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Isabelle Court-Fortune,8 Marie-Thérèse Antonini,9 Jésus Gonzalez-Bermejo,10,11
Lahouari Meziane,12,13 Luis Carlos Molano,14,15,16 Jean-Paul Janssens,17,18
Frédéric Costes,19,20 Bernard Wuyam,21,22 Thomas Similowski,10,11 Boris Melloni,23
Maurice Hayot,12,13 Julie Augustin,7 Catherine Tardif,24 Hervé Lejeune,25,26
Hubert Roth,1,2,3,27 Claude Pichard,18,28 the IRAD Investigators*
See Editorial, p 935
For numbered affiliations see
end of article.
Correspondence to
Christophe Pison, Clinique de
Pneumologie, CHU Grenoble,
F-38000 Grenoble, France;
cpison@chu-grenoble.fr
*For author footnote see end of
the article.
Received 4 November 2010
Accepted 26 May 2011
Published Online First
23 June 2011

ABSTRACT
Background In chronic respiratory failure (CRF), body
composition strongly predicts survival.
Methods A prospective randomised controlled trial was
undertaken in malnourished patients with CRF to
evaluate the effects of 3 months of home rehabilitation
on body functioning and composition. 122 patients with
CRF on long-term oxygen therapy and/or non-invasive
ventilation (mean (SD) age 66 (10) years, 91 men) were
included from eight respiratory units; 62 were assigned
to home health education (controls) and 60 to
multimodal nutritional rehabilitation combining health
education, oral nutritional supplements, exercise and oral
testosterone for 90 days. The primary endpoint was
exercise tolerance assessed by the 6-min walking test
(6MWT). Secondary endpoints were body composition,
quality of life after 3 months and 15-month survival.
Results Mean (SD) baseline arterial oxygen tension was
7.7 (1.2) kPa, forced expiratory volume in 1 s 31 (13)%
predicted, body mass index (BMI) 21.5 (3.9) kg/m2 and
fat-free mass index (FFMI) 15.5 (2.4) kg/m2. The
intervention had no significant effect on 6MWT.
Improvements (treatment effect) were seen in BMI
(+0.56 kg/m2, 95% CI 0.18 to 0.95, p¼0.004), FFMI
(+0.60 kg/m2, 95% CI 0.15 to 1.05, p¼0.01),
haemoglobin (+9.1 g/l, 95% CI 2.5 to 15.7, p¼0.008),
peak workload (+7.2 W, 95% CI 3.7 to 10.6, p<0.001),
quadriceps isometric force (+28.3 N, 95% CI 7.2 to
49.3, p¼0.009), endurance time (+5.9 min, 95% CI 3.1
to 8.8, p<0.001) and, in women, Chronic Respiratory
Questionnaire (+16.5 units, 95% CI 5.3 to 27.7,
p¼0.006). In a multivariate Cox analysis, only
rehabilitation in a per-protocol analysis predicted survival
(HR 0.27, 95% CI 0.07 to 0.95, p¼0.042).
Conclusions Multimodal nutritional rehabilitation aimed
at improving body composition increased exercise
tolerance, quality of life in women and survival in
compliant patients, supporting its incorporation in the
treatment of malnourished patients with CRF.
Clinical Trial number NCT00230984.

INTRODUCTION
Chronic respiratory failure (CRF), the ﬁnal
common pathway of end-stage chronic respiratory
diseases, is a common condition characterised by
Thorax 2011;66:953e960. doi:10.1136/thx.2010.154922

Key messages
What is the key question?
< In malnourished patients with chronic respira-

tory failure where body composition strongly
predicts survival, would home multimodal
nutritional rehabilitation improve clinical
outcomes?

What is the bottom line?
< Home rehabilitation combining health education,

oral nutritional supplements, exercise and oral
testosterone improved after 3 months, body
composition, exercise tolerance and, in women,
quality of life and was associated with a better
survival 12 months after home intervention in
compliant patients.

Why read on?
< It appears that none of the components alone

could achieve such results, supporting incorporation of multimodal nutritional home rehabilitation in undernourished patients with chronic
respiratory failure.

very poor survival. Indeed, the main cause of
CRFdchronic obstructive pulmonary disease
(COPD)dis predicted to become the fourth most
common cause of death worldwide by 2030.1 The
overall median survival of patients with CRF ranges
from 2 to 6 years after the initiation of domiciliary
respiratory assistance, depending on both the
underlying respiratory disease and malnutrition. To
date, only long-term oxygen therapy (LTOT) has
been shown to improve survival.2 In CRF, body
mass index (BMI) is an independent determinant of
death.3 4 In COPD the predictive value for survival
of fat-free and muscle mass has been reported.5 6
However, meta-analyses have failed to show any
beneﬁt from nutritional support alone.7 These data
have led to recommendations combining education
on health, exercise training and interventions to
improve
body
composition
abnormalities.8
Although positive results were achieved in
moderate to severe COPD,9 10 nutritional support
953
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Multimodal nutritional rehabilitation improves clinical
outcomes of malnourished patients with chronic
respiratory failure: a randomised controlled trial

Chronic obstructive pulmonary disease

METHODS
Patients
Eight clinics participating in respiratory home care networks
took part in the study. Inclusion criteria included age >18 years;
room air arterial oxygen tension (PaO2) #8 kPa at initiation of
home treatment; LTOT and/or home mechanical ventilation
history >3 months; BMI #21 kg/m2 or FFMI measured by
50 kHz bioelectrical impedance analysis (BIA) <25th percentile
of predicted which corresponds to FFMI <18 kg/m2 in men and
<15 kg/m2 in women11 12; absence of exacerbation within
3 months before inclusion; written informed consent. Four
causes of CRF were considered: COPD, bronchiectasis,
restrictive disorders and mixed respiratory failure.3 13 Exclusion
criteria were pulmonary hypertension, obstructive sleep apnoea
syndrome, neuromuscular diseases, cystic ﬁbrosis, any condition
compromising 6-month survival, serum alanine aminotransferase (ALAT) >1.5 ULN, hormone-dependent cancer, elevated
prostate-speciﬁc antigen (PSA), inability to follow a rehabilitation programme and women of childbearing age.

