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Sex differences in clinical characteristics and outcomes
in patients undergoing heart transplantation
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Felix Memenga®, Alexander M. Bernhardt®, Stefan BIankenbergl'z, Hermann Reichenspurner2'3,
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Abstract

Aims Whether sex affects selection for and outcomes after heart transplantation (HTx) remains unclear. We aimed to show
sex differences in pre-transplant characteristics and outcomes after HTx.

Methods and results From 1995 to 2019, 49 200 HTx recipients were prospectively enrolled in the Organ Procurement and
Transplantation Network. Logistic regression models were used to evaluate clinical characteristics by sex. Multivariable Cox
regression models were fitted to assess sex differences in all-cause mortality, cardiovascular mortality, graft failure, cardiac
allograft vasculopathy (CAV), and malignancy. In 49 200 patients (median age 55 years, interquartile range 46—62; 24.6%
women), 49 732 events occurred during a median follow-up of 8.1 years. Men were older than women, had more often
ischaemic cardiomyopathy (odds ratio [OR] 3.26, 95% confidence interval [CI] 3.11-3.42; P < 0.001), and a higher burden
of cardiovascular risk factors, whereas women had less malignancies (OR 0.47, Cl 0.44-0.51; P < 0.001). Men were more often
treated in intensive care unit (OR 1.24, Cl 1.12-1.37; P < 0.001) with a higher need for ventilatory (OR 1.24, Cl 1.17-1.32;
P < 0.001) or VAD (OR 1.53, CI 1.45-1.63; P < 0.001) support. After multivariable adjustment, men had a higher risk for
CAV (hazard ratio [HR] 1.21, Cl 1.13-1.29; P < 0.001) and malignancy (HR 1.80, Cl 1.62-2.00; P < 0.001). There were no
differences in all-cause mortality, cardiovascular mortality, and graft failure between sexes.

Conclusions In this US transplant registry, men and women differed in pre-transplant characteristics. Male sex was indepen-
dently associated with incident CAV and malignancy even after multivariable adjustment. Our results underline the need for
better personalized post-HTx management and care.
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Introduction Previous studies showed inconsistent results regarding sex

as an independent risk factor for survival after HTx.*®**

Heart transplantation (HTx) is the preferred and curative
treatment for end-stage heart failure (HF) with good
long-term prognosis.> Despite recent advances in organ
allocation,® pre-operative therapy® and improvements in
technical-procedural aspects and postoperative care,
long-term survival after HTx remains still limited.* Although
differences between sexes can be detected in different car-
diovascular (CV) diseases leading to HF,” sex-specific research
in HTx often focussed on the impact of sex mismatch.®”

Notably, data from the International Society of Heart and
Lung Transplantation (ISHLT) reported a trend towards
improved survival in women.*?

Graft failure (GF), cardiac allograft vasculopathy (CAV), and
malignancy are the most common causes of morbidity and
mortality after HTx.”>™*® GF represents one of the leading
complications in the short-term with an estimated incidence
rate of about 2.5% in the first 3 years and mortality rates
up to 85.5%.77*° CAV is major cause of late organ

© 2023 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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dysfunction,®® contributing about 10% of long-term
mortality.’® Malignancies are found in approximately 40% of
patients 10 years after HTx*® with earlier and more aggressive
clinical course than in non-transplanted patients with
cancer.’®*!

Therefore, we aimed to investigate (i) sex differences in
pre-transplant clinical characteristics, (ii) sex differences in
transplant-related outcomes, and (iii) predictors of outcomes
in patients after HTx.

Methods
Study population

Data were obtained from the Organ Procurement and Trans-
plantation Network (OPTN) and its contractor United Net-
work for Organ Sharing (UNQS). OPTN is the main source
for the Scientific Registry of Transplant Recipients (SRTR),
which includes comprehensive data on all organ donors, pa-
tients prior to and after HTx in the United States.?

