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BACKGROUND: Reduced BMI is an absolute contraindication for lung transplantation (LTx) at
most centers in the United States. The objective of this study was to quantify post-LTx
survival of moderate to severely underweight patients with cystic fibrosis (CF) (BMI <

17 kg/m2) in the United States relative to normal-weight recipients with CF and other
frequently transplanted patient cohorts.

METHODS: Using United Network for Organ Sharing Registry data (undergoing transplant
from June 2005-November 2015), Kaplan-Meier estimates of median posttransplant survival
were calculated for all patients with CF, COPD, and idiopathic pulmonary fibrosis (IPF), as
well as low and normal weight CF subgroups. Cox regression modeling stratified according to
transplant center assessed risk of posttransplant mortality in recipients with CF and a BMI <
17 kg/m2 compared with recipients with COPD (reference).

RESULTS: Median posttransplant survival (95% CI) for CF, COPD, and IPF was 7.9 (7.2-8.6),
5.9 (5.6-6.2), and 5.5 (5.2-5.8) years, respectively. Although an absolute decrease was noted in
posttransplant survival for recipients with CF and a BMI < 17 kg/m2, compared with those
with CF and a BMI$ 17 kg/m2 (7.0 years [4.5-7.9] vs 8.2 years [7.3-9.0]), Cox modeling found
no increased mortality risk (adjusted hazard ratio, 1.09; 95% CI, 0.90-1.32; P ¼ .38). There was
no difference in posttransplant mortality between patients with CF and a BMI < 17 kg/m2 and
recipients with COPD and all BMIs (adjusted hazard ratio, 1.04; 95% CI, 0.86-1.25; P ¼ .71).

CONCLUSIONS: Transplant recipients with CF and a BMI < 17 kg/m2 had posttransplant
survival rates comparable to those of other groups frequently undergoing transplantation.
BMI < 17 kg/m2 as a single risk factor in the CF population should not be treated as an
absolute contraindication to LTx. CHEST 2020; 157(4):898-906
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Lung transplantation (LTx) can improve quality of life
and survival in a variety of end-stage pulmonary
diseases, but it remains a high-risk treatment with
outcomes inferior to other solid organ transplants.1,2

Candidate selection is crucial for distinguishing patients
who will have reasonable benefit following LTx from
those destined for poor outcomes. Low preoperative
BMI has been associated with increased hospital length
of stay, overall mortality, and death from infection
following transplantation in analyses involving
comparisons for individuals with the same diagnosis.3-8

Singer et al9 found a 35% increase in 1-year mortality
associated with a pretransplant BMI < 18.5 kg/m2, and
Fernandez et al10 reported incrementally greater risks at
lower BMIs, with BMI # 20 kg/m2 associated with
increased 90-day mortality. Thus, International Society
for Heart and Lung Transplantation candidate selection
recommendations consider severe malnutrition a
relative contraindication to LTx,11 and many centers use
BMI < 17 kg/m2 or < 18 kg/m2 as an absolute exclusion
criterion12 based on worsened expected posttransplant
survival.

Cystic fibrosis (CF) is a disease strongly associated with
malnutrition, especially among individuals with
advanced lung disease. Similar to the general LTx
population, among individuals with CF, low
pretransplant BMI has been associated with worse
posttransplant outcomes3-5 and often serves as a
contraindication to offering transplant, particularly
when patients are losing or unable to gain weight prior
to the procedure.

