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Heart Transplantation

Differences in Heart Graft Survival  
by Recipient Sex
Bethany J. Foster, MD,1,2,3,4,10 Xun Zhang, PhD,1 Alexia De Simone, MSc,4 Mourad Dahhou, MSc,1  
Ruth Sapir-Pichhadze, PhD,1,3,4,5,10 Heloise Cardinal, MSc,6,7,10 and Lori West, PhD8,9,10

Identification of sex differences in the prevalence and severity 
of a wide range of conditions has led to fundamental work 

uncovering a new understanding of disease mechanisms.1-6 
Several factors that differ between the sexes, some of which 
change with age, may be important determinants of heart 
graft survival. These include immunosuppressive medication 
adherence,7-9 pharmacokinetics and pharmacodynamics of 
immunosuppressive medications, immune reaction against the 

HY antigen,10-13 and sex differences in immune-related gene 
expression.14-16 Sex differences in immune reactivity, driven 
in part by sex hormones15,16 and further influenced by dif-
ferential expression of hormone receptors, may also play a 
role. Currently, immunosuppression strategies do not differ by 
recipient sex. Characterization of similarities or differences in 
graft outcomes by recipient sex, in different organ types, may 

Background. We aimed to characterize patterns of differences in heart graft failure rates by recipient sex, accounting 
for modifying effects of donor sex and recipient age. Methods. We evaluated 69 246 first heart transplant recipients 
(1988–2019; Scientific Registry of Transplant Recipients). We used multivariable time-varying Cox models, considering 
recipient sex by donor sex by recipient age interaction and adjusting for potential confounders. Using the hazard ratio (HR) 
from the models and a fixed profile of recipient and donor characteristics, we also compared fitted absolute failure rates by 
recipient sex. Results. Among recipients of male donors, female recipients of all ages had higher failure rates than males 
(0–12 y: HR 1.36 (95% confidence interval [CI], 1.03-1.81); 13–24 y: 1.43 [1.09-1.88]; 25–44 y: 1.22 [0.95-1.57]; ≥45 y: 
1.16 [1.06-1.27]); differences were statistically significant in all age intervals except 25–44 y. When the donor was male, 13 
to 24-y-olds showed the largest absolute difference in fitted absolute failure rates, with rates higher by 11.3 failures per 1000 
person-y in female than male recipients. Among recipients of female donors, there were no statistically significant differences 
in graft failure rates between female and male heart recipients of any age. Although point estimates suggested higher failure 
rates in female than male recipients <25 y (0–12 y: HR 1.19 [95% CI, 0.85-1.66]; 13–24 y: 1.17 [0.84-1.63]), these were 
not statistically significant. Conclusions. Female recipients tended to have poorer outcomes than males, particularly at 
younger ages and when the donor was male, consistent with observations in kidney transplants.
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provide clues as to mechanisms and is an important first step 
to more personalized immunosuppression strategies.

The manifestations of sex differences change with age. For 
example, sex hormone levels are similar for pre-pubertal boys 
and girls but differ dramatically by sex after puberty until 
after menopause, when sex hormone profiles among men and 
women are more similar. Given that sex hormones influence 
immune reactivity,15,16 it is likely that the magnitude of any 
sex differences in graft failure risk differs by age.

Several prior studies showed that the relationship between 
recipient sex and graft outcomes is modified by donor sex.10,17-21  
The most important reason for this interaction may be the 
presence of the HY-antigen on male, but not female, tissues. 
This antigen may provoke an immunologic reaction in female 
recipients of a male donor.13,15,22,23

We showed donor sex-dependent and recipient age-
dependent differences in the risk of graft failure by recipient 
sex among kidney transplant recipients.10 Among recipients of 
male donors, females of all ages had poorer graft survival than 
males, whereas, among recipients of female donors, only ado-
lescent and young adult females had poorer outcomes than 
males of the same age. In the setting of a female donor, female 
recipients ≥45 y old had significantly better graft survival than 
males of the same age. These findings point to a potential role 
for sex differences in immune reactivity mediated by sex hor-
mones,22 in the observed sex differences in graft outcomes.

