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Abstract

Background—~Patients with greater adiposity prior to lung transplantation are at an increased
risk for worse post-transplant outcomes. Few studies have examined whether pre-transplant weight
loss mitigates this risk. We examined the association between pre-transplant weight loss and post-
transplant clinical outcomes.

Methods—We conducted a retrospective cohort study of patients who received a lung transplant
at Duke University Hospital from May 1, 2005 to April 30, 2015. The sample included adult
transplant recipients with restrictive, obstructive, and vascular diseases. Cox proportional hazards
models were used to examine mortality and chronic lung allograft dysfunction (CLAD)-free
survival and negative binomial regression analyses were used to examine length of stay (LOS).
Weight loss was assessed from change in body mass index (BMI).

Results—The cohort consisted of 810 individuals. Initially 403 (50%) were overweight and 109
(13%) were obese by BMI criteria. Greater pre-transplant weight loss was associated with dose-
response improvements in survival (HR = 0.83 [0.72, 0.97], P =.018), with modest (0-3%: HR =
0.91), moderate (7-10%: HR = 0.83), and large (>15%: HR = 0.71) levels of weight loss
conferring longer survival, independent of initial weight (P = 0.533 for interaction). Weight loss
was also associated with improved CLAD-free survival (HR = 0.84 [0.71, 0.99], P=.034) and
shorter LOS (b =-0.17, P <.001).

Conclusions—Weight loss before transplantation was associated with improved short- and long-
term clinical outcomes, independent of initial weight. Survival improved proportionally to
percentage weight lost. Mechanisms by which weight loss improves clinical outcomes warrant
further exploration.

Introduction

Lung transplantation remains an increasingly more common treatment option to extend
survival among many individuals with advanced pulmonary disease (1, 2). Despite advances
in lung transplantation, median survival remains approximately 6 years, far lower than other
solid organ transplant groups (1, 3). Research over the past decade has emphasized the role
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of potentially modifiable risk factors including body composition (9-11) for improvement of
post-transplant clinical outcomes (4-8). Specific to lung transplant, studies have
demonstrated an association between recipient obesity at the time of transplant and poorer
clinical outcomes, leading many transplant centers to consider a BMI >30 as a relative and a
BMI>35 an absolute contraindication to lung transplantation (12-16), consistent with
current ISHLT guidelines (17).

Many lung transplant recipients meet overweight or obese criteria, particularly those with
pulmonary fibrosis (PF) and other non-cystic fibrosis native diseases (9, 18, 19). United
Network for Organ Sharing (UNOS) data suggest that more than 12% of recipients were
obese and 32% overweight at the time of transplant (12). In prior studies, obese patients
consistently demonstrated poorer clinical outcomes, including greater postoperative graft
dysfunction (19), reduced functional status (20), and increased mortality (13). Work has
been done to explore the underlying mechanisms for the effects of obesity on lung transplant
survival and cytokines produced by adipose cells have drawn interest as potential mediators
(9, 21). Adipocytokines influence levels of pro-inflammatory and anti-inflammatory
cytokines involved in ischemia-reperfusion injury (22, 23) including PGD (24).

Despite recent data demonstrating the importance of pre-transplant BMI for clinical risk,
few studies have examined whether pre-transplant weight loss can modify subsequent
clinical outcomes in a large cohort of transplant recipients (11, 25). We therefore sought to
examine the effect of pre-transplant weight loss among lung transplant candidates on clinical
outcomes including perioperative length of stay (LOS), development of chronic lung
allograft dysfunction (CLAD), and mortality.

Patient Identification

The study included adults who underwent lung transplantation at Duke University Hospital
from May 1, 2005 to April 30, 2015. The initiation of our study was set to correspond with
introduction of the lung allocation score (LAS) in organ distribution. Our center’s current
practice recommends a BMI goal < 27 and > 18.5, though this policy is not absolute and
those with a BMI outside this range may still undergo transplantation. Our center strongly
recommends any candidate with BMI =30 kg/m? to lose weight before proceeding with
listing. Analyses excluded those who underwent multi-organ transplantation,
retransplantation, candidates with cystic fibrosis (CF), and those with either no BMI data
within three months of transplant or who were underweight BMI < 18.5. The rationale for
excluding those with CF is there is a tendency to be underweight in this population and
weight loss is generally discouraged. This study was approved by the Institutional Review
Board at Duke University Medical Center.

