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iscordant Utility of Ideal Body Weight and Body Mass Index as
redictors of Mortality in Lung Transplant Recipients
aniel A. Culver, DO,a Peter J. Mazzone, MD, MPH,a Farah Khandwala, MS,b Holli C. Blazey, CNP,a,d

alcolm M. DeCamp, MD,c,d Jeffrey T. Chapman, MD,a,d and the CCF Lung Transplant Group

ackground: An upper limit of 130% predicted ideal body weight (PIBW) has been promulgated for assessing lung
transplant (LTx) candidacy, but no data in the lung transplant population support this value. A prior
study used body mass index (BMI) to suggest greater mortality risk in obese allograft recipients, but
the number of studied patients was small.

ethods: Pre-operative PIBW percentage and BMI were obtained for all first-time, adult LTx recipients at our
institution (n � 283). We compared survival data at 90 days and as of July 31, 2002, using
multivariable regression and Cox modeling.

esults: There were 46 obese (BMI � 30) patients and 72 patients �130% PIBW, including 43 patients
previously thought to fall within a normal PIBW range who were reclassified as overweight for this
analysis. Cox modeling revealed no significant impact of PIBW (�130% or continuous) or BMI (�30
kg/m2 or continuous) on overall survival. Predicted ideal body weight also had no influence on
90-day mortality. When we tested PIBW in the group previously deemed of acceptable weight, we
likewise found no association with mortality at 90 days or overall. For BMI only, 90-day odds ratios
for death were significantly greater for obese (BMI � 30; odds ratio, 3.16; 95% confidence interval,
1.05–9.48) patients than for normal-weight patients.

onclusion: Indices of pre-operative obesity did not predict long-term outcome in this large cohort of LTx
recipients. The data suggest that BMI stratification may identify a group of patients at risk for
increased short-term mortality, whereas PIBW is not a significant outcome predictor. J Heart Lung
Transplant 2005;24:137–44. Copyright © 2005 by the International Society for Heart and Lung

Transplantation.
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election of candidates for lung transplant is inherently
problem of defining criteria and of establishing prior-

ties. Thus, medical comorbidities known to influence
atient survival must be considered during the selection
rocess. Obesity has been described variously as a
elative or an absolute contra-indication for cardiac1–3,
iver4, and renal transplantation.5–9 In the lung trans-
lant literature, one study suggested increased long-
erm mortality when using body mass index (BMI) to
dentify obese patients, but the study was limited by a
mall sample size (10 obese patients).10 A larger study
uggested that 90-day mortality after lung transplanta-
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acic and Cardiovascular Surgery, and dCleveland Clinic Transplant
enter, Cleveland, Ohio.
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508. Fax: 216-445-8160. E-mail: culverd@ccf.org
opyright © 2005 by the International Society for Heart and Lung
ransplantation. 1053-2498/05/$–see front matter. doi:10.1016/
r.healun.2003.09.040
ion increases 5-fold when the BMI exceeds 27 kg/m2,
ut did not describe longer-term outcomes.11 Before
ither of these reports, the International Society for
eart and Lung Transplantation (ISHLT) promoted a
utoff of 130% ideal body weight (IBW) as a standard
or patient selection.12 We performed a retrospective
eview of our transplant experience in an effort to
etermine whether pre-transplant weight �130% pre-
icted IBW was a risk factor for short- or long-term
ortality. Until recently, we used a less stringent
eight scale in our center to assess patient candidacy.
his afforded an opportunity to study a population of
atients who were �130% IBW by contemporary stan-
ards but otherwise free from selection bias.