Experimental design
From March 2003 to March 2007, 1959 Caucasian patients were
screened and 126 were randomly assigned to the home
nutritional rehabilitation group (n¼62) or to the control group
(n¼64) (ﬁgure 1). Most of the failures for inclusion were due to
body composition inclusion criteria. Two patients in each group
withdrew their consent. Thus, 31 women and 91 men of mean
(SD) age 65.9 (9.6) years were included. Randomisation was
stratiﬁed by centre and used balanced blocks of 4 or 6. The
assignment of a new patient was obtained by contacting
a central ofﬁce where sealed numbered envelopes for each centre
were secured.

Intervention
The trial interventions were performed in the patients’ homes
from day 0 to day 90 (ﬁgure 2). In all patients education was
delivered by nurses or physiotherapists specialised in pulmonary
rehabilitation during seven 2-h sessions on days 0, 10, 30, 45, 60,
75 and 89 using speciﬁc booklets (http://www.livingwellwithcopd.com). Staff members received instructions during
two meetings prior to ﬁrst randomisations in order to get
homogenous education and training interventions in terms of
content and timing. In addition, the multimodal nutritional
rehabilitation group received oral testosterone undecanoate,
80 mg twice daily in men and 40 mg twice daily in women
(Schering-Plough, Kenilworth, New Jersey, USA), three 120 ml
ONS per day (188 kcal, protein 20%, carbohydrates 60% and
lipids 20%; Respifor, Nutricia Advanced Medical Nutrition, The
Netherlands),14 15 exercise training combining endurance
sessions on a bicycle 3"5 times a week, started at 50% of the
peak workload achieved on day 0 then increasing by 5 W
increments, and segmental muscular reinforcement exercises
954

Figure 1 Enrolment of patients and completion of study. The four
patients who withdrew their consent (two in each group) were not
analysed. The eight patients from the rehabilitation group who did not
comply, as well as the one lost to follow-up, were retained in the
intention-to-treat analysis.
using elastic bands. Exercise sessions three times a week were
unsupervised except during the seven visits by the person
responsible for education. Telephone calls once a week encouraged patients to perform exercise sessions. ONS and androgen
pills were given during each fortnightly visit and both stopped
on day 90. During the last visit all patients were encouraged to
keep an active way of life and to combat undernutrition but no
further home intervention was planned except two calls
6 months apart to get updates on health status.

Patient assessment
On the day of inclusion clinical examination, blood sampling,
BIA, ECG at rest, arterial blood gases, pulmonary function tests,
maximal cycle exercise capacity, speciﬁc quality of life questionnaires, 6 min walking test (6MWT), isometric quadriceps
force and exercise endurance testing were performed (ﬁgure 2).
During the seven home visits the safety and efﬁcacy of exercise
sessions were determined together with compliance with exercise assessed by exercise tests prior to inclusion and a written
patient report of each session to assess their self-perceived
tolerance of home exercise, ONS by empty can collection and
androgen therapy by empty blisters. Patients in the rehabilitation group were considered as compliant if they had received at
least one-third of two of the three interventions planneddthat
is, at least 12 exercise sessions out of 36 and/or 90 ONS out of
270 and/or 160 androgen pills out of 480 in men or 80 of 240 in
women.
On day 90 the evaluation performed on the inclusion day was
repeated with the investigator blind to the allocation arm. On
days 270 and 450, health-related events (home-treated exacerbations, hospitalisation days, death) were recorded.

Measures
At baseline, demographic data, smoking habits, use of inhaled
corticosteroids, long-acting b2 agonists and anticholinergics, oral
Thorax 2011;66:953e960. doi:10.1136/thx.2010.154922
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combined with pulmonary rehabilitation has not been studied in
CRF. Our hypothesis was that improvement in body composition by a multimodal strategy combining anabolic stimuli such
as exercise, oral nutritional supplements (ONS) and testosterone
would improve clinical outcomes for malnourished patients
with CRF. The main objective of this randomised controlled
multicentre study was to increase BMI and fat-free mass index
(FFMI) in order to achieve better exercise tolerance, quality of
life and survival. Such an objective ﬁts with present guidelines,
although evidence is lacking in patients with home respiratory
assistance.8

Chronic obstructive pulmonary disease
Control group
D90=M3: last
investigations
(Hospital)

D1: first day of
education
(Home)

Dinclusion:
first investigations
D10

D30 D45

D60

D75 D89

D270=M9

D450=M15

Drandom.
D1: first day of
rehabilitation
(Home)

D90=M3: last
investigations
(Hospital)

Rehabilitation group

b-blockers and statins were recorded. Serum ALAT and PSA were
measured at inclusion and on day 90.

