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ABSTRACT: Tumour necrosis factor (TNF)-a has been found to be increased in
malnourished chronic obstructive pulmonary disease (COPD) patients; however, the
main cause of this phenomenon remains undetermined. In normal subjects, TNF-a
production may be induced by dietary energy deprivation. The aim of this study was to
investigate if stable COPD patients present alterations of inflammatory mediators after
48 h of dietary energy restriction.

Fourteen COPD patients were admitted to the hospital while receiving an
experimental diet with an energy content of approximately one-third of their energy
needs. Clinical evaluation, nutritional assessment and serum levels of interleukin (IL)-6,
TNF-a and C-reactive protein, and secretion of TNF-a by peripheral blood monocytes
were assessed on admission and after the experimental diet. For reference values of the
laboratory parameters, blood was collected from 10 healthy, elderly subjects.

COPD patients showed significantly higher serum concentrations of IL-6 than
control subjects, however, the experimental diet was not associated with statistically
significant changes in the inflammatory mediators.

The findings of this study, although preliminary because of the limited degree and
duration of the energy restriction, suggest that the elevated levels of tumour necrosis
factor-a, previously described in undernourished or weight-losing chronic obstructive
pulmonary disease patients, may not be linked to a decrease of dietary energy intake.
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Malnutrition is a common problem in many patients with
chronic obstructive pulmonary disease (COPD), negatively
affecting their exercise performance, health-related quality of
life and survival rates [1]. Several studies confirm the presence
of inflammatory mediators represented by elevated concen-
trations of acute-phase proteins, tumour necrosis factor
(TNF)-a and its soluble receptors, in the peripheral blood
of malnourished COPD patients [2–4]. However, the cause of
systemic inflammation in malnourished or in weight-losing
COPD patients remains unknown.

Several factors that can affect airway inflammation in
COPD patients have been described [5]. Chronic bacterial
colonisation can contribute significantly to higher levels of
inflammatory mediators, even in clinically stable COPD patients
[5]. Another explanation for the elevated serum concentration of
inflammatory mediators may be chronic or even intermittent
hypoxaemia. TAKABATAKE et al. [6] found an inverse corre-
lation between arterial oxygen tension (Pa,O2), circulating
TNF-a and soluble TNF-a receptor (sTNFR)75 and sug-
gested that systemic hypoxaemia in patients with COPD is
associated with activation of the TNF-a system in vivo.

Increased TNF-a production by peripheral blood mono-
cytes (PBMC) has also been reported in healthy subjects
during severe calorific deprivation [7], and suppression of the
elevated production has been observed during the refeeding
process [8]. In a previous study, higher TNF-a production by
PBMC of COPD patients with recent weight loss was shown,
in contrast with monocytes of weight-stable COPD and

control subjects [9]. The findings suggested a possible role for
TNF-a production as a marker of a weight-losing process in
these patients. However, the change of TNF-a production
could also serve to identify a second pathophysiological
process, such as altered dietary intake, which may be found in
malnourished patients. Therefore, it was hypothesised that
dietary energy restriction induces modifications of inflamma-
tory markers in COPD patients. Here, a study evaluating the
effect of a 48-h period of dietary energy restriction on the
serum levels of TNF-a and interleukin (IL)-6, and on TNF-a
secretion by PBMC, is reported in clinically and weight-stable
nonhypoxaemic COPD patients.

Subjects and methods

Subjects

This study was approved by the Medical Ethics Committee
of the Botucatu Medical School and informed consent was
obtained from all the subjects who participated in the
investigation. The study group consisted of 14 COPD patients
seen consecutively at the Pulmonary Outpatient Clinic of the
authors9 hospital. Patients were included if they fulfilled
the criteria for COPD according to the American Thoracic
Society (ATS) guidelines [10]. Furthermore, the forced expira-
tory volume in one second (FEV1) had to be v70% of the
reference value and the increase in FEV1, after inhalation of a
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b2-agonist, v10% of the reference value. Only patients in a
clinically stable condition without hypoxaemia and evidence
of weight loss during the last year, with no recorded
infections, exacerbation of respiratory symptoms, changes in
medications 2 months before the study and without clinical
signs of oedema were included in the study. Patients with
concomitant confounding diseases such as malignant dis-
orders, gastrointestinal abnormalities, recent surgery or severe
endocrine disorders were excluded.

Ten healthy, elderly subjects, aged 48–68 yrs, paired for
smoking habits with COPD patients at the time of study and
free of lung disease, acted as a control group for inflammatory
mediator determinations. Baseline characteristics of COPD
patients and control subjects are presented in table 1.

