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ORIGINAL RESEARCH

Impact of Obesity on Heart Transplantation 
Outcomes
Fouad Chouairi , MD; Aidan Milner , MD; Sounok Sen, MD; Avirup Guha , MD; James Stewart , MD; 
Ania M. Jastreboff , MD, PhD; Makoto Mori , MD; Katherine A. Clark, MD, MBA; P. Elliott Miller , MD; 
Michael A. Fuery , MD; Joseph G. Rogers, MD; Andrew Notarianni , MD; Daniel Jacoby , MD; 
Christopher Maulion , MD; Muhammad Anwer, MBBS; Arnar Geirsson , MD; Nihar R. Desai , MD, MPH; 
Tariq Ahmad, MD, MPH; Clancy W. Mullan , MD

BACKGROUND: Patients with obesity and advanced heart failure face unique challenges on the path to heart transplantation. 
There are limited data on waitlist and transplantation outcomes in this population. We aimed to evaluate the impact of obesity 
on heart transplantation outcomes, and to investigate the effects of the new organ procurement and transplantation network 
allocation system in this population.

METHODS AND RESULTS: This cohort study of adult patients listed for heart transplant used the United Network for Organ 
Sharing database from January 2006 to June 2020. Patients were stratified by body mass index (BMI) (18.5–24.9, 25–29.9, 
30–34.9, 35–39.9, and 40–55 kg/m2). Recipient characteristics and donor characteristics were analyzed. Outcomes analyzed 
included transplantation, waitlist death, and posttransplant death. BMI 18.5 to 24.9 kg/m2 was used as the reference com-
pared with progressive BMI categories. There were 46 645 patients listed for transplantation. Patients in higher BMI categories 
were less likely to be transplanted. The lowest likelihood of transplantation was in the highest BMI category, 40 to 55 kg/m2 
(hazard ratio [HR], 0.19 [0.05–0.76]; P=0.02). Patients within the 2 highest BMI categories had higher risk of posttransplanta-
tion death (HR, 1.29; P<0.001 and HR, 1.65; P<0.001, respectively). Left ventricular assist devices among patients in obese 
BMI categories decreased after the allocation system change (P<0.001, all). After the change, patients with obesity were more 
likely to undergo transplantation (BMI 30–35 kg/m2: HR, 1.31 [1.18–1.46], P<0.001; BMI 35–55 kg/m2: HR, 1.29 [1.06–1.58]; 
P=0.01).

CONCLUSIONS: There was an inverse relationship between BMI and likelihood of heart transplantation. Higher BMI was associ-
ated with increased risk of posttransplant mortality. Patients with obesity were more likely to undergo transplantation under 
the revised allocation system.

Key Words: body mass index ■ heart transplantation ■ obesity ■ outcomes research ■ United Network for Organ Sharing

Obesity is a well-recognized epidemic in the United 
States, with increasing prevalence of both obesity 
and severe obesity,1 and notable projections that 

nearly half of adults in the United States will have obe-
sity by 2030.2 Heart transplantation for patients with 
end-stage heart failure with obesity could be perceived 
as riskier than for those without obesity, because pa-
tients with obesity have a higher prevalence of co-
morbidities including type 2 diabetes, dyslipidemia, 

systemic hypertension, and pulmonary hyperten-
sion.3–5 Additionally, given the institutional nature of de-
cisions on transplantation, patients with obesity could 
be negatively affected by substantial selection biases.6 
There are limited data on the waitlist and posttrans-
plantation outcomes of this cohort.

Additionally, in 2018, the Organ Procurement and 
Transplantation Network allocation system changed 
from a 3-status to a 6-status system to better stratify 
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the medical urgency of waitlisted patients and to ex-
pand access to organs across regions for the most 
medically urgent patients. Initial data have shown an 
increase in rates of transplantation, especially among 
patients who would previously have undergone left 
ventricular assist device (LVAD) implantation.7 The ef-
fects of this systemic change on the access to trans-
plantation by patients with obesity and end-stage heart 
failure is unknown.

The goal of this analysis was to understand the 
characteristics, waitlist outcomes, and posttransplan-
tation outcomes of patient with and without obesity or 
severe obesity listed for cardiac transplantation. We 
also sought to investigate the effects of the new Organ 
Procurement and Transplantation Network allocation 
system on the characteristics or outcomes of patients 
with obesity. We hypothesized that, with increasing 
body mass index (BMI), there would be a decrease in 
transplantation and an increase in posttransplant mor-
tality. Furthermore, the new allocation system would 
increase rates of transplantation in this patient popu-
lation that preferentially underwent LVAD implantation 
during the previous system.7

METHODS
Data
This study used the UNOS (United Network for Organ 
Sharing) registry. This is a prospectively maintained da-
tabase consisting of every organ transplant performed 
in the United States each year.8 We are not able to make 
the data, methods, and materials available to other re-
search groups because of the data-use agreement 
necessary to use UNOS data. However, data can be 
requested and obtained from the Organ Procurement 
and Transplantation Network website. This study was 
approved as exempt by the Yale Institutional Review 
Board.

Study Population
We reviewed the UNOS registry for all adult pa-
tients (aged >18  years) listed for heart transplanta-
tion between January 1, 2006 and June 12, 2020. 
Simultaneous heart–lung transplant recipients were 
excluded. Patients were stratified into cohorts based 
on BMI: 18.5 to 24.9, 25 to 29.9, 30 to 34.9, 35 to 39.9, 
and 40 to 55 kg/m2. Patients with a BMI >55 kg/m2 and 
a BMI <18.5 kg/m2 were excluded from the analysis. 
Patients with <30 days of follow-up were excluded.

For analysis of allocation change effects, patients 
listed between April 12, 2017 and June 12, 2020 were 
included. June 12, 2020 was the last day of follow-up. 
Patients with an initial listing before the allocation 
change and an end listing after the allocation change 
were excluded to avoid potential confounding. Patients 
with obesity were stratified into the same groups as 
before. These 2 groups were further stratified into allo-
cation system–based cohorts that took effect October 
18, 2018, with those listed before October 18, 2018 
compared with those listed after October 18, 2018.

The primary outcomes of interest across all analy-
ses were transplantation, waitlist mortality, and post-
transplantation survival. Secondary outcomes were 
ischemic time and travel distance.

Statistical Analysis
Patient demographics, comorbidities, socioeconomic 
status, and outcomes were compared between co-
horts using χ2 analysis for categorical variables and 
Mann-Whitney U and Kruskal-Wallis tests for con-
tinuous variables. Recipient and donor heart masses 
were calculated using the International Society for 
Heart and Lung Transplantation Heart Mass calcula-
tor.9 Unadjusted and adjusted Cox regressions were 
used to predict outcomes of interest including trans-
plantation, waitlist death, and posttransplant death, 
individually. Transplantation death was defined as 
patient death any time after transplantation. BMI 18.5 
to 24.9 kg/m2 was used as the reference for all Cox 

CLINICAL PERSPECTIVE

What Is New?
•	 This study shows that even after controlling for 

recipient characteristics, higher recipient body 
mass index category is associated with a lower 
likelihood of transplantation and worse post-
transplantation outcomes.

•	 Additionally, this study shows that the 2018 al-
location system changes increased the likeli-
hood of transplantation for patients across body 
mass index categories.

What Are the Clinical Implications?
•	 Although the likelihood of transplantation has 

increased for patients in higher body mass 
index categories, they still suffer from worse 
outcomes.

•	 Physicians should be cognizant of the worse 
outcomes patients with obesity face following 
heart transplantation, and this article will help 
contextualize the risks inherent to transplant-
ing patients with higher body mass index, es-
pecially given the increasingly prevalent obesity 
epidemic in the United States.
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regression analysis. Models were adjusted for sex, 
age, race, insurance payor, cardiomyopathy diagno-
sis, extracorporeal membrane oxygenation (at listing), 
intra-aortic balloon pump (at listing), inotropes, ventila-
tor status, LVAD, right ventricular assist device, total 
artificial heart, diabetes, end-stage renal disease, prior 
cerebrovascular accidents, malignancy, implantable 
cardioverter defibrillator, tobacco use, and prior car-
diac surgery. A second model used only for posttrans-
plant death adjusted for all of the above covariates and 
waitlist time. A third model included all the above co-
variates, waitlist time, and percent heart-mass discrep-
ancy. Analysis was performed using SPSS version 26 
(IBM, Armonk, NY).