ETHODS

re-transplant weight was collected by chart review for
ll patients who underwent lung transplantation at the
leveland Clinic Foundation from February 14, 1990, to
pril 25, 2002. The most proximate weight that pre-
eded the date of transplantation was used for analysis;
he median interval between weight measurement and
ransplantation was 79 days. Patients �18 years old at
he time of surgery were excluded, as were retransplant

ecipients. We observed all patients for a minimum of
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0 days after transplantation or until death; follow-up
as terminated on July 31, 2002. We based IBW

alculations on a formula derived from the Metropolitan
ife Insurance Tables: for women, IBW � 100 lbs � 5
bs for each inch �5 feet of height, and for men, IBW �
06 lbs � 6 lbs for each inch �5 feet of height.1,2 We
efined percent IBW in accordance with the ISHLT
riteria:12 underweight � 70%, acceptable � 70% to
30%, and overweight � 130%. Additionally, a group of
atients, labeled the reclassified group, was identified
hat exceeded 130% IBW according to the Metropolitan
ife Insurance Tables but were thought to be within
cceptable limits when a scale based on average body
eight was used at our institution (up to March 2002).
Body mass index is weight divided by the square of

eight (kg/m2). Body mass index was stratified accord-
ng to the most recent World Health Organization
efinitions:13 underweight (BMI � 18.5 kg/m2), normal
eight (18.5–24.9 kg/m2), overweight (25–29.9 kg/
2), and obese (�30 kg/m2). Causes for transplantation
ere grouped into 4 categories based on the primary
nderlying pathology: obstructive, restrictive, pulmo-
ary-vascular (including congenital cardiopulmonary
isease), and bronchiectatic lung disease. The Cleve-

and Clinic Foundation institutional review board ap-
roved this study.
We assess lung transplant candidacy at our center

sing the guidelines of the International Society for
eart and Lung Transplantation.12 All patients are

creened for coronary artery disease with non-invasive
tress testing. Those with equivocal or positive stress
ests proceed to coronary angiography. In addition, all
en aged �40 and women aged �50 automatically
roceed directly to coronary angiography. In the pres-
nce of significant and surgically amenable single-vessel
oronary artery stenosis, a few patients have undergone
imultaneous coronary artery bypass surgery at the time
f transplantation (n � 3); this practice has been in
ffect since 2001. Otherwise, significant atherosclerotic
ascular disease has been an absolute contra-indication
o transplantation. After transplantation all patients are
bserved longitudinally in a specialty clinic with atten-
ion to health-maintenance issues, including control of
lood pressure, serum cholesterol and glucose concen-
rations. During the study period, the first-line immuno-
uppressive regimen included corticosteroids, azathio-
rine, and cyclosporine until 2001; since then, we have
sed corticosteroids, azathioprine, and tacrolimus. In-
uction immunosuppression (anti-thymocyte globulin)
as been used only in cases of significant concentra-
ions of pre-formed antibodies (n � 11).

We included 283 patients in the analysis. Median
ollow-up was 32.2 months (interquartile range, 17.9–
8.5 months) for survivors and 9.5 months (interquar-

ile range, 3.1–28.0 months) for non-survivors. Overall t
urvival rates at 30 days, 90 days, 1 year, 5 years, and
tudy conclusion were 92%, 88%, 74%, 42%, and 33%,
espectively (Figure 1).

tatistical Analysis

aseline data included in analysis were age, sex, race
white vs non-white), cytomegalovirus status for donor
nd recipient, underlying disease category, and type of
ransplantation (unilateral or bilateral). Univariable sta-
istics were generated by comparing each variable
etween weight classifications with analysis of variance
or continuous variables and chi-square or Fisher’s
xact tests for categorical variables. We placed variables
ignificant at a level of 0.2 into an initial multivariable
odel and used backward logistic regression to isolate

ignificant predictors for 90-day mortality. We con-
tructed Kaplan-Meier survival curves for all weight
ategories and computed log-rank statistics for overall
urvival and for pre-specified time-points (90 days, 1
ear, and 3 years) by treating all patients who survived
eyond those time-points as censored observations.
inally, we constructed a Cox proportional hazards
odel for overall survival. Before modeling, we as-

essed proportionality assumptions using empirical
lots and testing of time-dependent covariates. Weight
as entered both as a continuous and as a categoric

ariable for logistic regression as well as for Cox
odeling. We used a significance level of 0.05 for all

nal analyses.

