
assess repeatability of the questionnaire telephonically
applied to COPD patients, the FFQ was repeated 15e30
days later in a smaller sample of 18 patients. Spearman
correlation coefficients showed moderate to high correla-
tions for intakes of most of food groups, macro- and micro-
nutrients (e.g., 0.85 for energy, 0.64 for carbohydrates,
0.65 for proteins, and 0.52 for lipids). Comparison of mean
intakes of each food group, macro- and micro-nutrients
between the first and second administration revealed no
statistically significant differences. The questionnaire
included specific Spanish foods and gathered information
about seasonality of food consumption. Reported informa-
tion was converted into a daily intake frequency of each
food, which was in turn converted into the daily intake in
grams per day for each food. Daily intake of foods was
grouped into 13 food groups: meats, processed meats,
poultry and eggs; fish and shellfish; alcoholic drinks; non-
alcoholic drinks; vegetables; legumes; fruits; nuts and
seeds; dairy products; ready-cooked meals and seasonings;
oils and fats; bread and cereals; and pastry and sweets.
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A Spanish food composition table of the Centre for Superior
Studies in Nutrition and Dietetics (CESNID) was used to
estimate nutrient intake from each food in the question-
naire.17 Adequacy of the reported nutrients intake was
assessed by calculating full (�100%) and partial (�75%)
compliance following the recommendations for macro- and
micro-nutrients intakes by the Spanish Nutrition Society
(SEN) 2003 guidelines for the elderly (�65 years).18

Recommendations for magnesium and phosphorus, not
specified in SEN guidelines, were obtained from the US
National Academy of Science,19 which are very similar to
those proposed by the SEN for all remaining nutrients.
Likewise, the reported intake of each food group was
compared with the recommendations of the Spanish Society
of Community Nutrition (SENC).20

Nutritional status and other variables

Nutritional status was assessed through body mass index
(BMI) while fat free mass index (FFMI) was measured using
bioimpedance. Information regarding socio-demographic
factors, physicians-reported comorbidities, and lifestyle
was obtained using a standardized epidemiological ques-
tionnaire and from the discharge forms and hospital regis-
tries. Additionally, post-bronchodilator spirometry (FEV1,
FVC, and FEV1/FVC ratio), residual volume to total lung
capacity ratio (RV/TLC), arterial oxygen and carbon dioxide
partial pressures (PaO2, PaCO2) and a dyspnea score were
also measured or calculated. Detailed information about
the methods is described elsewhere.14

Analysis

A comparison of socio-demographic and baseline clinical
characteristics between participants and non-participants
was made using chi square or Mann-Whitney tests as
appropriate. Intakes of different food groups, macro- and
micro-nutrients, and energy are described by means and
SDs. Number and percentage of patients fulfilling Spanish
Nutrition Society guidelines for the elderly are reported.
Stratified analysis by tobacco consumption, severity of
COPD (ATS/ERS guidelines15), sex, BMI, FFMI, social class,
age groups, season of FFQ administration, and geographic
region were performed using Kruskal-Wallis test to assess
differences. Data analysis was conducted using Stata 8.2
(StataCorp, College Station, TX, USA).

Results

All patients in the PAC-COPD cohort (n Z 342) were invited
to participate in the dietary study and 275 (80%) answered
the FFQ. Reasons for non-response were: refusal (n Z 24),
unavailability to contact (n Z 31), decease (n Z 8), and
other causes (n Z 4). Table 1 shows that non-participants
did not differ in terms of socio-demographic characteris-
tics, comorbidities, dyspnea, FEV1, RV/TLC, PaO2 or
PaCO2, although they exhibited a lower FEV1/FVC ratio.
Ninety-three percent of participants were males with
a mean age of 68 years. All subjects had moderate to
severe COPD (distribution in COPD severity stages: 5%
mild, 52% moderate, 37% severe, and 6% very severe). The
mean BMI was 28 kg/m2, with only a 2% of undernourished
(<20 kg/m2), and a 42% and 37% of overweight and obese,
respectively.