RESULTS
Population and Donor Characteristics
In total, 46  645 patients were listed for transplanta-
tion between January 1, 2006 and June 12, 2020, with 
14 263 patients with a BMI 18.5 to 24.9 kg/m2, 17 061 
patients with a BMI 25 to 29.9 kg/m2, 11 629 patients 
with a BMI 30 to 34.9 kg/m2, 3305 patients with a BMI 
35 to 39.9 kg/m2, and 387 patients with a BMI 40 to 
55 kg/m2 during the time period. The median BMI of 
patients listed increased from 27.0  kg/m2 in 2006 to 
28.1 kg/m2 in 2020, the BMI of patients transplanted 
increased from 26.4  kg/m2 in 2006 to 28.0  kg/m2 in 
2020, and the BMI of donors increased from 25.9 kg/
m2 in 2006 to 26.9  kg/m2 in 2020 (Figure). Patients 
with obesity were significantly more likely to be Black, 
younger, and have public insurance compared with 
people with a BMI 18.5 to 24.9 kg/m2 (P<0.001, all). 
In addition, these patients were significantly more 
likely to have a diagnosis of dilated cardiomyopathy, 
an LVAD at time of listing, and to be on extracorpor-
eal membrane oxygenation at time of listing (P<0.001) 

(Table 1). Patients with obesity had urgency statuses 
at listing and transplantation that were similar to those 
of patients without obesity (Figure S1), with a majority 
of patients in all groups ultimately transplanted either 
as Status 1 or Status 2. As BMI category increased, 
waitlist time increased (P<0.001). Patients with a BMI 
40 to 55 kg/m2 spent the longest time on the waitlist 
(225 days; interquartile range, 52–609 days), whereas 
patients with BMI 18.5 to 24.9 kg/m2 spent the short-
est time on the waitlist (81  days; interquartile range, 
21–273 days).

Donor characteristics are included in Table  2. 
Patients from the highest BMI cohort received hearts 
from older patients with higher BMIs (P<0.001). In ad-
dition, patients with higher BMI cohorts had signifi-
cantly larger discrepancies in transplanted heart mass 
(P<0.001), with the highest BMI cohort having the larg-
est discrepancy (−23.2 g; interquartile range, −43.8 to 
−0.8 g; P<0.001).

Waitlist and Posttransplantation 
Outcomes
Results of waitlist and posttransplantation outcomes 
analysis are presented in Table 3. The reference BMI 
category was 18.5 to 24.9  kg/m2. In all cohorts, in-
creased BMI had a lower hazard of transplantation 
than the reference category. Although patients with 
BMI 25 to 29.9 kg/m2 had a slightly decreased chance 
of undergoing transplantation (hazard ratio [HR], 0.83; 
95% CI, 0.81–0.85; P<0.001), this decreased with 
each increase in BMI category, with the lowest chance 
of transplantation in the highest BMI category, 40 to 
55 kg/m2 (HR, 0.42; 95% CI, 0.36–0.75; P<0.001 ver-
sus reference) (Table S1). This same pattern was not 
detected for waitlist mortality, where only BMI 40 to 
55  kg/m2 was associated with increased hazard of 
death (HR, 1.40; 95% CI, 1.07–1.84; P=0.02) (Table S2).

Figure.  Body mass index (BMI) of listed patients, transplanted patients, and donors over time.
Median BMI was plotted for these 3 groups between 2006 and 2020. These trends were analyzed by 
unadjusted linear regression. P<0.001 for all trends.
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Table 1.  Baseline Characteristics of Patients According to BMI Groups

Variables
BMI 18.5–24.9 kg/
m2, n=14 263

BMI 25–29.9 kg/
m2, n=17 061

BMI 30–34.9 kg/
m2, n=11 629

BMI 35–39.9 kg/
m2, n=3305

BMI 40–55 kg/
m2, n=387 P value

Age, y 56.0 [43.0–63.0] 57.0 [48.0–63.0] 55.0 [46.0–61.0] 51.0 [42.0–59.0] 44.0 [35.0–54.0] <0.001*

Women, % 31.8 21.2 23.2 25.8 34.4 <0.001*

BMI, kg/m2 22.7 [21.2–23.9] 27.4 [26.2–28.7] 32.1 [31.0–33.5] 36.3 [35.6–37.6] 41.6 [40.6–43.3] <0.001*

Estimated heart mass, g 165.0 [135.0–180.6] 190.1 
[171.0–203.9]

209.0 
[185.4–223.7]

224.0 
[191.3–240.8]

236.7 
[192.8–259.1]

<0.001*

Pulmonary vascular 
resistance, dynes

197.7 [121.0–278.3] 175.0 
[114.3–253.6]

167.2 [110.3–241.1] 160.0 
[109.8–231.9]

174.1 
[106.7–248.7]

<0.001*

Race/ethnicity, % <0.001*

White 63.8 66.9 66.1 61.5 52.2

Black 20.7 21.4 23.9 29.5 38.0

Hispanic 9.0 8.4 7.3 6.9 8.0

Asian 5.4 2.3 1.3 0.7 0.5

Primary payer, % <0.001*

Private 53.9 51.2 49.6 48.3 47.3

Public 44.5 47.6 49.4 50.9 52.5

Cardiac diagnosis, %

Dilated cardiomyopathy 50.3 47.4 51.5 56.8 66.1 <0.001*

Restrictive 
cardiomyopathy

3.3 2.7 2.1 1.5 0.5 <0.001*

Ischemic 
cardiomyopathy

30.3 38.2 36.4 31.4 22.5 <0.001*

Congenital 
cardiomyopathy

4.9 2.6 2.1 2.2 2.3 <0.001*

Hypertrophic 
cardiomyopathy

2.3 2.2 2.4 2.5 1.0 0.36

Valvular 2.0 1.6 0.9 0.7 1.3 <0.001*

Cardiac support at time of listing, %

Ventilator 2.5 2.3 2.1 3.1 6.7 <0.001*

Inotropes 36.3 30.9 27.2 25.8 26.9 <0.001*

LVAD 17.7 23.6 27.8 32.6 36.4 <0.001*

RVAD±LVAD or MCS 
unspecified

2.2 1.7 1.6 1.9 2.8 0.001*

TAH 0.5 0.6 0.4 0.6 1.6 0.02*

ECMO 1.7 1.5 1.2 2.4 4.1 <0.001*

IABP 6.9 6.1 4.8 5.6 7.0 <0.001*

Comorbidities, %

Diabetes 18.9 29.5 38.6 42.4 41.6 <0.001*

Tobacco user 41.6 48.5 49.8 47.1 39.0 <0.001*

Malignancy 8.9 7.8 7.0 5.7 5.9 <0.001*

Prior CVA 5.5 5.6 5.8 5.4 4.7 0.65

ESRD 3.2 3.1 3.1 3.0 3.6 0.94

AICD 70.3 74.8 78.2 78.9 70.8 <0.001*

Prior cardiac surgery 37.4 40.8 40.8 41.7 35.9 <0.001*

Outcomes

Waitlist time 81 [21–273] 126 [32.5–374] 181 [51–476] 199 [53–532] 225 [52–609] <0.001*

Median posttransplant 
follow-up time

1454 [389–2635] 1404 [384–2575] 1103 [366–2297] 1057 
[353.5–2266]

1262.5 
[329.8–2561.8]

<0.001*

AICD indicates automatic implantable cardioverter-defibrillator; BMI indicates body mass index; CVA, cerebrovascular accident; ECMO, extracorporeal 
membrane oxygenation; ESRD, end-stage renal disease; IABP, intra-aortic balloon pump; IQR, interquartile range; LVAD, left ventricular assist device; MCS, 
mechanical circulatory support; RVAD, right ventricular assist device; and TAH, total artificial heart.

