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Imbalance in Heart Transplant to Heart 
Failure Mortality Ratio by Sex
Khadijah Breathett , MD, MS; Shannon M. Knapp, PhD; Molly Carnes, MD, MS; Elizabeth Calhoun, PhD, MEd; 
Nancy K. Sweitzer , MD, PhD

A llocation of heart transplants may be inequi-
table by sex. For over a decade, women have 
received <25% of heart transplants.1 Women 

have similar prevalence of heart failure (HF) as men, 
but higher HF mortality.2 Women also have higher 
prevalence of HF with preserved ejection fraction, 
which has limited benefit with heart transplant, than 
men.3 However, among the highest risk population 
that has recurrent heart failure hospitalizations, 
women have similar prevalence of HF with preserved 
ejection fraction and HF with reduced ejection frac-
tion (HFrEF).3 Adding the intersection of race results 
in higher prevalence of HFrEF among subgroups 
such as Black women.3 In comparison, the major-
ity of men with recurrent HF hospitalizations have 
HFrEF.3 Since HFrEF can be treated with heart trans-
plants, this suggests a heart transplant sex disparity.

Geographic and center culture may contribute to 
disparities in heart transplant allocation.4 Given ob-
served sex bias in the allocation of heart transplants,4 
we sought to determine whether heart transplant rate 
to HF mortality rate varied geographically across the 
United States for women compared with men.

It is important to identify geographic areas with the 
greatest disparities so that interventions can be appro-
priately tailored to achieve equity.

Using data from the United Network for Organ Sharing 
and Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiological Research we 
examined heart transplant and HF mortality (underlying 

cause of death International Classification of Diseases, 
Tenth Revision (ICD-10: I50 [I50.0, I50.1, I50.9]) ratio by 
sex from 2016 to 2018 nationally and by state among 
adults aged 35 to 64 years since this age group receives 
the majority of heart transplants. All 50 states plus D.C. 
were included for the national analysis. Among state 
analyses, states were excluded for missing HF mortality 
(9 states+D.C.), which was either suppressed or marked 
unreliable by Centers for Disease Control and Prevention 
Wide-Ranging Online Data for Epidemiological Research 
for <20 HF deaths or risk of identifying individuals. The 
national cohort included 19  784 HF deaths and 5800 
heart transplants; the final state cohort included 19 497 
HF deaths and 5641 heart transplants (n=41 states). 
The University of Arizona Institutional Review Board ex-
empted this study from review. Data are publicly available 
from United Network for Organ Sharing and Centers for 
Disease Control and Prevention Wide-Ranging Online 
Data for Epidemiological Research.

The primary outcome was heart transplant rate to 
HF mortality rate ratio. Ratios were calculated for each 
sex nationally and by state as the number of trans-
plants per 100 000 population per year divided by the 
age-adjusted HF mortality rate per 100 000 population 
per year. Heart transplant to HF mortality ratios were 
compared between women and men, with the ratio for 
men as the control. Calculations were completed using 
R version 3.6.3 (Vienna, Austria).

In national analyses, women received 0.789 heart 
transplants per 100  000 per year, and men received 
2.330 heart transplants per 100 000 per year. The heart 
transplant to HF mortality ratio was 0.263 for women and 
0.424 for men, resulting in lower ratio for women versus 
men at 0.620. In the state analyses, 98% (40 of 41 states) 
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had lower ratios for women compared with men (Table). 
Ratios were higher for women compared with men only 
in Connecticut. The lowest median heart transplant to 
HF mortality ratio was observed in the Southern region 
at 0.537 (interquartile range, 0.424–0.695) followed by 
Northeast at 0.545 (interquartile range, 0.519–0.716), 
West at 0.604 (interquartile range, 0.517–0.719), and 
Midwest at 0.646 (interquartile range, 0.569–0.707).

Multiple factors contribute to low allocation of heart 
transplant to women. This study was not able to ad-
just for clinical factors, patients’ preferences, social 
determinants of health, or sex bias. Rather a general 
overview of transplant disparities is provided at a geo-
graphic level. Given known sex inequities in pharma-
cological and non-pharmacological management of 
heart failure,5 this study provides fuel to explore cul-
tural decision-making contributing to low transplant 
rates among women.

As crude analyses, we were unable to stratify re-
sults by phenotype contributing to HF mortality and are 
at risk for unmeasured confounding variables as with 
any observational study. However, among the high-
est risk group with recurrent HF hospitalizations, HF 
with preserved ejection fraction was a greater cause 
of annual mortality than HFrEF among White men in 
1 national study.3 Conversely HFrEF was a greater 
cause of annual mortality than HF with preserved 
ejection fraction among women.3 This suggests that 
sex disparities in transplant to mortality ratio may be 
underestimated. In addition, taking ratios of ratios may 
amplify small differences. For this reason, we included 
a table of individual rates and ratios by sex to surmise 
sex differences among and across states.

Among the United States, women had lower 
heart transplant to HF mortality rate ratios than men. 
Disparities were widespread but were the worst in the 
US South. Implementation of strategies to achieve sex 
equity in allocation of heart transplants should be in-
vestigated across the United States.
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