Respiratory function
Forced expiratory volume in 1 s (FEV1), forced vital capacity
(FVC) and arterial blood gases were measured in room air at rest.

Exercise tolerance
A 6MWT was performed according to ATS guidelines under
oxygen therapy set at the same ﬂow on days 0 and 90 and
expressed as the absolute value and percentage of predicted
value.16 An incremental maximal exercise test was performed on
an electromagnetically-braked cycle ergometer with the patient
on oxygen therapy. Exercise endurance time was measured at
55% of peak work capacity to mimic the energy needed to
perform daily physical activities.

Maximum isometric quadriceps force
The maximum isometric quadriceps force was measured on the
dominant leg in the sitting position using the Globus system
(Globus Sport and Health Technologies LLC, West Hartford,
Connecticut, USA).

Nutritional and endocrine parameters
Body composition was assessed by 50 kHz BIA according to
Kyle.11 12 FFM was normalised for height (FFMI¼FFM/height2).
Serum albumin, transthyretin, C reactive protein and haemoglobin measurements were centralised and performed using
conventional methods. Total testosterone was measured by
radioimmunoassay (RIA) after extraction and chromatography,
oestradiol by RIA after extraction, and luteinising hormone (LH)
and follicle-stimulating hormone (FSH) by immunoradiometric
assay (IRMA; Beckman Coulter, Fullerton, California, USA). Sex
hormone-binding globulin (SHBG) was measured by IRMA (Cis
Bio International, Saclay, France). Bioavailable testosterone was
calculated taking into account total testosterone, albumin and
SHBG levels.17

Quality of life
Quality of life was assessed using the Chronic Respiratory
Disease Questionnaire (CRQ) and the Maugeri Foundation
Respiratory Failure questionnaire (MRF-28).18 19

Statistical analysis
The sample size was estimated for an increase in 6MWT by
50 m with an SD of 100 m, a two-sided a error of 0.05 and
Thorax 2011;66:953e960. doi:10.1136/thx.2010.154922

a b error of 0.20.13 Two blinded interim analyses of 6MWT, serious
adverse events and death from any cause were planned (January
2006 and 2007) to look for premature evidence of beneﬁts in the
rehabilitation versus control group, or of harm in any group. The
Peto method was used with a signiﬁcance level of 0.001 for each
interim study to keep a ﬁnal signiﬁcance level of 0.05. Normality
was assessed by the ShapiroeWilk test when necessary. The
primary analysis was performed according to the intention-totreat principle. The treatment effect was calculated by betweengroup comparisons of the 3-month variation in parameters with
regression analysis adjusted for sex, age and baseline value of the
parameter, except for hormonal data and quality of life for which
men and women were studied separately. Serious adverse event
rates (number of events or days in hospital divided by follow-up
duration) were compared between groups with the
ManneWhitney test. Survival at the end of follow-up was
analysed using KaplaneMeier curves and log-rank tests. After
veriﬁcation of the proportional hazards assumption, univariate
Cox proportional hazard models were built to detect indicative
parameters at a level of p¼0.20; these were then tested to propose
a multivariate Cox model. Finally, a per protocol survival analysis
comparing the treated and control group was performed: patients
in the rehabilitation group were analysed if they had been
compliant during the 3-month intervention. This was the sole
subgroup analysis performed to assess the role of minimum
compliance to reach survival beneﬁt. Statistical tests were carried
out using Stata 10 (Stata Corp., College Station, Texas, USA).

RESULTS
Baseline data
At baseline, patient characteristics (table 1) and treatments (data
not shown) were similar in the two groups. Patients were
mainly male ex-smokers with COPD. They presented with
a severe ventilatory obstructive defect, profound hypoxaemia
and moderate hypercapnia, leading to non-invasive mechanical
ventilation in 35% of cases. Exercise intolerance was demonstrated by low values for 6-min walking distance (6-MWD) and
peak workload. The median BMI was 21.0 kg/m2. At inclusion,
FFMI in men was <18 kg/m2 in 88% of cases and in women
<15 kg/m2 in 90% of cases. Serum albumin was <35 g/l in 21%
of patients, transthyretin <200 mg/l in 34% and serum C reactive protein $5 mg/l in 61%. In men, 32% had a total testosterone level below the normal range, 51% had an increased
SHBG level and 70% had decreased bioavailable testosterone. In
women, 90% had elevated FSH and low oestradiol levels in line
955
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Figure 2 Experimental design of the
study. Inclusion day, randomisation day
and first day of intervention were as
close as possible. The intervention
period lasted from day 1 to day 90,
with the same evaluation on the
inclusion day and day 90. Healthrelated events were recorded on day
270 and day 450.

Chronic obstructive pulmonary disease

Variable

Control group (N[62)

Rehabilitation group (N[60)

Men/women, n/n
Age, years*
Underlying respiratory disease
COPD, n (%)
Bronchiectasis, n (%)
Restrictive disorders, n (%)
Mixed respiratory diseases, n (%)
Smoking status
Current, former, never, %
Home respiratory assistance
LTOT, n (%)
LTOT or NIV+LTOT, n (%)
Pulmonary function and gas exchange
FEV1, l
FEV1, % predicted
FEV1/FVC
Room air PaO2, kPa
Room air PaCO2, kPa
Haemoglobin, g/l
Exercise tolerance
6MWD, m
6MWD, % predicted
Peak workload on bicycle, W
Endurance time, 55% peak work, min
Quadriceps force, N
Nutritional and inflammatory status
BMI, kg/m2
FFMI, men
FFMI, women
Serum albumin, g/l
Serum transthyretin, mg/l
Serum CRP, mg/l, median (Q1eQ3)
Plasma testosterone
Men, ng/ml
Women, ng/ml
Bioavailable plasma testosterone
Men, ng/dl
Women, ng/dl
Plasma oestradiol
Men, pg/ml
Women, pg/ml
Plasma SHBG
Men, nmol/l
Women, nmol/l
Plasma LH
Men, IU/l
Women, IU/l
Plasma FSH
Men, IU/l
Women, IU/l
Quality of life, CRQ, (20"140)y
All
Men
Women
Quality of life, MRF, (28"0)z
All
Men
Women