Study design

All COPD patients who agreed to participate in the study
were admitted to the hospital. Their usual dietary intake was
assessed and energy needs were calculated on admission. Both
before and after the experimental diet, all subjects were
measured anthropometrically and tested for body composi-
tion with bioelectric impedance analysis. Venous blood
(45 mL) was obtained by venipuncture in vacuum tubes
(Vacuteiner; Becton Dickinson, Franklin Lakes, NJ, USA)
containing heparin for monocyte isolation. For serum
measurements, blood was collected in vacuum tubes contain-
ing serum separator gel (Vacuteiner; Becton Dickinson).
Patients received an experimental diet with an energy content
of one-third of their energy needs during 48 h. The measure-
ments were performed early in the morning (07:00 h), when
patients were in the fasting state for o10 h.

Experimental diet

Individual energy need was calculated according to the
Harris-Benedict equation [11]. The obtained value was
multiplied by the activity factor (1.2), and then by the
injury factor (1.3). Each patient was fed with a personally
designed diet containing one-third of their calculated energy
need during 2 days. The energy content of the diet was
(mean¡SD) 685¡60 kcal?day-1. This diet had the following
macronutrient composition: protein 38¡4%, fat 21¡6% and
carbohydrate 42¡5%.

Lung function

FEV1 and forced vital capacity were calculated from
the flow/volume curve using a spirometer (Med-Graph
1070; Medical Graphics Corporation, St Paul, MN, USA),

according to the criteria set by ATS [12]. Lung function values
were expressed as per cent of predicted [13]. Blood was drawn
from the brachial artery at rest while breathing room air.
Pa,O2 and arterial carbon dioxide tension were analysed on
a blood analyser (Stat Profile 5 Plus; Nova Biomedical,
Whaltham, MA, USA).

Dietary intake

An estimate of the usual daily nutrient intake during the
past 6 months was obtained from a food-frequency ques-
tionnaire [14]. The instrument listed 120 foods and beverage
items. The information was coded for computer nutrient
analysis by the same trained dietician. Dietary information
was converted to energy using the computer software
"Programa de Apoio à Nutrição" (Centro de Informática
em Saúde da Escola de Medicina, São Paulo, Brazil).

Body composition

The anthropometric nutritional assessment consisted of
height and body weight with estimation of the percentage of
ideal body weight (IBW) according to the Metropolitan Life
Insurance Tables [15]. Body composition was estimated using
single-frequency (50 kHz) bioelectrical impedance analysis
(BIA 101; RJL Systems, Detroit, MI, USA) while subjects
were in a supine position. Fat-free mass (FFM) was calcu-
lated using the disease-specific equation of SCHOLS et al. [16].
Fat mass (kg) was calculated by subtracting FFM from body
weight.

Monocyte isolation and culture

PBMC were isolated from heparinised blood drawn
between 07:00–08:00 h using a density gradient, followed by
plastic adherence as described elsewhere [9]. In short, PBMC
were isolated from heparinised blood using Histopaque 1077
(Sigma Chemical Co., St Louis, MO, USA), washed three
times with Hanks9 solution (Sigma Chemical Co.). Cell sus-
pensions were prepared with PBMC at 26106 cells?mL-1 in
Roswell Park Memorial Institute (RPMI)-1640 medium (Sigma
Chemical Co.), supplemented with 5% heat-inactivated autologus
serum, 2 mM glutamine, 100 U?mL-1 penicillin and 10 mM
HEPES (N-2-hydroxyethylpiperazine-N-2-ethanesulphonic
acid) buffer (that hereafter will be referred as mRPMI), and
incubated for 2 h in a humidified atmosphere of 5% CO2 at
37uC. Nonadherent cells were removed by three washes with
plain RPMI and counted. The adherents cells were refed with
mRPMI at a volume of 1 mL?16106 cells-1 with and without
lipopolysaccharide (LPS; Escherichia coli serotype O55:B5;
Sigma Chemical Co.) at a final concentration of 100 ng?mL-1

and incubated for 24 h. Supernatants were collected, cen-
trifuged, and stored at -80uC until cytokine analysis. After
harvesting the supernatants, adherents cells were stained with
nonspecific esterase staining (Sigma Chemical Co.), and cell
viability was determined using a trypan blue exclusion test.
Adherent cells containedw95% monocytes;w98% were viable.

