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Abstract

Background : Patients with chronic obstructive pulmonary disease (COPD) are prone to frequent exacerba-

tions, an important cause of hospital admission. A poor dietary intake during these periods has been

suggested as a contributory factor to the development of malnutrition, which is common in COPD.

Objective : To assess dietary intake and nutritional status in hospitalized COPD patients.

Design : Dietary intake and anthropometric measures [e.g. body mass index (BMI) and fat-free mass index

(FFMI) based on skinfold measurements] were examined in patients with COPD (n�/30) admitted to a

pulmonary department at Sahlgrenska University Hospital, Göteborg, owing to an acute exacerbation.

Results : Seventeen of the patients had a BMIB/22 kg m�2, and 53% of the women and 76% of the men had a

FFMI lower than suggested reference values. The patients who received an enriched diet or took nutritional

supplements had a significantly (p B/0.01) higher mean (SD) energy intake/resting energy expenditure

compared with patients on an ordinary hospital diet, 1.40 (0.37) and 1.09 (0.16), respectively. Mean intake of

protein was also higher in the patients on an enriched diet/nutritional supplements (p B/0.01). Patients taking

complete nutritional supplements had a higher intake of several micronutrients.

Conclusion : Enrichment of the diet and nutritional supplements may help to combat the low intake of energy

and protein found in COPD patients hospitalized owing to an exacerbation.
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Introduction

Weight loss is common among patients with chronic

obstructive pulmonary disease (COPD) owing to

increased energy expenditure and decreased appetite

and thereby energy intake. Energy expenditure is

increased: resting energy expenditure (REE), diet-

induced thermogenesis and energy expenditure of

physical activity (1�/5). During acute exacerbation

of the disease, often including inflammation (6),

energy expenditure has been shown to be increased

(7, 8) and appetite is affected negatively, owing to

dyspnoea and early satiety (8).

The prevalence of malnutrition in patients with

COPD has been reported to be between 20 and 50%

(9�/14). Malnutrition affects pulmonary function

negatively and also the ability to perform physical

activity (3, 15). Malnutrition in COPD has also

been shown to have a negative impact on the

immune system and increases the mortality risk

(16, 17).

Individual studies have shown that dietary inter-

vention in patients with COPD increased energy

intake and body weight (18, 19), improved pulmon-

ary function (7, 20), enhanced exercise capacity (19)

and improved body composition (21). However, a

recent Cochrane review, including 11 studies, con-

cluded that nutritional support had no significant

effects on anthropometric measures, lung function

or exercise capacity in patients with stable COPD

(22).

Depleted COPD patients are recommended

to increase their energy intake to 1.7 of REE or
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more (5) and protein intake should exceed

1.5 g kg�1 day�1 (8). Knowledge about how these

recommendations are implemented in daily clinical

practice is limited. The aim of this study was to

assess food intake and nutritional status in patients

with COPD hospitalized owing to an acute exacer-

bation.

Materials and methods

Study design

All COPD patients (n�/39) admitted to a pulmon-

ary department at Sahlgrenska University Hospital,

Göteborg, owing to an acute exacerbation during a

10 week period were asked to participate in the

study. A full-time dietitian (PS) was responsible for

completing the dietary registrations. When the

dietitian was absent, the staff at the department

registered the intake. The dietitian was instructed

not to intervene on nutritional assessment or

treatment as this was done by the ordinary con-

sultancy dietitian affiliated to the department. Diet-

ary intake should be registered during the whole

hospital stay for each patient, but the maximum

number of registration days was set to seven.

Patients were not asked to participate if, in addition

to COPD, they had lung cancer or dementia, or if

they did not speak Swedish. Thirty patients ac-

cepted to participate in the study and gave written

informed consent. The study was approved by the

Ethics Research Committee of Göteborg University.