ESULTS

ur study population had a median age of 50 years
range, 18–66 years). Fifty-two percent were men, and
hey predominantly were white (263/283, 93%). The
opulation included 177 single lung transplantations
nd 106 (37% of the total) bilateral lung transplanta-

igure 1. Kaplan-Meier survival curve for all patients. Shaded area
epresents the 95% confidence interval.
ions, including 4 heart–lung transplantations. Reasons



f
1
b
v
U
p
(
t
o
a
(
w
o

s
w
i
u
a
a
d
v
d
t
g
d
w
t
0
t

u
b

s
s
a
r
i
a
0
i
r
1
r
b
4
i
8
1
1
c
v
i

B
i
u
r
a

T

N
H
A
S
R
C

D
R
T

L
a

b

c

H ’s e
C

The Journal of Heart and Lung Transplantation Culver et al. 139
Volume 24, Number 2
or transplantation were primarily obstructive disease in
49 patients (53%), restrictive disease in 56 (20%),
ronchiectatic lung disease in 50 (18%), and pulmonary
ascular or congenital cardiac disease in 28 (10%).
sing IBW percentage, we found 8 (3%) underweight
atients, 203 (72%) acceptable-weight patients, and 72
25%) overweight patients. Forty-three of the patients in
he �130% category (15% of the total cohort), previ-
usly considered within acceptable-weight limits, were
ssigned to the reclassified group. In the BMI classes, 43
15%) were underweight, 120 (42%) were of normal
eight, 74 (26%) were overweight, and 46 (16%) were
bese patients.
Tables 1 and 2 show descriptive and univariable

tatistics by weight categories. In the analysis of IBW,
e found significant differences among patient groups

n height (p � 0.01), age (p � 0.02), sex (p � 0.01), and
nderlying disease (p � 0.01, Table 1). All other
nalyzed variables were similar among groups. When
nalyzed by BMI strata, age (p � 0.01), underlying
isease (p � 0.01), and transplant type (p � 0.03)
aried significantly among groups (Table 2). The age
ifferences between groups are because of dispropor-
ionately high representation in the underweight cate-
ories of younger patients with bronchiectatic lung
isease (mostly cystic fibrosis). Exclusion of the under-
eight categories eliminates the age differences be-

ween all other weight strata (p � 0.13 for BMI and p �
.59 for IBW). The difference in transplant type be-

able 1. Comparison of Variables by Percent Ideal Body Weight

�70% 70–130%

umber 8 203
eight (cm)a 177 (8.6) 169.1 (10.4)
gea 34.8 (12.7) 46.7 (12.7)
ex (male) 7 (88%) 119 (59%)
ace (white) 7 (88%) 190 (94%)
ause

Obstructive 4 (50%) 111 (55%)
Restrictive 0 34 (17%)
Cardiovascular 0 13 (6%)
Bronchiectatic 4 (50%) 45 (22%)

onor CMV (�) 5 (38%) 110 (54%)
ecip. CMV (�) 3 (38%) 128 (63%)
ransplant

Unilateral (R) 2 (25%) 49 (24%)
Unilateral (L) 1 (13%) 77 (38%)
Bilateral 5 (63%) 74 (37%)
Heart–lung 0 3 (1%)

OS (days) 21.6 (10.7) 23.4 (18.5)

Data expressed as mean (standard deviation).
Refers to the comparison of the reclassified group (see Methods for definition
Compares 3 categories, collapsing bilateral and heart–lung into 1 category.
eight, age, LOS compared by analysis of variance, sex compared with Fisher
MV, cytomegalovirus; LOS, length of stay.
ween BMI categories is attributable to the same cause: F
nderweight patients predominantly tended to receive
ilateral transplants for cystic fibrosis.
We performed multivariable logistic regression analy-

is for 90-day survival, including IBW and BMI as
tratified and continuous variables (Table 3). When
nalyzed according to IBW categories (overall and
eclassified) or continuous BMI, we found no difference
n mortality at 90 days. Underlying disease was associ-
ted with worse 90-day survival in the IBW model (p �
.016). Compared with obstructive disease, we found