Daily intake by food group is shown in Table 2, along
with the SENC food group intake recommendations. The
mean intake of meat, poultry and eggs was moderately
high (108 g/d) in comparison to SENC guidelines (60 g/d).
However, fish intakes (62 g/d) and fruit and vegetables
intakes (567 g/d) were adequate; while the intake of bread
and cereals was low (232 g/d vs 400 g/d). Table 3 shows the
mean intake of energy, macro- and micro-nutrients and
their adequacy relative to the SEN recommendations. Mean
energy intake was 2033 kcal/d, in the range expected for
this age group (1000e3000 kcal/d). Carbohydrates repre-
sented 39% of total energy intake whereas protein and fat
represented 20% and 35% respectively. The latter
percentages were lower for carbohydrates and a bit higher
for proteins and lipids than suggested in SEN guidelines. For
the specific types of fats included, mean intakes were
adequate; more than 75% of patients fulfilled the recom-
mendations for monounsaturated (MUFA) and poly-
unsaturated fatty acids (PUFA). However, mean saturated
fatty acid (SFA) consumption was slightly above the rec-
ommended values. Alcohol intake was moderate or low
(<30 g/d), but 20% of patients exceeded the recommended
intake. Vitamin and mineral intake is also included being
vitamin D the most remarkable deficiency detected, with
a mean intake of 4.5 mg/d, substantially below the
recommendation of 10 mg/d. Vitamins A, B9, and E and
magnesium intakes were also below the recommended
values.

Stratifications by tobacco use, severity of COPD (ATS/
ERS guidelines15), gender, BMI, FFMI, social class, age
groups, season of FFQ administration, and geographic
region showed very close results with respect to energy,
and macro- and micro-nutrients intakes. However, there
were significant differences in males who reported lower
lipids intake (35 and 38% of total energy intake, p Z 0.044),
and higher alcohol intake (18 and 5 g/d, p Z 0.001) than
females; in subjects belonging to the low socioeconomic
status group (IVeV) who reported higher intakes of alcohol
(19 and 12 g/d, p Z 0.041) and lower intakes of calcium
(991 and 1178 mg/d, p Z 0.041) than those with higher
socioeconomic status; in current smokers who reported
a higher cholesterol intake than former smokers (357 and
301 mg/d, p Z 0.043); and, subjects with BMI� 30 kg/m2

who reported lower levels of energy, cholesterol and
calcium intake than the remaining patients. However, none
of these differences was found with FFMI stratification (all
data available from the authors on request).
Discussion

This study describes for the first time the dietary habits of
a representative cohort of COPD patients of the Mediter-
ranean area in the period covering their first hospital
admission for a COPD severe exacerbation. These patients
mostly reported an adequate daily intake of the main food
groups and energy intake. Although the proportion of
energy from carbohydrates was low, overall intake of
macro- and micro-nutrients potentially relevant for COPD



Table 1 Socio-demographic and clinical characteristics of Mediterranean COPD patients, recruited during their first hospital
admission for a COPD exacerbation.

Non-participants n Z 67 Participants n Z 275 p-value
n (%) or mean (SD) n (%) or mean (SD)

Male 62 (93%) 256 (93%) 0.874
Age (years) 67 (9) 68 (8) 0.518

BMI (kg/m2) 0.368
<20 4 (6%) 6 (2%)
�20 and <25 14 (21%) 53 (19%)
�25 and <30 28 (42%) 115 (42%)
�30 21 (31%) 101 (37%)

FFMI (kg/m2) 19 (3) 20 (3) 0.148

Tobacco consumption 0.511
Never 0 (0%) 2 (1%)
Former smoker 39 (62%) 181 (68%)
Current smoker 24 (38%) 85 (32%)

Married 51 (76%) 223 (81%) 0.361
Primary or higher education 36 (54%) 164 (60%) 0.379
Active worker 15 (22%) 46 (17%) 0.278
Low socioeconomic status (IVeV) 50 (81%) 209 (82%) 0.810
>1 Comorbidities (Charlson index) 39 (61%) 152 (55%) 0.411