Dietary assessment

A food and fluid registration form regularly used at

the department was used to register the patients’

dietary intake. The registration form consists of five

parts: breakfast, lunch, dinner, in-between meals

and fluid. For breakfast, lunch and dinner, portion

size ordered from the kitchen was filled in, and after

completing the meal, the proportion of the ordered

meal ingested by the patients was assessed (25, 50,

75 or 100%). For in-between meals, type, amount

and time of ingestion were recorded. Nutrients were

calculated using a computer program, Dietist (Kost

och Näringsdata, Bromma, Sweden), using the

Swedish Food Data Base (1997) from the Swedish

National Food Administration (23). Data on the

nutrient content of dietary supplements were added

to the database. Six patients were admitted to the

department twice or more during the study period.

Dietary registrations were performed during all

stays, but only the first period is presented in this

study. REE was calculated using gender, age, body

weight and height (24). Calculated energy intake

was divided by REE to assess the level of energy

intake (EI/REE). This procedure allows the perti-

nence of the calculated EI to be evaluated.

Anthropometry

Anthropometric measurements included body

weight, height, midarm circumference and skinfolds

at four different sites. All anthropometric measure-

ments were performed by the same trained dietitian

(PS). Body weight was measured on a transportable

sitting scale at the start and end of the dietary

registration period. One of the patients had liver

failure and oedema at the study start. This patient’s

body weight is not included in this study. Study end

body weight was missing for seven patients (one

patient deceased, for two patients body weight

measurement was too strenuous, and four patients

were discharged without body weight measure-

ment). Body height was measured in 11 patients

and found in the hospital record for 16 patients, and

self-reported height was used for three patients.

Skinfolds were measured using a Harpenden

calliper, and in addition to triceps skinfold, biceps,

suprailiac and subscapular skinfolds were mea-

sured. All measurements were performed three

times on the right-hand side of the body, except

for five patients who were measured on the left hand

side, for practical reasons. Midarm circumference

and triceps skinfold were used to calculate arm

muscle circumference (AMC) (25). The mean value

of the three measurements was calculated and the

four skinfolds were used for calculation of fat mass

and fat-free mass (26). Fat-free mass index (FFMI)

was calculated as fat-free mass (kg) divided by

square body height (m2) (27). Reference values used

for comparison in the current study were

15.6 kg m�2 for women and 16.7 kg m�2 for men,

as suggested by Kyle et al. (27).

Pulmonary function

Habitual pulmonary function was judged by the

forced expiratory volume in one second (FEV1) (%

predicted) which was recorded in the patient’s

hospital record before the current hospitalization.

Statistics

All data are presented as mean and standard

deviation (for normally distributed variables) or
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median and range (for skewed variables). A power

calculation, based on each nutrient’s coefficient of

variation between subjects and within subjects, was

performed for each nutrient (28). The nutrients

achieving a power of more than 70% are presented.

Mann�/Whitney U-tests were used to investigate

differences between genders and between patients

receiving nutritional supplements or not. Fisher’s

exact test was used to compare the proportion of

groups with a nutrient intake below the estimated

average requirement. Nutritional status and intake

were correlated to pulmonary function and length

of hospital stay using the Pearson correlation

coefficient.

Results

The mean age of the patients was 70 years, mean

habitual FEV1 was 29% predicted, and they had a

mean BMI of 22.3 kg m�2 (Table 1). All patients,

except for one (FEV1�/56% predicted) had FEV1

B/50% predicted, and following European guidelines

were diagnosed as having severe COPD (29). No

gender differences were detected in anthropometry

or pulmonary function. Seventeen patients (57%)

had a BMIB/22 kg m�2. Compared with reference

values, a lower FFMI was found in 53% of the

women and 76% of the men. The median length of

the current hospital stay was 6 days (range 2�/31)

and the median number of admissions during the

last year was three (range 1�/21). There was no

relation between length of current hospital stay and

BMI (r�/�/0.19, ns) or FFMI (r�/�/0.15, ns).

Both BMI and FFMI correlated well with pulmon-

ary function (r�/0.58, p B/0.01, and r�/0.43,

p B/0.05, respectively).