It is not clear whether similar sex differences in graft out-
comes exist in heart transplant recipients. Prior studies com-
paring outcomes in male and female heart transplant recipients 
considered overall mortality rates rather than graft failure 
rates.17,18,20,21 Comparisons of absolute mortality rates between 
males and females are uninterpretable24 and may not exclusively 
reflect differences in graft survival. Overall mortality includes 
death with graft function and excludes retransplants follow-
ing graft failure. The mechanisms underlying sex differences in 
graft survival may differ from those underlying sex differences 
in patient survival. Furthermore, the expected age-specific mor-
tality risk is lower for females than males.25 No prior studies of 
heart transplant recipients considered the potentially modifying 
effect of recipient age. We hypothesized that the pattern of dif-
ferences in heart graft survival by recipient sex would be similar 
in nature and magnitude to that observed for kidney transplant 
recipients. We aimed to characterize patterns of difference in 
graft survival between male and female heart transplant recipi-
ents in the pre-pubertal, adolescent and young adult, mid-
adulthood, and post-menopausal age ranges, accounting for 
the potentially modifying effect of donor sex.

MATERIALS AND METHODS

Data Source and Population
This was a retrospective cohort study of individuals 

recorded in the Scientific Registry of Transplant Recipients 
(SRTR) who received a first, single-organ heart transplant 
in the United States between January 1, 1988, and June 1, 
2019. Patients were followed until June 1, 2019. The SRTR 
includes data on all donors, wait-listed candidates, and 
transplant recipients in the United States, submitted by the 
members of the Organ Procurement and Transplantation 
Network. The Health Resources and Services Administration, 
US Department of Health and Human Services, provides 
oversight to the activities of the Organ Procurement and 
Transplantation Network and SRTR contractors.

Exposure and Outcome Definitions
The primary exposure was recipient sex. Because interac-

tions between donor and recipient sex have been shown in 
numerous prior studies,10,26 we considered donor–recipient 
sex combinations: male donor–male recipient (MM), male 
donor–female recipient (MF), female donor–male recipient 
(FM), and female donor–female recipient (FF). Sex differ-
ences in graft outcomes may also differ by recipient current 
age because of age-related differences in expression of sexual 
dimorphism15,22; therefore, we included a donor–recipient sex 
combination by recipient current age interaction term. Current 
age was a time-varying variable and categorized as 0–12 (pre-
pubertal), 13–29 (adolescence and young adulthood), 30–44 
(middle adulthood), and ≥45 y (post-menopausal). Heart, 
liver, and kidney graft failure rates were previously shown to 
vary by recipient current age with an inverted U–shaped rela-
tionship, peaking in adolescence and young adulthood.27-29

Primary Outcome
The primary outcome was graft failure, defined as retrans-

plantation or death following graft failure.28 Graft status (failed 
vs functioning) is reported annually to the SRTR. When a death 
is reported, it is required to indicate whether the death was a 
result of graft failure or due to some other factor unrelated to 
graft failure (ie, death with graft function). It was important to 
exclude death with graft function from the definition of graft 
failure because of the potentially different mechanisms under-
lying sex differences in graft survival and those underlying sex 
differences in patient survival, as well as the expected sex dif-
ferences age-specific mortality risks.25 Therefore, observation 
was censored at death with graft function.

Statistical Analyses
Association Between Recipient Sex and Graft Survival

We used Cox models with time-varying covariates to assess 
the associations between recipient sex and graft failure. Time 
zero was the date of transplant. Unadjusted analyses were 
followed by multivariable analyses adjusted for potential 
confounders. The models included the following covariates: 
donor and recipient race (White, Black, other), donor age, 
donor:recipient weight ratio (a measure of donor–recipient 
body size match or mismatch), primary heart disease (catego-
rized as congenital heart disease, coronary/ischemic disease, 
myocarditis, cardiomyopathy, other), medical condition at 
transplant (ICU/hospital/no hospital stay), use of a ventricular 
assist device (VAD), and era of transplant (1988–1994, 1995–
1999, 2000–2004, 2005–2009, 2010–2014, 2015–2019). Use 
of VADs was not common until the early 2000s; although 
some VAD use is captured in the database before 2003, there 
were large amounts of missing data before 2003, whereas after 
2003 there was almost no missing data. The amount of miss-
ing data on VAD use decreased from 98% in 1988 to 65% in 
2002 to virtually zero thereafter. We assumed that all patients 
with missing data on VAD use had not used a VAD. Transplant 
era categories were based on changes in immunosuppression 
practices over time.30 Panel reactive antibodies (a marker of 
sensitization) are not available so could not be included. We 
considered including insurer (public, private, none) and HLA 
mismatch in the models, but insurer was missing in up to 26%, 
and HLA mismatch was missing in up to 22%; therefore these 
were excluded. Missing variables were imputed using multiple 
imputation methods based on the joint distributions of all other 
variables in the model.31
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We first fitted the models setting MM as the reference cat-
egory. This allowed us to compare graft failure rates between 
male and female recipients of a male donor (MF vs MM). 
We then re-fitted the same model setting FF as the refer-
ence category. This allowed us to compare graft failure rates 
between male and female recipients of a female donor (FM vs 
FF) (Figure 1). Hazard ratios (HRs) were always expressed as 
the hazard for female relative to male. HR and adjusted HR 
(aHR) are presented with 95% confidence intervals (CIs).

