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a b s t r a c t 

Background & aims: In this study, we evaluate the effects of donor gender on post-liver transplant (LT) 

prognosis. We specifically consider patients with primary biliary cholangitis (PBC). 

Methods: The 2005 to 2019 UNOS transplant registry was used to select patients with PBC. The study 

cohort was stratified by donor gender. All-cause mortality and graft failure hazards were compared using 

iterative Cox regression analysis. Subanalyses were performed to evaluate gender mismatch on post-LT 

prognosis. 

Results: There were 1885 patients with PBC. Of these cases, 965 entries had male donors and 920 had 

female donors. Median follow-up was 4.82 (25–75% IQR 1.83–8.93) years. Having a male donor was as- 

sociated with higher all-cause mortality (aHR 1.28 95%CI 1.03–1.58) and graft failure (aHR 1.70 95%CI 

1.02–2.82). Corresponding incidence rates were also relatively increased. In the sub-analysis of female re- 

cipients ( n = 1581), those with gender-mismatch (male donors, n = 769) were associated with higher 

all-cause mortality (aHR 1.41 95%CI 1.11–1.78) but not graft failure. In the male recipient subanalysis 

( n = 304), no associations were found between gender-mismatch (female donors, n = 108) and all-cause 

mortality or graft failure. 

Conclusion: This study shows that recipients who have male donors experienced higher rates of all-cause 

mortality following LT. This finding was consistent in the female recipient-male donor mismatch cohort. 

© 2023 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved. 
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. Introduction 

In patients with primary biliary cholangitis (PBC), hepatobiliary 

nflammation elicits a fibrotic wound-healing response from stel- 

ate cells [1–3] . This condition eventually progresses to cirrhosis 

nd end-stage liver disease [3–6] , with manifestations including 

ortal hypertension, ascites, jaundice, encephalopathy, and variceal 

leeding [1 , 3 , 5] . While options are available to attenuate these

omplications, the ultimate resolution of end-stage PBC is liver 

ransplant therapy (LT), effectively replacing the diseased liver with 

 healthy graft [3 , 4 , 6] . 

Risks associated with LT can depend on donor and recipient 

haracteristics [7 , 8] . Gender and gender-mismatch may influence 

rognosis [9–11] ; for example, females are thought to mount a 
∗ Corresponding author at: Division of Gastroenterology and Hepatology, Univer- 

ity of Maryland, 22 S Greene St, Baltimore, MD 21201, USA. 

E-mail address: dlee4@som.umaryland.edu (D.U. Lee) . 

2

i

2

ttps://doi.org/10.1016/j.dld.2023.03.018 

590-8658/© 2023 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All 

Downloaded for Anonymous User (n/a) at Health and Social Servi
September 07, 2023. For personal use only. No other uses without pe
ore robust immune response post-LT [9 , 10 , 12] . Other studies 

ave suggested the existence of sex-specific metabolic complica- 

ions, reporting higher incidences of sarcopenia in males after graft 

nsertion [13–15] . Although the general LT literature has supported 

hese claims with clinical evidence, there is limited data describ- 

ng gender-specific outcomes post-LT in patients with PBC. This is 

espite the fact that PBC in non-transplant literature has demon- 

trated association between disease severity and sex [4 , 6 , 11] . 

We sought to analyze patients transplanted for PBC are inves- 

igated using a UNOS-derived database, stratified by donor gender 

o assess its relationship to all-cause mortality and graft failure. 

. Methods 

.1. Database 

This study analyzes data extracted from the UNOS STAR reg- 

stry, querying files compiled between January 2005 and June 

019. Periprocedural data, recipient and donor information, and 
rights reserved. 
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Fig. 1. This figure shows the patient selection process of this study. 
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ongitudinal outcomes are contained within UNOS STAR. The 

atabase employs safety protocols to maintain the confidentiality 

nd anonymity of patient information, and data-use agreements al- 

ow for access by biomedical researchers. This study is solely the 

esponsibility of the authors alone. It does not reflect the opinions 

f the Department of Health and Human Services, nor any other 

egulatory agency. 

