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The varying effects of obesity and morbid obesity on outcomes
following cardiac transplantation
J Nagendran1,2, MD Moore1,2, CM Norris1,2, A Khani-Hanjani1,2, MM Graham2, DH Freed1,2,3,4 and J Nagendran1,2,3,4

The purpose of this study was to compare the outcomes of patients undergoing cardiac transplantation stratified by body mass
index (BMI, kg m−2). The Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease registry captured 220
cardiac transplantations in Alberta, Canada from January 2004 to April 2013. All recipients were stratified by BMI into five groups
(BMI: o20, 20–24.9, 25–29.9, 30–o34.9 andX 35). Patient characteristics were analyzed by analysis of variance and χ2 analyses.
Kaplan–Meier was used to examine survival differences. Preoperative characteristics demonstrated significant increases in
metabolic syndrome, prior myocardial infarction and prior coronary artery bypass graft in patients with morbid obesity. Intra-
operatively, there was an increase in cardiopulmonary bypass time in patients with morbid obesity (Po0.01). Postoperative
analysis revealed increased rates of early complications (o30 days), associated with a BMI 435. Long-term survival was also
significantly decreased in patients with morbid obesity. Of interest, obesity (BMI, 30–34.9) was not associated with decreased
survival. These findings suggest that, post-cardiac transplantation, patients who have a BMI X 35 have lower long-term survival
compared with all other BMI groups. However, patients with BMI 30–34.9 did not have significantly worse outcomes and should
not be excluded for heart transplantation based on BMI.
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INTRODUCTION
Cardiac transplant rates have remained relatively constant over
the past 10 years in both Canada1 and the United States.2

Nevertheless, as a result of the obesity epidemic,3 there are an
increasing proportion of obese patients being referred for cardiac
transplant consideration. Despite the growing prevalence of this
patient population, there remains a paucity of randomized trial
evidence comparing the outcomes of obese and non-obese
cardiac transplant recipients. This lack of evidence has lead
to substantial debate as to the optimal management strategy for
obese patients with end-stage heart failure.4,5 Several studies have
suggested an increased risk of mortality in obese patients
compared with non-obese patients undergoing orthotopic heart
transplantation.4,6–8 This has supported long-standing consensus
statements that have deemed obesity a relative contraindication
to heart transplantation.9

Obesity in cardiac transplant patients, as well as the general
population, is linked to hypertension, diabetes and dyslipidemia,
which constitutes ‘metabolic syndrome’.8–14 These factors, along
with smoking, are directly related to an exponentially elevated
mortality risk.4 Some authors have proposed that the metabolic
syndrome increases the risk of cardiac allograft vasculopathy and
that this accounts for adverse outcomes in cardiac transplant
recipients with obesity.6,7 Other reports showing a neutral effect of
obesity on cardiac transplantation outcomes raise the possibility
that it is not a relative contraindication to surgery. Therefore, the
purpose of this study was to compare the outcomes of patients
undergoing cardiac transplantation stratified by body mass index
(BMI, kg m−2).

PATIENTS AND METHODS
Cardiac transplant patients from 2004–2013 in the Alberta
Provincial Project for Outcome Assessment in Coronary Heart
Disease (APPROACH) registry were included in this study. The
APPROACH project is a province-wide inception cohort of all
adult Alberta residents undergoing cardiac catheterization. The
APPROACH registry contains detailed clinical data collected at
catheterization, percutaneous coronary intervention, surgery,
and one, three and five year follow-up. Finally there is a
quarterly merge with the Alberta Bureau of Vital Statistics to
provide mortality data. The human research ethics office at the
University of Alberta prior to accessing the database granted
ethics approval. Patients were grouped based on their
preoperative BMI into five groups: BMIo20 (underweight),
20–24.9 (normal weight), 25–29.9 (overweight), 30–34.9 (obese)
and 435 (morbidly obese). In order to prevent having too few
underweight patients to achieve statistical significance, this
study used a BMI o20 for underweight patients.15

Relevant preoperative characteristics were obtained for all
patients. Preoperative known risk factors that could impact the
outcome of cardiac transplantation were also identified and
included. Similarly, the peri-operative variables and risk factors
including length of surgery, ischemic time and cross-clamp data,
were collected along with postoperative complications. Preopera-
tive categorical variables were compared among the five
groups by χ2 test for independence (degree of freedom was 4).
Continuous variables (age, list to transplant times) were compared
by one-way analysis of variance (ANOVA). Between groups
comparison was done using the logistic regression and one-way
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ANOVA with post hoc Bonferroni correction, for categorical and
continuous variables, respectively. Finally, patients were followed-
up to 8 years to determine their long-term survival using the
Kaplan–Meier statistical methods. Survival curves were generated
to graphically present long-term survival. Cox proportional hazard
models were used to provide information on independent risk
factors for mortality. The proportional hazards assumption was
tested.

