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ABSTRACT: Nutritional status was studied in lung transplant (LT) candidates. The
hypotheses were that nutritional depletion was highly prevalent and lean body mass
depletion was a risk factor for a higher mortality both before and after LT.

Of 78 consecutive patients listed for LT, 16 (21%) died while on the waiting list,
eight (10%) were alive awaiting LT, and 54 (69%) received a graft. Mean age was
42.3�4.4 (mean�SD). Thirty-eight per cent had a diagnosis of bronchiectasis or cystic
fibrosis (BRO/CF), 33% of emphysema, 20% of idiopathic pulmonary fibrosis (IPF)
and 8% of primary pulmonary hypertension. Body mass index (BMI) was 20.4�4.3
kg.m2, weight was 87.9�16.6% of ideal body weight (IBW).

Patients were classed into four nutritional groups according to IBW and creatinine
height index (CHI): I: weight <90% IBW and CHI <60% of predicted (28% of cases);
II: weight <90% IBW and CHI $60% (27%); III: weight $90% IBW and CHI <60%
(17%); IV: weight $90% IBW and CHI $60% (28%). Overall, 72% were depleted
corresponding to groups I, II and III. Lean body mass depletion occurred despite
normal weight in 17% of the cases (group III). Subjects with BRO/CF were mostly in
groups I, II, III whereas IPF were concentrated in group III. Lean body mass
depletion was associated with more severe hypoxaemia, reduced 6-minute walking
distance and a higher mortality while awaiting. After LT, duration of mechanical
ventilation, time spent in intensive care unit (ICU) was related to initial body
composition. Survival after LT was lowest in group III.

To conclude, nutritional depletion in lung transplant candidates is highly prevalent
and should be more precisely assessed with a special reference to lean body mass since
it has specific consequences both while awaiting and after lung transplant. Attempts
should be made to increase lean body mass before lung transplant.
Eur Respir J 2000; 16: 1050±1055.

*Laboratoire de BioeÂnergeÂtique Fonda-
mentale et AppliqueÂe, UniversiteÂ Joseph
Fourier, Grenoble Cedex, France, +Dept
de MeÂdecine AigueÂ SpeÂciaiseÂe, #FeÂdeÂ-
ration de Chirurgie Cardio-Vasculaire et
Thoracique, HoÃpital A. Michallon, Centre
Hospitalier Universitaire, UniversiteÂ J.
Fourier, Grenoble, France.

Correspondence: Ch. Pison
DeÂpt de MeÂdecine AigueÂ SpeÂciailiseÂe
CeÂntre Hospitalier Universitaire de
Grenoble
BP217X 38043 Grendole Cedex 9
France
Fax: 33 476765617

Keywords: Chronic respiratory failure
hypoxaemia
lean body mass
lung transplantation
nutritional depletion
survival

Received: November 29 1999
Accepted after revision July 18 2000

Lung transplantation (LT) has become an accepted
option for end-stage lung diseases in selected patients with
more than 2,500 heart-lung transplantations and 9,000 LT
reported in the registry of the International Society for
Heart and Lung Transplantation by 1999 [1, 2]. Unfortun-
ately, up to 15% of candidates die while on the waiting
list because of the limited number of organ donors
available [1]. Moreover, up to 30% of the LT recipients
die during the first year after LT [1]. Therefore, in order to
better use the scarce grafts, it is mandatory to carefully
select LT candidates with a predicted optimal outcome
[1±3]. In this regard, evaluation of the nutritional status is
an integral part of the recipient work-up (all the tests
performed before being put on the waiting list). The
importance of nutritional depletion while awaiting [4, 5]
and during the postoperative period [5, 6] is controversial.
Information on nutrition depletion in LT candidates is
rudimentary, relying mostly on body mass index (BMI)
[4±7] and often restricted to cystic fibrosis (CF) patients
[4, 5].