.2. Study population and covariates 

There were 99,987 LT entries found in UNOS STAR from 2005 to 

019. A stepwise exclusionary procedure was then applied to iso- 

ate a specific PBC population. Patients who were lost to follow-up 

 n = 3445) or who underwent retransplant were excluded ( n = 4310).

atients with prior LT were also removed ( n = 5437). Further exclu- 

ionary criteria were as follows, with the number of cases elim- 

nated noted: Those with impossible biological values (e.g., cre- 

tinine < 0, n = 5), those under 18 years of age ( n = 6872), those

ith donors of cardiac death ( n = 4427), those with living donors 

 n = 3081), those with non-whole livers ( n = 1012), those with mul-

iple organs being transplanted ( n = 6462), and those with hepato- 

ellular carcinoma prior to transplant ( n = 17,489). Patients with- 

ut the diagnosis of PBC were removed ( n = 45,549), and finally, 

atients without donor gender information were removed ( n = 13), 

esulting in a cohort of 1885 patients. PBC diagnosis was defined 

s having PBC listed as a primary indication for LT, either at UNOS 

aitlist registration or at the time of hospital admission during 

hich transplant occurred. Fig. 1 demonstrates the patient selec- 

ion process for this study. 

.3. Study variables and outcomes 

The study exposure was donor gender, which was a two-level 

ariable (male or female). Primary outcomes were all-cause mor- 

ality and graft failure, and secondary outcomes were mortality 

rom recurrent liver disease and mortality from post-LT hepatic 

alignancy. Covariates were recipient and donor demographics, 

aboratory markers, recipient comorbidities, hepatic function vari- 

bles, and MELD score. The ‘assistance’ term within the comor- 

idities group was an ordinal variable based on the Karnofsky 
1243 
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core [16] , in which 1 corresponded to scores between 80 and 

00% (high functional status), 2 corresponded to scores between 50 

nd 70% (intermediate functional status), 3 corresponded to scores 

etween 10 and 40% (low functional status), and 0 represented 

o data. Other information collected included immunosuppressant 

egimens, and critical care and life support descriptors. 

Two supplementary cohorts were produced that included all 

atients of the main cohort; however, groups were restricted 

cross donor obesity or tacrolimus-containing regimen. Transplant 

ases whose donors had a body mass index (BMI) > 30kg/m2 were 

eparated from cases whose donors had a lower BMI. Similarly, pa- 

ients who received tacrolimus as part of their immunosuppressant 

egimen were studied independently from patients who did not re- 

eive tacrolimus. 

.4. Statistical methods 

Baseline characteristics were compared via mean-based and 

ominal-based statistics. Fisher’s Exact or Chi-square comparisons 

ere conducted for categorical data. Continuous data was assessed 

or parametricity and then measured with Student’s t-tests and 

hitney-Mann tests accordingly. Sets of Cox regression analyses 

ere performed to describe the relationship between exposure and 

utcome. Each iterative model included four steps, which were as 

ollows: model 1—adjusted for recipient age, race, sex, and BMI; 

odel 2—further adjusted for comorbidities (i.e., diabetes, hepati- 

is B, hepatitis C, and alcoholic liver disease); model 3—further ad- 

usted for MELD score, liver laboratory markers, and hepatic func- 

ion terms; model 4—further adjusted for donor age, race, sex, 

nd BMI. Statistical significance was determined using the stan- 

ard two-sided 95% confidence interval and p-value < 0.05. Cumu- 

ative hazard-event analyses were used to compare freedom from 

utcome, and crude incidence rates were also derived for each 

tratum. Forest plots showing adjusted hazard ratios from the fi- 

al model of the multivariate Cox regression were constructed to 

elp isolate the exposure’s effect on each primary outcome, for 

he combined-sex analysis only. While both supplementary cohorts 

groups restricted across tacrolimus use or donor obesity) con- 

ained gender mismatch subanalyses and underwent baseline char- 
ces Agency 8 Berica from ClinicalKey.com by Elsevier on 
rmission. Copyright ©2023. Elsevier Inc. All rights reserved.
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cteristic and Cox regression evaluations, forest plots were not gen- 

rated. 

For only the main cohort, a proportional subdistribution haz- 

rds model, as outlined in the cumulative incidence function by 

ine and Gray [17] , was employed to analyze the competing risk 

egression for graft failure versus mortality. This analysis was con- 

ucted according to the iterative process described previously, with 

our models generated. 

Aside from endpoints, all variables were graphically evaluated 

o assess missingness patterns and processed through random for- 

st plot generation for optimized statistical power [18] . All analy- 

es in this study used RStudio version 1.2.5042 with R code version 

.6.3. 