Mean (SD) energy intake was 6.5 (1.8) MJ for

women and 8.1 (0.9) MJ for men (p B/0.05). This

resulted in a mean (SD) EI/REE of 1.23 (0.39) for

women and 1.29 (0.20) for men (ns). Sixteen of the

patients (48%) received an energy- and protein-

enriched hospital diet and/or liquid nutritional

supplements. Mean (SD) EI/REE for those receiv-

ing enriched diet/nutritional supplements was 1.40

(0.37) and for those on an ordinary hospital diet

without supplements 1.09 (0.16) (p B/0.01).

Mean (SD) intake of protein was 1.2 (0.4)

g kg�1 day�1 and there were no significant differ-

ences between genders. Only four of the patients

had a protein intake exceeding 1.5 g kg�1 day�1.

Mean (SD) protein intake for those receiving

enriched diet/nutritional supplements was 1.3 (0.4)

g kg�1 day�1 and for those on an ordinary hospital

diet without supplements 1.0 (0.3) (p B/0.05). Eleven

of the patients ingested complete nutritional supple-

ments, i.e. supplements containing vitamins and

minerals in addition to energy. These 11 patients

had a significantly higher intake of iron, calcium

and riboflavin (p B/0.05) than the rest of the group.

There was no statistical significant difference in the

proportion of the group who had a nutrient intake

below estimated average requirement between pa-

tients who ingested complete nutritional supple-

ments and those who did not (Table 2). Patients

ingesting complete nutritional supplements had a

lower FEV1 (24 vs 32%, p B/0.05), lower BMI (17.8

vs 25.4 kg m�2, p B/0.01) and lower FFMI (13.7 vs

16.7 kg m�2 p B/0.01) than the other patients. The

difference in length of current hospital stay between

the groups (13 vs 6 days) did not reach statistical

significance.

Discussion

In this study of a population of patients with COPD

admitted to hospital owing to an acute exacerba-

tion, a high prevalence of low BMI and low FFMI

were described. Fifty-three per cent of the women

and 76% of the men had an FFMI lower than

reference values. A low fat-free mass has been

shown to impair exercise performance (31, 32),

reduce health-related quality of life (33) and in-

crease mortality (16, 34). COPD, in advanced stages

of the disease, means frequent hospital admissions

and also in some cases a long duration of hospital

stay. Underweight is demonstrated as a factor that

is likely to identify patients who are at increased risk

for generating high costs due to hospitalization (35).

Table 1. Patient characteristics

Women Men

(n�/19) (n�/11)

Age (years) 69 (9) 71 (10)

Body weight (kg)a 59.7 (16.5) 65.3 (17.7)

BMI (kg m�2) 23.3 (6.7) 21.4 (4.8)

FEV1 (% pred.) 29 (10) 29 (9)

AMC (cm) 21 (3) 23 (3)

FFMI (kg m�2) 15.6 (3.3) 15.8 (2.5)

Data are means (SD).
aBody weight at start of dietary registration.

BMI: body mass index; FEV1: forced expiratory volume in one second; AMC: arm

muscle circumference; FFMI: fat-free mass index.
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In this study the median number of hospital

admissions during the past year was three and the

median length of the current hospital stay was

6 days, ranging from 2 to 31 days. Three of the

patients stayed more than 21 days at the hospital.

Statistics from the Swedish National Board of

Health and Welfare (Socialstyrelsen) show that the

mean duration of a hospital stay in Sweden between

1997 and 2002 was rather stable, at 5 days (36). For

diseases of the respiratory system the mean dura-

tion of hospital stay was 6 days, which is similar to

the current study. The combination of recurrent

hospital admissions and long duration of the

hospital stay make large demands on the nutrition

provided by the caregiver to the patients.

A limitations with the current study is the use of

subjective measurements. Efforts were made to limit

possible errors arising from this. All skinfold

measurements were performed by the same trained

dietitian to eliminate between-measurer variation.