Data Collection

We abstracted data from the lung transplantation database at Duke Hospital and Duke data
submitted to United Network for Organ Sharing (UNOS) including: demographic data,
native lung disease (pulmonary fibrosis (PF), chronic obstructive pulmonary disease
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(COPD), CF, and other lung disease), transplant date, LAS, highest pre-transplant BMI
(defined as highest weight within 1 year prior to transplant surgery or BMI at initial
transplant evaluation), BMI on day of transplant surgery, LOS immediately post-transplant,
albumin levels, and pulmonary function tests (PFTs). BMI categories were defined by World
Health Organization (WHO) classification with underweight <18.5, normal weight 18.5-25,
overweight 25-30, and obesity >30 (26). PGD was defined as acute lung injury at 72 hours
with severity grading according to ISHLT guidelines (27). Analysis was limited to PGD
grade 3. In order to qualify for CLAD assessment, an individual had to survive a minimum
of 90 days after transplant and have five separate PFTs performed at least 3 weeks apart.
CLAD was defined as irreversible 20% decline in the FEV1 relative to the highest post-
transplant baseline, found on two separate PFTs at least 3 weeks apart without any other
attributable cause(28). Expert review then validated CLAD by medical record review and
determined CLAD phenotype between bronchiolitis obliterans syndrome (BOS) or
restrictive allograft syndrome (RAS). Missing data points were not imputed.

Statistical Analysis

Results

Statistical analyses used SAS 9.4 and R 3.4.1. All analyses controlled for the following
variables: initial weight which was defined as participants maximum weight within the year
preceding transplant, percent weight loss ([Initial weight — weight at transplant] / Baseline
weight), albumin at time of transplant, native disease, gender, age, PGD, and ethnicity. We
also controlled for type of transplantation (bilateral vs. unilateral) in our length of stay
(LOS) and survival analyses. LOS analyses used generalized estimating equations with a
negative binomial error distribution specification with those that died while in the hospital
being assigned the longest LOS in the cohort. Time to death was analyzed using the Cox
proportional hazard model. Univariate analyses for predictors of mortality and LOS were
performed for age, albumin level, bilateral versus single lung transplant, PF versus COPD,
sarcoid versus COPD, other diagnosis versus COPD, gender, race, PGD, pre-transplant BMI,
and percent weight lost. Because weight loss was potentially confounded with pre-transplant
initial weight (e.g. heavier patients may have lost more weight) we also conducted analyses
in which pre-transplant BMI was modeled as an individual predictor. The association
between weight loss and PGD (grade 3 at 72 hours) was examined using general linear
models, with the same covariates as above. Analysis focused on PGD grade 3 consistent
with prior studies (21). Assumptions regarding linearity, independence, and proportional
hazards were evaluated and found to be satisfactory prior to analysis. We also tested for
potential non-linear associations using the restricted cubic spline function available in
Harrell’s RCS package in R.

Pre-Transplant Weight and Weight Loss

Demographic and clinical characteristics are presented in Table 1 for the total cohort of 810
individuals. The sample included more males (534, 66%), tended to be older (mean age =
60.5 [9.8] years), and white (n=710, 88%). The most common native lung disease was PF (n
= 454 [56%)]), followed by COPD (n = 231 [29%]), and “‘Other’ disease classifications (e.g.
sarcoidosis, PPH, etc.; n = 125 [15%]). LAS scores ranged widely, with a median of 41.9
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(mean = 47.7 [SD = 16.5]; range 29.0, 95.1). Participants were slightly above the normal
range in BMI on average (mean BMI = 26.3 [SD = 3.6]), with over half of recipients being
either overweight (n = 403 [50%]) or obese (n = 109 [13.5%)]) at baseline. In this cohort, a
very small subset (5%) had a BMI of = 29.0 kg/m? (range 19.0 to 36.3 kg/m?). Baseline
weight was recorded on average 4.8 months pre-transplant [SD = 4]. At baseline, there were
substantial differences in BMI levels across native diseases (P<.001), with PF patients
weighing the most (mean BMI = 27.3 [27.0, 27.6)]) compared with both COPD (mean BMI
=24.9 [24.5, 25.3]) and ‘other’ native diseases (mean BMI = 25.0 [24.4, 25.5]).

Examination of pre-transplant weight changes revealed substantial reductions prior to
transplant surgery (median BMI reduction 2.6% [IQR = 0, 7.4%], P<.001). Out of the
cohort, 22% gained weight, 5 % had no change in weight, and 73% lost weight. For those
that lost weight, the average weight loss was 3.9% (SD=6.6). Examination of predictors of
weight loss demonstrated that baseline weight (b = 1.25, P<.001) and female gender (-1.89,
P<.001) were the strongest predictors of weight reduction. Changes in weight are shown in
Figure 1.