. Results 

.1. Baseline characteristics 

A total of 1885 subjects were included in the study cohort, with 

65 subjects in the male donor cohort and 920 subjects in the fe- 

ale donor cohort. Median follow-up was 4.82 (25–75% IQR 1.83–

.93) years. The male donor cohort featured a higher proportion 

f male recipients than the female donor cohort (20.30 vs. 11.70%, 

 < 0.001). There were no statistically significant differences in race 

r age between cohorts. Regarding MELD score, recipients of the 

ale donor cohort featured a higher average score than recipients 

f the female donor cohort (24.30 ± 8.81 vs 23.40 ± 8.41, p < 0.04). 

ssistance level did not differ significantly between the donor 

ohorts. Female donors were generally older than male donors 

47.90 ± 17.70 vs 39.60 ± 17.40 years, p < 0.001), and racial profiles 

f the donors also showed significant variation. Table 1 demon- 

trates further comparisons of background characteristics. 

Table 1 also includes subanalyses of gender mismatch, produced 

y restricting the study cohort to include either male or female re- 

ipients only. There were 1581 female recipients, with 812 of these 

ases having a female donor and 769 having a male donor (gender 

ismatch). Among the remaining 304 male recipients, there were 

08 entries in the female donor (gender mismatch) cohort and 196 

n the male donor cohort. 

Solely considering female recipients, the female donor cohort 

ad a higher average recipient age than that of the male donor 

ohort (56.80 ± 8.88 vs. 55.80 ± 9.51 years, p = 0.05). Aver- 

ge recipient MELD score of the male donor category was sig- 

ificantly higher than the score of the female donor category 

24.40 ± 8.75 vs 23.30 ± 8.41, p = 0.01). No significant differ- 

nces in assistance level were detected. When considering donor 

haracteristics, the female donor group was older on average 

47.60 ± 18.00 vs 39.00 ± 17.40 years, p < 0.001) and had a greater 

roportion of White donors among other differences (Female vs 

ale donors: White 70.10 vs 58.10%, Asian 2.22 vs 2.34%, Black 

4.50 vs 18.90%, Hispanic 11.50 vs 17.90%, p < 0.001). 

When isolating male recipients, there were only significant dif- 

erences in baseline characteristics along donor qualities. Donors of 

he female donor group were older (50.10 ± 15.10 vs 42.10 ± 17.10 

ears, p < 0.001). Male donors of this framework were found to have 

igher levels of serum creatinine (1.72 ± 1.61 vs 1.42 ± 1.40 mg/dL, 

 < 0.001) and total bilirubin (1.13 ± 1.05 vs 0.66 ± 0.56 mg/dL, 

 < 0.001). 

.2. Clinical outcomes 

Table 2 demonstrates the sequential Cox regression analyses of 

ll-cause mortality and graft failure. Those with male donors were 

ssociated with a higher risk of post-LT all-cause mortality (aHR 

.28 95% confidence interval [CI] 1.03–1.58, p = 0.02) and graft fail- 

re (aHR 1.70 95%CI 1.02–2.82, p = 0.04). Each comparison corre- 
1244 
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ponded with a higher indexed incidence rate in the male-donor 

ohort (expressed as events per 10 0 0 person-years, all-cause mor- 

ality: 42.28 vs 33.34; graft failure: 8.65 vs 5.46). 

Further subanalysis was done to assess primary outcomes of 

ismatched donor gender. Mismatched female recipients of male 

onors exhibited a significantly higher risk of all-cause mortal- 

ty than matched female recipient-donor cases (aHR 1.41 95%CI 

.11–1.78, p = 0.005). There was also a trend toward a greater 

azard of graft failure (aHR 1.65 95%CI 0.96–2.84, p = 0.07). Ad- 

itionally, each comparison returned a higher indexed incidence 

ate in female recipients of male donors (expressed as events per 

0 0 0 person-years, all-cause mortality: 41.75 vs 31.17; graft fail- 

re: 8.89 vs 5.71). In male recipients, there were no associations 

etween donor gender and post-LT all-cause mortality (aHR 0.82 

5%CI 0.49–1.38, p = 0.46) and graft failure (aHR 2.36 95%CI 0.42–

3.42, p = 0.33). 

Fig. 2 shows cumulative hazard analysis of the combined-sex 

nd sex-restricted cohorts. Having a male donor was significantly 

ssociated with a higher risk of all-cause mortality and trended to- 

ard higher risk for graft failure ( p = 0.026 and p = 0.061, respec-

ively). The female-recipient-restricted subanalysis saw similar re- 

ults along these same endpoints ( p = 0.014 for all-cause mortality 

nd p = 0.096 for graft failure). Male-recipient-restricted analysis 

howed no significant associations. 