To determine the proportionality of hazards, we used 
Kaplan-Meier plots comparing graft survival by donor–
recipient sex combination. In addition, proportionality was 
assessed by refitting the models, censoring all observations at 
5 and 10 y. Results were unchanged, indicating that hazards 
were proportional.

Sensitivity Analyses
We fitted the model including insurer and HLA mismatch 

using multiple imputation for missing values. We also fitted a 
model limited to patients transplanted in 2003 or later when 
only 10 of the 36 813 transplants had missing data on VAD 
use. In addition, we fitted a model that included donor:recipient 
predicted heart mass ratio32 (classified as <0.8, 0.8–0.9, 0.9–
1.1, 1.1–1.3, >1.3) as a measure of size mismatch rather than 
donor:recipient weight ratio. The predictive equation to estimate 
heart mass is only valid in adults, so this analysis was restricted 
to recipients >18 y old who had a donor >18 y old.

Fitted Absolute Graft Failure Rates by Current Age 
Stratified on Donor–Recipient Sex Combination

Crude failure rates do not account for either the changing 
failure risk over time since transplant or for the impact of con-
founders and therefore may be misleading. Crude failure rate 
estimates are highly influenced by the proportion of person-
years contributed by incident transplant recipients, who have 
much higher failure rates in the first 1–3 mo post-transplant 
than they do thereafter. Incident transplant may differ by sex, 
leading to bias. To avoid this problem, we calculated fitted 
failure rates for each current age interval based on absolute 
failure rates in male recipients of male donors with a fixed 
profile of other patient and donor characteristics (failures per 
1000 person-y of observation within that interval) and the 
HRs from the models described above. We also calculated 
crude graft failure rates for each current-age interval (failures 

per 1000 person-y of observation within that interval) for 
each donor–recipient sex combination. Individuals could con-
tribute person-time to multiple current-age intervals.

We performed data analyses using Statistical Analysis 
Software 9.4 (SAS Institute, Cary, NC) and S-plus (version 6.1).  
The study was approved by the McGill University Health 
Center Research Ethics Board.

RESULTS

We identified 69 319 individuals who had a first, single-
organ heart transplant between January 1, 1988, and June 1, 
2019. We excluded 72 for whom the status of the graft could 
not be determined (graft recorded as failed, but no record of 
death or retransplant), and 1 with unknown donor sex, leav-
ing 69 246 (47 696 with a male donor; 21 550 with a female 
donor). Patients were followed for a median of 6.0 (inter-
quartile range 2.0–11.5) y, with a total of 520 212 person-y 
of observation. The outcomes of heart recipients by donor sex 
are shown in Figure 2A and B.

Recipient and Transplant Characteristics
Tables 1 and 2 summarize the composition of the observed 

experience within each age interval for male and female recipi-
ents of male donors and female donors, respectively. The dis-
tribution of most characteristics was similar for males and 
females, but there were a few differences. Among recipients of a 
male donor, males were slightly older than females at transplant 
and received slightly older donors than females. Across most 
ages, a greater proportion of the observation time of males than 
females was contributed by Whites and a greater proportion 
of observation time of females than males was contributed by 
Blacks. Across most ages, a greater proportion of the obser-
vation time of males than females was contributed by people 
who had used a VAD. The distribution of primary heart disease 
differed across age categories and sex differences in primary 
disease differed by age. In the youngest age interval, a greater 
proportion of the observation time of males than females was 
contributed by those with congenital heart disease. In the oldest 
two age intervals, a greater proportion of the observation time 
of males than females was contributed by those with coronary/
ischemic disease. In both the youngest and oldest age intervals, 
a greater proportion of observation time of females than males 
was contributed by those with cardiomyopathy.

Comparison of Graft Survival by Recipient Sex
Figure 3 shows the relative hazards of graft failure for female 

compared—with male recipients of a (A) male donor or (B) 
female donor at different recipient ages. Among recipients of a 
male donor, graft failure rates were higher in female than male 
recipients in all age intervals. The differences were statistically 
significant and largest for those 0–12 y (aHR 1.36 [95% CI, 
1.03-1.81]) and 13–24 y (aHR 1.43 [95% CI, 1.09-1.88]). 
Although the point estimate for 25- to 44-y-old recipients of a 
male donor suggested higher failure rates in females than males, 
the difference was not statistically significant (aHR 1.22 [95% 
CI, 0.95-1.57]). Among ≥45-y-old recipients of a male donor, 
females showed significantly higher hazards of graft failure than 
males (aHR 1.16 [95% CI, 1.06-1.27]).