Data presented as % or Median [IQR].
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Overall, patients with a BMI 40 to 55 kg/m2 had the 
highest mortality posttransplant (BMI 18.5–24.9 kg/m2: 
22.7%, BMI 25–29.9 kg/m2: 23.7%, BMI 30–34.9 kg/
m2: 25.0%, BMI 35–39.9 kg/m2: 26.7%, BMI 40–55 
kg/m2: 36.4%; P<0.001). The most common causes 
of mortality by BMI category are demonstrated in 
Table S3. Patients with BMI 35 to 40 and 40 to 55 kg/
m2 had significantly higher hazard of posttransplan-
tation death (HR, 1.29; 95% CI, 1.17–1.43; P<0.001; 
and HR, 1.65; 95% CI, 1.27–2.14; P<0.001, respec-
tively). After adjusting for percent heart-mass discrep-
ancy in addition to all covariates in the model, patients 
with BMI 35 to 40 and 40 to 55 kg/m2 had increased 
risk of posttransplantation death (HR, 1.28; 95% CI, 
1.16–1.42; P<0.001; and HR, 1.62; 95% CI, 1.25–2.11; 
P<0.001, respectively) (Table S4).

Allocation System Analysis
In all patients with a BMI ≥30 kg/m2, there was a de-
crease in pretransplant LVAD support following the 
allocation system changes and a concomitant in-
crease in the use of an intra-aortic balloon pump 
(P<0.001). Under the new allocation system, recipients 
were more likely to receive transplantation across all 
BMI categories except for the 40 to 55 kg/m2 group 

(BMI 18.5–24.9  kg/m2: HR, 1.32; 95% CI, 1.21–1.45; 
P<0.001; BMI 25–29.9 kg/m2: HR, 1.37; 95% CI, 1.26–
1.49; P<0.001; BMI 30–34.9 kg/m2: HR, 1.31; 95% CI, 
1.18–1.46; P<0.001; BMI: 35–39.9  kg/m2: HR, 1.30; 
95% CI, 1.06–1.60; P=0.01; BMI 40–55  kg/m2: HR, 
1.36; 95% CI, 0.44–4.26; P=0.59; BMI 35–55: HR, 1.29; 
95% CI, 1.06–1.58; P=0.01). There was a significant 
decrease in waitlist time for all BMI groups except for 
BMI 40 to 55 kg/m2 (P<0.001), although donor hearts 
in the new allocation system traveled a longer distance 
with longer ischemic times for these groups (P<0.001) 
(Table  4). The risk of posttransplant death was in-
creased in the BMI 25 to 29.9 and BMI 30 to 34.9 kg/
m2 subgroups (BMI 18.5–24.9 kg/m2: HR, 0.97; 95% 
CI, 0.68–1.36; P=0.84; BMI 25–29.9 kg/m2: HR, 1.53; 
95% CI, 1.12–2.08; P=0.01; BMI 30–34.9 kg/m2: HR, 
1.44; 95% CI, 1.02–2.04; P=0.04; BMI: 35–39.9 kg/m2: 
HR, 1.49; 95% CI, 0.83–2.66; P=0.18; BMI 40–55 kg/
m2: HR, 1880.2; 95% CI, 0.00–1.26×1039; P=0.86; BMI 
35–55 kg/m2: HR, 1.44; 95% CI, 0.82−2.54; P=0.20).

DISCUSSION
In this study of the UNOS registry, we found that pa-
tients with obesity were less likely to receive a heart 

Table 3.  Association of BMI Categories With Outcomes

BMI group
Unadjusted 
hazard ratio P value

Adjusted hazard 
ratio* P value

Adjusted 
hazard ratio† P value

Adjusted 
hazard ratio‡ P value

Transplantation

18–24.9, kg/m2 Reference Reference … … … …

25–29.9, kg/m2 0.80 (0.78–0.82) <0.001 0.83 (0.81–0.85) <0.001 … … … …

30–34.9, kg/m2 0.64 (0.62–0.66) <0.001 0.68 (0.66–0.70) <0.001 … … … …

35–39.9, kg/m2 0.57 (0.54–0.60) <0.001 0.61 (0.58–0.64) <0.001 … … … …

40–55, kg/m2 0.40 (0.34–0.46) <0.001 0.42 (0.36–0.49) <0.001 … … … …

Waitlist death

18–24.9, kg/m2 Reference Reference … … … …

25–29.9, kg/m2 0.90 (0.83–0.98) 0.01 0.92 (0.85–1.00) 0.06 … … … …

30–34.9, kg/m2 0.85 (0.78–0.93) 0.001 0.92 (0.84–1.01) 0.06 … … … …

35–39.9, kg/m2 0.89 (0.78–1.01) 0.07 0.96 (0.84–1.09) 0.51 … … … …

40–55, kg/m2 1.34 (1.02–1.75) 0.04 1.40 (1.07–1.84) 0.02 … … … …

Posttransplant death

18–24.9, kg/m2 Reference Reference Reference Reference

25–29.9, kg/m2 1.08 (1.02–1.14) 0.01 1.03 (0.97–1.09) 0.33 1.03 (0.97–1.09) 0.37 1.03 (0.97–1.09) 0.41

30–34.9, kg/m2 1.23 (1.16–1.31) <0.001 1.16 (1.09–1.24) <0.001 1.16 (1.09–1.23) <0.001 1.15 (1.08–1.23) <0.001

35–39.9, kg/m2 1.36 (1.24–1.50) <0.001 1.29 (1.17–1.43) <0.001 1.29 (1.16–1.42) <0.001 1.28 (1.16–1.42) <0.001

40–55, kg/m2 1.76 (1.36–2.28) 0.001 1.65 (1.27–2.14) <0.001 1.64 (1.26–2.12) <0.001 1.62 (1.25–2.11) <0.001

BMI indicates body mass index.
*Adjusts for sex, age, race, insurance payor, cardiomyopathy diagnosis, extracorporeal membrane oxygenation, intra-aortic balloon pump, inotropes, 

ventilator status, left ventricular assist device, right ventricular assist device, total artificial heart, diabetes, end-stage renal disease, cerebrovascular accident, 
malignancy, automatic implantable cardioverter-defibrillator, tobacco use, and prior cardiac surgery.

†Adjusts for all above covariates and waitlist time.
‡Adjusts for all above covariates, waitlist time, and percent heart-mass discrepancy.
Data presented as hazard ratio (95% CI).



J Am Heart Assoc. 2021;10:e021346. DOI: 10.1161/JAHA.121.021346� 7

Chouairi et al� Obesity in Heart Transplantation

Ta
b

le
 4

. 
D

if
fe

re
n

c
es

 B
as

e
d

 o
n 

A
llo

c
at

io
n 

S
ys

te
m

s

V
ar

ia
b

le
s

B
M

I 1
8.

5
–2

4.
9 

kg
/m

2

P
 v

al
u

e

B
M

I 2
5

–2
9.

9 
kg

/m
2

P
 v

al
u

e

B
M

I 3
0

–3
4.

9 
kg

/m
2

P
 v

al
u

e

B
M

I 3
5

–3
9.

9 
kg

/m
2

P
 v

al
u

e

B
M

I 4
0.

0+
 k

g
/m

2

P
 v

al
ue

P
re

al
lo

ca
ti

o
n 

sy
st

em
 

ch
an

g
es

, 
n

=1
16

9

P
o

st
al

lo
ca

ti
o

n 
sy

st
em

 
ch

an
g

es
, 

n
=1

27
0

P
re

al
lo

ca
ti

o
n 

sy
st

em
 

ch
an

g
es

, 
n

=1
40

7

P
o

st
al

lo
ca

ti
o

n 
sy

st
em

 
ch

an
g

es
, 

n
=1

41
1

P
re

al
lo

ca
ti

o
n 

sy
st

em
 

ch
an

g
es

, 
n

=
87

1

P
o

st
al

lo
ca

ti
o

n 
sy

st
em

 
ch

an
g

es
,  

n
=

98
8

P
re

al
lo

ca
ti

o
n 

sy
st

em
  

ch
an

g
es

,  
n

=
23

5

P
o

st
al

lo
ca

ti
o

n 
sy

st
em

 
ch

an
g

es
, 

n
=

3
05

P
re

al
lo

ca
tio

n 
sy

st
em

 
ch

an
g

es
, 

n=
27

P
os

ta
llo

ca
tio

n 
sy

st
em

 
ch

an
g

es
,  

n=
19

A
ge

, y
58

.0
 

[4
6.