ncreased risk for pulmonary vascular disease (odds
atio [OR], 4.02; 95% confidence interval [CI], 1.37–
1.78), and a trend toward increased mortality for
estrictive disease (OR, 2.33; 95% CI, 0.90–6.07) and
ronchiectatic lung disease (OR, 1.36; 95% CI, 0.45–
.18). We also observed a trend toward worse survival

n non-whites (p � 0.077; OR, 2.81; 95% CI, 0.90–
.79). By BMI strata, overweight (OR, 3.93; 95% CI,
.49–10.36) and obese patients (OR, 3.16; 95% CI,
.05–9.48) had increased odds for death at 90 days
ompared with the normal-weight group. No other
ariable was a significant predictor of death at 90 days
n the BMI groups.

Comparing the two regression analyses suggests that
MI stratification may identify a group of patients at

ncreased risk for early mortality. There may be some
nrecognized interaction of the BMI categories with
ace and underlying disease, because these variables
pproached significance only in the models using IBW.

�130% p value
Reclassified

group p valueb

72 43
.9 (9.5) �0.01 161.5 (8.4) �0.01
.5 (10.5) 0.02 47.7 (10.7) 0.60

21 (29%) �0.01 6 (14%) �0.01
66 (92%) 0.71 37 (86%) 0.11

34 (47%) 21 (49%)
22 (31%) �0.01 12 (28%)
15 (21%) 9 (21%) �0.01
1 (1%) 1 (2%)

45 (63%) 0.42 26 (60%) 0.45
48 (67%) 0.27 28 (65%) 0.83

24 (33%) 15 (35%)
24 (33%) 0.29c 15 (35%) 0.50c

23 (32%) 13 (30%)
1 (1%) 0
.2 (17.0) 0.44 21.1 (18.3) 0.48

70%–130% ideal body weight.

xact test, otherwise chi-square test used for all comparisons.
163
47

20

) vs
urthermore, the number of non-white patients in this
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ohort was small (n � 20), increasing the possibility of
n alpha-type error. The associations of underlying
isease and race with mortality are in accordance with
rior evidence,14 although the magnitude is greater in
he current study.

We generated Kaplan-Meier survival estimates for all
ategories of obesity indices for the purpose of exam-
ning survival estimates at later time-points (Figures
– 4). Using log-rank analysis, we found no significant
0-day survival differences when we categorized pa-
ients by IBW, for comparisons between all IBW cate-

able 2. Comparison of Variables by Body Mass Index

Underweight Normal

umber 43 120
eight (cm)a 168.5 (9.6) 168.0 (11.2)
gea 38.3 (14.3) 46.6 (12.6)
ender (male) 25 (58%) 60 (50%)
ace (white) 39 (91%) 115 (96%)
ause

Obstructive 18 (42%) 66 (55%)
Restrictive 3 (7%) 17 (14%)
Cardiovascular 1 (2%) 10 (8%)
Bronchiectatic 21 (49%) 27 (23%)

onor CMV (�) 22 (51%) 67 (56%)
ecip. CMV (�) 26 (61%) 67 (56%)
ransplant

Unilateral (R) 8 (19%) 30 (25%)
Unilateral (L) 9 (21%) 45 (38%)
Bilateral 25 (58%) 44 (37%)
Heart–lung 1 (2%) 1 (1%)

OS (days) 24.9 (16.6) 22.9 (19.5)

ee Methods section for definition of body mass index strata.
aData expressed as mean (standard deviation).
bCompares 3 categories, collapsing bilateral and heart–lung into 1 category
Height, age, LOS compared by analysis of variance, sex compared with Fis
CMV, cytomegalovirus serologic status; LOS, length of stay.

able 3. Multivariable Logistic Regression for 90-Day Mortality

ffect p value

Odds ratio
estimate (95%

confidence
interval)

odel with strata of body mass index
BMI category 0.036

Obese vs normal 3.16 (1.05–9.48)
Overweight vs normal 3.93 (1.49–10.36)
Underweight vs normal* 1.72 (0.47–6.27)

odel with percent ideal body weight
(categories or continuous)

Race (non-white) 0.077 2.81 (0.90–8.79)
Cause (vs obstructive) 0.016
Restrictive* 2.33 (0.90–6.07)
Vascular/cardiac 4.02 (1.37–11.78)
Bronchiectatic* 1.36 (0.45–4.18)

Not significant.