When the donor was female (Figure  3b), there were no 
statistically significant differences by recipient sex. Point esti-
mates for the two youngest age intervals suggested 17–19% 
higher failure rates in females than males, but confidence 

FIGURE 1.  Interpretation of contrasts between donor–recipient sex 
combinations. The two black boxes on the left show the two different 
reference groups considered: male donor–male recipient (MM) and 
female donor–female recipient (FF). The gray boxes to the right of 
each reference group represent the contrasts estimating the effects 
of recipient sex. For example, the contrast between the MM reference 
and male donor–female recipient (MF) gives the effect of recipient sex 
when the donor is male. FM, female donor–male recipient.
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intervals included 1.00. There were no evident differences in 
failure rates between males and females ≥25 y; the aHR was 
0.96 for those 25–44 y, and 1.03 for those ≥45 y, with CIs that 
included 1.00.

Sensitivity Analyses
The model including insurer and HLA mismatch with mul-

tiple imputations for missing values returned results almost 
identical to those shown in Figure 3 (not shown). In a cohort 
limited to transplants  from 2003 or later (when VAD data 
were not missing), comparisons of VAD use by sex were simi-
lar to what was observed in the entire cohort, with slightly 
higher VAD use in males than females in most age intervals 
among recipients of both male and female grafts (Tables S1a 
and S1b, SDC, http://links.lww.com/TXD/A356). The model 
limited to transplants 2003 or later returned results very simi-
lar to those in the primary model (where missing VAD use 
data were assumed to represent no VAD use) (Table S2, SDC, 
http://links.lww.com/TXD/A356). There were some differ-
ences in point estimates (young recipients of a female donor) 
and substantially wider confidence intervals owing to the 

much smaller sample, but the pattern of sex differences across 
ages was similar. The model that adjusted for donor:recipient 
predicted heart mass ratio instead of donor:recipient weight 
ratio included the 43 069 recipients >18 y old for whom heart 
mass could be predicted for both donor and recipient. Results 
were similar (Table S3, SDC, http://links.lww.com/TXD/
A356). However, these are difficult to interpret because of a 
large amount of missing data.

Fitted Absolute Graft Failure Rates by Donor–
Recipient Sex Combination and Recipient Age

Figure 4 shows fitted graft failure rates by donor–recipient 
sex combination in the four current-age intervals among those 
with fixed characteristics (see Figure  4 caption). When the 
donor was male, failure rates were higher in female than male 
recipients across all ages except those ≥45 y; 13–24 y-olds 
showed the largest absolute difference, with rates higher by 
11.3 failures per 1000 person-y. In the setting of a female 
donor, the estimated difference in failure rates between female 
and male recipients was smaller; the largest difference (3.9 
failures per 1000 person-y) was seen among 13- to 24-y-olds. 

FIGURE 2.  Flow diagrams of heart recipient outcomes—outcomes of recipients of a (A) male donor and (B) female donor are shown.

http://links.lww.com/TXD/A356
http://links.lww.com/TXD/A356
http://links.lww.com/TXD/A356
http://links.lww.com/TXD/A356
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TABLE 1.

Composition of the contrasted experience by heart recipient sex and age among recipients of a male donor  
(N = 47 696)

 0–12 y 13–24 y 25–44 y ≥45 y

 
Females  

(MF)
Males  
(MM)

Females  
(MF)

Males  
(MM)

Females  
(MF)

Males  
(MM)

Females  
(MF)

Males  
(MM)