Candidate selection involves assessing patients’
underlying lung disease prognosis and their expected
[1K23HL138154-01], the Cystic Fibrosis Foundation (CFF)
[RAMOS17A0], and CFF Lung Transplant Consortium [LEASE16A3];
M. C. B. is supported by the Children’s Core for Biomedical Statistics,
partly supported by the University of Washington Institute of Trans-
lational Health Sciences [under award UL1 TR002319] from the Na-
tional Center for Advancing Translational Sciences of the NIH; R. S. is
supported by Canadian Institutes for Health Research [364568], CF
Canada [593925, 3185], and CFF [541972]; J. M. P. is supported by
CFF Research Development Program and Lung Transplant Con-
sortium, NIH [P30 DK72506]; E. D. L. is supported by CFF Lung
Transplant Consortium [LEASE16A3]; M. L. A. is supported by NIH/
National Institute of Diabetes and Digestive and Kidney Diseases [P30
DK089507]; C. H. G. is supported by NIH P30DK089507; and E. D. M.
is supported by NIH K23 HL144916, and Parker B. Francis
Foundation.
CORRESPONDENCE TO: Kathleen J. Ramos, MD, University of
Washington Medical Center, 1959 NE Pacific St, Box 356522, Seattle,
WA 98195; e-mail: ramoskj@uw.edu
Copyright � 2020 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.
DOI: https://doi.org/10.1016/j.chest.2019.11.043

chestjournal.org
chance of garnering an acceptable posttransplant
outcome.11 The threshold for acceptability is by nature
subjective, but conventional practices factor in reported
survival estimates among all LTx recipients, an
expectation that a recipient should have a reasonable
likelihood of 5-year survival, and ethical principles in
organ allocation. Although candidate selection criteria
vary across centers, it can be argued that in principle
this acceptable threshold is assessed in the context of
an individual’s expected survival outcome relative to
the overall population in need of LTx, rather than their
survival compared only with others with the same
underlying lung disease. Conversely, in practice, a
selection committee may decline to list an individual
with CF whose BMI is < 17 kg/m2 based on
assumptions that worsened outcomes related to
malnutrition would not meet an acceptable expected
posttransplant outcome. However, it is unknown
how the posttransplant survival of patients with CF
and a BMI below usual exclusion thresholds
compares with that of the general LTx candidate
population.

The objective of the current study was to quantify
posttransplant survival of CF LTx recipients with
moderate/severe malnutrition (BMI < 17 kg/m2) at the
time of LTx and compare their survival vs that of other
common transplant cohorts. We hypothesized that
although a lower BMI would be associated with worse
outcomes compared with higher BMI within the CF
cohort, the median survival of patients with CF and a
BMI < 17 kg/m2 would be comparable to that of
patients with other commonly transplanted diagnoses.
Especially relevant for patients near common BMI
exclusion thresholds, we also examined whether
upward change in pretransplant BMI among CF
transplant recipients is associated with posttransplant
survival.

Patients and Methods
Population

Using United Network for Organ Sharing (UNOS) Registry data
provided by the Organ Procurement and Transplantation Network as
of December 13, 2016, patients with a first LTx at a US center
between June 1, 2005, and November 30, 2015, were included.
Subjects were included if they were aged $ 12 years at first LTx with a
diagnosis of CF, COPD (without notation of alpha-1-antitrypsin
disease), or idiopathic pulmonary fibrosis (IPF). Exclusion criteria
included re-transplantation (first LTx before June 1, 2005), multiorgan
transplantation, and living donor LTx. An exploratory analysis of
waitlist deaths included all individuals with CF who were listed for
LTx between June 1, 2005, and November 30, 2015. The University of
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Washington Human Subjects Division determined that this study does
not involve human subjects and further review by the institutional
review board was not required (Study #02131).

Data
Pretransplant variables were recorded either at the time of LTx or
nearest to LTx. BMI was recorded at time of LTx. For CF, BMI was
stratified according to $ 17 kg/m2 or < 17 kg/m2 (e-Appendix 1, e-
Table 1). Transplant year was categorized as 2005 to 2009 or 2010 to
2015 to account for effects of calendar time.

Statistical Analysis

Among LTx centers with at least one CF LTx in a given year of the
study, descriptive statistics were used to describe the percentage of
centers with zero CF LTx recipients with BMI # 16.9 kg/m2 and the
percentage of centers with zero CF LTx recipients with
BMI # 17.9 kg/m2 as a proxy for identifying center-specific BMI
thresholds of < 17 kg/m2 and < 18 kg/m2, respectively.