BMI, body mass index. (
ories (p � 0.27) and for comparison between patients
t 70% to 130% IBW vs the reclassified group (p �
.49). Body mass index categorization revealed in-
reased 90-day mortality for overweight and obese
atients. Survival for these 2 groups was 81% (95% CI,
2%–90%) and 83% (95% CI, 72%–94%), respectively, vs
4% (95% CI, 90%–98%) for normal weight (p � 0.02).
he effect of BMI categories on survival was abolished
y 1 year and remained so for all subsequent time-
oints. For example, at 1 year, estimates for survival by
MI strata were (p � 0.28): 77% normal (95% CI,
0–85%), 67% overweight (95% CI, 57–78%), and 71%
bese (95% CI, 58%–85%).

Overweight Obese p value

74 46
168.2 (10.0) 167.1 (10.2) 0.93
50.0 (9.2) 48.6 (10.9) �0.01

40 (54%) 22 (48%) 0.73
65 (88%) 44 (96%) 0.15

45 (61%) 20 (43%)
19 (26%) 17 (37%) �0.01
8 (11%) 9 (20%)
2 (3%) 0

43 (58%) 28 (61%) 0.81
51 (69%) 35 (76%) 0.07

23 (31%) 14 (30%)
31 (42%) 17 (37%) 0.03b

19 (26%) 14 (30%)
1 (1%) 1 (2%)

21.8 (16.0) 20.1 (18.0) 0.64

s exact test, otherwise chi-square test used for all comparisons.

igure 2. Kaplan-Meier survival curve for percent ideal body weight
.

IBW) strata.
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We constructed a Cox proportional hazards model
or overall survival. Weight indices were not significant
hen entered as BMI strata, IBW strata, or as continu-
us variables (Table 4). Similar to the logistic regression
stimates for early mortality, non-white race (hazard
atio, 1.8; 95% CI, 1.0–3.4) and underlying disease were
ignificant covariates, with better survival for patients
ith obstructive disease. Male sex (hazard ratio, 1.5;

5% CI, 1.1–2.2) and unilateral lung transplant (hazard
atio, 2.5; 95% CI, 1.4–4.5) also were associated with
ccelerated mortality. These associations also have been
oted in the United Network for Organ Sharing data-
ase.14

ISCUSSION

espite analyzing mortality at multiple time-points, we
ere unable to define any utility of current IBW selec-

ion criteria for predicting mortality after lung trans-
lantation. A potential criticism of prior studies that

ailed to show a survival disadvantage because of
eight is that the obese population may have been the

ubject of selection bias—i.e., they may have been

igure 3. Kaplan-Meier survival curve for reclassified weight group vs
0% to 130% ideal body weight (IBW).
tigure 4. Kaplan-Meier survival curve for body mass index categories.
therwise relatively robust, young, and well-appearing.
ur inclusion of a group of patients presumed to have

cceptable weight at the time of listing (the reclassified
roup) helps overcome this dilemma. Post hoc reclas-
ification of this population renders selection bias
ighly unlikely. This study includes the largest cohort of
verweight lung transplant recipients reported to date
46 patients �30 kg/m2, 72 patients �130% IBW). In
ontrast, the only other study of long-term outcome
ncluded 10 patients �30 kg/m2.10

A number of transplant centers have adopted percent
BW as a convenient, reproducible index of obesity. It is
ssessed commonly on the basis of life insurance tables
eveloped by the Metropolitan Life Insurance Company

n the 1950s and updated in 1983.15 The survival
stimates were derived from a cohort of primarily
iddle-to-upper class, white, urban, healthy men 25 to