Dyspnea score (MMRC) 0.396
0 (none) 5 (8%) 22 (8%)
1 (slight) 1 (2%) 14 (5%)
2 (moderate) 23 (36%) 119 (43%)
3 (moderately severe) 21 (33%) 64 (23%)
4 (severe) 2 (3%) 15 (6%)
5 (very severe) 12 (19%) 40 (15%)

Post-bronchodilator FEV1 (% predicted) 50 (18) 53 (16) 0.114
Post-bronchodilator FEV1/FVC 0.50 (0.13) 0.54 (0.12) 0.018
RV/TLC (%) 55 (11) 56 (10) 0.725
PaO2 (mmHg) 72 (9) 75 (11) 0.140
PaCO2 (mmHg) 42 (6) 42 (5) 0.495
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was adequate with the exception of vitamins B9, D and E
and magnesium, for which intakes were inadequate in
comparison to recommendations.

Reported intakes of different food groups in our cohort
showed an adequate consumption of fruits (271 g/d) and
vegetables (296 g/d). These levels of consumption were
high compared to US national data.21 However, they are
similar to those observed in the 45e64 and 65e75 age
groups of a population-based nutritional survey during
2002e2003 in Catalonia (ENCAT 2002e2003),22 the
geographic area from which a large percentage (78%) of our
patients was recruited. Similarly, fish consumption was high
and identical to that reported in ENCAT 2002e2003. The
proportion of total energy from carbohydrates was low in
comparison to SEN recommendations while protein and
lipid proportions were high. However, these findings were,
again, similar to those reported in the ENCAT 2002e2003
report. Cholesterol and alcohol consumption were also
higher than those reported in ENCAT 2002e2003. Mineral
consumption was higher than that reported by ENCAT
2002e2003 and, except for the excess intake of sodium and
low intake of magnesium, with better compliance regarding
dietary recommendations. Finally, higher levels of intake
for several vitamins than in ENCAT 2002e2003 report were
reported among these COPD patients. However, a large
proportion of the population had intakes below SEN
recommendations for vitamins B9, D and E. It is noteworthy
that these nutrients have been suggested to play a role in
COPD pathogenesis.4e7 However, these low intakes have
been reported in other population-based studies in Spain.23

It is of note that the greatest deficiency identified was
vitamin D. However, as calcium intake was adequate, the
elevated sunlight exposure typical in Mediterranean coun-
tries may allow for a high vitamin D dermic synthesis to
complete the low dietary intake,24 hence preventing oste-
omalacia and other severe vitamin D deficiencies-induced
disorders. Overall, the comparison with data from the
ENCAT 2002e2003 report shows that the dietary habits of
Spanish COPD patients after their first hospital admission
due to a COPD severe exacerbation are similar for the same
age group.

Surprisingly, no major differences were shown after
stratification for several socio-demographic and clinical
characteristics of patients, thereby suggesting that dietary



Table 2 Mean daily consumptiona by food group (g/d) in a sample of 275 Mediterranean COPD patients, and Spanish Society of
Community Nutrition (SENC)b guidelines for adults (g/d).

Mean (SD) min p25 p50 p75 max SENCb guidelines

Meat, processed meats, poultry and eggs 133 (59) 0 93 131 164 391 (na)
Eggs and poultry 44 (29) 0 23 43 48 161

60
Red meat 64 (42) 0 34 57 88 266
Processed meat 25 (18) 0 11 24 35 108 moderate

Fish and shellfish 86 (52) 0 47 76 114 314 (na)
Fish 62 (44) 0 36 55 91 259 60
Shellfish 24 (23) 0 8 18 36 120 (na)