Person-y of observation 9414 10 888 7334 13 267 10 985 32 511 39 070 238 313
Retransplants 98 89 103 106 97 177 83 466
Deaths after failure 209 174 192 290 211 591 466 2445
Age at transplant (y)
  Median (IQR) 1 (0–3) 0 (0–3) 12 (5–16) 14 (9–17) 31 (25–36) 33 (26–38) 54 (48–59) 56 (50–61)
Race (%)         
  White 76.4 80.9 76.7 77.5 72.6 76.1 78.6 87.8
  Black 16.8 14.9 17.7 18.6 24.1 20.2 19.1 10.0
  Other 6.9 4.2 5.6 3.9 3.4 3.7 2.4 2.2
Primary disease (%)         
  Congenital heart disease 45.7 58.5 33.5 35.0 13.9 11.3 5.3 3.3
  Cardiomyopathy 45.6 33.8 55.4 53.3 67.7 65.9 63.6 36.6
  Coronary/ischemic 0.5 0.7 1.0 1.2 8.0 13.5 25.2 57.5
  Myocarditis 5.1 3.4 5.4 5.7 4.0 5.8 2.4 1.3
  Others 3.2 3.1 4.6 4.2 6.0 3.1 3.2 1.1
  Missing (%) 0.0 0.1 0.2 0.5 0.5 0.3 0.3 0.2
Insurer (%)         
  Private 40.4 42.0 43.5 47.6 42.5 42.8 46.4 44.7
  Public 41.4 41.8 34.2 32.3 29.6 29.7 29.0 29.3
  No coverage 2.2 1.2 2.1 1.3 1.9 1.2 1.1 0.7
  Missing 16.3 15.0 20.3 18.9 26.0 26.4 23.5 25.3
Era (%)         
  1988–1994 17.8 17.4 22.1 21.7 28.0 28.4 27.1 27.5
  1995–1999 15.4 18.8 21.5 20.5 19.7 17.2 22.6 21.8
  2000–2004 17.2 17.1 20.7 18.1 20.0 17.6 19.6 19.0
  2005–2009 22.5 20.1 18.2 17.8 15.6 17.7 16.3 16.1
  2010–2014 19.4 18.4 13.2 15.8 12.5 13.2 10.9 11.2
  2015–2019 7.7 8.2 4.2 6.2 4.3 5.9 3.6 4.4
Ventricular assist device 8.8 9.0 10.8 20.4 18.4 29.3 14.3 21.5
Medical condition         
  ICU 58.0 57.9 50.0 47.1 43.7 41.4 38.2 38.3
  Hospitalized/not ICU 13.7 11.7 14.0 14.2 15.3 16.5 13.7 14.0
  Not hospitalized 28.3 30.4 36.0 38.6 40.8 42.0 48.0 47.5
  Missing (%) 0.0 0.1 0.0 0.1 0.2 0.1 0.2 0.2
Donor:recipient weight ratio
  Median (IQR) 1.4 (1.1–1.8) 1.4 (1.1–1.8) 1.2 (1.0–1.5) 1.2 (1.0–1.5) 1.1 (0.9–1.3) 1.0 (0.8–1.1) 1.0 (0.9–1.2) 1.0 (0.8–1.1)
  Missing (%) 7.2 6.4 7.9 7.5 10.1 11.8 8.4 9.5
Donor age (y)         
  Median (IQR) 1 (0–4) 1 (0–4) 12 (5–17) 16 (8–22) 21 (17–30) 24 (19–34) 23 (18–34) 26 (20–37)
  Missing (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HLA MM         
  Median (IQR) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5)
  Missing (%) 22.1 22.0 20.1 17.8 15.1 15.8 14.8 14.8
Donor race         
  White (%) 76.7 73.4 80.1 79.2 81.3 83.9 83.7 85.3
  Black (%) 20.3 23.8 16.7 18.9 16.6 14.2 13.7 12.9
  Other (%) 3.0 2.8 3.2 1.9 2.2 1.9 2.6 1.8

Because the unit of analysis was person-time, rather than person, the characteristics presented are weighted by a factor derived from the number of person-y of observation and number of events and 
presented as weighted mean ± SD, weighted median (IQR), or percent (%). For example, 76.4% of the person-y contributed by females between 0–12 y were by white recipients.
FF, female donor–female recipient; FM, female donor–male recipient; ICU, intensive care unit; IQR, interquartile range; MF, male donor–female recipient; MM, male donor–male recipient.

Comparisons of the fitted absolute failure rates between male 
and female recipients (adjusted for potential confounders) are 
provided by the models used to calculate these rates.

Crude graft failure rates by donor–recipient sex combina-
tion in the four current-age intervals are shown in Figure S1, 
SDC, http://links.lww.com/TXD/A356.

DISCUSSION

This was the first study to compare heart graft failures 
by recipient sex, accounting for the potentially modify-
ing effects of both donor sex and recipient age. When the 
donor was male, the pattern of recipient sex differences in 

http://links.lww.com/TXD/A356
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TABLE 2.