0
–6

5.
0]

57
.0

 [4
3.

0
–6

4.
0]

0.
0

07
58

.0
 

[4
8.

0
–6

4.
0]

57
.0

 [4
8.

0
–6

4.
0]

0.
27

56
.0

 
[4

8.
0

–6
2.

0]
55

.0
 [4

6.
0

–6
3.

0]
0.

28
53

.0
 [4

4.
0

–6
1.

0]
52

.0
 

[4
3.

5
–5

9.
0]

0.
22

47
.0

 
[3

0.
0

–5
6.

0]
47

.0
 

[3
5.

0
–5

6.
0]

0.
72

W
om

en
, %

34
.6

32
.0

0.
18

23
.1

23
.8

0.
66

25
.8

29
.0

0.
12

69
.8

67
.2

0.
52

63
.0

73
.7

0.
45

B
M

I, 
kg

/m
n

22
.6

 
[2

1.
1–

23
.9

]
22

.6
 [2

1.
1–

23
.9

]
0.

70
27

.4
 [2

6.
1–

28
.7

]
27

.3
 [2

6.
2–

28
.6

]
0.

60
32

.3
 

[3
1.

2–
33

.6
]

32
.3

 [3
1.

1–
33

.6
]

0.
34

36
.3

 [3
5.

4–
37

.2
]

36
.3

 
[3

5.
6

–3
7.

4]
0.

33
41

.3
 

[4
0.

4
–4

2.
9]

42
.5

 
[4

0.
5

–4
3.

9]
0.

70

R
ac

e/
et

hn
ic

ity
, %

0.
15

0.
12

0.
79

0.
17

0.
96

W
hi

te
64

.2
59

.0
64

.4
60

.5
64

.5
64

.2
64

.3
56

.4
63

.0
63

.2

B
la

ck
19

.2
22

.0
21

.7
24

.2
25

.5
24

.1
25

.5
35

.7
29

.6
31

.6

H
is

p
an

ic
9.

8
10

.9
9.

4
11

.3
7.

2
9.

0
7.

7
6.

2
0.

0
0.

0

A
si

an
5.

9
6.

9
3.

2
3.

3
1.

5
1.

8
0.

4
0.

7
7.

4
5.

3

P
rim

ar
y 

p
ay

er
, %

0.
0

07
<

0.
0

01
0.

04
0.

14
0.

10

P
riv

at
e

53
.5

51
.9

48
.7

48
.5

46
.0

48
.3

42
.1

44
.6

55
.6

78
.9

P
ub

lic
45

.9
45

.7
50

.5
48

.9
53

.4
50

.1
57

.9
52

.8
44

.4
21

.1

C
ar

d
ia

c 
d

ia
gn

os
is

, %

D
ila

te
d 

ca
rd

io
m

yo
p

at
hy

51
.1

52
.1

0.
60

49
.8

51
.3

0.
43

54
.4

55
.5

0.
63

55
.7

60
.3

0.
28

55
.6

63
.2

0.
61

R
es

tr
ic

tiv
e 

ca
rd

io
m

yo
p

at
hy

5.
2

6.
0

0.
41

4.
5

4.
4

0.
84

3.
2

4.
6

0.
12

2.
6

2.
3

0.
85

0.
0

0.
0

…

Is
ch

em
ic

 
ca

rd
io

m
yo

p
at

hy
27

.5
24

.5
0.

09
33

.7
31

.1
0.

14
31

.1
27

.5
0.

09
29

.4
21

.3
0.

03
25

.9
36

.8
0.

43

C
on

ge
ni

ta
l 

ca
rd

io
m

yo
p

at
hy

5.
3

6.
1

0.
42

2.
5

3.
6

0.
08

1.
6

3.
0

0.
04

6
3.

4
3.

3
0.

94
7.

4
0.

0
0.

23

H
yp

er
tr

op
hi

c 
ca

rd
io

m
yo

p
at

hy
3.

1
2.

4
0.

34
2.

8
2.

6
0.

63
3.

4
3.

2
0.

78
3.

0
5.

6
0.

15
0.

0
0.

0
…

Va
lv

ul
ar

1.
0

1.
3

0.
59

1.
3

0.
8

0.
19

1.
0

0.
9

0.
78

0.
0

1.
0

0.
13

0.
0

0.
0

…

C
ar

d
ia

c 
su

p
p

or
t a

t t
im

e 
of

 li
st

in
g,

 %

Ve
nt

ila
to

r
1.

6
2.

5
0.

12
1.

6
2.

8
0.

04
2.

4
2.

6
0.

78
3.

4
3.

0
0.

77
3.

7
5.

3
0.

80

In
ot

ro
p

es
45

.9
41

.8
0.

04
5

34
.3

36
.9

0.
15

30
.7

31
.2

0.
79

29
.4

28
.2

0.
77

37
.0

36
.8

0.
99

LV
A

D
19

.2
15

.4
0.

01
29

.2
21

.5
<

0.
0

01
43

.9
27

.3
<

0.
0

01
42

.1
33

.2
0.

03
44

.4
31

.6
0.

38

R
VA

D
±

LV
A

D
 o

r 
M

C
S

 u
ns

p
ec

ifi
ed

1.
1

2.
0

0.
09

1.
0

2.
1

0.
02

1.
3

1.
6

0.
54

1.
7

2.
3

0.
63

0.
0

5.
3

0.
23

TA
H

0.
3

0.
3

0.
91

0.
4

0.
4

0.
76

0.
3

0.
3

0.
99

0.
0

1.
0

0.
13

0.
0

0.
0

…

E
C

M
O

1.
8

4.
2

0.
0

01
2.

2
4.

3
0.

0
02

2.
0

3.
6

0.
03

4.
7

6.
2

0.
44

11
.1

10
.5

0.
95

IA
B

P
7.

4
20

.5
<

0.
0

01
5.

5
16

.9
<

0.
0

01
4.

1
13

.8
<

0.
0

01
3.

4
12

.1
<

0.
0

01
14

.8
15

.8
0.

93

 (C
on

tin
ue

d
)



J Am Heart Assoc. 2021;10:e021346. DOI: 10.1161/JAHA.121.021346� 8

Chouairi et al� Obesity in Heart Transplantation

V
ar

ia
b

le
s

B
M

I 1
8.

5
–2

4.
9 

kg
/m

2

P
 v

al
u

e

B
M

I 2
5

–2
9.

9 
kg

/m
2

P
 v

al
u

e

B
M

I 3
0

–3
4.

9 
kg

/m
2

P
 v

al
u

e

B
M

I 3
5

–3
9.

9 
kg

/m
2

P
 v

al
u

e

B
M

I 4
0.

0+
 k

g
/m

2

P
 v

al
ue

P
re

al
lo

ca
ti

o
n 

sy
st

em
 

ch
an

g
es

, 
n

=1
16

9

P
o

st
al

lo
ca

ti
o

n 
sy

st
em

 
ch

an
g

es
, 

n
=1

27
0

P
re

al
lo

ca
ti

o
n 

sy
st

em
 

ch
an

g
es

, 
n

=1
40

7

P
o

st
al

lo
ca

ti
o

n 
sy

st
em

 
ch

an
g

es
, 

n
=1

41
1

P
re

al
lo

ca
ti

o
n 

sy
st

em
 

ch
an

g
es

, 
n

=
87

1

P
o

st
al

lo
ca

ti
o

n 
sy

st
em

 
ch

an
g

es
,  

n
=

98
8

P
re

al
lo

ca
ti

o
n 

sy
st

em
  

ch
an

g
es

,  
n

=
23

5

P
o

st
al

lo
ca

ti
o

n 
sy

st
em

 
ch

an
g

es
, 

n
=

3
05

P
re

al
lo

ca
tio

n 
sy

st
em

 
ch

an
g

es
, 

n=
27

P
os

ta
llo

ca
tio

n 
sy

st
em

 
ch

an
g

es
,  

n=
19

C
om

or
b

id
iti

es
, %

D
ia

b
et

es
22

.6
19

.3
0.