RESULTS
Baseline demographics
From 1 January 2004 to 31 December 2013, a total of 220
consecutive patients who underwent cardiac transplantation that
were stratified by BMI into five categories: underweight (BMIo20,
n= 17, 7.7%), normal weight (BMI 20–24.9, n= 73, 33.2%),
overweight (BMI 25–29.9, n= 81, 36.8%), obese (BMI 30–34.9,
n= 39, 17.7%) and morbidly obese (BMI435, n= 10, 4.5%).
Baseline demographics and significance are summarized in
Table 1. Table 1 demonstrated various preoperative characteristics
that were not significantly different among the five groups.
Preoperative risk factors that were not significantly different
among the five groups included, hyperlipidemia, a history of
smoking, type 1 diabetes mellitus, peripheral vascular disease,
dialysis dependent renal failure, malignancy, liver disease and
gastrointestinal disease (Supplementary Table S1 found in the
online supplements). Supplementary Table S1 also shows that,
when compared with the normal BMI patients, overweight and
obese patients were significantly older, but the extremes of BMI
(groups 1 and 5) did not differ significantly in age from the normal
BMI group.
As well, Table 1 also reveals that increasing patient BMI has a

significantly increased incidence of several preoperative charac-
teristics when compared with patients with a normal preoperative

BMI (Supplementary Table S1 found in the online supplements).
When compared with normal BMI patients, the odds of hyperten-
sion and type 2 diabetes increase with BMI (Supplementary
Table S1). As well, obese and morbidly obese patients were found
to have increased odds of having a prior myocardial infarction and
prior CABG surgery (Supplementary Table S1).

Peri-operative analysis and post-transplant survival
As shown in Table 2, intra-operative donor ischemic time and aortic
cross clamp time were similar among the five groups. However,
morbid obesity was associated with significantly prolonged
cardiopulmonary bypass time. Postoperative patient outcomes are
also summarized in Table 2. Interestingly, the incidence of deep
sternal wound infection was not significantly different among the
five groups. As well, post-op hemorrhage, sepsis, graft rejection,
number of days on the ventilator and length of stay in the intensive
care unit (ICU) were also similar between the groups. The rate
of postoperative infection is significantly higher in obese patients
when compared with normal BMI patients (OR 4.38, 1.74–11.03),
while underweight, overweight and morbidly obese groups did
not differ significantly when compared with normal BMI patients
(1.35, 0.33–5.55; 1.55, 0.65–3.68; 1.58, 0.29–8.51; underweight,
overweight and morbidly obese groups, respectively). Morbidly
obese patients were however, significantly more likely to develop
early complications (o30 days).
The mean survival for all groups is shown in Table 2 (Po0.001).

The Kaplan–Meier estimates of survival (Supplementary Figure S1
found in the online supplements) identified that groups 1, 2, 3 and 4
had no significant correlation between BMI and decreased survival.
That is, obese patients (BMI 30–34.9) had a similar survival rate post-
cardiac transplantation as underweight, normal weight and over-
weight patients. However a BMI435 was associated with signifi-
cantly decreased long-term survival (Supplementary Figure S1).

Table 1. Preoperative characteristics of the five groups stratified by BMI

Independent variables Group 1 BMI o20
(N= 17)

Group 2 BMI 20–24.9
(N= 73)

Group 3 BMI 25–29.9
(N= 81)

Group 4 BMI 30–34.9
(N= 39)

Group 5 BMI X 35
(N= 10)

P value

Recipient (years) 39.4 44.0 52.4 54.9 51.6 o0.01
Donor (years) 32.4 31.4 36.6 41.5 41.5 0.11

Recipient (%) 41.2 23.3 23.5 23.1 30.0 0.59
Donor (%) 35.3 58.9 67.9 74.4 60.0 0.06