Interleukin-6 and tumour necrosis factor-a measurements

IL-6 and TNF-a in monocyte supernatant and serum were
measured in duplicate using sandwich enzyme-linked immu-
nosorbent assay (ELISA) kits (Biosource International,
Camarillo, CA, USA). Briefly, standards and samples were

Table 1. – Characteristics of the study subjects

Control subjects COPD

Subjects n 10 14
Age yrs 54 (52–58) 62 (59–68)
M/F 5/5 14/0
Current smokers yes/no 4/6 5/9
FEV1 % 108.6¡8.7 43.9¡16.9
Pa,O2 kPa 10.7¡1.3 9.8¡0.7

Data represent mean¡SD or median (quartiles 1–3) unless otherwise
stated. COPD: chronic obstructive pulmonary disease; M: male; F:
female; FEV1: forced expiratory volume in one second; Pa,O2: arterial
oxygen tension.
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added to individual wells in microtitre strips coated with
antibody specific for the cytokine being measured. After
several washes to remove unbound proteins, an enzyme-
linked biotin conjugate was added to the wells. Following
several additional washes to remove unbound antibody-
enzyme reagent, an enzyme solution (streptavidin-peroxidase)
was added. After a period of incubation and additional
washes to remove all the unbound enzyme, a substrate solu-
tion (tetramethylbenzidine) was added. The reaction was
stopped by adding an acidic solution. Absorbance was mea-
sured spectrophotometrically at 450 nm using a micro-ELISA
autoreader. The lower and upper limits of detection for TNF-
a were 0.5 and 32 pg?mL-1 (human TNF-a US-cytoscreen) or
1 and 1,000 pg?mL-1 (human TNF-a cytoscreen); for IL-6
they were 0.16 and 10 pg?mL-1 (human IL-6 US-cytoscreen)
or 2 and 500 pg?mL-1 (human IL-6 cytoscreen).

C-reactive protein

C-reactive protein (CRP) was measured by immunonephe-
lemetry (Behring Diagnostics Inc., Westowood, MA, USA).

Statistical analyses

When there was a normal distribution, comparisons
between COPD patients and control subjects were made by
an unpaired t-test. Difference within the group before and
after experimental diet was analysed using a paired t-test.
When variables were not normally distributed, comparisons
between two groups were made with a Mann-Whitney U-test.
The Wilcoxon test was used to analyse differences within the
group before and after experimental diet. Differences in
dichotomous variables were statistically compared using the
Chi-squared or Fisher test. Repeated-measure analysis of
variance, followed by the Tukey test, was used to study
differences among usual dietary intake, energy needs and
dietary intake during the experimental diet. To analyse
interrelations between variables, Pearson9s or Spearman9s
correlation coefficients were calculated.

Results

Dietary intake and body composition

Values for IBW were significantly higher in control subjects
(mean¡SD 118¡18%) when compared with COPD patients
(98¡13%, p=0.005); 28.5% of COPD patients and 10% of
control subjects presented with an IBW of v90% (pw0.05).

Usual daily energy intake (47.5¡15.0 kcal?kg-1?day-1) in
COPD patients was significantly higher than the calculated
energy needs (33.1¡3.8 kcal?kg-1?day-1) and both values were
significantly higher than the dietary intake during experi-
mental diet (11.0¡1.4 kcal?kg-1?day-1). Values for body
composition variables before and after the experimental diet
are shown in table 2. After experimental diet, patients lost
1.36¡0.58 kg, reflected mainly by a decrease in FFM.

Inflammatory markers in patients with chronic obstructive
pulmonary disease and healthy subjects

Inflammatory markers were compared between patients
and control subjects as shown in table 3. IL-6 serum
concentrations were significantly increased in COPD patients
(pv0.05). No significant differences were seen in serum and

LPS-stimulated cell culture supernatant TNF-a between
patients and healthy controls. TNF-a in monocyte super-
natant of spontaneous cell culture was not detectable with this
assay. Serum CRP levels tended to be higher in COPD and
was positively related to IL-6 (r=0.73, p=0.00076); seven
patients presented values w5 mg?L-1. None of the values
for the inflammatory mediators correlated with values of
body composition, dietary intake, lung function and arterial
blood gases.

Inflammatory markers in chronic obstructive pulmonary
disease patients before and after the experimental diet

Comparison of inflammatory markers before and after 48 h
of experimental diet are shown in table 4 and figure 1. The
experimental diet did not induce statistically significant
changes in serum levels of CRP, IL-6, TNF-a and in LPS-
stimulated TNF-a secretion by monocytes.