04
6

26
.6

29
.5

0.
09

41
.4

34
.4

0.
0

02
42

.6
42

.3
0.

95
40

.7
31

.6
0.

53

To
b

ac
co

 u
se

r
39

.9
37

.6
0.

26
48

.2
41

.1
<

0.
0

01
45

.5
44

.2
0.

59
48

.5
43

.7
0.

26
29

.6
36

.8
0.

61

M
al

ig
na

nc
y

9.
6

9.
8

0.
88

8.
8

9.
0

0.
90

6.
8

8.
7

0.
12

8.
1

9.
0

0.
71

7.
4

10
.5

0.
71

P
rio

r 
C

VA
5.

3
8.

0
0.

01
6.

9
6.

3
0.

52
6.

6
6.

4
0.

82
8.

5
6.

4
0.

34
7.

4
0.

0
0.

24

E
S

R
D

2.
7

3.
5

0.
21

3.
6

4.
5

0.
26

5.
3

4.
2

0.
28

3.
4

3.
3

0.
94

11
.1

5.
3

0.
49

A
IC

D
69

.1
62

.7
0.

0
01

74
.9

70
.9

0.
02

78
.8

72
.6

0.
0

02
77

.2
72

.0
0.

18
70

.4
68

.4
0.

89

P
rio

r 
ca

rd
ia

c 
su

rg
er

y
34

.8
32

.5
0.

23
40

.4
36

.8
0.

06
38

.5
39

.4
0.

68
43

.0
45

.9
0.

51
44

.4
42

.1
0.

88

O
ut

co
m

es

W
ai

tli
st

 ti
m

e,
 d

36
 [1

3
–9

0]
16

 [6
–5

4]
<

0.
0

01
53

 [2
0

–1
28

]
21

 [7
–7

0]
<

0.
0

01
59

 [2
2–

14
3]

26
 [1

0
–9

0]
<

0.
0

01
65

 [2
8.

8
–1

44
.3

]
30

.5
 [9

–1
02

]
<

0.
0

01
61

 [1
3.

3
–8

2.
8]

36
.5

 [1
0.

3
–9

7]
0.

61

Tr
an

sp
la

nt
 o

ut
co

m
es

Is
ch

em
ic

 ti
m

e,
 h

3.
0 

[2
.3

–3
.7

]
3.

4 
[2

.7
–4

.0
]

<
0.

0
01

3.
0 

[2
.3

–3
.7

]
3.

4 
[2

.8
–4

.0
]

<
0.

0
01

3.
1 

[2
.3

–3
.7

]
3.

5 
[2

.9
–4

.0
]

<
0.

0
01

3.
0 

[2
.2

–4
.0

]
3.

5 
[2

.9
–4

.0
]

<
0.

0
01

2.
9 

[2
.2

–3
.3

]
3.

5 
[2

.7
–3

.6
]

0.
06

D
is

ta
nc

e 
tr

av
el

ed
, n

au
tic

al
 

m
ile

s

84
 [1

5
–2

70
.8

]
22

0 
[7

8
–3

96
]

<
0.

0
01

86
 [1

3
–2

48
.5

]
22

2 
[7

5
–3

94
]

<
0.

0
01

73
.5

 [1
2–

21
6.

8]
23

0 
[8

8
–4

06
]

<
0.

0
01

80
 [9

.8
–3

22
.5

]
28

0 
[1

05
–4

37
]

<
0.

0
01

46
 [8

.3
–1

46
.3

]1
37

 [6
1–

34
9]

0.
07

A
IC

D
 in

d
ic

at
es

 a
ut

om
at

ic
 im

p
la

nt
ab

le
 c

ar
d

io
ve

rt
er

-d
ef

ib
ril

la
to

r;
 B

M
I, 

b
od

y 
m

as
s 

in
d

ex
; 

C
VA

, 
ce

re
b

ro
va

sc
ul

ar
 a

cc
id

en
t; 

E
C

M
O

, 
ex

tr
ac

or
p

or
ea

l m
em

b
ra

ne
 o

xy
ge

na
tio

n;
 E

S
R

D
, 

en
d-

st
ag

e 
re

na
l d

is
ea

se
; 

IA
B

P,
 in

tr
a-


ao

rt
ic

 b
al

lo
on

 p
um

p;
 L

VA
D

, l
ef

t v
en

tr
ic

ul
ar

 a
ss

is
t d

ev
ic

e;
 M

C
S

, m
ec

ha
ni

ca
l c

irc
ul

at
or

y 
su

p
p

or
t; 

R
VA

D
, r

ig
ht

 v
en

tr
ic

ul
ar

 a
ss

is
t d

ev
ic

e;
 a

nd
 T

A
H

, t
ot

al
 a

rt
ifi

ci
al

 h
ea

rt
.

D
at

a 
p

re
se

nt
ed

 a
s 

%
 o

r 
m

ed
ia

n 
[IQ

R
].

Ta
b

le
 4

. 
C

o
n

ti
n

u
e

d



J Am Heart Assoc. 2021;10:e021346. DOI: 10.1161/JAHA.121.021346� 9

Chouairi et al� Obesity in Heart Transplantation

transplant and experienced an increased risk of death 
after transplantation. Increasing BMI category was 
associated with increasing waitlist time, and patients 
in the highest category experienced greater risk of 
waitlist mortality. The 2018 allocation system changes 
appeared to increase rates of transplantation among 
patients with obesity, who were most likely to be 
UNOS Status 2 at time of transplantation, with greater 
distances traveled to procure organs compared with 
those undergoing transplantation under the prior 
system.

Transplantation in patients with an elevated BMI can 
be challenging, which can be driven by both comor-
bidities and by recommendations to match donor and 
recipient size. With increasing BMI, the concomitant 
increase in multiple comorbidities (type 2 diabetes, 
hypertension, and cardiovascular disease) raises the 
risk of perioperative complications and mortality.10,11 
In addition, obesity is independently associated with 
pulmonary hypertension, which when irreversible is a 
contraindication to transplantation.12,13 Size matching 
for patients with and without obesity also remains a 
concern. Recipients without obesity receiving a heart 
with a donor of <70% of the recipients weight has 
been associated with worse outcomes,14 and current 
recommendations from the International Society of 
Heart and Lung Transplantation are to match donors 
to recipients with a <30% body weight discrepancy.15 
Additionally, donor predicted heart mass >15% below 
the recipient’s has been associated with increased 
mortality; however, that study did not include patients 
with BMI >40  kg/m2.16 Overall, patients with obesity 
face increased barriers to receiving a transplant com-
pared with patients without obesity.

In a previous evaluation of donors within the UNOS 
database, Krebs et al noted that the prevalence of 
obesity is increasing in recipients,17 but that there has 
been a concomitant increase of donors with obesity 
and severe obesity. In their analysis, a lower propor-
tion (19.5%) of hearts from donors with severe obesity 
were used, compared with 31.6% of donors without 
severe obesity. We corroborate their findings in the 
contemporary population. Our study also found that 
with increasing BMI strata, there was an increase in 
estimated heart-mass discrepancy between recipient 
and donor, which was not associated with posttrans-
plantation mortality after adjustments. Efforts to pro-
mote size matching to patients who have obesity or 
severe obesity should be carefully measured against 
the urgency for transplantation.18,19

We found that patients with obesity had significantly 
longer waitlist times than lean-weight transplant recipi-
ents; notably, patients with BMI 30 to 34.9 or 35 to 39.9 
kg/m2 had waitlist times more than twice as long as pa-
tients who were lean/normal weight, and patients with 
BMI 40 to 55 kg/m2 had waitlist times about 3 months 

longer than that lean/normal weight group. With in-
creasing waitlist time, there is not only a decreased 
likelihood of transplantation but also an increased like-
lihood of posttransplant death and graft failure.8 Here, 
a BMI >40 kg/m2 was independently associated with 
increased waitlist death, and increasing BMI strata 
was associated with a higher risk of posttransplanta-
tion death. To address this potential confounding by 
adverse events accumulated while on the waitlist, we 
controlled for time from listing to transplantation, and 
we found that severe obesity remained associated with 
posttransplantation survival difference. This suggests 
that it is unlikely that only delays to transplantation 
may be driving the differential posttransplantation out-
comes for these patients. Compared with patients with 
a lean/normal BMI, those with a BMI >30 kg/m2 were 
at greater risk of death.