Composition of the contrasted experience by heart recipient sex and age among recipients of a female donor (N = 21550)

 0–12 y 13–24 y 25–44 y ≥45 y

 
Females  

(MF)
Males  
(MM)

Females  
(MF)

Males  
(MM)

Females  
(MF)

Males  
(MM)

Females  
(MF)

Males  
(MM)

Person-y of observation 7079 8538 6087 7826 10 702 9535 41 928 66 681
Retransplants 60 44 62 72 67 68 92 128
Deaths after failure 133 154 134 144 200 186 471 764
Age at transplant (y)         
  Median (IQR) 0 (0–2) 0 (0–3) 12 (6–16) 12 (6–16) 32 (25–37) 31 (23–37) 55 (49–60) 56 (50–62)
Race (%)         
  White 76.4 80.9 76.7 77.5 72.6 76.1 78.6 87.8
  Black 16.8 14.9 17.7 18.6 24.0 20.2 19.1 10.0
  Other 6.9 4.2 5.6 3.9 3.4 3.7 2.4 2.2
Primary disease (%)         
  Congenital heart disease 45.7 58.5 33.5 35.0 13.9 11.3 5.3 3.3
  Cardiomyopathy 45.6 33.8 55.4 53.3 67.6 65.9 63.6 36.6
  Coronary/ischemic 0.5 0.7 1.0 1.2 8.0 13.5 25.2 57.5
  Myocarditis 5.1 3.4 5.4 5.7 4.0 5.8 2.4 1.3
  Others 3.2 3.5 4.6 4.2 6.0 3.1 3.3 1.1
  Missing (%) 0.0 0.1 0.2 0.5 0.5 0.3 0.3 0.2
Insurer (%)         
  Private 40.4 42.0 43.5 47.6 42.5 42.8 46.4 44.7
  Public 41.4 41.8 34.2 32.3 29.6 29.7 29.0 29.3
  No coverage 2.2 1.2 2.1 1.3 1.9 1.2 1.1 0.7
  Missing 16.0 15.0 20.3 18.9 26.0 26.4 23.5 25.3
Era (%)         
  1988–1994 17.8 17.4 22.1 21.7 28.0 28.4 27.1 27.5
  1995–1999 15.4 18.8 21.5 20.5 19.7 17.2 22.6 21.8
  2000–2004 17.2 17.1 20.7 18.1 20.0 17.6 19.6 19.0
  2005–2009 22.5 20.1 18.2 17.8 15.6 17.1 16.3 16.1
  2010–2014 19.4 18.4 13.2 15.8 12.5 13.2 10.9 11.2
  2015–2019 7.7 8.2 4.2 6.2 4.3 5.9 3.6 4.4
Ventricular assist device 9.2 7.2 11.8 12.7 19.6 18.7 14.3 15.5
Medical condition         
  ICU 58.0 57.9 50.0 47.1 43.7 41.4 38.2 38.3
  Hospitalized/not ICU 13.7 11.7 14.0 14.2 15.3 16.5 13.7 14.0
  Not hospitalized 28.3 30.4 36.0 38.6 40.8 42.0 48.0 47.5
  Missing (%) 0.0 0.1 0.0 0.1 0.2 0.1 0.2 0.2
Donor:recipient weight ratio         
  Median (IQR) 1.4 (1.1–1.7) 1.4 (1.1–1.8) 1.2 (1.0–1.5) 1.2 (1.0–1.5) 1.0 (0.9–1.2) 1.0 (0.9–1.2) 1.0 (0.9–1.2) 1.0 (0.8–1.1)
  Missing (%) 6.0 6.0 7.4 7.7 8.5 12.3 7.0 10.1
Donor age (y)         
  Median (IQR) 1 (0–4) 1 (0–4) 15 (7–22) 15 (5–22) 29 (18–39) 29 (19–40) 34 (21–44) 35 (23–45)
  Missing (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HLA MM         
  Median (IQR) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5) 5 (4–5)
  Missing (%) 21.1 23.1 19.3 22.1 15.5 19.1 14.0 15.7
Donor race         
  White (%) 76.7 73.4 80.1 79.3 81.3 83.9 83.7 85.3
  Black (%) 20.3 23.8 16.7 18.9 16.6 14.2 13.7 12.9
  Other (%) 3.0 2.8 3.2 1.9 2.2 1.9 2.6 1.8

FF, female donor–female recipient; FM, female donor–male recipient; ICU, intensive care unit; IQR, interquartile range; MF, male donor–female recipient; MM, male donor–male recipient.

heart graft survival was similar to that observed in kidney 
transplant.10 The magnitudes of the differences in each age 
interval were in the same range as those observed in kidney 
transplant; however, confidence intervals were wide, indicat-
ing uncertainty. Power to precisely estimate effect size was 
limited because of the relatively small number of person-
years of observation and low failure rates, particularly in the 
youngest age intervals.