.3. Competing risks, secondary outcomes, and forest plots with 

djusted hazard ratios 

Using donor sex as a prognostic risk factor, Supplementary Ta- 

le 1 demonstrates competing risk regression analyses for both all- 

ause mortality and graft failure. There was no significant differ- 

nce in the incidence of all-cause mortality between the male and 

emale donor cohorts (aHR 1.19 95% CI 0.94–1.51, p = 0.15), but 

here was a significant difference in graft failure (aHR 1.65 95% CI 

.01–2.68, p = 0.04). In female-recipient-restricted analysis, there 

as an increased risk for all-cause mortality in cases who had 

ale donors (aHR 1.34 95%CI 1.03–1.75, p = 0.03). Male recipient 

nalyses did not show any associations. Supplementary Table 2 de- 

cribes a Cox regression of the main cohort with the outcome of 

ortality secondary to recurrent liver disease. No significant as- 

ociations were detected in combined-sex or sex-restricted anal- 

ses. Furthermore, no diagnoses of hepatic malignancy were de- 

ected in follow-up for any case. Supplementary Figure 1 shows 

he relationships between covariates and all-cause mortality for 

he combined-sex analysis, whereas Supplementary Figure 2 rep- 

esents these variables’ associations with graft failure. 

.4. Donor obesity and tacrolimus use: restricted analysis 

When restricting to non-obese donors, male donors were asso- 

iated with increased mortality hazard in the combined-sex (aHR 

.28 95% CI 1.01–1.62, p = 0.04) and female-only (aHR 1.34 95% CI 

.03–1.74, p = 0.03) cohorts. Regarding solely obese donors, no sig- 

ificant relationships with either primary outcome were found. Pa- 

ients on regimens without tacrolimus and male donors were asso- 

iated with increased hazard for all-cause mortality (aHR 2.19 95% 

I 1.33–3.61, p = 0.002) and graft failure (aHR 5.80 95% CI 1.09–

0.81, p = 0.04). Discrepant risks persisted in female-only sub- 

nalysis as well (all-cause mortality: aHR 3.36 95% CI 1.83–6.15, 

 < 0.001; graft failure: aHR 16.19 95% CI 1.78–147.42, p = 0.01). 

n contrast, patients who were on tacrolimus regimens showed no 

onor sex associations with any of the primary outcomes. Associ- 

ted case-incidence rates were elevated in the reported significant 

ndings. Non-tacrolimus-prescribed male donor cases experienced 

 mortality rate of 146.54 deaths per 10 0 0 person-years, compared 

o non-tacrolimus female donor cases featuring a rate of 80.84 
ces Agency 8 Berica from ClinicalKey.com by Elsevier on 
rmission. Copyright ©2023. Elsevier Inc. All rights reserved.
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Table 1 

Baseline Characteristics of PBC-Indicated Liver Transplant Recipients and Donors—Combined, Male-Restricted, and Female-Restricted Analyses. 

Male vs Female Donors in All Recipients Subanalysis: Male vs Female Donors in Male Recipients Subanalysis: Male vs Female Donors in Female Recipients 

Female Male P -value Female Male P -value Female Male P -value 

Number of 

Patients 

920 965 108 196 812 769 

Recipient 

Demographics 

Age, mean ±
SD, y 

56.40 ± 9.37 55.70 ± 9.93 0.14 54.10 ± 12.30 55.40 ± 11.50 0.32 56.80 ± 8.88 55.80 ± 9.51 0.05 ∗

Male sex, n (%) 108 (11.70) 196 (20.30) < 0.001 ∗

Race, n (%) 0.97 0.46 † 0.84 

White 647 (70.30) 693 (71.80) 81 (75.00) 153 (78.10) 566 (69.70) 540 (70.20) 

Black 87 (9.46) 84 (8.70) 11 (10.20) 15 (7.65) 76 (9.36) 69 (8.97) 

Hispanic 147 (16.00) 149 (15.40) 13 (12.00) 17 (8.67) 134 (16.50) 132 (17.20) 

Asian 26 (2.83) 26 (2.69) 2 (1.85) 10 (5.10) 24 (2.96) 16 (2.08) 

Other 13 (1.41) 13 (1.35) 1 (0.93) 1 (0.51) 12 (1.48) 12 (1.56) 

BMI, mean ±
SD, kg/m ²

26.50 ± 5.69 27.40 ± 5.60 < 0.001 ∗ 25.80 ± 4.59 26.70 ± 5.00 0.13 26.60 ± 5.82 27.60 ± 5.73 < 0.001 ∗

Comorbidities 

Hepatitis B, n 

(%) 

7 (0.76) 10 (1.04) 0.70 3 (2.78) 1 (0.51) 0.13 † 4 (0.49) 9 (1.17) 0.17 † 

Hepatitis C , n 

(%) 