All adult patients undergoing a first HTx were included in
this analysis. Follow-up time was censored at 20 years. From
1995 to 2019, 49 200 HTx recipients were prospectively en-
rolled. Follow-up data contained 44 821 patients. Due to
the registry nature of the study, this project was exempt from
the approval of an ethics committee. Analyses were based on
OPTN data (30 June 2019).

Variables and outcomes

Age, ethnicity, and education were stored as sociodemo-
graphic variables. Medical history comprised aetiology of
HF, co-morbidities (dialysis, prior malignancy, and prior car-
diac surgery), CV risk factors (blood pressure, body mass in-
dex [BMI], diabetes, and cigarette use), immunological risk
factors (humane leukocyte antigen [HLA] mismatch) and
blood group. Periprocedural characteristics were as follows:
(i) on waiting list: UNOS waiting list status, days on waiting
list, dialysis, treatment on intensive care unit (ICU), mechan-
ical ventilation, transfusions, left and right ventricular assist
device (VAD) as durable mechanical circulatory support
devices; (ii) at time of transplant: inotropic therapy,
extracorporeal membrane oxygenation (ECMO) as temporary
mechanical circulatory support, and ischaemic time.

UNOS old status 1 was used to determine urgency status
for HTx candidates listed prior to 1999. Since 2018, HTx
candidates are listed using six urgency categories (UNOS
status 1-6). The new adult UNOS status 1-3 was assigned
to the previous category UNOS status 1A, the new adult
UNOS status 4 to the status 1B and new adult UNOS status
5-6 to the previous category UNOS status 2.

Primary outcomes were all-cause mortality, CV mortality,
GF, CAV, and malignancy as reported by the participating
centres. In OPTN, GF is defined as recipient death, organ re-
placement or mechanical circulatory support after surgery.

Statistical analysis

For continuous variables, median, interquartile range (IQR) as
well as P-values of Mann—Whitney test were reported. For
categorical variables, absolute and relative frequencies as
well as P-values of )(2 test were reported. Relative frequen-
cies and test statistics were computed without missing
values.

To evaluate clinical pre-transplant characteristics associ-
ated with sex, a univariable logistic regression model was
fitted with sex as predictor and the baseline characteristics
as outcome. Odds ratios (ORs) and 95% confidence intervals
(Cls) were calculated for each variable.

Survival analyses and incidence curves were performed
using the Kaplan—Meier method. The P-value for the differ-
ence between men and women in all-cause mortality, CV
mortality, and cumulative incidence curves for GF, CAV, and
malignancy were calculated using the log-rank test.

For adjusted analysis, stepwise multivariable
Cox-regression models were performed. Predictors were
selected based on clinical experience.’**>?% The different
Cox models were (1) unadjusted, (2) adjusted for age and
ethnicity, and (3) adjusted for sociodemographic factors
(age, ethnicity, and education [education higher than high
school]), and CV risk factors (BMI, history of cigarette use,
and diabetes), immunological variables (blood group, HLA
mismatch >4 loci), and periprocedural characteristics as
UNOS status, mechanical and circulatory (VAD or ECMO)
and ventilatory support and need for dialysis. For malignancy,
model 3 was also adjusted for prior malignancy.

To identify sex-specific predictors of outcome, an interac-
tion model based on the adjusted Cox regression model
was fitted for the subgroups men vs. women. P-value of inter-
action, hazard ratio (HR), and P-values of effects by sex were
reported.

Most actual waiting list/follow-up data were used, and
missing values were replaced by former information. All anal-
yses were based on complete cases. A two-tailed P-value
<0.05 was considered statistically significant. Statistical anal-
yses were performed in R version 4032

Results
Baseline characteristics

Overall 49 200 HTx recipients enrolled from April 1995 to
January 2019 in the OPTN were analysed for sex differences
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Sex differences in clinical characteristics and outcomes in patients undergoing heart transplantation 3

in waiting list characteristics after exclusion of 9882 patients
aged <18 years or re-transplantation (Figure 1). Detailed
baseline characteristics for men and women are shown in
Table 1. Of the 49 200 HTx recipients (median age 55 years),
12 098 (24.6%) were women. At time of listing, women were
younger (median age 53 years, IQR 41-60) compared with
men (median age 56 years, IQR 48-62; P < 0.001).