44/18
65.1 (9.6)

47/13
66.6 (9.6)

49
5
5
3

(79)
(8)
(8)
(5)

11, 76, 13
40 (65)
22 (35)

45
4
6
5

(75)
(7)
(10)
(8)

8, 80, 12
38 (65)
22 (35)

0.76
30.0
38.5
7.7
5.9
145.0

(0.32)
(12.0)
(13.2)
(1.3)
(0.9)
(18.2)

0.83
32.6
40.3
7.7
5.8
147.1

(0.31)
(13.5)
(13.6)
(1.1)
(1.0)
(15.2)

278
42.2
37.1
8.7
204

(116)
(17.5)
(14.8)
(6.1)
(102)

295
45.6
35.5
9.0
216

(138)
(21.3)
(10.9)
(8.3)
(111)

21.4
16.8
12.8
36.8
215
7.8

(4.0)
(2.3)
(1.1)
(5.3)
(66)
(4.6"12.8)

21.5
15.8
13.6
37.0
214
5.7

(3.8)
(1.7)
(1.6)
(3.4)
(59)
(3.6e13.1)

3.92 (1.53)
0.12 (0.10)

3.67 (1.38)
0.13 (0.15)

131.9 (51.8)
2.3 (1.6)

125.0 (42.6)
3.6 (2.9)

20.7 (8.8)
11.1 (20.2)

21.9 (13.0)
17.7 (34.6)

50.7 (25.5)
86.0 (36.7)

50.1 (19.8)
66.5 (31.0)

5.8 (5.5)
22.0 (14.9)

4.1 (4.8)
20.2 (7.4)

13.3 (14.1)
59.1 (30.0)

9.8 (8.4)
64.2 (21.5)

79.5 (17.6)
80.4 (16.8)
77.3 (19.8)

74.2 (15.4)
74.9 (13.4)
71.3 (21.6)

13.5 (6.3)
13.7 (6.5)
13.1 (5.9)

13.4 (5.8)
14.3 (5.2)
10.2 (7.0)

*Results are expressed as mean (SD) except where indicated otherwise.
yScores for the Chronic Respiratory Disease Questionnaire (CRQ) are based on a scale of 20"140, with higher scores indicating better
functioning, and normalised from 0 to 100.
zScores for the Maugeri Foundation Respiratory Failure Questionnaire (MRF-28) are based on a scale of 28"0, with lower scores
indicating better functioning.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 s;
FFMI, fat-free mass index; FSH, follicle-stimulating hormone; FVC, forced vital capacity; LH, luteinising hormone; LTOT, long-term
oxygen therapy; 6MWD, 6-min walking distance; NIV, non-invasive ventilation; SHBG, sex hormone-binding globulin.
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Table 1 Baseline values in the control and multimodal nutritional rehabilitation groups

Chronic obstructive pulmonary disease

Changes in biological and clinical parameters from day 0
to day 90
The clinical and biological results are summarised in table 2. The
therapeutic effects of multimodal nutritional rehabilitation on
functional and nutritional parameters (table 2) comprised
improvements in peak workload, quadriceps isometric force and
endurance time on a bicycle, whereas the increase in 6MWD was
not statistically or clinically signiﬁcant. BMI, FFMI, serum
transthyretin and haemoglobin increased signiﬁcantly. Quality
of life was improved in women but not in men. In men,
testosterone therapy induced a decrease in LH, FSH and
oestradiol levels ("1.5 ng/l, p¼0.013; "2.4 ng/l, p¼0.010;
"3.8 ng/l, p¼0.012, respectively). In both men and women,
SHBG levels decreased in the rehabilitation group compared
with controls ("12.4 ng/l, p<0.001 and "37.7 ng/l, p<0.001,
respectively). In rehabilitated women but not in men, total and
bioavailable testosterone levels increased. Pulmonary volumes
and blood gases were unaffected.
Eight patients including three women in the rehabilitation
group were non-compliant, achieving only 12.3% of exercise
sessions (range 0e22.2) and taking only 11.9% (0e23.3%) of the

ONS and 22.0% (0e46.7%) of the androgen tablets in women
and 7.8% (0e82.0%) in men. These patients were similar to
compliant patients at baseline except for BMI (mean (SD) 24.1
(0.8) vs 21.1 (0.5) in compliant patients, p¼0.039). Safety-related
parameters such as C reactive protein, ALAT, PSA, arterial pH
and PaCO2 were unaffected. The 3-month exacerbation rates
were slightly higher in the rehabilitation group than in controls
(0.36 (range 0e3.33) vs 0.14 (0e2.22), p¼0.045) but did not
inﬂuence the hospitalisation rates for respiratory illness (4.0
(0e57) vs 2.7 (0e60) days, p¼0.073) or non-respiratory events
(0.3 (0e8.9) vs 2.0 (0e49) days, p¼0.21).