The primary outcome was posttransplant mortality risk. As in previous
studies, patients who were lost to follow-up or underwent re-
transplantation (eg, second lung transplant) were censored at re-
transplant date or date of last follow-up when status was recorded as
lost to follow-up.1,13,14 We calculated Kaplan-Meier estimates15 of
median posttransplant survival time together with 1-year and 5-year
posttransplant survival percentages for CF, COPD, and IPF cohorts,
and for BMI strata of the CF cohort. To estimate 1-year conditional
survival, median survival time following transplantation (restricted to
the subgroup of patients who survived at least 1 year after LTx) was
calculated. For the primary analysis, Cox regression modeling was
used to estimate posttransplant mortality risk of patients with CF
and a BMI < 17 kg/m2 relative to COPD (reference group).16

Patients with IPF were also compared with the COPD group in this
Cox regression model. All Cox models included transplant year
category as a covariate and were stratified according to LTx center,
allowing each center to have its own baseline hazard to account for
between-center variability. Patient-level covariates were not included
in the Cox models because of the nonoverlapping characteristics of
the patients in the different diagnosis cohorts. The proportional
hazard assumption was formally tested by using Schoenfeld residuals
and by evaluating the significance of interactions between the
predictor of interest and time (e-Appendix 1).
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Sensitivity Analyses

Waitlist Analyses: An exploratory analysis was performed among all
individuals with CF listed for LTx, stratified according to BMI at listing
(< 17 kg/m2 compared with $ 17 kg/m2) to determine the proportion
who died while on the waitlist. In addition, the median BMI
[interquartile range] was calculated for individuals with CF who died
while on the waitlist.

Posttransplant Survival Analyses: Sensitivity analyses were performed
to assess the stability of the primary analyses, repeating survival
estimates and Cox regression modeling of posttransplant death in:
(1) subjects aged $ 18 years; and (2) the cohort of COPD and IPF
LTx recipients that underwent bilateral LTx. To confirm results from
previous studies in the current study cohort, Cox modeling was used
to compare posttransplant mortality risk of patients with CF and a
BMI < 17 kg/m2 vs patients with CF and a BMI $ 17 kg/m2

(reference group). A separate Cox regression model compared
posttransplant mortality risk of the entire CF cohort (all BMIs)
vs COPD (reference group).

BMI Change Analyses: A continuous measure of BMI change was
calculated from BMI at listing minus BMI at LTx, without adjustment
for time spent on the waitlist. In underweight subjects with CF, three
separate Cox regression models were used to investigate the
association between pretransplant BMI change and posttransplant
survival among recipients with low BMI at the time of transplant or
the time of listing. Model 1 was developed to assess association of
BMI change while on the waitlist for LTx recipients with CF and a
BMI < 17 kg/m2 at the time of transplant compared with
individuals with BMI $ 17 kg/m2 at transplant. Model 2 assessed
the association of BMI change for LTx recipients with CF and a
BMI < 17 kg/m2 at listing (compared with individuals with CF
listed with BMI $ 17 kg/m2) with posttransplant survival; model 3
assessed the association of BMI change for recipients with a BMI <
18.5 kg/m2 at listing (compared with individuals with CF listed with
a BMI $ 18.5 kg/m2). The three models were repeated using a
categorical approach to change in BMI from listing to transplant:
increased ($ 1 kg/m2 increase) or decreased ($ 1 kg/m2 decrease),
with unchanged (< 1 kg/m2 change) as the reference group.