The aim of this study was to report on the prevalence,
characteristics and consequences of nutritional depletion in

78 consecutive LT candidates referred to the authors centre
and accepted for LT. The hypotheses were that nutritional
depletion was highly prevalent in this setting, and that
pulmonary function in chronic respiratory failure was
related in part to body composition [8]. It was also
postulated that lean body mass depletion was a risk factor
for higher mortality while awaiting, and after, LT.

Methods

Study subjects and design

All the patients referred for LT were selected through a
common work-up taking into account general rules for
selection of LT candidates and disease-specific guidelines
in relation to their underlying end-stage lung diseases [3].
After this selection step, all 78 consecutive patients,
placed on the waiting list of the Etablissement FrancËais
des Greffes from the authors centre June 1990±June
1998, were entered into this study. Patient characteristics
are shown in table 1. The assessment of nutritional status
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was performed at the time the patients were listed and was
correlated with the functional parameters recorded at
assessment. Of the 78 LT candidates, 54 subjects received
a lung transplant, 48 survived more than 1 day after the
surgical procedure.

Methods

Patients were categorized into four main diagnostic
classes consisting of bronchiectasis/cystic fibrosis (BRO/
CF), emphysema (EMP), idiopathic pulmonary fibrosis
(IPF), and primary pulmonary hypertension (PPH) accor-
dingly to clinical, functional and specific morphological
findings. Lung volumes and air flow parameters were
recorded. Arterial blood gases were determined in room
air. A 6-min walking test was performed according to the
recommendations of GUYATT et al. [9]. Nutritional status
was assessed by BMI (kg.m-2). Body weight was expres-
sed as a percentage of ideal weight. Ideal body weight
(IBW) was determined as the midpoint of the weight
range for a given height and frame size from the 1983
Metropolitan Life Insurance tables [10]. The lean body
mass was estimated from the creatinine-height index
(CHI). CHI was the ratio of 24-h urinary creatinine
excretion of the patient to a reference value based on ideal
body weight [11]. The 24-h urinary creatinine excretion
was averaged from results of three consecutive days and
the mean intra-individual coefficient of variation was
<10% in the 78 consecutive patients.

Patients were classified according to body composition
[8]. Weight <90% ideal body weight is an accepted
indicator of nutritional depletion. Moreover, a CHI <60%
is synonymous with a severe lean body mass depletion
[11]. Therefore, IBW <90% and CHI <60% were used as
cutoff values for stratification (table 2). This resulted in
four nutritional groups: group I: weight <90% IBW and
CHI <60% pred, n=22 (28% of cases); group II: weight
<90% IBW and CHI $60% of predicted, n=21 (27%);
group III: weight $90% IBW and CHI <60% of
predicted, n=13 (17%); group IV: weight $90% IBW
and CHI $60% pred, n=22 (28%).

Serum concentration of albumin was determined by
radioimmunodiffusion. Fractional skeletal muscle protein
breakdown was determined over 3 days by the urinary 3-
methylhistidine to creatinine ratio after 3 days on a meat-
free diet. Normal values are 23�0.07 (mmol.mmol-1) [12].

Statistical significance was set at p<0.05. Results are
expressed as mean�SD. Analysis of variance was used to
compare continuous variables. Survival rates of the 54
consecutive LT patients were estimated using the Kaplan-
Meier product-limit method. The Chi-squared test was
used to compare categorical variables such as nutritional
groups. For the purpose of analysing the different diag-
nostic groups within the nutritional groups, the value of
Chi-squared of each cell and the distribution of Chi-
squared with 1 degree of freedom with p<0.05 when Chi-
squared >3.8 was used. All analyses were carried out using
Statview1 version 4.5 statistical software package
(Abacus, Berkeley, CA, USA).