Men were more likely to have ischaemic cardiomyopathy
(men vs. women, 48.2% vs. 22.2%; P < 0.001). Dilated
cardiomyopathy (41.3% vs. 51.6%; P < 0.001) and other
aetiologies of advanced HF such as congenital heart disease,
hypertrophic, restrictive, and valvular cardiomyopathy were
more common in women than in men (Table 7). Women
were more likely to have history of malignancy (5.1% vs.
10.2%; P < 0.001). Men had a higher burden of CV risk fac-
tors compared with women (e.g., history of cigarette use
[51.1% vs. 35.8%; P < 0.001], diabetes [19.2% vs. 14.9%;
P < 0.001]), had a longer time on waiting list compared with
women (101 vs. 73 days; P < 0.001), although men were
listed more often in UNOS status 1A (46.3% vs. 40.3%;
P < 0.001) (Table 1). Men were treated more frequently in
ICU (61.7% vs. 56.5%; P < 0.001) and needed more often
ventilatory support (18.5% vs. 15.4%; P < 0.001) or VAD
support (19.4% vs. 13.5%; P < 0.001), whereas the need
for ECMO therapy was comparable between both sexes
(0.6% vs. 0.7%; P = 0.24). Women received inotropes more

often compared with men (42.9% vs. 44.9%; P < 0.001)
(Table 1).

Clinical characteristics independently associated
with sex

As compared with the baseline characteristics, results
observed in the logistic regression analysis were similar
(Figure 2). Of all variables which were tested, clinical charac-
teristics independently associated with male sex were ischae-
mic cardiomyopathy (OR 3.26, Cl 3.11-3.42; P < 0.001), a
high burden of CV risk factors, treatment in ICU (OR 1.24, Cl
1.12-1.37; P < 0.001) including the need for ventilatory
support (OR 1.24, Cl 1.17-1.32; P < 0.001), and VAD support
(OR 1.53, Cl 1.45-1.64; P < 0.001). Independent clinical fac-
tors associated with female sex were history of malignancy
(OR 0.47, Cl 0.44-0.51; P < 0.001) and use of inotropes (OR
0.92, Cl 0.89-0.96; P < 0.001). There were no differences in
ECMO therapy between both sexes (Figure 2).

Sex differences in outcomes

After a median follow-up of 8.1 years, 49 732 events oc-
curred. Unadjusted cox regression analysis showed a higher

Figure 1 STROBE diagram of the study population. HTx, heart transplantation.

Identification

59,082 HTx patients

Excluded:
— | - 7,840 HTx patients <18 years
- 2,042 HTx patients with re-transplantation

Inclusion

49,200 HTx patients

Analysis

49,200 HTx patients

37,102 Men

12,098 Women
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Table 1 Baseline characteristics