All testing was two-sided and conducted at the 0.05 level of significance
without correction for multiple comparisons. Statistical analyses were
performed by using Stata version 15 (StataCorp).
Results

Transplant Recipient Characteristics

A total of 13,510 transplant recipients were analyzed:
2,195 with CF, 4,858 with COPD, and 6,457 with IPF
(e-Fig 1). Median age was 28, 61, and 62 years in the
CF, COPD, and IPF groups, respectively (Table 1).
Bilateral LTxs were performed in 99.9% of the CF
group compared with 63% in the COPD group and
53% in the IPF group. Median lung allocation score at
transplantation was 41 for CF, 34 for COPD, and 46
for IPF. Eleven percent of patients with CF were
supported with mechanical ventilation prior to LTx,
compared with 3% in the COPD group and 6% in the
IPF group. In CF, 352 (16%) had a BMI < 17 kg/m2,
1,831 (83%) had a BMI $ 17 kg/m2, and 12 were
missing BMI data at LTx. Subjects with CF and a
BMI < 17 kg/m2 at LTx were younger but were
otherwise comparable to subjects with CF and a BMI >
17 kg/m2 (e-Table 2). Moderate to severe malnutrition
was present almost exclusively in patients with CF (e-
Table 3).

Transplant Center BMI Thresholds

Depending on the year within the study, 54% to 69% of
centers had zero LTx recipients with CF and a BMI #
16.9 kg/m2, and 30% to 49% had zero recipients with CF
and a BMI # 17.9 kg/m2 (e-Table 1). These results are
consistent with BMI < 17 kg/m2 as a threshold for
contraindication to LTx at a majority of US LTx centers,
whereas BMI < 18 kg/m2 may be the threshold at fewer
centers.
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TABLE 1 ] Characteristics of the Lung Transplant Recipients

Characteristic CF (n ¼ 2,195) COPD (n ¼ 4,858) IPF (n ¼ 6,457)

Recipient age, median (IQR), y 28 (23-37) 61 (56-65) 62 (57-66)

Age $ 18 y 1,989 (91) 4,857 (100) 6,446 (100)

Male sex 1,129 (51) 2,569 (53) 4,676 (72)

Race/ethnicity

White 2,076 (95) 4,459 (92) 5,285 (82)

Black 29 (1) 305 (6) 419 (6)

Hispanic 83 (4) 54 (1) 558 (9)

Asian 0 12 (0) 144 (2)

American Indian/Alaska Native 4 (0) 8 (0) 29 (0)

Native Hawaiian/other Pacific Islander 0 1 (0) 8 (0)

Multiracial 3 (0) 19 (0) 14 (0)

Transplant year 2010-2015 (reference, 2005-2009) 1,288 (59) 2,722 (56) 4,155 (64)

Private insurance 1,288 (59) 2,155 (44) 3,750 (58)

Height at transplant, median (IQR), cm 165 (159-173) 170 (163-177) 173 (165-178)

Weight at transplant, median (IQR), kg 53 (47-60) 70 (59-81) 82 (71-91)

BMI at transplant, median (IQR), kg/m2 19 (18-21) 24 (21-28) 28 (25-30)

BMI < 17 kg/m2 352 (16) 76 (2) 31 (0)

Diabetes present 1,034 (47) 420 (9) 1,196 (19)

Oxygen requirement at rest at transplant,
median (IQR), L/min

4 (2-6) 3 (2-4) 4 (3-8)

FEV1 % at transplant, median (IQR) 22 (18-27) 20 (16-26) 50 (40-62)

FVC % at transplant, median (IQR) 37 (30-46) 52 (41-64) 45 (36-57)

Lung allocation score at transplant, median (IQR) 41 (37-50) 34 (32-35) 46 (40-61)

On ventilator at transplant 250 (11) 158 (3) 402 (6)

ECMO at transplanta 101 (5) 17 (0) 169 (3)

Bilateral transplant 2,193 (100) 3,082 (63) 3,430 (53)

Repeat transplant 157 (7) 102 (2) 195 (3)