Change in BMI and Survival

Over a median 6.1 year follow-up (range 0-9.5), 384 participants died (47%). Results
demonstrated that weight loss was associated with improved survival (HR = 0.84 [0.72,
0.97] per 10% decrease initial BMI, P=.021). Greater percent weight loss was associated
with dose-response improvements in survival: modest (0-3% decrease initial BMI: HR =
0.91), moderate (7-10% decrease baseline BMI: HR = 0.83), and large (>15% decrease
initial BMI: HR = 0.71). Weight loss was protective regardless of initial BMI (P = 0.533 for
interaction). For example, individuals in the lower IQR for weight loss (HR = 0.69), median
(HR =0.68), and upper I1QR for weight loss (HR = 0.67) of initial weight did not experience
differential survival. In addition, older age (HR = 1.39 [1.18, 1.65], P<.01), lower albumin
(HR =0.82[0.73, 0.92], P =.002), and PGD (HR =2.09 [1.42, 3.07], P <.001) also were
predictive of poorer survival shown in Table 2.

Change in BMI and CLAD-free Survival

Over the same follow-up time period, 279 participants either developed CLAD (n = 238) or
died before 90 days post-transplant (15%). Among the confirmed 238 CLAD cases, 153
(64%) were BOS and 85 (36%) were RAS. Results demonstrated that greater weight loss
was associated with improved CLAD-free survival (HR = 0.84 [0.71, 0.99] per 10%, P=.
034). Weight loss was not associated with whether a recipient developed BOS versus CLAD
(mean BMI decrease BOS 3.7 % (6.3), mean BMI decrease RAS 5.1 % (7.0), p=.118).
When individuals who died before 90 days were excluded, this effect was attenuated (HR =
0.87 [0.72, 1.03], P = .109), suggesting that this association was partly driven by individuals
with early mortality.

BMI, LOS, and PGD

Following transplantation, participants were hospitalized for a median of 16 days (IQR =11,
28), while 34 participants died during hospitalization. Sixty participants (7.4%) developed
grade 3 PGD following transplantation. Having a greater BMI at time of transplant surgery
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was not significantly associated with longer LOS (p=0.851), although greater BMI at the
time of transplant tended to be associated with a greater likelihood of PGD grade 3(P =.
115). We found that greater weight loss was associated with a lower incidence of PGD
following transplant (P = .046). Specifically, individuals with PGD at 72 hours had lesser
weight loss compared with participants without PGD (0.9 kg / m? or 2.6% [1.1, 4.2] vs. 1.3
kg / m2 or 4.2% [3.7, 4.6]). Within our model, lower age (b = 0.11, P<.017), greater albumin
(b =-0.2, P <.001), single-lung transplant (0.70, P<.001), male gender (-0.21, P=.010),
COPD native disease (P<.01 compared with PF and ‘Other”), PGD grade 3 at 72 hours (b =
0.39, P <.001) and greater weight loss (b = -0.17, P <.001) were associated with shorter
LOS (Supplemental Table 3).

Sensitivity Analyses Incorporating Functional Capacity

A subset of 238 patients had 6MWD available for analysis (mean 6MWD = 1375 ft. [IQR =
1175, 1557]). Sensitivity analyses were conducted to determine the influence of pre-
transplant functional capacity on the observed associations between pre-transplant weight
loss and clinical outcomes. Controlling for MWD as an additional predictor did not alter
the observed pattern of findings, and weight loss remained predictive of post-transplant
mortality (HR = 0.63 [0.40, 1.00], P = .048), CLAD-free survival (HR =0.53[0.32, 0.91], P
=.020), and LOS (b = -0.36, P <.001).

Discussion

Our study suggests that in candidates who are not underweight at the time of initial
transplant evaluation, greater weight loss in all other BMI categories is associated with
improved short- and long-term clinical outcomes among lung transplant recipients. We
found that over half of our recipients were overweight or obese before transplant, and that
the majority of recipients lost substantial weight prior to transplant, likely in the context of
intensive pulmonary rehabilitation that is mandated during this time period. Most notably,
the beneficial effects of weight loss were dose-dependent and persisted after controlling for
weight at the time of transplantation or functional status, suggesting a unique contribution of
weight loss in improving clinical outcomes.