All Men Women
Missing (N = 49 200) (N =37 102) (N =12098) P-value
Recipient age at transplant
Age (years) 0 (0) 55 (46, 62) 56 (48, 62) 53 (41, 60) <0.001
Aetiology of heart failure
Dilated cardiomyopathy, n (%) 0 (0) 21 560 (43.8) 15321 (41.3) 6239 (51.6) <0.001
Ischaemic cardiomyopathy, n (%) 0 (0) 20 575 (41.8) 17 887 (48.2) 2688 (22.2) <0.001
Congenital heart disease, n (%) 0 (0) 1338 (2.7) 808 (2.2) 530 (4.4) 0.001
Hypertrophic cardiomyopathy, n (%) 0 (0) 1014 (2.1) 543 (1.5) 471 (3.9) <0.001
Restrictive cardiomyopathy, n (%) 0 (0) 1178 (2.4) 780 (2.1) 398 (3.3) <0.001
Valvular cardiomyopathy, n (%) 0 (0) 950 (1.9) 655 (1.8) 295 (2.4) <0.001
Other cardiomyopathy, n (%) 0 (0) 2585 (5.3) 1108 (3.0) 1477 (12.2) <0.001
Cardiovascular risk factors
Diabetes (type | and II), n (%) 4599 (9.3) 8072 (18.1) 6404 (19.2) 1668 (14.9) <0.001
Diabetes type Il, n (%) 4502 (9.2) 7390 (16.5) 5897 (17.6) 1493 (13.3) <0.001
Diabetes type I, n (%) 4502 (9.2) 682 (1.5) 507 (1.5) 175 (1.6) 0.76
History of agarette use, n (%) 18 038 (36.7) 14 696 (47.2) 1851 (51.1) 2845 (35.8) 0.001
BMI (kg/m ?) 512 (1.0) 26.5(23.4,30.1) 26.8(23.8,30.2) 25.5(22.0, 29.7) <0.001
Systolic BP (mmHg) 47 452 (96.4) 101 (89, 112) 102 (90, 112) 101 (89, 112) 0.97
Co-morbidities
Prior dialysis, n (%) 1320 (2.7) 1544 (3.2) 1192 (3.3) 352 (3.0) 0.087
Prior malignancy, n (%) 791 (1.6) 3063 (6.3) 1852 (5.1) 1211 (10.2) <0.001
Prior cardiac surgery,® n (%) 18 414 (37.4) 7986 (25.1) 6407 (26.9) 1579 (19.6) <0.001
Education
Higher than high school, n (%) 7524 (15.3) 22 037 (52.9) 16 686 (53.2) 5351 (51.9) 0.025
Ethnicity
White, n (%) 3(0) 34987 (71.1) 27 195 (73.3) 7792 (64.4) <0.001
African American, n (%) 3(0) 8849 (18.0) 5877 (15.8) 2972 (24.6) <0.001
Hispanic, n (%) 3(0) 3522 (7.2) 2630 (7.1) 892 (7.4) 0.30
Asian, n (%) 3(0) 1314 (2.7) 1018 (2.7) 296 (2.4) 0.084
Multiracial, n (%) 3(0) 229 (0.5) 149 (0.4) 80 (0.7) <0.001
American Indian/Alaska Native, n (%) 3(0) 158 (0.3) 119 (0.3) 39(0.3) 1.00
Native Hawaiian/other pacific islander, n (%) 3(0) 138 (0.3) 111 (0.3) 27 (0.2) 0.20
Urgency status
Old status 1,b n (%) 10 (0) 5357 (10.9) 4271 (11.5) 1086 (9.0) <0.001
1A, n (%) 10 (0) 22 061 (44.8) 17 185 (46.3) 4876 (40.3) <0.001
1B 10 (0) 14 346 (29.2) 10 488 (28.3) 3858 (31.9) <0.001
2, n (%) 10 (0) 7346 (14.9) 5110 (13.8) 2236 (18.5) <0.001
Days on waiting list (days) 10 (0) 93 (28, 261) 101 (31, 278 73 (22, 213) <0.001
Immunological status
HLA mismatch (>4), n (%) 6189 (12.6) 25 468 (59.2) 19 230 (59.3) 6238 (58.9) 0.49
Blood group
A, n (%) 0 (0) 20 474 (41.6) 15619 (42.1) 4855 (40.1) <0.001
0, n (%) 0 (0) 19 060 (38.7) 14 186 (38.2) 4874 (40.3) <0.001
B, n (%) 0 (0) 7005 (14.2) 5248 (14.1) 1757 (14.5) 0.31
AB, n (%) 0 (0) 2661 (5.4) 2049 (5.5) 612 (5.1) 0.053
Periprocedural characteristics
Candidate in ICU, n (%) 40 177 (96.1) 5463 (60.5) 4356 (61.7) 1107 (56.5) <0.001
Candidate on ventilator, n (%) 40 177 (96.1) 256 (2.8) 194 (2.7) 62 (3.2) 0.36
Episodes of ventilatory support since listing, n (%) 9009 (18.3) 7134 (17.8) 5577 (18.5) 1557 (15.4) <0.001
i.v. inotropes, n (%) 0 (0) 21 368 (43.4) 15 934 (42.9) 5434 (44.9) <0.001
Transfusions, n (%) 3013 (6.1) 9918 (21.5) 7760 (22.3) 2158 (18.9) <0.001
ECMO, n (%) 0 (0) 304 (0.6) 220 (0.6) 84 (0.7) 0.24
VAD,€ n (%) 0 (0) 8825 (17.9) 7187 (19.4) 1638 (13.5) <0.001
Ischaemic time (h) 2197 (4.5) 3.1 (2.4, 3.8) 3.1 (2.4, 3.8) 3.1 (2.4, 3.8) 0.099