Data are presented as No. (%) unless otherwise indicated. CF ¼ cystic fibrosis; ECMO ¼ extracorporeal membrane oxygenation; IPF ¼ idiopathic pul-
monary fibrosis; IQR ¼ interquartile range.
aECMO is not consistently captured in the United Network for Organ Sharing Registry for a majority of the study period.
Waitlist Outcomes

Among individuals with CF and a BMI < 17 kg/m2 at
listing, 14% died while on the waitlist, compared with
13% of individuals with CF and a BMI $ 17 kg/m2. The
median BMI [interquartile range] for individuals with
CF who died while on the waitlist was 18.7 kg/m2 [17.6-
20.4] compared with a median BMI of 19.1 kg/m2 [17.6-
21.0] among transplant recipients with CF.

Posttransplant Survival

Median posttransplant survival in the CF cohort was 7.9
years (95% CI, 7.2-8.6) (Table 2). This finding compared
favorably to median survival for subjects with COPD
(5.9 years; 95% CI, 5.6-6.2) and subjects with IPF (5.5
years; 95% CI, 5.2-5.8) (Fig 1). Loss to follow-up was
documented for 1% of patients in all diagnosis groups.
chestjournal.org
Within the CF cohort, as expected, subjects with BMI <
17 kg/m2 at LTx had shorter posttransplant survival
than subjects with BMI $ 17 kg/m2 (7.0 vs 8.2 years),
but Cox modeling found no increased mortality risk
(adjusted hazard ratio, 1.09; 95% CI, 0.90-1.32; P ¼ .38).
In Cox modeling, in which the COPD cohort was the
reference group, patients with CF and a BMI < 17 kg/m2

had no survival disadvantage (adjusted hazard ratio,
1.04; 95% CI, 0.64-1.25; P ¼ .71). Median survival
conditional on survival for 1-year posttransplant was 9.1
years (95% CI, 8.4-10.3) in the CF cohort; LTx recipients
with CF and a BMI $ 17 kg/m2 had 1-year conditional
survival of 9.5 years vs 7.8 years among those with CF
and a BMI < 17 kg/m2 (Table 3). IPF LTx recipients had
lower 1-year survival (84%) compared with CF and
COPD LTx recipients (87%-89%) (Table 4). Five-year
901
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TABLE 2 ] Kaplan-Meier Estimates of Median Posttransplant Survival Time

Variable No. Median Posttransplant Survival Time (y) 95% CI

CF, entire cohorta 2,195 7.9 7.2-8.6

CF, BMI $ 17 kg/m2 1,831 8.2 7.3-9.0

CF, BMI < 17 kg/m2 352 7.0 4.5-7.9

COPD 4,858 5.9 5.6-6.2

IPF 6,457 5.5 5.2-5.8

See Table 1 legend for expansion of abbreviations.
aTwelve subjects with CF had missing BMI data.
survival estimates were similar for patients with CF and
a BMI < 17 kg/m2 (54%), all patients with IPF (53%),
and all patients with COPD (56%). In sensitivity
analyses that included only patients with bilateral LTx or
patients aged $ 18 years, results were similar
(e-Tables 4-7).

Change in BMI

Among 352 underweight recipients with CF, only 39
(11%) had a decline in BMI between listing and
transplantation. The mean � SD decline in BMI for
these subjects was 0.4 � 1.4 kg/m2. Subjects with a
decline in BMI during waitlist time were similar in
characteristics to those with stable BMI. Cox modeling
found no association between BMI decline prior to
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Figure 1 – A-C, Kaplan-Meier survival curves for COPD, CF, and IPF. Analys
COPD, IPF, and CF (all BMIs). B, Subjects with COPD, IPF, and CF with BM
m2 or < 17 kg/m2. CF ¼ cystic fibrosis; IPF ¼ idiopathic pulmonary fibrosi
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transplantation and posttransplant mortality among
individuals with BMI < 17 kg/m2 at LTx (hazard ratio,
0.98; 95% CI, 0.86-1.11; P ¼ 0.74) or low BMI at listing
(e-Table 8).
Discussion
The complexity of patients with end-stage pulmonary
disease and the difficulties with survival prediction make
candidate selection for LTx a challenging process that
balances transplant urgency (likelihood of death without
LTx) with transplant benefit (likelihood of survival
following LTx).11 In this large study using the UNOS
dataset, we found a median posttransplant survival in
CF of 7.9 years; much like the International Society for
5 6 7 8 9 10
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TABLE 3 ] Kaplan-Meier Estimates of Median Posttransplant Survival Time, Conditional on Surviving at Least 1
Year Posttransplant