Among recipients of female donors, the pattern in heart 
transplant recipients differed somewhat from that seen in 
other organs. The point estimates suggested higher failure 
rates for female than male heart recipients <25 y. Although 
higher failure rates were also seen in female than male kid-
ney transplant recipients in the adolescent and young adult 
age range, kidney recipients showed no clear sex differ-
ences in failure rate among children.10 However, there was 
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substantial uncertainty around the estimates for both heart 
and kidney transplants. Whereas female heart recipients of 
post-menopausal age who received a female donor showed 
no evident difference in graft failure rates compared with 
their male counterparts who also received a female organ, 
older female kidney and liver recipients showed lower fail-
ure rates than males.10

Our findings in heart transplant recipients are similar to 
those of prior studies that compared mortality rates by heart 
recipient sex. These studies showed higher mortality among 

female than male adult18,20,33 and pediatric21 recipients of a 
male donor. No prior studies compared graft failures or mor-
tality between male and female recipients of female donors. 
Several factors may contribute to the observed differences in 
outcomes by recipient sex.

There is some evidence that the observed sex differences are 
immune-mediated. The X-chromosome contains the largest 
number of immune-related genes in the genome (eg, FOXP3, 
IL-2 gamma chain, TLR7, CD40L).34 Because up to 23% 
of genes on the “inactivated” Xs in females are expressed,34 

FIGURE 3.  Comparisons of heart failure rates by recipient sex–relative hazards of graft failure in female vs male recipients stratified by donor 
sex. (A) When the donor was male, adjusted hazards of graft failure were higher in female than male recipients of all ages. (B) When the donor 
was female, female recipients <25-y-old had higher graft failure rates than male recipients of the same age, though these estimates are uncertain. 
There were no clear differences by recipient sex among those ≥25 y. Hazards ratios (HRs) and adjusted HRs are shown with 95% confidence 
intervals (CIs). Final models were adjusted for recipient race, primary heart disease, donor age, donor race, donor:recipient weight ratio, medical 
condition at transplant, use of a ventricular assist device, and era of transplant.
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females may have greater immune reactivity than males 
because of greater expression of these immune-related genes. 
The immune-stimulating influence of estrogen and the inhibit-
ing effects of androgens15,16,35 may also contribute to the pat-
tern of poorer outcomes among female than male recipients in 
the adolescent and young adult age interval. Three studies of 
adult heart transplant recipients showed higher risks of acute 
rejection among females than males. A study of 160 recipients 
showed 3.2 times higher odds of antibody-mediated rejection 
in females than males.36 Female recipients (vs male) had an 
odds ratio of 1.55 (1.33, 1.82) for acute rejection in the first 
post-transplant year in a study of 31 634 recipients,20 and 
a greater proportion of female (52.4%) than male (45.7%) 
recipients required treatment for acute rejection within the 
first 3 y after transplant in a study of 165 recipients.26

 Given the consistently poorer outcomes among female 
than male recipients of a male donor, it seems likely that 
immune recognition of the HY antigen (present only on male 
tissues) by female recipients of a male donor plays a major 
role in the observed differences. Higher levels of sensitiza-
tion among women than men due to prior pregnancies may 
certainly contribute to poorer outcomes in females. However, 
this would not play a role in children and adolescents. In 
addition, it is informative to note that adult female recipients 
only appear to have a higher risk of graft failure than male 
recipients in the setting of a male donor; there was no appar-
ent difference when the donor was female. If sensitization 
from prior pregnancies played a major role in the observed 
sex differences in graft failure rates between male and female 
recipients, then female recipients should have a higher risk of 
graft failure than male recipients regardless of donor sex; this 
is not the case.

Sex hormones, the levels of which are age-related, may influ-
ence the pharmacokinetics and pharmacodynamics of immuno-
suppressive medications, further contributing to sex differences 
in outcomes. Finally, women have been repeatedly shown to 
have better immunosuppressive medication adherence than 
men.7-9 Better medication adherence in women may mitigate the 
higher risks related to greater immune reactivity in adolescents 
and younger adults and lead to lower risks in women than men 
in the post-menopausal age group. Importantly, sex differences 
in adherence vary by age: no sex differences in adherence were 
observed among kidney transplant recipients under 17 y old.7 
Therefore, sex differences in medication adherence are unlikely 
to contribute to sex difference in graft outcomes in children. It 
should be emphasized that this study cannot identify mecha-
nisms for sex differences. The SRTR provides no information 
on sex hormone levels, measures of immune activation, or med-
ication adherence.