We then sought to evaluate whether the allocation 
system change in 2018 had impacted these observed 
outcome differences in patients with obesity. We found 
that in both BMI groups (30–34.9 and 35–55 kg/m2), 
patients were less likely to have durable LVADs at list-
ing and more likely to be supported with an intra-aortic 
balloon pump after the allocation system change, 
and the BMI group 30 to 34.9 kg/m2 also saw an in-
crease in extracorporeal membrane oxygenation use 
at time of listing, findings that reflected those from 
analyses other populations after the allocation system 
change.7,20 Despite some evidence that obesity is not 
associated with long-term survival differences in LVAD 
recipients,21 these changes may be beneficial given 
the posttransplantation survival advantage of primary 
transplantation compared with transplantation from an 
LVAD.22

Additionally, both the patients with obesity and se-
vere obesity were significantly more likely to receive a 
transplant in the new allocation system, with an ≈50% 
reduction in median wait times and dramatic increases 
in the percentage of patients transplanted within their 
first month of wait time. However, both groups had in-
creased ischemic time and distance traveled for their 
hearts, which has also been described in other popu-
lations7 and may be reflective of an overall change in 
the heart transplantation landscape rather than a find-
ing specific to patients with obesity.23,24 Despite hav-
ing an overall shorter period of follow-up, patients with 
obesity appear to have had greater access to donor 
hearts, and a greater percentage underwent heart 
transplantation under the new allocation system. This 
was, however, accompanied by an increase in post-
transplant mortality among patients with BMI 30 to 
34.9 kg/m2.

Limitations
Despite being prospectively maintained data, there 
are limitations to this study, including those that are 
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pertinent to all analyses of retrospective analysis of 
clinical data. Importantly, patients in the UNOS reg-
istry were preselected by their institutions to be rea-
sonable transplant recipients, so there does exist a 
selection bias in the patients available for analysis, 
which is reflected in the proportions of each BMI cat-
egory in this study, which were not reflective of the ac-
tual proportions of each category in the United States 
as reported by the Centers for Disease Control and 
Prevention.25 Additionally, a weakness of the study 
is the low sample size of the highest BMI category, 
which makes the statistics more prone to weakness 
from multiple comparisons. Finally, the new allocation 
system has been in effect for <2 years, so practices 
may still be evolving and continue to evolve in re-
sponse to this policy change. In addition to the limited 
time since the allocation system change, the effects 
of the ongoing COVID-19 pandemic on transplanta-
tion of patients with obesity are not evaluated within 
this article but may have influenced transplantation 
rates and/or outcomes in a way that is difficult to cap-
ture. Analyses containing the early postchange period 
may not be entirely reflective of future outcomes for 
this reason.

CONCLUSIONS
Patients with increasing levels of obesity were less 
likely to receive a transplant than patients without obe-
sity, and were more likely to die after transplant, even 
after controlling for patient characteristics, waitlist time, 
and predicted heart-mass discrepancies. Patients in 
the highest BMI category were on the waitlist for longer 
with greater waitlist mortality. With the 2018 allocation 
system changes, patients with obesity had a higher 
likelihood of undergoing transplantation; however, as 
the obesity and heart failure epidemics continue, fur-
ther research is needed into appropriate candidate se-
lection, the biases of transplant centers and clinicians, 
and the long-term outcomes of obese solid-organ 
recipients.

ARTICLE INFORMATION
Received February 22, 2021; accepted August 25, 2021.

Affiliations
Division of Cardiac Surgery (J.S., M.M., M.A., A.G., C.W.M.); Section of 
Cardiovascular Medicine (A.M., S.S., K.A.C., P.E.M., M.A.F., D.J., C.M., 
N.R.D., T.A.); Section of Endocrinology & Metabolism, Department of 
Internal Medicine (A.M.J.); Section of Pediatric Endocrinology, Department 
of Pediatrics (A.M.J.); and Department of Anesthesiology (A.N.), Yale School 
of Medicine, New Haven, CT; Division of Cardiology, Duke University Medical 
Center, Durham, NC (J.G.R.); Case Western Reserve University School of 
Medicine, Columbus, OH (A.G.); and Duke University Department of Internal 
Medicine, Durham, NC (F.C.).

Sources of Funding
None.

Disclosures
Dr Desai reports grants and personal fees from Amgen, grants and personal 
fees from Astra Zeneca, grants and personal fees from Boehringer Ingelheim, 
grants and personal fees from Cytokinetics, grants and personal fees from 
Relypsa, grants and personal fees from Novartis, personal fees from SC 
Pharmaceuticals, and personal fees from Myokardia outside the submitted 
work. Dr Jacoby reports grants and other support from Myokardia/BMS, 
personal fees from Cytokinetics, and other support from Propria LLC during 
the conduct of the study; and grants from Alnylam and Pfizer outside the 
submitted work. Dr Ahmad is a consultant for Amgen, Cytokinetics, Relypsa, 
and Novartis. Dr Jastreboff reports other support from Novo Nordisk, other 
support from Eli Lilly, other support from Boehringer Ingelheim, other support 
from Rhythm Pharmaceuticals, grants from American Diabetes Association, 
other support from Eli Lilly, other support from Novo Nordisk, and grants 
from National Institutes of Health/National Institute of Diabetes and Digestive 
and Kidney Diseases outside the submitted work. The remaining authors 
have no disclosures to report.

Supplementary Material
Tables S1–S4
Figure S1

REFERENCES
	 1.	 Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL. Trends 

in obesity among adults in the United States, 2005 to 2014. JAMA. 
2016;315:2284–2291. doi: 10.1001/jama.2016.6458

	 2.	 Ward ZJ, Bleich SN, Cradock AL, Barrett JL, Giles CM, Flax C, Long 
MW, Gortmaker SL. Projected U.S. state-level prevalence of adult 
obesity and severe obesity. N Engl J Med. 2019;381:2440–2450. doi: 
10.1056/NEJMs​a1909301

	 3.	 Murugan AT, Sharma G. Obesity and respiratory diseases. Chron 
Respir Dis. 2008;5:233–242. doi: 10.1177/14799​72308​096978

	 4.	 Friedman SE, Andrus BW. Obesity and pulmonary hypertension: a re-
view of pathophysiologic mechanisms. J Obes. 2012;2012:505274. doi: 
10.1155/2012/505274

	 5.	 Pi-Sunyer X. The medical risks of obesity. Postgrad Med. 2009;121:21–
33. doi: 10.3810/pgm.2009.11.2074

	 6.	 Zieliński T, Sobieszczańska-Małek M, Browarek A, Piotrowska M, 
Zakliczyński M, Przybyłowski P, Roguski K, Sadowski J, Zembala M, 
Korewicki J, et al. The influence of the recipient’s body weight on the 
probability to obtain a heart transplant-POLKARD HF registry. Transplant 
Proc. 2009;41:3166–3170. doi: 10.1016/j.trans​proce​ed.2009.08.015

	 7.	 Cogswell R, John R, Estep JD, Duval S, Tedford RJ, Pagani FD, Martin 
CM, Mehra MR. An early investigation of outcomes with the new 2018 
donor heart allocation system in the United States. J Heart Lung 
Transplant. 2020;39:1–4. doi: 10.1016/j.healun.2019.11.002

	 8.	 Goldstein BA, Thomas L, Zaroff JG, Nguyen J, Menza R, Khush 
KK. Assessment of heart transplant waitlist time and pre- and 
post-transplant failure: a mixed methods approach. Epidemiology. 
2016;27:469–476. doi: 10.1097/EDE.00000​00000​000472