Day 90 to day 450 follow-up
The exacerbation rate (0.18 (range 0e1.11) vs 0.16 (0e1.39),
p¼0.61) as well as hospitalisation rates for respiratory (3.1
(0e28.6) vs 2.3 (0e17.0) days, p¼0.67) and non-respiratory (1.5
(0e73) vs 0.3 (0e12.8) days, p¼0.90) events were similar in the
two groups. Six of the 60 patients assigned to rehabilitation and
12 of the 62 controls died (ﬁgure 3, intention-to-treat analysis,
p¼0.15). Respiratory failure was the cause of death in two
rehabilitated and seven control patients.
After exclusion of non-compliant patients, only three deaths
were reported among the 52 rehabilitated patients. Thus, in per
protocol analysis, survival was signiﬁcantly improved in

Table 2 Mean (SD) within-group differences in absolute and percentage changes from baseline for outcome variables after 3 months of multimodal
nutritional rehabilitation and mean (SEM) between-group differences adjusted for sex, age and parameter value at baseline
Within-group changes
Control
Exercise tolerance
6MWD, m
6MWD, % baseline
6MWD, % predicted
Pmax, Watts
Pmax, %
Time to exhaustion, min
Time to exhaustion, %
Quadriceps isometric force, N
Quadriceps isometric force, %
Nutritional status
Weight, kg
Weight, %
BMI, kg/m2
BMI, %
FFM, kg
FFM, %
FFMI, kg/m2
FFMI, %
Serum transthyretin, mg/l
Serum transthyretin, %
Haemoglobin, g/l
Haemoglobin, %
Bioavailable plasma testosterone, pg/l
Men
Women
Quality of life, CRQ
All
Men
Women
Quality of life, MRF-28
All
Men
Women

Between-group differences
Rehabilitation

"1.7
"5.2
"0.2
"2.8
"5.1
"1.40
"13.9
0.55
"0.4

(62.1)
(46.8)
(10.0)
(8.5)
(23.4)
(4.68)
(36.2)
(50.8)
(24.4)

12.1
34.5
01.6
4.9
16.5
4.77
79.2
28.6
23.4

(86.9)
(153.4)
(12.8)
(8.9)
(30.8)
(8.87)
(124.3)
(50.0)
(70.0)

0.20
0.37
0.09
0.37
"0.49
"0.53
"0.15
"0.53
2.9
8.6
"5.6
"3.59

(2.70)
(4.54)
(0.96)
(4.54)
(3.62)
(7.47)
(1.28)
(7.47)
(62.4)
(38.0)
(20.4)
(15.1)

1.76
2.99
0.62
2.99
1.47
3.27
0.51
3.27
38.4
24.9
2.8
2.19

(2.93)
(5.05)
(1.04)
(5.05)
(3.04)
(6.82)
(1.08)
(6.82)
(57.7)
(42.1)
(9.9)
(6.94)

Mean differences

p Value

20.0 (13.9)

0.153

2.92 (2.12)
7.2 (1.7)

0.173
<0.001

5.95 (1.43)

<0.001

28.3 (10.6)

0.009

1.65 (0.54)

0.003

0.56 (0.19)

0.004

1.75 (0.64)

0.007

0.60 (0.23)

0.010

37.7 (10.3)

<0.001

9.11 (3.33)

0.008

1.2 (63.1)
25.68 (27.83)

0.2 (11.3)
30.8 (7.16)

0.990
<0.001

2.5 (13.8)
2.9 (12.1)
1.5 (17.4)

7.6 (14.7)
5.1 (13.2)
17.7 (17.0)

4.6 (2.5)
1.4 (2.7)
16.5 (5.4)

0.068
0.617
0.006

0.4 (3.2)
0.5 (3.2)
0.3 (3.2)

"0.7 (4.6)
"0.6 (5.0)
"1.1 (2.3)

"1.20 (0.74)
"0.90 (0.92)
"2.39 (1.04)

0.106
0.336
0.031

"0.3 (33.0)
"0.07 (0.72)

%, percentage change from baseline; BMI, body mass index; CRQ, Chronic Respiratory Disease Questionnaire; FFM, fat-free mass; FFMI, fat-free mass index; MRF, Maugeri Foundation
Respiratory Failure Questionnaire; Pmax, peak workload on bicycle; 6MWD, 6-min walking distance; time to exhaustion, endurance time on bicycle at 55% of Pmax in minutes.
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with postmenopausal status. Quality of life questionnaires
showed similar values in men and women.
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DISCUSSION

Figure 3 Intention-to-treat (upper) and per-protocol (lower) analyses of
survival. In the intention-to-treat analysis all 60 patients in the
rehabilitation group were studied. In the per-protocol analysis the 52
compliant patients were retained. Compliance was defined as having
received at least 30% of two of the three treatments (exercise, oral
nutritional supplements and oral testosterone undecanoate) during the
3-month intervention.
rehabilitated patients compared with controls (log-rank test,
p¼0.03). In all patients univariate Cox analysis showed that
15-month survival was related to age (p¼0.053), baseline values
of FFMI (p¼0.054), albumin (p¼0.137), PaO2 (p¼0.039), 6MWD
(p¼0.011), peak workload (p¼0.094), exercise endurance time
(p¼0.025) and belonging to the rehabilitation group (p¼0.163).
In per-protocol multivariate univariate Cox regression and per
protocol analysis (table 3), after veriﬁcation of the proportional
hazards assumption, baseline values of FFMI, FEV1/FVC,
albumin, PaO2, 6MWD, peak workload, exercise endurance and
belonging to the rehabilitation group had a p value of <0.20 and
were tested in backward multivariable models adjusted for
gender and age. In the ﬁnal model adjusted for gender, age and
Table 3