BMI, body mass index; BP, blood pressure; DIA, diastolic; ECMO, extracorporeal membrane oxygenation; HLA, human leucite antigen; HTx,

heart transplantation; ICU, intensive care unit; IQR, interquartile range; i.v.,

United Network of Organ sharing; VAD, ventricular assist device.

®Between listing and HTx.

UNOS old status 1 was used to determine medical urgency status for heart and heart-lung candidates listed prior to 1999.

“Any VAD until HTx.

risk for men for all-cause mortality (HR 1.04, 95% ClI 1.01—

1.08: P = 0.012),

CAV (HR 1.18, 95% Cl

1.13-1.23;

P < 0.001) and for malignancy (HR 1.89, 95% Cl 1.78-2.00;

intravenous; SD, standard deviation; SYS, systolic; UNOS;

P < 0.001). Women had a higher risk for GF in the unad-
justed model (HR 0.84, 95% Cl 0.78-0.9; P < 0.001)

(Figure S1).
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Figure 2 Clinical characteristics associated with sex among patients post heart transplantation (HTx). Odds ratios (ORs) and 95% confidence intervals
(Cls) are depicted. *between listing and HTx, **UNOS old status 1 was used to determine medical urgency status for heart and heart-lung candidates
listed prior to 1999, ***Any VAD until HTx. BMI, body mass index; BP, blood pressure; ECMO, extracorporeal membrane oxygenation; HLA, human
leucite antigen; ICU, intensive care unit; i.v., intravenous; UNOS, United Network of Organ Sharing; VAD, ventricular assist device.