	 9.	 Transplantation ISfHaL. Predicted heart mass (PHM) match calculator. 
2019.

	10.	 Pantalone KM, Hobbs TM, Chagin KM, Kong SX, Wells BJ, Kattan 
MW, Bouchard J, Sakurada B, Milinovich A, Weng W, et al. Prevalence 
and recognition of obesity and its associated comorbidities: cross-
sectional analysis of electronic health record data from a large US inte-
grated health system. BMJ Open. 2017;7:e017583. doi: 10.1136/bmjop​
en-2017-017583

	11.	 Higgins J, Pflugfelder PW, Kostuk WJ. Increased morbidity in diabetic 
cardiac transplant recipients. Can J Cardiol. 2009;25:e125–e129. doi: 
10.1016/S0828​-282X(09)70071​-6

	12.	 Frank RC, Min J, Abdelghany M, Paniagua S, Bhattacharya R, 
Bhambhani V, Pomerantsev E, Ho JE. Obesity is associated with 
pulmonary hypertension and modifies outcomes. J Am Heart Assoc. 
2020;9:e014195. doi: 10.1161/JAHA.119.014195

	13.	 Simonsen S, Mølstad P, Geiran O, Frøysaker T. Heart transplantation in 
patients with severe pulmonary hypertension and increased pulmonary 
vascular resistance. Scand J Thorac Cardiovasc Surg. 1990;24:161–
164. doi: 10.3109/14017​43900​9098062

	14.	 Bergenfeldt H, Stehlik J, Höglund P, Andersson B, Nilsson J. Donor-
recipient size matching and mortality in heart transplantation: influence 

https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1056/NEJMsa1909301
https://doi.org/10.1177/1479972308096978
https://doi.org/10.1155/2012/505274
https://doi.org/10.3810/pgm.2009.11.2074
https://doi.org/10.1016/j.transproceed.2009.08.015
https://doi.org/10.1016/j.healun.2019.11.002
https://doi.org/10.1097/EDE.0000000000000472
https://doi.org/10.1136/bmjopen-2017-017583
https://doi.org/10.1136/bmjopen-2017-017583
https://doi.org/10.1016/S0828-282X(09)70071-6
https://doi.org/10.1161/JAHA.119.014195
https://doi.org/10.3109/14017439009098062


J Am Heart Assoc. 2021;10:e021346. DOI: 10.1161/JAHA.121.021346� 11

Chouairi et al� Obesity in Heart Transplantation

of body mass index and gender. J Heart Lung Transplant. 2017;36:940–
947. doi: 10.1016/j.healun.2017.02.002

	15.	 Costanzo MR, Costanzo MR, Dipchand A, Starling R, Anderson A, 
Chan M, Desai S, Fedson S, Fisher P, Gonzales-Stawinski G, et al.; 
International Society of H and Lung Transplantation G. The International 
Society of Heart and Lung Transplantation guidelines for the care of 
heart transplant recipients. J Heart Lung Transplant. 2010;29:914–956. 
doi: 10.1016/j.healun.2010.05.034

	16.	 Reed RM, Netzer G, Hunsicker L, Mitchell BD, Rajagopal K, Scharf S, 
Eberlein M. Cardiac size and sex-matching in heart transplantation: size 
matters in matters of sex and the heart. JACC Heart Fail. 2014;2:73–83. 
doi: 10.1016/j.jchf.2013.09.005

	17.	 Krebs ED, Beller JP, Mehaffey JH, Teman NR, Kennedy JLW, Ailawadi 
G, Yarboro LT. How big is too big?: donor severe obesity and heart 
transplant outcomes. Circ Heart Fail. 2020;13:e006688. doi: 10.1161/
CIRCH​EARTF​AILURE.119.006688

	18.	 Kransdorf EP, Kittleson MM, Benck LR, Patel JK, Chung JS, Esmailian 
F, Kearney BL, Chang DH, Ramzy D, Czer LSC, et al. Predicted heart 
mass is the optimal metric for size match in heart transplantation. J Heart 
Lung Transplant. 2019;38:156–165. doi: 10.1016/j.healun.2018.09.017

	19.	 Holzhauser L, Imamura T, Bassi N, Fujino T, Nitta D, Kanelidis AJ, 
Narang N, Kim G, Raikhelkar J, Murks C, et al. Increasing heart 
transplant donor pool by liberalization of size matching. J Heart Lung 
Transplant. 2019;38:1197–1205. doi: 10.1016/j.healun.2019.08.020

	21.	 Mori M, Wilson L, Ali A, Ahmad T, Anwer M, Jacoby D, Geirsson A, 
Krumholz HM. Evaluation of case volumes of a heart transplant pro-
gram and short-term outcomes after changes in the united network 
for organ sharing donor heart allocation system. JAMA Netw Open. 
2020;3:e2017513. doi: 10.1001/jaman​etwor​kopen.2020.17513

	22.	 Yost G, Coyle L, Gallagher C, Graney N, Siemeck R, Tatooles A, Pappas 
P, Bhat G. The impact of extreme obesity on outcomes after left ven-
tricular assist device implantation. J Thorac Dis. 2017;9:4441–4446. doi: 
10.21037/​jtd.2017.10.52

	23.	 Truby LK, Farr MA, Garan AR, Givens R, Restaino SW, Latif F, Takayama 
H, Naka Y, Takeda K, Topkara VK, et al. Impact of bridge to transplan-
tation with continuous-flow left ventricular assist devices on post-
transplantation mortality. Circulation. 2019;140:459–469. doi: 10.1161/
CIRCU​LATIO​NAHA.118.036932

	24.	 Trivedi JR, Slaughter MS. "Unintended" consequences of changes in 
heart transplant allocation policy: impact on practice patterns. ASAIO J. 
2020;66:125–127. doi: 10.1097/MAT.00000​00000​001128

	25.	 Goff RR, Uccellini K, Lindblad K, Hall S, Davies R, Farr M, Silvestry 
S, Rogers JG. A change of heart: preliminary results of the US 2018 
adult heart allocation revision. Am J Transplant. 2020;20:2781–2790. 
doi: 10.1111/ajt.16010

	26.	 Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity and 
severe obesity among adults: United States, 2017–2018. NCHS Data 
Brief. 2020:1–8.

https://doi.org/10.1016/j.healun.2017.02.002
https://doi.org/10.1016/j.healun.2010.05.034
https://doi.org/10.1016/j.jchf.2013.09.005
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006688
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006688
https://doi.org/10.1016/j.healun.2018.09.017
https://doi.org/10.1016/j.healun.2019.08.020
https://doi.org/10.1001/jamanetworkopen.2020.17513
https://doi.org/10.21037/jtd.2017.10.52
https://doi.org/10.1161/CIRCULATIONAHA.118.036932
https://doi.org/10.1161/CIRCULATIONAHA.118.036932
https://doi.org/10.1097/MAT.0000000000001128
https://doi.org/10.1111/ajt.16010


 
 

 

 

 

 

 

SUPPLEMENTAL MATERIAL 
 

 

  



 
 

Table S1. Effects of all Variables on Transplantation 

Variables Adjusted Hazard 

Ratio 

P-Value 

BMI Categories   

  18-24.9 Reference  

  25-29.9 0.83 (0.81-0.85) <0.001 

  30-34.9 0.68 (0.66-0.70) <0.001 

  35-39.9 0.61 (0.58-0.64) <0.001 

  40-55 0.42 (0.36-0.49) <0.001 

Female 0.92 (0.90-0.95) <0.001 

Age 1.01 (1.00-1.01) <0.001 

Race/Ethnicity   

  White Reference  

  Black 0.86 (0.84-0.89) <0.001 

  Hispanic 1.03 (0.99-1.07) 0.21 

  Asian 1.26 (1.18-1.34) <0.001 

Insurance Payor   

  Private Reference  

  Public 0.98 (0.95-0.99) 0.04 

  Self 1.28 (1.05-.155) 0.01 

  Dilated Cardiomyopathy 1.03 (0.98-1.09) 0.24 

  Restrictive Cardiomyopathy 1.29 (1.18-1.40) <0.001 

  Ischemic Cardiomyopathy 0.97 (0.92-1.03) 0.32 

  Congenital Cardiomyopathy 0.74 (0.68-0.81) <0.001 

  Hypertrophic Cardiomyopathy 1.14 (1.04-1.24) 0.004 

  Valvular Cardiomyopathy 0.97 (0.87-1.08) 0.53 



 
 