Variable No.
Median Posttransplant

Survival Time (y) 95% CI

CF, entire cohort a 1,827 9.1 8.4-10.3

CF, for BMI subgroups

BMI $ 17 kg/m2 1,527 9.5 8.6-a

BMI < 17 kg/m2 292 7.8 7.0-9.5

COPD, entire cohort 3,998 6.9 6.7-7.2

IPF, entire cohort 5,044 6.8 6.5-7.1

See Table 1 legend for expansion of abbreviations.
aNo upper confidence limit for the CF BMI$ 17 kg/m2 subgroup, as the upper bound of the 95%CI for the survival function does not cross the 50% survivalmark.
Heart and Lung Transplantation Registry data,1 this
time frame was the longest survival among all
transplanted diagnoses. Most importantly, the median
survival in patients with CF and BMI < 17 kg/m2 was
7.0 years, which was comparable to subjects with the
other most commonly transplanted diagnoses.
Underweight patients with CF have been shown to have
a higher risk of death without LTx,17,18 underscoring
transplant urgency. At the same time, low BMI is
frequently an absolute contraindication to LTx.12

Importantly, transplant programs do not tend to make
candidacy decisions based on transplant urgency or the
chance of waitlist mortality. Rather, candidate selection
is influenced by what the transplant program determines
to be appropriate or acceptable listing criteria, expected
outcomes (eg, survival, recovery, quality of life), and
contraindications. In the setting of a potential
contraindication, selection committees attempt to
estimate the individual’s expected posttransplant
outcomes (assuming they make it to transplant). The
current study highlights reasonable posttransplant
survival for a cohort of underweight individuals with CF
who, based on previous considerations, may be
unjustifiably excluded from LTx at most centers in the
United States.

Several intrinsic components of CF worsen in advanced
lung disease and directly affect nutrition, including
TABLE 4 ] Kaplan-Meier Survival Estimates (% Surviving)

Variable 1 Year (95% CI)

CF, entire cohorta 89% (88-90)

CF, BMI $ 17 kg/m2 89% (88-91)

CF, BMI < 17 kg/m2 88% (84-91)

COPD 87% (86-88)

IPF 84% (84-85)

See Table 1 legend for expansion of abbreviations.
aTwelve subjects with CF had missing BMI data.

chestjournal.org
dyspnea, anorexia, and increased basal energy
expenditure due to chronic respiratory infection.12,19-25

Thus, impaired nutrition can be thought of as an
inherent component of disease progression in CF26 but
one that clinical experience suggests is highly reversible
following LTx. In fact, underweight status has been
shown to be common in advanced CF lung disease, with
one study reporting a pretransplant BMI < 18.5 kg/m2

in 42.4%,3 whereas the current study found a
pretransplant BMI < 18.5 kg/m2 in 40.0% (< 17 kg/m2

in 16%) of subjects with CF undergoing transplant.
These data strengthen the case that this relatively large
percentage of the CF population should not be
reflexively excluded from LTx.