Fat-free mass has been shown to be overestimated

in patients with chronic diseases, compared with

other measures of body composition (37). This has

also been shown in patients with COPD (38).

However, this overestimation can be mitigated

when the data are expressed as FFMI (39), which

is the main outcome variable in the current study.

Despite enrichment of the hospital diet and the

use of nutritional supplements, the energy intake in

the total patient group was considerably lower than

the recommended 1.7 times REE (5). Only two

patients had an intake of energy exceeding 1.7 times

REE. However, a significantly higher energy intake

was observed in the patients receiving enrichment/

nutritional supplements compared with those on an

ordinary hospital diet. Protein intake was also

higher in patients receiving enrichment/nutritional

supplements compared with those on an ordinary

hospital diet. In addition to these results, patients

receiving complete nutritional supplements had a

higher intake of several micronutrients. Despite this,

a large proportion of the patients, both with

supplements and on the ordinary hospital diet,

had a nutrient intake below the estimated average

requirement. This is mainly due to loss of appetite,

as an effect of which a large amount of the portion

is left on the plate at the end of a meal.

Folate was the most common nutrient to be

consumed in insufficient quantities. The mean

intake of fruit and vegetables, which is the main

source of folate, was 200 g day�1. Three patients

had an intake exceeding 400 g day�1. In addition to

encouraging increased intake of fruit and vegetable,

supplementation of folate should be considered for

this patient group. Many of the patients complained

of constipation. Dietary fibre has been shown to

improve bowel movement frequency in adults with

chronic constipation to the same degree as laxatives

(40). Mean (SD) intake of fibre in the current study

was 1.6 (0.5) g MJ�1 and none of the patients

achieved the recommended intake at 3 g MJ�1 (30).

In addition to encouraging increased intake of food

rich in fibre, supplementation of fibre should be

considered for this patient group. It should, how-

ever, be controlled to ensure that the increased

intake of fibre does not result in a lower intake of

energy or protein.

This study indicates that enrichment of

the ordinary hospital diet or use of nutritional

supplements can improve the dietary intake of

patients with COPD admitted owing to an

acute exacerbation. Patients receiving complete

Table 2. Proportion of patient group (%) having a total nutrient intake below the estimated average requirement (30)

Patients receiving complete

nutritional supplements

Patients not receiving complete

nutritional supplements

Estimated average requirement

(n�/11) (n�/19) Women Men

Folate 55 47 200 mg 200 mg

Iron 18 16 6 mga 7 mg

Niacin equivalent 9 0 12 NE 15 NE

Riboflavin 36 21 1.1 mg 1.4 mg

Thiamin 36 26 0.9 mg 1.2 mg

Vitamin B6 18 5 1.0 mg 1.3 mg

Vitamin C 9 26 50 mg 60 mg

Vitamin E (a-tocopherol) 27 11 5 6

Zinc 0 0 5 mg 6 mg

aPostmenopausal women.
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nutritional supplements had more severe COPD, a

lower BMI and a lower FFMI compared with

patients not receiving such supplements. Some of

the patients who did not receive supplements also

had a low BMI and FFMI; one patient not

receiving supplements had a BMI of 17.4 kg m�2

and an FFMI of 13.8 kg m�2. It seems as if,

compared with medical ordination, nutritional or-

dinations are considered to be a luxury service that

does not need to be either followed or followed up.

The recently published report ‘‘Näringsproblem i

vård och omsorg �/ prevention och behandling’’

(Nutritional problems in care �/ prevention and

treatment) states that food is a part of treatment

and care for all patients (41). One of the conclusions

of the report was that more education, to all groups

in the care system, is necessary to achieve improve-

ments in the identification, assessment and treat-

ment of nutritional problems (41). This was also the

result of the current study. The caregiver decided,

with the background of this study, to start educa-

tional efforts to improve the knowledge about

nutrition and nutritional problems in all positions

at the department. The current study needs to be

followed by studies on the effects of nutritional care

organization and education on dietary intake,

nutritional status and the total strain on the

health-care system.
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