List-transplant time
(days)

81.6 153.9 161.7 201.9 90.7 0.75

Hypertension (%) 29.4 27.4 44.4 51.3 60.0 0.04
Hyperlipidemia (%) 47.1 68.5 80.2 82.1 80.0 0.03

Diabetes
Type 1 (%) 5.9 2.7 1.2 5.1 0.0 0.65
Type 2 (%) 0.0 11.0 27.2 48.7 70.0 o0.01

Smoking
Current (%) 0.0 6.8 6.2 12.8 20.0 0.26
Never (%) 29.4 26.0 28.4 10.3 0.0 0.07

Prior MI (%) 11.8 32.9 40.7 56.4 70.0 o0.01
Prior PCI (%) 5.9 17.8 32.1 33.3 30.0 0.06
Prior CABG (%) 5.9 13.7 16.0 30.8 50.0 o0.01
PVD (%) 0.0 5.5 7.4 5.1 0.0 0.71
CVD (%) 35.3 8.2 13.6 10.3 0.0 0.03
Dialysis (%) 17.6 5.5 11.1 12.8 10.0 0.52
Malignancy (%) 0.0 4.1 4.9 2.6 0.0 0.81
Liver disease (%) 5.9 11.0 7.4 2.6 10.0 0.61
GI disease (%) 29.4 20.5 23.5 28.2 30.0 0.86

Abbreviations: BMI, body mass index; CABG, coronary artery bypass graft; CVD, cerebrovascular disease; GI, gastrointestinal; MI, myocardial infarction;
N, number; PCI, percutaneous coronary intervention; PVD, peripheral vascular disease.
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DISCUSSION
While previous studies have established that recipient preoperative
BMI435 is an independent risk factor for mortality5 after cardiac
transplantation, we have extended this evidence based on three
main ways. First we have shown that obese patients (BMI 30–34.9)
do not experience decreased long-term survival post-cardiac
transplantation. The body of evidence surrounding this particular
patient population remains conflicted8,16–18 and we have added
evidence to support continued cardiac transplantation of the obese
patient. Survival results are not significantly influenced by era bias,
as there were similar numbers of patients in each category
throughout the study since 2004. Second, we have demonstrated
that a BMI435 significantly increases intra-operative cardiopulmon-
ary bypass time. Third, we have demonstrated that patients with
a BMI435 undergoing cardiac transplantation are more likely
to develop early complications when compared with other BMI
groups. Interestingly, a BMI435 did not predispose patients to
prolonged ventilator times and ICU length of stay.
Our results are consistent with several observational studies in

patients undergoing cardiac transplantation. Russo et al.5 showed that
obese (BMI 30–34.99, n=3005) had a similar survival rate post-cardiac
transplant when compared with normal weight (BMI 18.5–24.99,
n=7883) patients 47.5%, CI 42.6–52.2% and 52%, CI 49.4–54.5%,
respectively. Moreover, they also demonstrated that morbidly obese
patients (BMI435, n=684) undergoing cardiac transplantation had
a decreased survival at 10 years (41.6%, CI 29.8–52.3%) when
compared with normal weight patients. Kobashigawa et al.19 also
reported that patients with a preoperative BMI433 tended to have an
increased risk of death post-cardiac transplantation at one and five
years. This study challenges the previous long-standing notion that
preoperative obesity (BMI 30–34.9) is associated with an increased risk
of death post-cardiac transplantation.8,16

Although we used data collected prospectively on adults under-
going cardiac transplantation in one quaternary care institution with
100% follow-up through linkage to electronic mortality records
(thereby minimizing recall or ascertainment bias) within a Canadian
province with universal health care access, there are several
limitations to our study. First, the present study is an observational
evaluation. Therefore, we can only explore associations and not
causation. Second, we do not have, post-cardiac transplant, patient
BMI, which has also been described as a risk factor after
transplant.12,15,16,20 However, the purpose of this study was to aid

clinicians caring for obese patients with appropriate decision
making, surrounding advanced heart failure therapy referrals.

CONCLUSIONS
We have shown the morbid obesity in association with the
reduced survival post-cardiac transplantation, and this should be
considered when assessing patient risk. However, obese patients
(BMI 30–34.9) do not experience decreased long-term survival
compared with patients with BMIo30, and should therefore not
be excluded from consideration of cardiac transplantation.
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