This is the ﬁrst study to conﬁrm the working hypothesis that
improving body mass and composition signiﬁcantly improves
muscle function and quality of life in malnourished patients
with CRF. Three-month multimodal nutritional rehabilitation
resulted in increased BMI and FFMI together with serum
transthyretin and haemoglobin. These nutritional improvements were associated with better muscle functioning, quality
of life and 15-month survival in per protocol analysis, but we
failed to reach our primary outcome of a clinically signiﬁcant
increase in 6MWT.
In COPD, little beneﬁt can be expected from nutritional
supplements given alone except in a recent randomised control
trial based on dietary counselling and food fortiﬁcation resulting
in a sustained weight gain and improved quality of life.7 20 In
CRF, no data on nutritional interventions are available. In this
context, American Thoracic Society/European Respiratory
Society guidelines propose a multimodal approach to address the
systemic dimension of chronic respiratory diseases.8 A few
pioneer groups have shown the potential of combining either
exercise plus androgens21 22 or exercise plus nutritional supplements.3 10 23 This study showed signiﬁcant improvement in
clinical outcomes by combining ONS, androgen therapy and
exercise in CRF. It also conﬁrmed the efﬁcacy and safety of
home-based intervention.24
The doses of testosterone used were those recommended for
physiological substitution in cases of acquired hypogonadism.
The rationale for the choice of nutritional supplements was the
presentation in low-volume and high-calorie packs which has
been reported to increase patient compliance,14 and the high
carbohydrate/fat ratio which has been demonstrated to be
preferable in hypoxic conditions resulting in less dyspnoea in
patients with COPD at rest and during exercise.15
At baseline, patients exhibited features of a poor prognosis as
indicated by low BMI,3 4 25 FFMI,5 6 serum albumin and
transthyretin, systemic inﬂammation,3 very severe obstructive
airﬂow pattern, chronic hypoxia and carbon dioxide
retention.2e4 After rehabilitation body weight increased by
1.5 kg, in contrast with the known risk of weight loss in rehabilitation without an increase in energy intake. Such an
improvement in body mass, mainly related to an increase in
FFM (+1.73 kg), resulted in an improvement in peak workload
which compared favourably with data obtained in emphysematous patients undergoing surgical volume reduction.26 The

Per-protocol univariate and multivariate analyses of survival with Cox proportional hazards regression models
Univariate analysis
HR (95% CI)

Rehabilitation
Female
Age
FFMI, +1 kg/m2
FEV1/FVC, +1
Albumin, +1 g/l
PaO2, +1 kPa
6MWD, +1% predicted
Pmax, +1 W
Time to exhaustion, +1 min

0.279
1.514
1.032
0.831
0.959
0.930
0.613
0.973
0.948
0.997

(0.078
(0.517
(0.975
(0.654
(0.911
(0.833
(0.408
(0.948
(0.900
(0.995

to
to
to
to
to
to
to
to
to
to

0.990)
4.429)
1.092)
1.055)
1.010)
1.038)
0.920)
0.999)
0.9996)
0.9998)

Multivariate analysis
p Value

HR (95% CI)

p Value

0.048
0.449
0.283
0.128
0.110
0.194
0.018
0.040
0.048
0.034

0.267 (0.075 to 0.954)
0.839 (0.278 to 0.954)
1.030 (0.971 to 1.093)
Not included in multivariable
Not included in multivariable
Not included in multivariable
Not included in multivariable
Not included in multivariable
Not included in multivariable
0.997 (0.995 to 0.9998)