OR (95% Cl) p-value
Recipient age at transplant
Age 250 . 1.68 (1.61,1.75)  <0.001
Etiology of Heart Failure
Dilated cardiomyopathy 0.66 (0.63,0.69) <0.001
Ischemic cardiomyopathy - 3.26 (3.11,3.42)  <0.001
Other cardiomyopathies - 0.33(0.31,0.35) <0.001
Cardiovascular Risk factors
Diabetes (type | and II) - 1.35 (1.28, 1.44)  <0.001
History of cigarette use - 1.87 (1.78,1.97)  <0.001
BMI 230 . 1.14 (1.09, 1.20)  <0.001
Systolic BP 2120 . 0.97 (0.72,1.31)  0.82
Comorbidities
Prior dialysis . 1.11(0.99, 1.26)  0.082
Prior malignancy - 0.47 (0.44,0.51)  <0.001
Prior cardiac surgery* - 1.48 (1.40, 1.56)  <0.001
Education
Higher than high school . 1.05 (1.01, 1.10) 0.024
Ethnicity
White - 1.52(1.45,1.59)  <0.001
African American . 0.58 (0.55,0.61)  <0.001
Hispanic - 0.96 (0.89, 1.04) 0.29
Asian - 1.12(0.99, 1.28)  0.078
Other ethnicities . 0.84 (0.70,1.03)  0.085
Urgency status
Old status 1** . 1.32(1.23,1.41)  <0.001
1A . 1.28(1.23,1.33)  <0.001
1B . 0.84 (0.80,0.88)  <0.001
2 - 0.70 (0.66, 0.74)  <0.001
Immunological status
HLA mismatch (>4) . 1.02 (0.97, 1.06) 0.48
Blood group
A . 1.08 (1.04, 1.13)  <0.001
(e} . 0.92 (0.88,0.96) <0.001
B - 0.97 (0.91, 1.03) 0.30
AB - 1.10 (1.00, 1.20)  0.050
Periprocedural characteristics
Candidate in ICU - 1.24 (1.12,1.37)  <0.001
Candidate on ventilator - 0.86 (0.65, 1.16) 0.32
Episodes of ventilatory support since listing - 1.24 (1.17,1.32)  <0.001
i.v. inotropos - 0.92 (0.89,0.96) <0.001
Transfusions - 1.23 (1.17, 1.30) <0.001
ECMO . 0.85(0.67, 1.10) 0.22
VAD*** - 1.53 (1.45,1.63)  <0.001
I T T T 1
0.25 0.50 1.0 2.0 4.0

OR (95% Cl)

«— more likely in women | more likely in men —

After multivariable adjustment, there were no differ-
ences in all-cause mortality between men and women
(HR 0.97, 95% Cl 0.91-1.03; P = 0.33), CV mortality
(HR 1.05, Cl 0.91-1.22; P = 0.49), and GF (HR 0.93, CI
0.83-1.03; P = 0.17) (Figure 3, Figure 4). Men had a higher

risk for CAV (HR 1.21, Cl 1.13-1.29; P < 0.001) and
malignancy (HR 1.80, CI 1.62-2.00; P < 0.001)
(central figure, Figure 3, Figure 4). Detailed characteristics
regarding malignancies post transplantation were depicted
in Table S1.
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Study Population

2 22 20 49,200 Heart Transplant (HTx) Patients
M ¥ ﬂ Organ Procurement and Transplantation Network (OPTN) *
Enrollment: April 1995 to January 2019

Pre-HTx Characteristics
Age
Cardiovascular Risk Profile

!
!
Waiting List Urgency l
1

Ventilation,  Hemodynamics |y inot
ICU, VAD y i.v. inotropes

- oD =D o

Prevalent Malignancies

Post-HTx Outcomes
(after multivariable adjustment®)

=) All-cause Mortality )

) Cardiovascular Mortality <)

=) Graft Failure =)
t Cardiac Allograft Vasculopathy l
1 Malignancies 1 §

Central Figure. *The different Cox models were 1) adjusted for age and ethnicity and 2) adjusted for sociodemographic factors
(age, ethnicity, education [education higher than high school]), and cardiovascular risk factors (BMI, history of cigarette use,
diabetes), immunological variables (blood group, HLA mismatch >4 loci), and periprocedural characteristics as UNOS status,
mechanical and circulatory (VAD or ECMO) and ventilatory support and need for dialysis. For malignancy, model 2 was also
adjusted for prior malignancy. Abbreviations: HTx, heart transplantation; ICU, intensive care unit; i.v. intravenous; UNOS,
United Network of Organ Sharing; VAD, ventricular assist device.
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Figure 3 Cumulative incidence curves for all-cause mortality (A), cardiovascular mortality (B), graft failure (C), cardiac allograft vasculopathy (D), and

malignancy (E).
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Sex interactions in outcome analyses