9 years old.15 In common usage, no allowance is made
or body type, although the original tables provide for 3
rame sizes: small, medium and large. The tables also
ave no adjustment for race, age, fat distribution, or
resence of edema.16

When the most recent transplant guidelines were
ritten,12 the ISHLT chose IBW instead of BMI, based
n the perception that it is more straightforward and
asier to calculate (Maurer J, personal communication).
he ISHLT has no specific recommendation about how

o calculate IBW for this purpose. However, most
tudies of outcome in transplant patients have used
MI; IBW has been limited to few studies, none of
hich included lung transplant recipients or cut-points
f 130%. In assessing individual cases, using BMI has
imilar limitations as using IBW. The choice of which
besity index is used for making clinical decisions has
amifications on the overall number, height, and sex of
he lung transplant candidate pool. In comparison with
he BMI, IBW is markedly more stringent for shorter
eights in men and for all heights in women (Figures
 and 6). For example, a 5-foot 1-inch woman would be
equired to have a BMI �26 kg/m2 to be listed for lung

able 4. Cox Proportional Hazards Model for Overall Mortality

ffect p value

Hazard ratio
estimate (95%

confidence
interval)

en 0.03 1.52 (1.05–2.18)
nilateral vs bilateral �0.01 2.5 (1.39–4.55)
ace (non-white) 0.045 1.84 (1.01–3.35)
ause (vs obstructive) 0.03

Restrictive 1.71 (1.06–2.75)
Vascular/cardiac* 1.56 (0.80–3.05)
Bronchiectatic 2.70 (1.32–5.50)

Not significant.
ransplantation under the current standard of 130%
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BW. In contrast, taller men are relatively less likely to
ualify for transplantation using BMI rather than IBW.
Although well validated for large-scale epidemiologic

nalyses, obesity indices may be misleading in individ-
al circumstances. The distribution of body fat may be
ore relevant than the total quantity.15 The presence of

ncreased muscle mass or edema may erroneously sug-
est obesity, whereas malnutrition in elderly patients
ay mask its presence. For example, although BMI and
IBW were moderately correlated (r � 0.70) with
ercent body fat in a population of 363 healthy individ-
als, a large proportion of the population was misclas-
ified by the height–weight indices.17 In a larger cohort
5,072 men), BMI was correlated (r � 0.78) with
kin-fold measurements of fat content, but in a signifi-
ant proportion of individuals, the discrepancy be-

igure 5. Comparison of excess weight allowed for each sex by a
heoretical change to an upper limit of 30 mg/kg2 by height. Note that
or all heights, weight limits for women would be much less stringent.
or men, a theoretical change to a body mass index 30 mg/kg2 would
esult in fewer acceptable candidates. The effect would be particularly
ronounced for tall men.

igure 6. Body mass index (BMI) corresponding to 130% predicted
deal body weight for men and women. Note that by current standards,
horter women are excluded from transplantation even if they are only
arely overweight by World Health Organization standards (BMI � 25
lg/m2).
ween the two definitions of obesity was striking.18 In
ardiac transplant recipients, defining obesity by BMI
isclassified 21% to 57% of patients, in comparison
ith a cutoff of 30% or 40% body fat as measured by
io-electrical impedance.19

In general surgical patients, obesity has been associ-
ted with a longer length of stay20 and with a weakly
ncreased incidence of wound infections,21 but has not
orresponded consistently with increased mortali-
y.21,22 In large cohorts of cardiothoracic surgery pa-
ients (mainly coronary artery bypass), increased body
eight correlates with an increased rate of peri-opera-

ive complications, but does not independently predict
ortality unless there is extreme obesity (BMI � 40

g/m2).23–25

Studies of long-term survival in obese transplant
ecipients have yielded discrepant results; comparison
f studies is confounded by widely varying definitions
f obesity, length of follow-up, number of patients and
election biases. Similar to general surgical patients,
bese cardiac,26 liver,27 and renal28 –31 transplant recip-

ents have an increased incidence of peri-operative
omplications, especially wound infections. Some anal-
ses also have suggested increased length of stay and
verall cost.11,27 A number of authors have reported a
urvival disadvantage in obese patients,1–9 other studies
ave not found a significant effect.26,27,29,31–39