23 (2.50) 33 (3.42) 0.30 3 (2.78) 5 (2.55) 1.00 † 20 (2.46) 28 (3.64) 0.22 

Alcoholic Liver 

Disease, n (%) 

5 (0.54) 9 (0.93) 0.47 2 (1.85) 3 (1.53) 1.00 † 3 (0.37) 6 (0.78) 0.33 † 

Diabetes, n (%) 121 (13.20) 155 (16.10) 0.09 15 (13.90) 39 (19.90) 0.25 106 (13.10) 116 (15.10) 0.28 

Assistance, n 

(%) ‡ 

0.49 0.29 † 0.48 

0 (%) 27 (2.93) 18 (1.87) 4 (3.70) 4 (2.04) 23 (2.83) 14 (1.82) 

1 (%) 177 (19.20) 192 (19.90) 23 (21.30) 57 (29.10) 154 (19.00) 135 (17.60) 

2 (%) 340 (37.00) 354 (36.70) 42 (38.90) 61 (31.10) 298 (36.70) 293 (38.10) 

3 (%) 376 (40.90) 401 (41.60) 39 (36.10) 74 (37.80) 337 (41.50) 327 (42.50) 

Hepatic 

Variables 

Ascites, n (%) 0.51 0.42 0.81 

Absent 156 (17.00) 181 (18.80) 17 (15.70) 41 (20.90) 139 (17.10) 140 (18.20) 

Slight 464 (50.40) 465 (48.20) 57 (52.80) 90 (45.90) 407 (50.10) 375 (48.80) 

Moderate 300 (32.60) 319 (33.10) 34 (31.50) 65 (33.20) 266 (32.80) 254 (33.00) 

Encephalopathy, 

n (%) 

0.62 0.95 0.64 

None 291 (31.60) 296 (30.70) 34 (31.50) 65 (33.20) 257 (31.70) 231 (30.00) 

1–2 521 (56.60) 566 (58.70) 65 (60.20) 116 (59.20) 456 (56.20) 450 (58.50) 

3–4 108 (11.70) 103 (10.70) 9 (8.33) 15 (7.65) 99 (12.20) 88 (11.40) 

MELD Scores, 

mean ± SD 

23.40 ± 8.41 24.30 ± 8.81 0.04 ∗ 24.30 ± 8.39 23.80 ± 9.04 0.50 23.30 ± 8.41 24.40 ± 8.75 0.01 ∗

Immunosuppressants 

Mycophenolate 

Mofetil, n (%) 

737 (80.10) 799 (82.80) 0.15 88 (81.50) 170 (86.70) 0.29 649 (79.90) 629 (81.80) 0.38 

Cyclosporine, n 

(%) 

49 (5.33) 49 (5.08) 0.89 9 (8.33) 16 (8.16) 1.00 40 (4.93) 33 (4.29) 0.63 

Tacrolimus, n 

(%) 

839 (91.20) 869 (90.10) 0.44 97 (89.80) 175 (89.30) 1.00 742 (91.40) 694 (90.20) 0.49 

( continued on next page ) 
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Table 1 ( continued ) 

Male vs Female Donors in All Recipients Subanalysis: Male vs Female Donors in Male Recipients Subanalysis: Male vs Female Donors in Female Recipients 

Female Male P -value Female Male P -value Female Male P -value 

Sirolimus, n (%) 16 (1.74) 13 (1.35) 0.61 1 (0.93) 3 (1.53) 1.00 † 15 (1.85) 10 (1.30) 0.50 

Steroids, n (%) 857 (93.20) 900 (93.30) 1.00 98 (90.70) 185 (94.40) 0.34 759 (93.50) 715 (93.00) 0.77 

Laboratory 

Markers 

Albumin, mean 

± SD, mg/dL 

2.95 ± 0.75 2.95 ± 0.77 0.94 2.86 ± 0.67 2.94 ± 0.71 0.29 2.97 ± 0.76 2.96 ± 0.79 0.74 

Creatinine, 

mean ± SD, 

mg/dL 

1.32 ± 0.92 1.42 ± 1.04 0.19 1.50 ± 1.04 1.58 ± 1.15 0.95 1.30 ± 0.91 1.39 ± 1.01 0.41 

INR, mean ±
SD 

1.85 ± 1.00 1.98 ± 1.57 0.07 1.86 ± 0.73 1.87 ± 0.84 0.61 1.84 ± 1.03 2.01 ± 1.70 0.03 ∗