Men at higher age (HR men 1.01, Cl 1.00-1.01, P < 0.001; HR
women 1.00, Cl 0.99-1.00, P = 0.025; P-interaction<0.001),
and women with prior dialysis (HR men 1.48, Cl 1.29-1.70,
P < 0.001; HR women 1.98, Cl 1.57-2.49, P < 0.001; P-inter-
action = 0.0036), and need for ventilatory support (HR men
1.03, Cl 0.95-1.11, P = 0.48; HR women 1.2, Cl 1.05-1.36,
P = 0.0077; P-interaction = 0.047) were at higher risk for all-
cause mortality (Figure S2). There were no differences in CV
mortality between both sexes (Figure $3). Men on VAD sup-
port prior to HTx (HR men 1.15, Cl 1.02-1.30, P = 0.022; HR
women 0.85, 0.67-1.08, P = 0.19; P-interaction = 0.023) were
at higher risk for GF than women (Figure S4), while there
were no sex interactions in CAV (Figure S5). Men at higher
age had a higher risk of malignancy (HR women 1.07, Cl
1.06-1.07, P < 0.001; HR men 1.05 Cl 1.04-1.06,
P < 0.001; P-interaction = 0.0024) (Figure S6).

Discussion

This analysis of sex differences in all cardiac transplant
patients in the United States in the last decade found

substantial sex differences in pre-transplant characteristics
and post-transplant outcomes. These include

1. Men were more often listed for HTx due to ischaemic car-
diomyopathy and had a higher burden of CV risk factors.
Women were more often listed with other aetiologies of
advanced HF.

2. On waiting list, men were listed more urgently and
needed more ventilatory and mechanical circulatory sup-
port, while women suffered more often from prior malig-
nancy and had a higher need for inotropic therapy.

3. Risk for all-cause mortality and CV mortality was compa-
rable between men and women after multivariable
adjustment.

4. Men had a higher risk for CAV and malignancy than
women which could not be explained completely by pre-
and periprocedural characteristics.

Sex differences in clinical characteristics

In our study, women accounted for less than one third of HTx
recipients. This sex distribution has also been documented in
previous UNOS- and non-UNOS based studies'*?* and did not
change over the last years.”® This sex disparity might be
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Figure 4 Cox regression models for men vs. women for all-cause mortality, cardiovascular death, graft failure, cardiac allograft vasculopathy and ma-
lignancy. The different Cox models were adjusted (1) for age and ethnicity and (2) adjusted for * sociodemographic factors (age, ethnicity, education
[education higher than high school]), and cardiovascular risk factors (BMI, history of cigarette use, diabetes), immunological variables (blood group,
HLA mismatch >4 loci), and periprocedural characteristics as UNOS status, mechanical and circulatory (VAD or ECMO) and ventilatory support and
need for dialysis. For malignancy, model 2 was also adjusted for prior malignancy. CAV, cardiac allograft vasculopathy; CV, cardiovascular; HR, hazard

ratio; Cl, confidence interval.
All-Cause Mortality
age & ethnicity
multivariable adjusted*
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partly explained by differences in disease course, symptom
patterns, delayed clinical presentation, and selection and/or
referral bias of patients with advanced HF.2"*® Sex differ-
ences for patients listed for HTx have been previously
reported.>*® In line with prior studies, men were older,
showed a worse CV risk profile and had, consecutively, a
higher prevalence of ischaemic cardiomyopathy in our
analysis.">*> While women had a lower waiting list urgency
status (UNOS status IB and UNOS status Il), men were more
likely to be treated at ICU and had a higher need for mechan-
ical ventilatory and circulatory support, which is consistent
with current literature.®***° The higher severity of HF in
men might be explained by higher age and a higher burden
of co-morbidities in the pre-operative stage.