Alcoholic drinks 184 (206) 0 7 100 278 1095 moderate
Non-alcoholic drinks 222 (220) 0 73 163 278 1911 (na)
Vegetables 296 (129) 0 208 285 371 720 300
Legumes 31 (21) 0 30 30 30 138 30
Fruits 271 (152) 0 160 242 360 970 350
Nuts and seeds 22 (23) 0 4 13 32 154 20
Dairy products 368 (220) 1 234 320 540 1269 450
Ready-cooked meals and seasonings 117 (69) 0 66 108 151 423 (na)
Oils and fats 20 (13) 0 15 15 30 75 (na)
Bread and cereals 232 (101) 46 160 218 289 653 400
Pastry and sweets 50 (54) 0 10 35 67 321 moderate

(na) non-available.
a Distribution reported as: mean and standard deviation, as well as minimum, percentile 25, percentile 50, percentile 75, and

maximum.
b Guı́a de la alimentación saludable. http://www.nutricioncomunitaria.com (Spanish).
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habits in Spanish elderly are quite homogeneous. Given the
cross-sectional design of our study, an association between
diet and severity of the disease should not be attempted.
The lower reported energy and cholesterol intakes among
obese subjects may be attributable to the wish to provide
‘‘socially desirable’’ answers, and may therefore be
underestimated.25

Mean BMI was 28 kg/m2, with a prevalence of overweight
among participant subjects of 42% (BMI� 25e<30 kg/m2),
and 37% of obesity (BMI� 30 kg/m2). In the other hand,
almost no undernourished patients were found (2% with
BMI< 20 kg/m2), so a lower percentage than in non-Medi-
terranean areas.26,27 This finding suggests that specific
characteristics of the Mediterranean dietary pattern,
widely followed in Spanish elderly population and likely in
other areas worldwide, could prevent weight loss tradi-
tionally associated to COPD.

The effort to select COPD patients after their first
hospital admission for a COPD exacerbation should be
a strength of this study. First, it facilitates the description
of the dietary habits of COPD patients as close as possible
to the beginning of the clinical manifestations of COPD,
assuming that identification of COPD patients at a very
early stage is not possible given the conditions of many
health care networks. Second, the earliest contact of COPD
with specialised health care system is of great importance
given the potential further applicability of results into
health interventions. Finally, it provides an acceptable
baseline dietary description for future longitudinal analysis
within the context of the PAC-COPD cohort.

Several shortcomings of the current study need to be
considered. First, COPD hospitalization (when patients
were recruited) per se could have induced a change in
dietary habits of the patients. However, the FFQ was
designed to assess dietary habits over the last 2 years and
consequently to include dietary information prior to the
first admission. Additionally, fewer than 20% of patients
reported major dietary changes during their lifetime
(mainly reducing salt, sugar, fats and/or alcohol intake)
(data not shown). Second, external validity of the findings
could be a concern, since patients after a first COPD
admission may not be representative of all COPD patients.
The use of a FFQ to assess dietary habits could lead to some
degree of information bias, specifically in the most elderly.
However, the applied FFQ was validated for use in Spanish
adults,16 and its repeatability assessed in the present study
with satisfactory results, as detailed in Methods. Although
the level of participation rate was high (80%), non-partici-
pants presented lower post-bronchodilator FEV1/FVC ratio
than participants. Since stratification according to severity
stages did not reveal any difference in dietary habits, it is
conceivable that the degree of non-response bias, if
present, was very low such that the study provided a valid
description of COPD patients’ dietary habits.

In conclusion, this is the first comprehensive study so far
describing in detail dietary habits in Spanish COPD patients
and reports mostly adequate dietary habits and adequate
daily intake of the main food groups and macro- and micro-
nutrients according to local recommendations, with the key
exception of vitamin D. Its relevance relies mainly on the
unknown but potentially relevant role of specific nutrients
(i.e., antioxidants and omega-3 fatty acid) in the prognosis
of COPD,4e7 and the accepted strong and independent
association between nutritional status and COPD progres-
sion.12 Research in other geographic areas, with longitudinal
follow up to assess changes in dietary intakes and disease
progression, could be useful to provide a more global
scenario of dietary habits of COPD patients, and provide

http://www.nutricioncomunitaria.com


Table 3 Mean daily intake of energy, macro- and micro-nutrients in a sample of 275 Mediterranean COPD patients, and
assessment of intake compliance according to Spanish Society of Nutrition guidelines for the elderly.a