Total Bilirubin, 

mean ± SD, 

mg/dL 

13.80 ± 12.10 13.80 ± 12.10 0.89 13.90 ± 12.20 12.50 ± 12.80 0.13 13.80 ± 12.10 14.10 ± 11.90 0.45 

Critical Care 

and Life 

Support 

Primary 

Inotropic 

Agent, n (%) 

0.05 0.75 † 0.12 

Dobutamine 20 (2.17) 21 (2.18) 3 (2.78) 3 (1.53) 17 (2.09) 18 (2.34) 

Dopamine 175 (19.00) 194 (20.10) 24 (22.20) 41 (20.90) 151 (18.60) 153 (19.90) 

Epinephrine 11 (1.20) 7 (0.73) 1 (0.93) 1 (0.51) 10 (1.23) 6 (0.78) 

Levophed 165 (17.90) 132 (13.70) 20 (18.50) 29 (14.80) 145 (17.90) 103 (13.40) 

Neosynephrine 

165 (17.90) 149 (15.40) 17 (15.70) 26 (13.30) 148 (18.20) 123 (16.00) 

None 362 (39.30) 437 (45.30) 41 (38.00) 92 (46.90) 321 (39.50) 345 (44.90) 

Other 22 (2.39) 25 (2.59) 2 (1.85) 4 (2.04) 20 (2.46) 21 (2.73) 

Secondary 

Inotropic 

Agent, n (%) 

0.65 † 0.94 † 0.57 † 

Dobutamine 8 (0.87) 4 (0.42) 0 (0.00) 1 (0.51) 8 (0.99) 3 (0.39) 

Dopamine 10 (1.09) 11 (1.14) 2 (1.85) 5 (2.55) 8 (0.99) 6 (0.78) 

Epinephrine 8 (0.87) 9 (0.93) 2 (1.85) 2 (1.02) 6 (0.74) 7 (0.91) 

Levophed 32 (3.48) 32 (3.32) 4 (3.70) 5 (2.55) 28 (3.45) 27 (3.51) 

Neosynephrine 

42 (4.57) 43 (4.46) 5 (4.63) 8 (4.08) 37 (4.56) 35 (4.55) 

None 811 (88.20) 848 (87.90) 95 (88.00) 173 (88.30) 716 (88.20) 675 (87.80) 

( continued on next page ) 
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Table 1 ( continued ) 

Male vs Female Donors in All Recipients Subanalysis: Male vs Female Donors in Male Recipients Subanalysis: Male vs Female Donors in Female Recipients 

Female Male P -value Female Male P -value Female Male P -value 

Other 9 (0.98) 18 (1.87) 0 (0.00) 2 (1.02) 9 (1.11) 16 (2.08) 

Tertiary 

Inotropic 

Agent, n (%) 

1.00 † 0.79 † 0.99 † 

Dobutamine 0 (0.00) 1 (0.10) 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.13) 

Dopamine 1 (0.11) 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.12) 0 (0.00) 

Epinephrine 2 (0.22) 2 (0.21) 0 (0.00) 0 (0.00) 2 (0.25) 2 (0.26) 

Levophed 4 (0.43) 4 (0.42) 1 (0.93) 1 (0.51) 3 (0.37) 3 (0.39) 

Neosynephrine 

4 (0.43) 4 (0.42) 0 (0.00) 0 (0.00) 4 (0.49) 4 (0.52) 

None 903 (98.20) 948 (98.20) 107 (99.10) 193 (98.50) 796 (98.00) 755 (98.20) 

Other 6 (0.65) 6 (0.62) 0 (0.00) 2 (1.02) 6 (0.74) 4 (0.52) 

ICU admission, 

n (%) 

0.51 0.64 0.47 

ICU 120 (13.00) 137 (14.20) 9 (8.33) 21 (10.70) 111 (13.70) 116 (15.10) 

No ICU 800 (87.00) 828 (85.80) 99 (91.70) 175 (89.30) 701 (86.30) 653 (84.90) 

Ventilator 

Support, n (%) 

37 (4.02) 45 (4.66) 0.57 4 (3.70) 5 (2.55) 0.73 † 33 (4.06) 40 (5.20) 0.34 

TIPS Procedure, 

n (%) 

85 (9.24) 90 (9.33) 1.00 12 (11.10) 19 (9.69) 0.85 73 (8.99) 71 (9.23) 0.94 

Donor 

Demographics 

Donor Age, 

mean ± SD, y 

47.90 ± 17.70 39.60 ± 17.40 < 0.001 ∗ 50.10 ± 15.10 42.10 ± 17.10 < 0.001 ∗ 47.60 ± 18.00 39.00 ± 17.40 < 0.001 ∗