0.042
0.755
0.321
model
model
model
model
model
model
0.035

6MWD, 6-min walking distance; FEV1, forced expiratory volume in 1 s; FFMI, fat-free mass index; FVC, forced vital capacity; Pmax, peak workload on bicycle; PaO2, arterial oxygen tension.
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baseline endurance time, belonging to the rehabilitation group
appeared to be the only independent predictor of survival (HR
0.287, 95% CI 0.08 to 0.95, p¼0.042).
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effects of exercise and nutritional support, on the one hand, and
of exercise and androgens on the other, it appeared to be of
interest to combine nutritional support, exercise and an anabolic
hormone in order to achieve an improvement in muscle mass
and function.33 Previous reports on the use of testosterone
therapy in selected patients with COPD of mean age
63e67 years and without cardiovascular disease, as in this study,
did not mention signiﬁcant adverse effects.21e23 Cardiovascular
events associated with testosterone intervention were reported
in a study by Basaria et al of 209 men with a mean age of
74 years and a high prevalence of hypertension, diabetes,
hyperlipidaemia and obesity.34 The patients in our series were
younger (mean age 65 years), undernourished and without
cardiovascular abnormalities at incremental maximal exercise
testing. Moreover, changes in serum testosterone during treatment were much more pronounced in the study by Basaria et al.
Taken together, these data in disabled patients with COPD
suggest that replacement doses of androgens can be safely
administered in carefully selected and monitored patients.
In conclusion, in malnourished patients with CRF a 3-month
home intervention aimed at increasing FFMI resulted in clear
beneﬁts in terms of body composition, exercise tolerance and, in
women, of quality of life at 3 months. Moreover, per-protocol
analysis showed that survival measured 1 year after completion
of the intervention was signiﬁcantly improved. Such a multimodal approach appears to be a new therapeutic option capable
of reducing mortality in patients with CRF in the community.
Although its effect on survival needs to be conﬁrmed in larger
series with a longer follow-up period, the results obtained in the
present study support the incorporation of multimodal
nutritional rehabilitation in the long-term management of
malnourished patients with CRF.
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improvement in both FFM and exercise tolerance, which has not
previously been reported with nutritional intervention alone, is
probably related to the combination of three anabolic stimuli. In
contrast to the results of the National Emphysema Therapy
Trial study, the increase in 6MWD was not signiﬁcant in our
series. It is known that 6MWD is more demanding in terms of
oxygen requirements than the bicycle submaximal endurance
test. The discrepancy between the two studies can be explained
by the ability of surgerydbut not rehabilitationdto correct the
severe mechanical disadvantage due to static and dynamic
hyperinﬂation in patients in GOLD stage IV included in our
study. Data from these two studies reinforce the beneﬁt of
intervening at both the systemic and pulmonary levels.8
As previously reported, 70% of men presented with low
bioavailable testosterone.27 Oral testosterone undecanoate is
known to induce a transient increase in plasma testosterone and
then a decrease in plasma FSH and LH.28 Concordantly, morning
total and bioavailable testosterone levels were unaffected by the
treatment. Conversely, in postmenopausal women with very
low endogenous testosterone production, hormonal treatment
resulted in higher testosterone levels.
The observed improvement in quality of life can be explained
by the increase in peak workload, muscle performance, nutritional status20 and haemoglobin levels. Nevertheless, the
improvement in quality of life was only signiﬁcant in women.
This gender effect was independent of respiratory deﬁciency,
nutritional status or compliance with therapies (data not
shown). This may be explained by a stronger effect of hormonal
treatment in women.
Multimodal nutritional rehabilitation resulted in a slight
increase in exacerbation rate during the 3-month intervention
period but not in the follow-up period, similar to the Intercom
study.10 This increase in the reported exacerbation rate during
rehabilitation may be explained by improved detection.
In the per protocol analysis but not in the intention-to-treat
analysis, 15-month survival was improved by multimodal
nutritional rehabilitation. In very severe COPD the medical
options shown to modify survival are limited to LTOT.2 Neither
inhaled corticosteroids and long-acting b2 agonists nor longacting parasympathicolytic bronchodilators have shown
a signiﬁcant advantage.29 30 Surgical lung volume reduction can
offer survival beneﬁts but only to highly selected patients with
heterogeneous emphysema.26 In the present study, multivariate
Cox analysis conﬁrmed the impact of nutritional rehabilitation
on survival. Taken together, these data strongly suggest that
multimodal nutritional rehabilitation is able to improve body
composition and to confer survival beneﬁt.
One limitation of this study is that the experimental design
did not allow us to deﬁne the speciﬁc effect of each component
of rehabilitation. Indeed, chronic diseases including chronic
respiratory diseases share a common phenotype characterised by
a high prevalence of anorexia, inactivity, inﬂammation, oxidative
stress, insulin resistance and hypogonadism resulting in sarcopenia.31 No study of an integrated approach to muscle wasting
is available in malnourished patients with CRF. In patients with
COPD isolated interventions such as nutritional support or
exercise training are unable to improve exercise tolerance and
body composition or survival. There is a growing body of
evidence showing the potential of combining nutritional and
exercise training in COPD,9 10 23 32 even though data are lacking
in end-stage disease.32 The present study, conducted in patients
with more advanced COPD, does not make it possible to analyse
the speciﬁc effect of associating male hormone supplementation
with such a management strategy. Because of the additive
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consultatif de protection des personnes se prêtant aux recherches biomédicales de
Grenoble.
Contributors CMP, NJC, CC, HR and CP participated in the literature search, study
design, data collection, data analysis, data interpretation and writing; the other
authors took part in data collection, data analysis, data interpretation and approval of
the manuscript.

19.

22.
23.
24.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1.
2.
3.
4.
5.
6.

7.
8.

Mathers CD, Loncar D. Projections of global mortality and burden of disease from
2002 to 2030. PLoS Med 2006;3:e442.
Anon. Long term domiciliary oxygen therapy in chronic hypoxic cor pulmonale
complicating chronic bronchitis and emphysema. Report of the Medical Research
Council Working Party. Lancet 1981;1:681e6.
Cano NJ, Pichard C, Roth H, et al. C-reactive protein and body mass index predict
outcome in end-stage respiratory failure. Chest 2004;126:540e6.
Chailleux E, Laaban JP, Veale D. Prognostic value of nutritional depletion in patients
with COPD treated by long-term oxygen therapy: data from the Antadir observatory.
Chest 2003;123:1460e6.
Schols AM, Broekhuizen R, Weling-Scheepers CA, et al. Body composition and
mortality in chronic obstructive pulmonary disease. Am J Clin Nutr 2005;82:53e9.
Vestbo J, Prescott E, Almdal T, et al. Body mass, fat-free body mass, and prognosis
in patients with chronic obstructive pulmonary disease from a random population
sample: findings from the Copenhagen City Heart Study. Am J Respir Crit Care Med
2006;173:79e83.
Ferreira IM, Brooks D, Lacasse Y, et al. Nutritional supplementation for stable
chronic obstructive pulmonary disease. Cochrane Database Syst Rev 2005;(2):
CD000998.
Nici L, Donner C, Wouters E, et al. American Thoracic Society/European Respiratory
Society statement on pulmonary rehabilitation. Am J Respir Crit Care Med
2006;173:1390e413.