Table 2. – Body composition before and after experimental
diet

Before After p-value

Subjects n 14 14
Weight kg 62.8¡6.9 61.4¡6.9 v0.001
Fat mass kg 18.3¡5.6 18.7¡5.1 0.178
Fat-free mass kg 44.5¡3.6 42.7¡3.4 0.001

Data represent mean¡SD unless otherwise stated.

Table 3. – Inflammatory markers in patients with chronic
obstructive pulmonary disease (COPD) compared with control
subjects

Control
subjects

COPD
subjects

p-value

Subjects n 10 14
CRP mg?dL-1 1.7 (0.9–2.1) 5.6 (1.0–20.2) 0.095
Serum TNF-a pg?mL-1 2.0 (1.6–3.2) 2.0 (1.6–2.8) 0.953
Serum IL-6 pg?mL-1 1.6 (0.4–4.1) 3.7 (2.6–4.8) 0.038
LPS-TNF-a pg?106 cell-1 2957¡1512 2227¡1540 0.55

Data represent mean¡SD or median (quartiles 1–3) unless otherwise
stated. CRP: C-reactive protein; TNF: tumour necrosis factor;
IL: interleukin; LPS-TNF-a: lipopolysaccharide-stimulated cell culture
supernatant TNF-a.

Table 4. – Markers of inflammation before and after experi-
mental diet

COPD subjects p-value

Before After

Subjects n 14 14
CRP mg?L-1 5.6 (1.0–20.2) 6.8 (3.7–12.8) 0.32
SerumTNF-a pg?mL-1 2.0 (1.6–2.8) 2,1 (1.3–3.9) 0.301
Serum IL-6 pg?mL-1 3.7 (2.6–4.8) 3.2 (1.8–4.4) 0.241
LPS-TNF-a pg?106 cell-1 2227¡1540 2333¡1075 0.791

Data represent mean¡SD or median (quartiles 1–3) unless otherwise
stated. COPD: chronic obstructive pulmonary disease; CRP: C-reactive
protein; TNF: tumour necrosis factor; IL: interleukin; LPS-TNF-a:
lipopolysaccharide-stimulated cell culture supernatant TNF-a.
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Discussion

The purpose of this study was to investigate the effect of
energy restriction on the activation of inflammatory systems
in patients with COPD. Clinically stable COPD patients with
a moderate/severe degree of airway obstruction without
evidence of hypoxaemia and/or modifications of body
weight during the last year were submitted to energy dietary
restriction over 48 h. During the period of experimental diet,
they ingested an energy content of y33% of their estimated
energy needs or 27% of their usual energy ingestion, resulting
in a significant weight loss without modification of inflam-
matory markers.

In these patients, the prevalence of nutritional depletion, a
dietary intake significantly higher than estimated energy needs
and evidence suggesting ongoing inflammatory reaction, as
shown by the finding of higher serum IL-6 concentration, are
in agreement with previously available data obtained in
clinically stable COPD patients [1, 17–20]. Although no
significant relationship could be established, these findings
may indicate that the higher levels of IL-6 are not related to a
deficit of energy intake and that other factors may contribute
to the elevated levels of this cytokine in COPD patients.

COPD patients studied in the present investigation were
weight stable during the last year and presented serum
concentration and secretion of TNF-a by PBMC that was not
significantly different when compared with values obtained in
control healthy subjects. This is in agreement with previous
results obtained by DI FRANCIA et al. [2] in COPD patients
weighing more than the lower limit of normal according to
the Metropolitan Life Insurance Company tables [15], and by

the present authors in patients with stable weight [9]. How-
ever, higher serum concentrations of TNF-a, of sTNFRs
(TNFR75 and TNFR55) and secretion of TNF-a by PBMC
have been described in COPD patients showing an uninten-
tional weight loss, a body weight less than the lower limit of
normal [2], a body weight fluctuation of w5% during the last
year [9], and also in patients with increased resting energy
expenditure, decreased FFM, body mass index and creatinine-
height index [3, 21]. These studies support a hypothesis
linking inflammatory and catabolic states in COPD patients.

The cause of the systemic inflammation in malnourished
COPD patients is unknown; various factors that may
interfere with cachexia and inflammatory markers have been
considered [5, 6, 22]. TAKABATAKE et al. [6] found an inverse
correlation between Pa,O2 and circulating TNF-a and sTNFR
levels in patients with COPD, suggesting that systemic
hypoxaemia may be associated with activation of the TNF-
a system in vivo [6]. Another explanation for elevated serum
concentration of inflammatory mediators may be some factor
related to an altered dietary intake [8].