Donor Male 

sex, n (%) 

0 (0.00) 965 (100.00) < 0.001 † ∗∗∗ 0 (0.00) 196 (100.00) < 0.001 † ∗∗∗ 0 (0.00) 769 (100.00) < 0.001 † ∗∗∗

Donor Race, n 

(%) 

< 0.001 ∗ 0.24 † < 0.001 ∗

White 649 (70.50) 575 (59.60) 80 (74.10) 128 (65.30) 569 (70.10) 447 (58.10) 

Black 129 (14.00) 176 (18.20) 11 (10.20) 31 (15.80) 118 (14.50) 145 (18.90) 

Hispanic 103 (11.20) 164 (17.00) 10 (9.26) 26 (13.30) 93 (11.50) 138 (17.90) 

Asian 23 (2.50) 22 (2.28) 5 (4.63) 4 (2.04) 18 (2.22) 18 (2.34) 

Other 16 (1.74) 28 (2.90) 2 (1.85) 7 (3.57) 14 (1.72) 21 (2.73) 

Donor BMI, 

mean ± SD, 

kg/m ²

27.80 ± 6.84 26.30 ± 4.91 < 0.001 ∗ 29.70 ± 7.65 27.90 ± 5.05 0.22 27.60 ± 6.69 25.90 ± 4.79 < 0.001 ∗

Donor 

Laboratory 

Markers 

Donor 

Creatinine, 

mean ± SD, 

mg/dL 

1.42 ± 1.69 1.76 ± 1.88 < 0.001 ∗ 1.42 ± 1.40 1.72 ± 1.61 < 0.001 ∗ 1.42 ± 1.73 1.77 ± 1.95 < 0.001 ∗

Donor Total 

Bilirubin, mean 

± SD, mg/dL 

0.75 ± 0.61 1.02 ± 0.86 < 0.001 ∗ 0.66 ± 0.56 1.13 ± 1.05 < 0.001 ∗ 0.76 ± 0.62 0.99 ± 0.80 < 0.001 ∗

∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. 

† Fisher’s Test. 
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Table 2 

Sequential Cox Regression Analysis Using Donor Gender as a Prognostic Risk Factor for All-Cause Mortality and Graft Failure. 

(A) All-Cause Death 

Male vs Female Donor Subanalysis: Male vs Female Donors in Male Recipients Subanalysis: Male vs Female Donors in Female Recipients 

Incidence Rates per 1000 Person-Years Incidence Rates per 1000 Person-Years Incidence Rates per 1000 Person-Years 

Male Donor 42.28 (36.91–48.18) Male Donor 44.34 (32.64–58.70) Male Donor 41.75 (35.80–48.37) 

Female Donor 33.34 (28.59–38.62) Female Donor 50.58 (34.13–71.83) Female Donor 31.17 (26.31–36.63) 

Sequential Cox Regression Analysis Sequential Cox Regression Analysis Sequential Cox Regression Analysis 

Model p-value aHR 95% CI Model p-value aHR 95% CI Model p-value aHR 95% CI 

1 0.06 1.22 (0.99–1.49) 1 0.52 0.86 (0.53–1.38) 1 0.02 ∗ 1.31 (1.04–1.63) 

2 0.07 1.21 (0.99–1.49) 2 0.49 0.85 (0.52–1.36) 2 0.02 ∗ 1.30 (1.04–1.63) 

3 0.05 1.22 (1.00–1.50) 3 0.58 0.87 (0.54–1.41) 3 0.02 ∗ 1.32 (1.05–1.65) 

† FM 0.02 ∗ 1.28 (1.03–1.58) † FM 0.46 0.82 (0.49–1.38) † FM 0.005 ∗∗ 1.41 (1.11–1.78) 

(B) Graft Failure 

Male vs Female Donor Subanalysis: Male vs Female Donors in Male Recipients Subanalysis: Male vs Female Donors in Female Recipients 

Incidence Rates per 1000 Person-Years Incidence Rates per 1000 Person-Years Incidence Rates per 1000 Person-Years 

Male Donor 8.65 (6.29–11.60) Male Donor 7.71 (3.33–15.14) Male Donor 8.89 (6.24–12.29) 

Female Donor 5.46 (3.63–7.88) Female Donor 3.49 (0.42–12.54) Female Donor 5.71 (3.73–8.35) 

Sequential Cox Regression Analysis Sequential Cox Regression Analysis Sequential Cox Regression Analysis 