The finding that weight loss prior to transplant may be associated with improved outcomes
in some lung transplant patients has been shown previously (11). Chandrashekaran and
colleagues previously found that weight loss prior to lung transplantation was associated
with improved survival among patients with a BMI over 25(11). Our study extends these
findings by 1) replicating this association in a much larger and more heterogeneous sample,
2) extending the breadth of our clinical outcomes (e.g. incorporating LOS and CLAD-free
survival), and 3) patients were required to attend intensive pulmonary rehabilitation and have
formal nutritional consultation prior to transplantation. Moreover, by controlling for
additional confounders, such as pre-transplant albumin and 6MWD, we were able to better
isolate the independent effects of weight loss, whereas weight loss in the previously reported
study may have been influenced by unintentional weight loss or confounded by functional
status gains (11).
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Our finding that weight loss was associated with improved clinical outcomes regardless of
initial weight is novel and warrants further investigation. Previous studies have demonstrated
that patients who are either obese or underweight at the time of transplantation are at
elevated risk of poor post-transplant clinical outcomes (9, 19). Recent studies have extended
these findings to demonstrate that components of metabolic syndrome likely explain some of
association observed between obesity and poor clinical outcomes (5). It is plausible that
through dietary modification and exercise in the context of pulmonary rehabilitation,

patients who lost weight in our cohort exhibited improved clinical outcomes through
improved metabolic function (29).

Our study must be viewed with several limitations in mind. First, the present results were
based on a single-center, retrospective cohort. Second, we used BMI to quantify weight loss,
which does not allow for the delineation of regional body composition or the
characterization of informative clinical phenotypes, such as sarcopenia. In addition, many of
our participants likely experienced variations in weight due to concomitant muscle gain,
which could paradoxically confound any analysis of weight loss and clinical outcomes (30).
Future studies would therefore benefit from a more refined assessment of body composition
characteristics. There are numerous potential surgical and intraoperative confounders that
may have influenced the present pattern of results, but were beyond the scope of this study.
Future studies may therefore benefit from a systematic examination of additional
mechanisms that may have influenced the present pattern of findings. Lastly, future studies
would benefit from examining the impact of pre-transplant weight loss on additional,
clinically-relevant outcomes, including quality of life and post-transplant functional status.

In conclusion, our study suggests that pre-transplant weight loss improves clinical outcomes
following lung transplantation. Future studies would benefit from more refined examination
of metabolic mechanisms explaining the observed associations, such as leptin and
adiponectin levels both before and after lung transplant. If replicated, these findings could
have important implications for the management of pre-transplant candidates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Weight trends across BMI categories before lung transplant.
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Greater pre-transplant weight loss was associated with dose-response improvements in
survival.
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Background and clinical characteristics.

Variable |
Age, years, m (SD) | 60.5 (9.8)
Native Disease, n (% total cohort)
Pulmonary Fibrosis 454 (56)
Chronic Obstructive Pulmonary Disease 231 (29)
Other 125 (15)
Gender, Male, n (% total cohort) | 534 (66)
Bilateral Transplant, n (% total cohort) | 612 (76)
Race, Caucasian, n (% total cohort) | 710 (88)
LAS, m (SD) | 47.7 (16.5)

PGD Grade 3 at 72 hours, n (% total cohort) | 60 (7)

Albumin, g/dL, m (SD) | 3.8(0.4)
Baseline BMI, m (SD) | 26.3(3.6)
Pre-Transplant BMI, m (SD) | 25.1(2.5)
Weight Loss, %, m (SD) | 3.9 (6.6)

Table 1.

Page 11

BMI=body mass index, PGD=primary graft dysfunction, LAS=lung allocation score, m=mean, SD=standard deviation, n=number participants
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Univariate Predictors of mortality following transplantation.

Table 2.

Predictor (IQR) Hazard Ratio | 95% CI P-value
Age (12 years) 1.39 1.18,1.65 | <0.001
Albumin (0.5 g/dL) 0.82 073,092 | <0.01
Transplant Type 1.07 0.80, 1.43 0.662
PF vs. COPD 1.24 0.93, 1.65 0.141
Sarcoid vs. COPD 1.13 0.64, 2.00 0.661
‘Other vs. COPD’ 1.39 0.92,2.10 0.114
Gender 1.07 0.85,1.33 0.572
Race 1.08 0.74,1.57 0.696
PGD 2.09 1.42,3.07 <0.001
Pre-transplant BMI (3.3) 1.00 0.87,1.16 0.965
Weight loss, (%10) 0.84 0.72,0.97 | 0.021

PF, pulmonary fibrosis; COPD, chronic obstructive pulmonary disease; PGD, primary graft dysfunction; BMI, body mass index

Page 12

*
Predictors of mortality following transplantation. Continuous predictors were scaled using the interquartile range (IQR), with the exception of
weight loss, which was scaled in 10% units.
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