The effects of dietary intake fluctuation on inflammatory
mediators have been examined in clinical entities of different
aetiologies, pathophysiological mechanisms of malnutrition,
type and duration of dietary intake fluctuation, baseline
nutritional state and also whether the tests were made during
dynamic weight loss or after weight stabilisation [7, 8, 23].
Data obtained in healthy subjects, who underwent severe
calorific deprivation, and in weight-losing and weight-stable
patients with anorexia nervosa, suggested that increased levels
of TNF-a are related to decreased energy ingestion and that
active weight loss should be present to stimulate secretion of
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Fig. 1. – Individual plots ($) before and after the experimental diet for a) C-reactive protein (CRP), b) serum interleukin (IL)-6, and c) serum
tumour necrosis factor (TNF)-a. The box indicates the 25th to 75th percentiles and the horizontal line indicates the median value. Whiskers
below and above the box indicate the 10th and 90th percentiles, respectively. d) Lipopolysaccharide-stimulated cell culture supernatant TNF-a
before and after the experimental diet. The mean (h) ¡SD values are also shown.
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cytokines [7, 8]. This is in agreement with findings of a
previous study, where it was found that COPD patients with
active weight loss presented with a significantly higher TNF-a
secretion by PBMC when compared with weight-stable
patients and control subjects. In the present study, it was
also shown that at 6 months follow-up, in the absence of
ongoing weight loss, the difference in TNF-a secretion
between groups was not maintained [9].

In contrast with the suggestions of the previous above-
mentioned studies [7–9], the energy dietary restriction, over
48 h, was not associated with significant changes in serum
concentrations of IL-6, CRP and TNF-a and in the secretion
of TNF-a by PBMC. However, the degree and duration of
energy restriction may be responsible by the absence of the
increased inflammatory response during the experiment.
Although the energy intake of the patients during the
experimental period (685¡60 kcal?day-1) was not as low as
that provided by VAISMAN et al. [7] to healthy subjects
(100 kcal?day-1), it was lower than the energy intake reported
in anorexia nervosa patients (800–1,300 kcal?day-1) [8] and
also during periods of disease exacerbation in COPD patients
(1,350 kcal?day-1) [24, 25]. In this study, the experimental diet
led to alterations of body weight (1.36¡0.58 kg) and body
composition, reflected mainly by decreased FFM that can be
accounted for, at least in part, by body hypohydration and
calorific deficit. These findings are similar to those observed
during the acute phase of starvation experiments when the
cumulative weight loss varied 1.56–2.09 kg, after 48 h of
500 kcal?day-1 intake attributed mainly to water loss during
early starvation [26, 27]. Therefore, the restriction of energy
intake, to which the COPD patients were subjected, appears
significant.

To date, there are no available data concerning the period
of time needed to stimulate an inflammatory response in
COPD patients. It could be hypothesised that a longer period
of energy restriction may have elicited an inflammatory
response, but, the patients could not be subjected to any
additional nutritional risk. Exacerbation of COPD has been
associated with increased airway and systemic inflammation
[28, 29]. The underlying mechanisms inducing and controlling
the inflammatory process during periods of disease exacerba-
tion are far more complex than the energy restriction induced
in this study [5, 28, 29]. However, as decreased dietary intake
has been described during these periods [24, 25] it cannot be
completely excluded that, at least in part, low energy intake
may contribute to the increased inflammatory status. There-
fore, in the present work, the design involved the use of a
period of low energy intake similar to that observed in disease
exacerbation periods [24, 30]. During these periods, the
dietary intake is significantly lower (mean 43%) than the
habitual dietary intake of the period prior to admission to
the hospital, followed by significant increase of intake on
the second day after admission. Thereafter, the dietary intake
improved quickly for the remaining hospitalisation period
[24, 30].

In summary, this study aimed to examine the effect of
energy restriction and its immediate consequences in the
inflammatory status in chronic obstructive pulmonary disease
patients. It was shown that a decrease of energy intake for
short periods of time did not activate the tumour necrosis
factor-a and interleukin-6 systems in clinically and weight-
stable chronic obstructive pulmonary disease patients.
The findings of the study, although preliminary because of
the limited degree and duration of the energy restriction,
suggest that the elevated serum levels or secretion of tumour
necrosis factor-a previously described in undernourished or
weight-losing chronic obstructive pulmonary disease patients
may not be linked to a decrease of dietary energy intake in
these patients.
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