Daily intake mean (SD) SEN guidelinesa Compliance with
recommendations
at 100% n (%)

Compliance with
recommendations
at 75% n (%)

Energy (kcal) 2032.7 (620.8) (na)

Carbohydrates (g) 199.7 (73.3) (na)
Carbohydrates (% kcal/d) 39.1 (7.5) 55e75% kcal 6 (2) 108 (39)
Proteins (g) 99.6 (29.3) (na)
Proteins (% kcal/d) 20.1 (4.6) 12e17% kcal 52 (19) 56 (20)
Lipids (g) 79.4 (29.9) (na)
Lipids (% kcal/d) 34.8 (6.1) 18e33% kcal 97 (35) 99 (36)

MUFA (g) 34.8 (13.0) (na)
MUFA (% kcal/d) 15.4 (3.7) >13% kcal 209 (76) 260 (95)
PUFA (g) 12.6 (5.1) (na)
PUFA (% kcal/d) 5.6 (1.4) <10% kcal 271 (99) 275 (100)
SFA (g) 26.2 (12.5) (na)
SFA (% kcal/d) 11.3 (3.1) <7e10% kcal 98 (36) 184 (67)
Cholesterol (mg) 318.4 (137.4) <300 mg 142 (52) 198 (72)
Fibre (g) 24.2 (7.6) 20e30 g 133 (48) 190 (69)
Alcohol (g) 17.3 (21.2) <30 g 221 (80) 240 (87)

Calcium (mg) 1031.2 (414.5) 1000 mg 135 (49) 203 (74)
Zinc (mg) 9.6 (2.9) 10 mg (m)/7 mg (f) 119 (43) 215 (78)
Iron (mg) 15.6 (4.6) 10 mg 255 (93) 267 (97)
Potasium (mg) 3650.4 (1026.7) 1600 mg 269 (98) 273 (99)
Sodium (mg) 3606.8 (1538.0) 2500e5000 mg 153 (56) 178 (65)
Magnesium (mg) 368.4 (102.0) 420 mg (m)/320 mg (f)b 85 (31) 194 (71)
Phosphorus (mg) 1485.1 (457.8) 700vmgb 266 (97) 273 (99)

Vitamin B1 (mg) 1.3 (0.4) 1.2 mg (m)/1.1 mg (f) 158 (57) 238 (87)
Vitamin B2 (mg) 1.8 (0.7) 1.3 mg (m)/1.2 mg (f) 211 (77) 255 (93)
Vitamin B3 (mg) 23.9 (7.3) 16 mg (m)/15 mg (f) 244 (89) 262 (95)
Vitamin B6 (mg) 2.1 (0.6) 1.4 mg (m)/1.2 mg (f) 246 (89) 264 (96)
Vitamin B9 (mg) 349.7 (114.9) 400 mg 76 (28) 192 (70)
Vitamin B12 (mg) 11.2 (8.3) 3 mg 268 (97) 273 (99)
Vitamin C (mg) 160.5 (75.4) 100 mg 216 (79) 250 (91)
Vitamin A (mg) 1397.5 (1284.7) 1000 mg (m) 800 mg (f) 135 (49) 188 (68)
Vitamin D (mg) 4.5 (2.6) 10 mg 11 (4) 37 (13)
Vitamin E (mg) 10.7 (4.0) 12 mg (m) 11 mg (f) 93 (34) 177 (64)

(m) males, (f) females, (na) non-available, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids, and SFA: saturated
fatty acids.

a Nutr Hosp 2003;3:109e37.
b Non-specified by SEN, obtained from US National Academy of Science (http://www.nap.edu).
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insights relevant for the design of specific interventions in
these patients.
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