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

Steiner MC, Barton RL, Singh SJ, et al. Nutritional enhancement of exercise
performance in chronic obstructive pulmonary disease: a randomised controlled trial.
Thorax 2003;58:745e51.
van Wetering CR, Hoogendoorn M, Mol SJ, et al. Short- and long-term efficacy of
a community-based COPD management programme in less advanced COPD:
a randomised controlled trial. Thorax 2010;65:7e13.
Kyle UG, Genton L, Karsegard L, et al. Single prediction equation for bioelectrical
impedance analysis in adults aged 20e94 years. Nutrition 2001;17:248e53.
Schutz Y, Kyle UU, Pichard C. Fat-free mass index and fat mass index percentiles in
caucasians aged 18-98 y. Int J Obes Relat Metab Disord 2002;26:953e60.
Cano NJ, Roth H, Court-Ortune I, et al. Nutritional depletion in patients on long-term
oxygen therapy and/or home mechanical ventilation. Eur Respir J 2002;20:30e7.
Broekhuizen R, Creutzberg EC, Weling-Scheepers CA, et al. Optimizing oral
nutritional drink supplementation in patients with chronic obstructive pulmonary
disease. Br J Nutr 2005;93:965e71.
Vermeeren MA, Wouters EF, Nelissen LH, et al. Acute effects of different nutritional
supplements on symptoms and functional capacity in patients with chronic
obstructive pulmonary disease. Am J Clin Nutr 2001;73:295e301.
Troosters T, Gosselink R, Decramer M. Six minute walking distance in healthy
elderly subjects. Eur Respir J 1999;14:270e4.
Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple methods for
the estimation of free testosterone in serum. J Clin Endocrinol Metab 1999;84:3666e2.
Bourbeau J, Maltais F, Rouleau M, et al. French-Canadian version of the chronic
respiratory and st george’s respiratory questionnaires: an assessment of their
psychometric properties in patients with chronic obstructive pulmonary disease. Can
Respir J 2004;11:480e6.
Carone M, Bertolotti G, Anchisi F, et al. Analysis of factors that characterize health
impairment in patients with chronic respiratory failure. Quality of life in chronic
respiratory failure group. Eur Respir J 1999;13:1293e300.
Weekes CE, Emery PW, Elia M. Dietary counselling and food fortification in stable
COPD: a randomised trial. Thorax 2009;64:326e31.
Casaburi R, Bhasin S, Cosentino L, et al. Effects of testosterone and resistance
training in men with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2004;170:870e8.
Creutzberg EC, Wouters EF, Mostert R, et al. A role for anabolic steroids in the
rehabilitation of patients with COPD? A double-blind, placebo-controlled, randomized
trial. Chest 2003;124:1733e42.
Schols AM, Slangen J, Volovics L, et al. Weight loss is a reversible factor in the
prognosis of chronic obstructive pulmonary disease. Am J Respir Crit Care Med
1998;157:1791e7.
Maltais F, Bourbeau J, Shapiro S, et al. Effects of home-based pulmonary
rehabilitation in patients with chronic obstructive pulmonary disease: a randomized
trial. Ann Intern Med 2008;149:869e78.
Celli B, Cote C, Marin J, et al. The body-mass index, airflow obstruction, dyspnea,
and exercise capacity index in chronic obstructive pulmonary disease. N Engl J Med
2004;350:1005e12.
Fishman A, Martinez F, Naunheim K, et al. A randomized trial comparing lungvolume-reduction surgery with medical therapy for severe emphysema. N Engl J
Med 2003;348:2059e73.
Semple PD, Beastall GH, Watson WS, et al. Hypothalamic-pituitary dysfunction in
respiratory hypoxia. Thorax 1981;36:605e9.
Wittert GA, Chapman IM, Haren MT, et al. Oral testosterone supplementation
increases muscle and decreases fat mass in healthy elderly males with low-normal
gonadal status. J Gerontol A Biol Sci Med Sci 2003;58:618e25.
Calverley PM, Anderson JA, Celli B, et al. Salmeterol and fluticasone propionate and
survival in chronic obstructive pulmonary disease. N Engl J Med 2007;356:775e89.
Tashkin DP, Celli B, Senn S, et al. A 4-year trial of tiotropium in chronic obstructive
pulmonary disease. N Engl J Med 2008;359:1543e4.
Evans WJ, Morley JE, Argiles J, et al. Cachexia: a new definition. Clin Nutr
2008;27:793e9.
Sugawara K, Takahashi H, Kasai C, et al. Effects of nutritional supplementation
combined with low-intensity exercise in malnourished patients with COPD. Respir
Med 2010;104:1883e9.
Wolfe RR. Optimal nutrition, exercise, and hormonal therapy promote muscle
anabolism in the elderly. J Am Coll Surg 2006;202:176e80.
Basaria S, Coviello AD, Travison TG, et al. Adverse events associated with
testosterone administration. N Engl J Med 2010;363:109e22.

PAGE fraction trail=8

960

Thorax 2011;66:953e960. doi:10.1136/thx.2010.154922

Thorax: first published as 10.1136/thx.2010.154922 on 23 June 2011. Downloaded from http://thorax.bmj.com/ on May 5, 2020 at INSERM Consortia. Protected by copyright.
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