Results

Characteristics of the 78 consecutive candidates for LT
are shown in table 1. Two-thirds of them were male. The
most frequent end-stage lung diseases were the BRO/CF
with 10 cases of BRO, and 24 of CF. Pulmonary function
tests showed severe airway obstruction with chronic
hypercapnic respiratory failure in two-thirds of the
patients, 52 out of 78. The 6-min walking test was
109�90 meters since six patients were bedridden and
unable to perform this test. Fifty-five percent of the
patients (groups I, II) had an IBW <90% pred and 49%
a BMI <20 (table 2). Moreover, 72% of subjects (groups
I, II, III) had some form of nutritional depletion with
either BM1 <20 or lean body mass <60% of predicted.
According to body composition groups, subjects with
BRO/CF were mostly in groups I, II, III whereas IPF
patients were concentrated in group III, p=0.01 (table 2).
EMP and PPH patients were equally distributed in the
four groups (table 2). Three diagnostic classes could be
identified by % of IBW: BRO/CF (0.78�0.15%), EMP
(0.90�0.15%), and IPF/PPH (0.98�0.15% of IBW),
ANOVA, p<0.0001. The serum albumin concentration
was 34.8�6.7 g.L-1. Serum albumin was not related to the
underlying lung disease. Urinary 3-methylhistidine-to-
creatinine ratio was within the normal range (20.1�4.9
mmol.mmol-1) excluding an active muscle breakdown,
whatever the underlying cause of end-stage lung disease.

Anthropometric and functional characteristics according
to body composition are shown in table 2. Groups I and II
included younger patients with older patients in groups III
and 5 IV, p<0.0001. As expected, lung volumes and

Table 1. ± Characteristics of the study population for lung
transplantation

Subjects n 78
Age yrs 42.3�14.4
Sex male:female 24 (31):54 (69)
BRO/CF 30 (38)
EMP 26 (33)
IPF 16 (20)
PPH 6 (8)
FEV1 % pred 28.6�18.4
FVC % pred 45.9�18.2
TLC % pred 96.5�35.6
Pa,O2 kPa 6.95�1.57
Pa,CO2 kPa 6.34�1.36
6-min walking distance m 114�90
Body mass index kg.m-2 20.4�4.3
Ideal weight % pred 87.9�16.6
Outcome
Deceased waiting 16 (21)
Awaiting 8 (10)
Transplanted 54 (69)

Procedures performed
HLT 2 (4)
SLT 15 (27)
DLT 37 (69)

Data are presented as mean�SD or n (%). BRO/CF: bronch-
iectasis/cystic fibrosis; EMP: emphysema; IPF: idiopathic pul-
monary fibrosis; PPH: primary pulmonary hypertension; FEV1:
forced expiratory volume in one second; FVC: forced vital
capacity; TLC: total lung capacity; Pa,O2: arterial oxygen ten-
sion; Pa,CO2: arterial carbon dioxide tension; HLT: heart-lung
transplantation; SLT: single-lung transplantation; DLT: double-
lung transplantation.

1051NUTRITIONAL DEPLETION IN LUNG TRANSPLANTATION



spirometry were related to the underlying diseases.
Patients from groups I and II exhibited hypercapnic
respiratory failure compared to patients in group III and
IV. Serum albumin was lower in groups I and III. When
considering groups I and III as opposed to groups II and
IV, lean body mass depletion was significantly associated
with more severe hypoxaemia (p=0.003) and a lower 6-
min walking distance (p<0.0001).

Sixteen patients (21%) died while awaiting LT. Since
graft allocation is by chance, the factors associated with
death during the waiting time were examined. The average
time between inscription on the waiting list and trans-
plantation (54 cases) or death (16 cases) was similar: 153�
129 versus 118�139 days, p=0.37. IBW was unable to
predict death while waiting LT (p=0.44), and neither could
body mass (p=0.11). The occurrence of a lean body mass
<60% of predicted was strongly associated with a higher
mortality: 31.4% died in the low lean body mass group
versus 11.6% in the nondepleted group, p=0.03 while
awaiting.