It is useful to consider the magnitude of the HR for graft 
failure risk associated with recipient sex that represents a 
clinically meaningful difference. Trivedi et al identified donor 
and recipient factors that predict heart graft survival and 
used these to generate risk scores that they proposed could be 
used to make clinical decisions.37 Ischemia time >4 h (vs <4 
h: HR 1.13), which contributed 2 points, and sex mismatch 
(HR 1.07), which contributed 1 point (out of a maximum of 6 
points), were included among the variables contributing to the 
donor risk score. The recipient risk score included 9 variables 
(maximum score 16); included among these were previous 
transplant (HR 1.16) and previous cancer (HR 1.08), which 
contributed 2 points each. A 2-point difference in risk score 
corresponded to the difference between a “very low risk” 
recipient and an “intermediate risk” recipient or between a 

FIGURE 4.  Fitted absolute heart graft failure rates by donor–recipient sex combination. Fitted graft failure rates (failures per 1000 person-y) 
within each current age interval (0–12, 13–29, 30–44, ≥45 y) are shown for each donor–recipient sex combination. These estimates are based 
on the following profile of recipient and donor characteristics: White recipient race, donor age ≤35 y, White donor race, donor:recipient weight 
ratio ≥0.9, no use of a ventricular assist device, primary disease coronary/ischemic, medical condition not hospitalized, and transplant era 
2005–2009.
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“low risk” donor and an “intermediate risk” donor; these risk 
categories were considered clinically meaningful. Based on the 
HR associated with variables considered clinically meaningful 
in the risk scores, an HR ≥1.07–1.16 would likely be thought 
clinically relevant.

This study has limitations. The study included a long time 
period over which both transplant management and outcomes 
have changed. We included era as a covariate in an effort to 
account for this but cannot exclude residual confounding. 
However, it is unlikely that the long timeframe would intro-
duce bias in comparisons between males and females. Biologic 
differences between males and females have not changed over 
time. Furthermore, transplant management strategies have 
never differed for males and females; as organ allocation 
and transplant management changed, new approaches were 
equally applied to both sexes.

Power to generate precise HR estimates was limited in a 
model that considered the potentially modifying effects of recipi-
ent age and donor sex. However, these interactions have been 
previously observed in kidney,10 liver, heart, and pancreas trans-
plant26-28,33,38 and have a strong biologic rationale; they cannot be 
ignored. Estimation of sex differences in graft outcomes ignor-
ing the modifying effects of recipient age and donor sex may be 
more precise but likely meaningless. As the largest heart trans-
plant cohort worldwide, the SRTR provides the best estimates 
currently available. Future studies combining data from multiple 
large databases are needed to get more precise estimates.

The age intervals were selected to represent pre-pubertal, 
adolescence and young adulthood, middle adulthood, and 
post-menopausal ages. However, these ages do not always 
align with these developmental periods; misclassification was 
possible. Information on puberty and menopause was not 
available. We believe that the age intervals chosen minimize 
misclassification.

It is possible that some outcomes may have been misclas-
sified, whereby deaths classified as occurring with graft func-
tion (and therefore censored) may actually have been related 
to immune-mediated transplant vasculopathy. If such misclas-
sifications were more (or less) likely in females than males, our 
estimates may be biased. It is somewhat reassuring that prior 
studies that considered recipient sex differences in mortality 
risk had similar findings.17,18,21,33

Finally, our study was restricted to heart transplant recipi-
ents in the United States; conclusions cannot be generalized to 
recipients in other countries. Biologic differences between the 
sexes will be consistent across countries. However, sex and 
gender biases in medical care and gender-related adherence 
behaviors may vary by country.

This study provides further evidence of the importance 
of recipient sex to graft outcomes. The pattern seen in heart 
transplant recipients was consistent with that observed in 
kidney and other transplants when the donor was male, 
with higher failure rates in females than males, and the larg-
est sex differences seen in children, adolescents, and young 
adults. The pattern of sex differences is uncertain in the set-
ting of a female donor and less consistent across organs. 
These observations suggest that reaction of female recipi-
ents against the HY antigen present on male tissues may be 
among the most important contributors to the higher failure 
rates seen in female than male recipients of a male donor. 
Larger studies, combining data from multiple data sources 
from around the world, are needed to get more precise esti-
mates of sex differences in graft outcomes. It will also be 

important to compare rates of acute rejection and of cardiac 
allograft vasculopathy by recipient sex, taking the modify-
ing effects of age and donor sex into account. Fundamental 
studies comparing the immune systems of males and females 
at different ages and exploring sex differences in pharma-
cokinetics and pharmacodynamics of immunosuppressive 
agents are also needed.
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