Sex differences in outcomes and risk predictors

Although there is evidence that women tend to have a better
long-term survival than men,*? sex did not predict mortality
in our study as it did in others.* Recent studies showed a
complex relationship of risk factors and post HTx mortality.
CV risk factors (e.g., diabetes and BMI), dialysis and ECMO
therapy” or blood group O were reported to be associated

with higher mortality.?° In our study, we confirmed these
findings by reporting a higher risk for all-cause mortality in
women with need for dialysis and ventilatory support.

It is known that GF represents one of the main causes for
early post-transplant mortality.”® Within 30 days post-trans-
plant, 66% of deaths occur due to GF or multi-organ dysfunc-
tion, with GF being assumed as the most frequent cause for
the latter.”® Data from single-centre studies assume a higher
incidence of acute rejection in female recipients,>**! a pre-
cursor or at least part of the GF syndrome. Previously known
risk factors for GF as CV risk factors and previous ECMO
therapy***” could be confirmed by our data. We could addi-
tionally show that previous VAD therapy was associated with
elevated risk for new-onset GF in men.

CAV is the leading cause of late organ dysfunction.
line with our findings, incidence of CAV was shown to be
higher in men compared with women.**3? Age, sex, CV risk
factors, immunological factors, and cellular rejection were re-
lated to new-onset CAV.™> We could not explain the higher in-
cidence of CAV in men by clinical parameters as shown in
the interaction analysis. Major differences in immunological
response between sexes are known.>*3* Immunological,
metabolic, and hormonal causes, which were not investigated
in this study, might also drive sex differences in CAV incidence.

12,15
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Results from smaller registry-based studies indicated that
women suffer more often from malignancy than men before
HTx.> In contrast, the incidence and mortality related to ma-
lignancy after HTx are increased for men over time.?*3¢%’
These findings were in line with our results. Furthermore,
we could show that male sex persisted as risk factor for
post-transplant malignancy even after further adjustment.
Immunosuppressive therapy is assumed to be a leading
cause for cancer development.®® While we can only specu-
late on the reason for these sex disparities, higher cancer risk
may result from differences in immune system or cancer sus-
ceptibility between men and women. On cellular level, differ-
ences in innate and adapted immune response are substan-
tial with higher efficiency of antigen-presentation®® and
higher activity of phagocytosis®* in women, as well as
oestrogen dependent promotion of interferons, chemokine
ligands, and interleukins.>® Desoxyribnoucleid acid damage
repair mechanisms differ between sexes leading to higher
genomic instability and higher amount of mutations in
men.*° Finally, sex differences in risk behaviour as exposure
to noxae or sunlight might also influence higher malignancy
rates in men.

Limitations

There are several limitations to be considered in this study.
While the UNOS database captures an almost complete set
of cardiac transplant patients in the United States, entry
and validation in the SRTR database is partly imperfect based
on its multi-centre large-scale registry character. Strategies to
minimize this challenge are edit checks and validation of data
at time of entry. Although the registry covers many variables,
potential inaccuracy of data entry cannot be completely ruled
out. Furthermore, definitions of variables in the UNOS
reporting system could be interpreted differentially from in-
dividual centres and may influence the results. For example,
the definition of GF is indistinctive in this dataset. Thus, we
could not differ between primary GF and secondary GF as de-
fined by the ISHLT consensus document.*® Hence, misclassifi-
cation or misinterpretation might have biased our results. In
addition, due to the registry nature a high frequency of miss-
ing data e.g. panel reactive antibodies and immunosuppres-
sion are noted and were not included in the study. Impor-
tantly, no other classification for severity or phenotypes of
acute HF is given in the OPTN database. Furthermore, types
of inotropic agents are not presented due to the high number
of missing data.

Conclusions

In this large-scale transplant US registry, we found major dif-
ferences in men and women in pre-HTx characteristics. While

sex did not predict all-cause or CV mortality, male sex was
identified as an independent predictor for CAV and malig-
nancy even after multivariable adjustment. Our results high-
light the need for an individualized clinical follow-up and
patient-centred care in men and women.
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