An argument can be made that comparing the survival
outcomes of underweight transplant recipients with CF
vs recipients with COPD yielded an expected result.
Certainly, much of the relative success in LTx for CF
likely resides in patients being younger and lacking
medical comorbidities, perhaps along with familiarity
with chronic illness management. However, because the
allocation process does not limit the number of organs
allocated to one particular disease, selection committees
must analyze risk factors in a given patient in the
context of the underlying diagnosis, age, and other
clinical characteristics. Inherently, this implies
at 1 and 5 Years’ Posttransplant

5 Year (95% CI)

60% (58-63)

61% (59-64)

54% (48-60)

56% (54-58)

53% (51-54)

903

http://chestjournal.org


comparisons of expected outcomes across different
diagnoses and age groups, for which the results of this
study are pragmatic. When assessing relative or absolute
contraindications to LTx for individuals with CF, it is
important to consider whether an individual meets a
more general acceptable threshold for posttransplant
outcomes rather than assessing whether their outcome is
likely to be as good as others with CF.

This study did have limitations. First, it is likely that
underweight subjects with CF who were selected for and
able to survive to LTx during the study period otherwise
carried factors that positively influenced their candidacy
and posttransplant outcomes. Studies that evaluate any
pretransplant risk factor and the associated
posttransplant outcomes are always subject to this bias:
those who made it to transplant will likely be less
severely ill than those who died while on the waitlist.
Our waitlist analyses did not show a clinically
meaningful difference in waitlist deaths among
individuals with CF listed with a BMI < 17 kg/m2

compared with those listed with higher weight. Stratified
regression modeling allowing for center-specific baseline
hazards should have accounted for between-center
variability, but the center-specific decision to list
individuals with CF and low BMI was likely affected by
history of medical adherence, social support, body
protein stores, frailty, transplant program risk aversion,
steroid exposure, and/or other factors that could not be
accounted for in this analysis. Although the results
remain an accurate representation of outcomes in this
presumably carefully selected cohort, this necessary
limitation and related selection bias underscore the
importance of a thorough pretransplant risk assessment
in underweight patients with CF. Furthermore, as lung
disease progresses in this population, we believe every
effort should be made to optimize nutrition prior to
LTx.27

Second, the covariates that are usually considered as
confounders for survival models are nonoverlapping for
the diagnoses currently studied (CF, IPF, and COPD).
For instance, age, FEV1, and presence of diabetes differ
in value or prevalence and have different physiologic
904 Original Research
context across diagnoses. We therefore did not include
patient-level covariates in the multivariable model, and
our analyses are subject to residual confounding. Third,
we were unable to completely evaluate for the complex
effect of changes in BMI over time. Our BMI change
analyses revealed no association between BMI change
and posttransplant survival among individuals with low
BMI at listing or time of transplant, but these analyses
were not adjusted for other markers of disease severity
and only included transplant recipients. Patients with
CF and the largest decreases in BMI may have died
without LTx. Outcomes in underweight patients with CF
may in fact be influenced by nutritional changes over
time (either pretransplant or posttransplant), but
nutritional status may be more accurately described with
measurement of degree of lean body mass, protein
stores, or relative sarcopenia rather than BMI.28 There is
surgical literature showing the protective effect of a
positive nitrogen balance on postoperative
outcomes,29-31 but these data are not captured in the
UNOS registry. Further study is needed to evaluate the
effects of these parameters on posttransplant outcomes
to enable more refined risk stratification in the
pretransplant period. Further study will also be useful
for associations with other posttransplant complications,
including primary graft dysfunction, wound healing,
acute cellular rejection, chronic lung allograft
dysfunction, and other outcomes that may be affected by
malnutrition in the pretransplant and/or posttransplant
CF population.
Conclusions
BMI < 17 kg/m2 often serves as an absolute
contraindication for LTx for individuals with CF in the
United States. In the current study, patients with CF and
a pretransplant BMI < 17 kg/m2 had posttransplant
survival that was similar to reported survival across
diagnoses in data from the Registry of International
Society for Heart and Lung Transplantation.1 Thus, we
propose that BMI < 17 kg/m2 as a single risk factor in
the CF population should not be treated as an absolute
contraindication to LTx.
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