 

  

ECMO 1.66 (1.49-1.86) <0.001 

IABP 1.59 (1.51-1.66) <0.001 

Inotropes 1.55 (1.51-1.59) <0.001 

Ventilator 0.62 (0.57-0.69) <0.001 

LVAD 1.76 (1.61-1.92) <0.001 

RVAD 1.76 (1.61-1.92) <0.001 

TAH 1.92 (1.65-2.23) <0.001 

Diabetes 0.98 (0.95-1.00) 0.10 

ESRD 0.88 (0.82-0.95) <0.001 

CVA 1.08 (1.03-1.14) 0.002 

Malignancy 1.01 (0.97-1.05) 0.61 

AICD 0.99 (0.96-1.02) 0.52 

Tobacco Use 0.94 (0.92-0.96) <0.001 

Prior Cardiac Surgery 1.02 (1.00-1.05) 0.10 



 
 

Table S2. Effect of all Variables on Waitlist Mortality 

Variables Adjusted Hazard 

Ratio 

P-Value 

BMI Categories   

  18-24.9 Reference  

  25-29.9 0.92 (0.85-1.00) 0.06 

  30-34.9 0.92 (0.84-1.01) 0.06 

  35-39.9 0.96 (0.84-1.09) 0.51 

  40-55 1.40 (1.07-1.84) 0.02 

Female 1.06 (0.98-1.15) 0.17 

Age 1.01 (1.017-1.01) <0.001 

Race/Ethnicity   

  White Reference  

  Black 0.94 (0.87-1.03) 0.18 

  Hispanic 1.01 (0.90-1.15) 0.83 

  Asian 0.84 (0.67-1.06) 0.14 

Insurance Payor   

  Private Reference  

  Public 1.05 (0.98-1.13) 0.14 

  Self 0.81 (0.41-1.63) 0.56 

  Dilated Cardiomyopathy 0.53 (0.47-0.60) <0.001 

  Restrictive Cardiomyopathy 0.80 (0.63-1.01) 0.06 

  Ischemic Cardiomyopathy 0.55 (0.48-0.63) <0.001 

  Congenital Cardiomyopathy 0.60 (0.49-0.74) <0.001 

  Hypertrophic Cardiomyopathy 0.56 (0.42-0.73) <0.001 

  Valvular Cardiomyopathy 0.71 (0.54-0.92) 0.01 



 
 

 

  

ECMO 3.61 (2.98-4.36) <0.001 

IABP 1.72 (1.52-1.95) <0.001 

Inotropes 1.70 (1.57-1.83) <0.001 

Ventilator 1.74 (1.47-2.06) <0.001 

LVAD 0.77 (0.70-0.84) <0.001 

RVAD 2.07 (1.71-2.51) <0.001 

TAH 1.83 (1.28-2.62) 0.001 

Diabetes 1.12 (1.04-1.21) 0.003 

ESRD 2.24 (1.96-2.55) <0.001 

CVA 1.20 (1.05-1.38) 0.010 

Malignancy 0.91 (0.80-1.04) 0.16 

AICD 0.88 (0.81-0.96) 0.002 

Tobacco Use 1.00 (0.93-1.07) 0.99 

Prior Cardiac Surgery 1.20 (1.11-1.29) <0.001 



 
 

Table S3. Most Common Causes of Post-Transplant Mortality 

IQR-interquartile range, BMI-body mass index 

  

Variables 

BMI 18.5-24.9 

(N=2258) 

BMI 25-29.9 

(N=2634) 

BMI 30-34.9 

(N=1737) 

BMI 35-39.9 

(N=488) 

BMI 40-55 

(N=59) 

P-Value 

Unknown 13.7 14.3 12.8 11.1 8.5 0.20 

Other Specify 7.0 5.2 6.4 5.9 3.4 0.10 

Graft Failure-Primary Failure 3.4 4.9 4.8 6.1 5.1 0.03 

Graft Failure: Rejection-Acute 3.8 3.4 4.1 4.3 5.1 0.69 

Graft Failure: Rejection-Chronic 2.6 2.3 2.9 3.7 1.7 0.37 

Infection: Bacterial Septicemia 6.3 7.4 6.3 6.6 6.8 0.49 

Cardiovascular: Cardiac Arrest 10.6 9.3 11.2 9.6 16.9 0.10 

Pulmonary: Respiratory Failure 4.6 3.9 3.7 2.3 1.7 0.12 

Malignancy: Metastatic, Other 

Specify 

4.4 4.4 3.5 2.7 0.0 0.10 

Multiple Organ Failure 8.1 8.8 9.6 8.4 10.2 0.62 



 
 

Table S4. Effects of all Variables on Post-Transplantation Mortality 

Variables Adjusted Hazard 

Ratio 

P-Value 

BMI Categories   

  18-24.9 Reference  

  25-29.9 1.03 (0.97-1.09) 0.41 

  30-34.9 1.15 (1.08-1.23) <0.001 

  35-39.9 1.28 (1.16-1.42) <0.001 

  40-55 1.62 (1.25-2.11) <0.001 

Female 0.97 (0.92-1.03) 0.33 

Age 1.002 (1.000-1.004) 0.05 

Race/Ethnicity   

  White Reference  

  Black 1.27 (1.20-1.35) <0.001 

  Hispanic 0.95 (0.87-1.04) 0.31 

  Asian 0.95 (0.82-1.10) 0.47 

Insurance Payor   

  Private Reference  

  Public 1.24 (1.18-1.30) <0.001 

  Self 1.13 (0.74-1.68) 0.54 

  Dilated Cardiomyopathy 0.76 (0.68-0.85) <0.001 

  Restrictive Cardiomyopathy 1.02 (0.85-1.22) 0.82 

  Ischemic Cardiomyopathy 0.92 (0.82-1.04) 0.18 

  Congenital Cardiomyopathy 1.05 (0.88-1.25) 0.61 

  Hypertrophic Cardiomyopathy 0.62 (0.50-0.77) <0.001 

  Valvular Cardiomyopathy 0.66 (0.53-0.83) <0.001 



 
 

 

  

ECMO 1.42 (1.12-1.81) 0.004 

IABP 0.94 (0.85-1.05) 0.28 

Inotropes 1.03 (0.98-1.08) 0.32 

Ventilator 1.22 (1.03-1.46) 0.02 

LVAD 0.93 (0.87-0.99) 0.02 

RVAD 1.28 (1.10-1.49) 0.002 

TAH 1.50 (1.15-1.94) 0.003 

Diabetes 1.23 (1.17-1.30) <0.001 

ESRD 1.33 (1.16-1.52) <0.001 

CVA 1.01 (0.92-1.12) 0.82 

Malignancy 1.18 (1.13-1.24) <0.001 

AICD 0.93 (0.88-0.98) 0.01 

Tobacco Use 1.18 (1.13-1.24) <0.001 

Prior Cardiac Surgery 1.17 (1.11-1.24) <0.001 

Waitlist Time (per day) 1.00 (1.000-1.000) 0.08 

Heart Mass Discrepancy (per % 

difference) 

1.000 (0.998-1.001) 0.65 



 
 

Figure S1. a) Medical urgency status at listing and at transplant for patients with BMI 

18.5-29.9 kg/m2 before and after (bottom) the 2018 donor heart allocation changes. b) 

Medical urgency status at listing (left) and at transplant (right) for patients with BMI 30-

39.9 kg/m2 (Class 1 and 2 Obesity) before (top) and after (bottom) the 2018 donor heart 

allocation changes. c) Medical urgency status at listing (left) and at transplant (right) for 

patients with BMI 40-55 kg/m2 (Class 3 Obesity) before (top) and after (bottom) the 2018 

donor heart allocation changes. 
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