The largest studies to date have suggested that higher
utoffs may better predict outcome. In a review of 18,172
iver transplant recipients, only BMI � 40 conferred an
ncreased odds ratio for death at 2 years (OR � 1.52);
ther obesity strata did not independently predict mortal-

ty.4 For cardiac transplant recipients pre-operative weight
140% IBW was associated with increased mortality in a

egistry of 4,515 patients, but this study is difficult to
nterpret because a number of potential confounders

ere not controlled and the effect was apparent mainly in
en aged �55 with underlying ischemic cardiomyopa-

hy.2 The largest cohort, including 51,927 renal allograft
ecipients, displayed a step-wise increasing relative risk for
eath (OR, 1.2–1.4) with interval increases of BMI �30
g/m2,9 but the study did not control for pre-existing
ardiovascular disease.
Some of the disparity in past studies of obesity may

e due to differences in associated risk factors among
opulations of overweight patients. Several studies
uggest that the increased risks of obesity accrue from
xcess cardiovascular disease and that its presence
long with obesity may be a more important determi-
ant of outcome.4,31,40 For example, many of the
tudies that suggest that obesity is a risk factor for
ortality have involved renal transplant recipients (a

roup with a high likelihood of cardiovascular dis-
ase).5,7 However, rigorous pre-transplant cardiovascu-

ar screening in this population may negate any trend
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oward worse survival.29 Similarly, a large study of renal
ransplant recipients at the Cleveland Clinic Foundation
oncluded that excess weight-related mortality mainly
s caused by concomitant cardiovascular disease, and
he authors recommended weight restrictions only in
he context of pre-transplant cardiac disease.40 The lack
f a long-term survival disadvantage in our obese pa-
ients may be because of our policy of aggressive
re-transplant screening for cardiovascular disease,
long with ongoing post-transplant risk-factor modifica-
ion.

Lung transplant candidates typically experience pro-
onged illnesses, with decreasing exercise capacity. The
bility of these patients to lose a significant percentage
f their body weight may be poor. Among renal trans-
lant candidates required to attain a BMI �30 kg/m2,
nly 10% lost any weight, with only 5% able to lose
ufficient weight to qualify.31 In our experience, de-
pite the life-and-death implications of requirements to
ose weight, not all patients can do so effectively.

In summary, we did not find any utility for current
BW strata in predicting mortality after lung transplan-
ation. A particular strength of these data is the inclu-
ion of a group of patients thought to be within
cceptable weight limits at the time of listing. This
eclassified group minimizes the possibility of selection
ias. Consistent with prior reports,11 the current study
emonstrates an increase in early mortality (within 90
ays) for lung transplant recipients with BMI �30
g/m2, but the risk seems tolerable when viewed in the
ontext of long-term outcomes. Although a larger study
ay have revealed an influence on long-term outcomes,

he current data suggest that such an effect would be
mall. Other recipient factors, such as age, sex, and
ace, have been shown here and by others14 to have a
reater impact on long-term survival, but they are not
sed to exclude patients from a potentially lifesaving
rocedure.

linical Inferences

ur data suggest that using increased body weight as a
one absolute contra-indication to lung transplant may
e an overstatement of the available evidence. Ideal
ody weight did not predict short- or long-term mortal-

ty in our population. Body mass index was useful only
or predicting short-term mortality. There should be a
ore in-depth discussion in the lung transplant commu-

ity about the optimal criteria for assessing obesity. A
arger sample size may better identify a specific inflec-
ion point for increased short- or long-term mortality.
ntil further study, however, it may be prudent to view
ild-to-moderate obesity as among the relative contra-

ndications to lung transplantation, not as an absolute

tandard.
he authors thank Kevin McCarthy for help with data
ollection and thank the remainder of the CCF Lung
ransplant Group (AC Mehta, OA Minai, CA Jennings, S
urthy, and G Pettersson).
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