After LT, six patients out of 54 survived <1 day due to
uncontrolled bleeding in four cases, primary graft failure in
one case, and septic shock in one case. Nutritional status
was shown to play a role in the early postoperative course
of the 48 consecutive LT patients who survived >1 day as
shown in table 3. Post LT, the four main diagnoses were
not different within the four nutritional subgroups. The
length of mechanical ventilation (p=0.05) and the time
spent in ICU (p=0.0002) were related to initial body
composition. In this regard, group III did the worst and
survival was the poorest as compared to groups I, II, IV,
p=0.009 (fig. 1a). The mean follow-up after LT/was 23
months (0±67). Of 54 lung recipients 33 died during this
period, six within 24 h after the procedure, 12 within 6
months and 15 after 6 months. Early deaths were mostly
related to infections, whereas late deaths were due to
bronchiolitis obliterans syndrome. Survival of the 54 lung
recipients was 40% at 5 yrs.

The influences of body composition and lean body mass
depletion on survival of the 54 consecutive LT recipients
are shown in figures 1a and 1b. Although differences in
survival did not reach statistical significance, there was a
trend towards a higher mortality in groups I and III as
opposed to groups II and IV.

Discussion

The main finding of this study is a high prevalence of
nutritional depletion in LT candidates with clinically
relevant consequences. In this setting, of very severe
chronic respiratory failure, lean body mass depletion does
not always parallel decreased body weight as shown by the
group III patients. Depletion of lean body mass is related to
a greater extent to the degree of hypoxaemia, to the 6-min
walking distance and to the outcome while awaiting and
after LT than to body weight.

In chronic obstructive pulmonary disease (COPD),
nutritional depletion is common and the reported preva-
lence of IBW <90% is 35%, and 25% of cases have BMI
<20 kg.m-2 [8, 13, 14]. The figures are much higher than
that since 54% of the LT candidates had an IBW <90% and
49% had a BMI <20. The use of two criteria, weight <90%
of IBW and/or a CHI <60% pred shows that 72% of
the patients were severely depleted. Several points may
account for these discrepancies in the prevalence of
nutritional depletion: 1) the method of nutritional assess-
ment, 2) the underlying pulmonary disease and the severity
of the disease, 3) the degree of hypoxaemia and 4) the
level of systemic inflammation. It has been shown by
SCHOLS et al. [8] that assessment of the fat-free mass by
bioelectrical impedance or by CHI is more sensitive in
detecting nutritional depletion than body weight alone. In
that study, 9.4% of the patients with COPD exhibited a
depletion of their fat-free mass despite a normal weight
[8]. The authors of the present study confirmed this
subtype of depletion in 17% of the patients (group III)

Table 2. ± Anthropometric and functional characteristics according to body composition in 78 consecutive lung transplant
candidates

Nutritional group
Chi-squared or ANOVA

I II III IV

Subjects n 22 (28) 21 (27) 13 (17) 22 (28) NS

Sex F:M 8:14 6:15 3:10 7:15 NS

Age yrs 35.514.4 35.913.9 50.911.2*,+ 50.39.3*,+ <0.0001
BRO/CF % 39 36 16 9 ±
EMP % 23 31 4 42 ±
IPF % 19 6 38 38 ±
PPH % 17 17 33 33 0.01
Weight % ideal 74.2�9.9 77.7�9.8 98.8�7*,+ 105�11*,+ <0.0001
CHI % pred 54.6�8.4 75.8�8.3* 53.5�13.1+ 84.6�13.7*,+,# <0.0001
Albumin g.L-1 32.6�7.3 36.5�6.2 30.3�5.4+ 36.8�6.3# 0.06
Pa,O2 kPa 6.19�1.21 7.81�1.37* 6.07�1.13+ 7.44�1.72*,# 0.003
Pa,CO2 kPa 6.71�1.44 6.88�1.32 5.93�1.23+ 5.91�1.20*,+ 0.04
6-MWD m 52�48 178�85* 88�80+ 140�86*,# <0.0001

Data are presented as mean�SD or n (%). F: female; M: male; BRO/CF: bronchiectasis/cystic fibrosis; EMP: emphysema; IPF:
idiopathic pulmonary fibrosis; PPH: primary pulmonary hypertension; CHI: creatinine height index; % pred: per cent of predicted; 6-
MWD: 6-min walking distance. *: corresponds to significant difference compared to Group I with the post-hoc test of Fisher; +:
significant difference compared to Group II; #: significant difference compared to Group III. Nutritional group: I: weight <90% ideal,
CHI <60% pred; II: weight <90% ideal, CHI 60% pred; III: weight $90% ideal, CHI <60% pred; IV: weight $90% ideal, CHI $60%
pred; NS: not significant.
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where lean body mass depletion was probably masked by
relatively abundant fat and cor pulmonale. Finally, among
patients with lean body mass depletion, 23% (i.e. 13 of
group III out of 56 of groups I, II, III) had a normal weight
leading to an erroneous evaluation of the actual nutri-
tional status (table 2). In contrast, among patients with a

normal body weight (groups III, IV), 37% exhibited a
profound lean body mass depletion (group III).

The underlying pulmonary disease and the stage of the
disease is associated with different risks of cachexia. In
the study by CHAILLEUX et al. [15] where 26,140 patients
were followed for 10 yrs, the prevalence of nutritional
depletion differed largely in relation to the aetiology of
chronic respiratory failure. For example, prevalence of
undernutrition defined by a body weight <90% of IBW
was 43% in patients with bronchiectasis, 65% in emphy-
sema, 33% in chronic bronchitis, and 28% in IPF patients.
In IPF and PPH LT candidates, body weight is well
maintained as already shown by the Toronto group [7]. In
the cases of IPF concentrated in group III, lean body mass
depletion seems to be masked by a relative abundant fat-
mass perhaps related to the use of corticosteroids. In CF
patients listed for LT, nutritional depletion is common
with a mean weight of ~80% of IBW and a BMI of 18
kg.m-2 [4, 5, 7, 13]. In COPD patients, the prevalence of
nutritional depletion increases with the degree of
bronchial obstruction [8, 10, 14, 16, 17], the level of
hypoxaemia [8, 15] and the subtype of COPD, emphy-
sema patients being more depleted [14]. Hypoxaemia per
se modifies muscle mass through a sharp decline in
protein synthesis so that oxygen supply can adapt to
demand [18]. Hypoxaemia may also act through a release
of pro-inflammatory cytokines [19]. An important factor
related to nutritional depletion is the level of systemic
inflammation [20, 21]. The high prevalence of under-
nutrition in the patients was mostly related to the high
proportion with severe chronic infection (BRO/CF) res-
ponsible for a chronic inflammatory state associated with
profound hypoxaemia. To further understand the me-
chanisms of lean body mass depletion, the authors looked
for evidence of muscle breakdown. In this regard the
urinary 3-methylhistidine creatinine ratios were within
the normal range excluding an increase in proteolysis and
favouring the hypothesis of a decrease in protein syn-
thesis [18, 22]. This pattern of adaptation to chronic
hypoxaemia is unique and differs from responses to
injury [22, 23].

Classically, the risk of death while waiting LT depends
on the underlying end-stage disease and its severity, the
risk being lower in emphysema patients as compared to

Table 3. ± Consequences of body composition on the postoperative course in 48 consecutive lung transplant patients who
survived >1 day

Nutritional group
Chi-squared or ANOVA

I II III IV

Subjects n 14 (32) 11 (25) 5 (11) 18 (32) NS

Sex F:M 4:10 2:9 0:5 7:11 NS

Age yrs 36.2�14.9 38.5�14.6 57.6�3.3*,+ 49.2�9.4*,+ 0.002
BRO/CF % 41 35 12 12
EMP % 17 28 6 50
IPF % 30 0 20 50
PPH % 33 0 0 67 0.18
MV days 5.5 (7±34) 1 (0.8±28) 17 (1.4±88)*,+ 2.5 (4±29)# 0.05
ICU, days 17 (7±72) 17 (8±35) 53 (18±89)*,+ 16 (12±30)# 0.0002

Data are presented as mean�SD, n (%) or median (range) unless otherwise stated. F: female; M: male; BRO/CF: bronchiectasis/cystic
fibrosis; EMP: emphysema; IPF: idiopathic pulmonary fibrosis; PPH: primary pulmonary hypertension; MV: mechanical ventilation;
ICU: in intensive care unit; *: significant difference compared to Group I with the post-hoc test of Fisher; +: significant difference
compared to Group II; #: significant difference compared to Group III; NS: not significant. For nutritional groups see table 2.
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Fig. 1. ± Survival according to a) body composition, Group I, II, III and
IV, and creatinine height index (CHI) <60% (p=0.009) or b) $60% of
predicted in 54 consecutive lung transplant recipients (p=0.12). a) ±±±:
Group I, n=14; - - - -: Group II, n=12; .........: Group III, n=9; ± - - ±:
Group IV, n=19; b) ± - - ±: CHI <60% pred, n=23; ± ± ± ±: CHI >60%
pred, n=31.
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CFBRO, PPH or IPF patients. In the authors experience,
the most sensitive predictor of death while a waiting LT is
the depletion of lean body mass <60% pred, regardless of
the nature of the end-stage lung disease. This is in
accordance with the finding that a BMI <18 was a risk
factor for death while. awaiting LT in a series of 62 CF
patients [4]. Accordingly, weight was a highly significant
parameter in univariate analysis of survival while awai-
ting LT in 67 consecutive patients listed for GF [5]. In the
CF population, attempts to increase weight have a posi-
tive impact on survival [24]. In end-stage lung diseases,
lean body mass seems to be a better tool to assess
nutritional depletion and monitoring this parameter in
lung transplant candidates is recommended. If mortality
is considered, the study confirms that nutritional status
per se is of value to predict survival while awaiting LT [4,
5, 13, 16, 17].

In the postoperative course, nutritional depletion
increases the risk of death, mainly in CF patients, as
shown by different groups [5, 6, 13] but not by others [4].
Undernutrition may act indirectly through an increased
risk of infection. In a series of 4,515 heart transplant
recipients, an IBW <80% was a clear risk factor for
increased mortality after transplantation due to a greater
risk of infections [25]. In the present series, there was a
trend towards a higher postoperative mortality in groups I
and III as compared to group II and IV. Group III was the
worst with a significantly higher mortality as compared to
groups I, II, and IV as a whole. Postoperative mortality
was not correlated with diagnostic classes, but the risk of
type II statistical error should be highlighted. However,
early deaths were related to infections and the relation to
lean body mass depletion is well established.

Poor nutritional status and particularly low lean body
mass had a significant impact on the length of post-
operative mechanical ventilation and ICU stay even though
it did not seem to increase early mortality. Since a low
muscle mass doubles the duration of stay in ICU, the costs
dramatically increase, thus justifying efforts to increase
weight through pulmonary rehabilitation and renutrition.
This strategy may be life saving and cost-effective. The
role of anabolic intervention deserves further attention
since one report showed promising effects in a LT
candidate [26] as opposed to the absence of significant
improvement in outpatient COPD or during weaning
from the ventilator [27±29]. In the postoperative course,
omega-3 fatty acid supplements may be of value with
respect to the special risk of infection in these patients
[30].

To conclude, nutritional status in lung transplant
candidates should be more precisely assessed with special
reference to lean body mass since it has specific conse-
quences both while awaiting and after lung transplantation.
Creatinine height index is a useful and inexpensive marker
of this. An alternative is represented by bioelectrical
impedance to assess fat-free mass. Severe nutritional
depletion is not, to the authors' minds, a contraindication to
lung transplantation but mortality is higher before and after
it. Attempts should be made to increase lean body mass
before lung transplantation.
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