Model p-value aHR 95% CI Model p-value aHR 95% CI Model p-value aHR 95% CI 

1 0.08 1.54 (0.95–2.48) 1 0.24 2.56 (0.53–12.34) 1 0.14 1.47 (0.88–2.44) 

2 0.08 1.54 (0.95–2.49) 2 0.23 2.67 (0.54–13.25) 2 0.14 1.47 (0.88–2.45) 

3 0.06 1.60 (0.99–2.59) 3 0.30 2.33 (0.47–11.61) 3 0.09 1.55 (0.93–2.59) 

† FM 0.04 ∗ 1.70 (1.02–2.82) † FM 0.33 2.36 (0.42–13.42) † FM 0.07 1.65 (0.96–2.84) 

∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. 

† FM indicates Final Model. 

Footnote: ∗Model 1 includes VOI (variable of interest) and demographics; Model 2 includes Model 1 terms with the addition of comorbidities, and liver disease etiologies; Model 3 includes Model 2 terms with the addition of 

hepatic variables, MELD score, and liver laboratory markers; Model † FM includes Model 3 terms with the addition of donor demographics. 
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Fig. 2. This figure shows the prognostic differences in the cumulative hazards using all-cause mortality ( Fig. 2 a) and graft failure ( Fig. 2 b) as primary endpoints. Fig. 2 c, 2 d, 

2 e, and 2 f show these same outcomes for the sex-restricted subanalyses. 
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eaths per 10 0 0 person-years. Meanwhile, tacrolimus-prescribed 

ale donor cases and female donor cases demonstrated mortal- 

ty rates of 35.49 and 30.07 deaths per 10 0 0 person-years, respec- 

ively. Evaluation of baseline characteristics are shown in Supple- 

entary Tables 3.1 through 3.4 and Cox regression analyses are in- 

luded in Supplementary Tables 4.1 through 4.4. 

. Discussion 

Using a select PBC population, this study investigated the im- 

lications of donor sex on post-LT outcomes. A primary motivat- 

ng factor of this work came from non-transplant literature; PBC 

n males is typically characterized by greater morbidity than in fe- 

ales, including higher incidences of hepatocellular carcinoma, ex- 

rahepatic complications, and overall mortality [6 , 19] . Reasons for 

hese phenomena are unclear. Recent literature has suggested that 

ales are consistently diagnosed late in the PBC disease course 

nd have lower rates of response to temporizing treatments such 

s ursodeoxycholic acid [20 , 21] . Some authors trace their hypothe- 

es back to a hormonal level, such as Trivedi et al. (2016) who pro-

ose that estrogen could protect against hepatocellular carcinogen- 

sis [22] . This literature raises the question of male donors in the 

ransplant PBC setting, if these grafts are risk factors for adverse 

utcomes. Indeed, livers from male donors experienced signifi- 

antly increased risk for all-cause mortality and graft failure. When 

estricting the study cohort to female recipients, having a male 

onor was similarly associated with an increased all-cause mortal- 

ty rate. In male recipients, no significant associations were found. 

hese observations of male donor status being a risk factor for 

oor outcomes contrast with other reviews. A meta-analysis com- 

ining seven studies found that female-to-male LT schemes pre- 

icted the worst outcomes, but no such relationships were iden- 

ified in the reverse design of male-to-female designs [23] . Older 

esearch has also found that livers from female donors, regardless 

f recipient sex, were associated with increased rates of adverse 

utcomes [24] . However, these investigations did not specifically 

onsider the PBC-indicated LT population. It is worth mentioning 

hat a small cohort study from the United Kingdom found that 

ales transplanted for PBC exhibited symptom exacerbation com- 

ared to non-transplanted controls, whereas no differences in clin- 

cal status were found when comparing female transplanted and 

on-transplanted cases [25] . 

Supplementary analyses were conducted with restrictions 

cross donor obesity and tacrolimus use. When considering non- 

bese donors, similar results were observed, with male donors be- 

ng associated with increased all-cause mortality in the combined- 

ex and female-restricted cohorts. However, differences in mortal- 

ty hazard fell out of significance when restricting to obese donors. 

his finding could be secondary to increased prevalence of hep- 

tic steatosis in obese donors. Fatty pre-transplant insults could 

mpair hepatic function and insulin and glucagon sensitivity, ulti- 

ately predisposing the graft recipient to metabolic derangements 

nd suboptimal health [26] . 

Meanwhile, patients who did not receive tacrolimus experi- 

nced profound survival discrepancies between donor sex, with 

igher adjusted hazards for both all-cause mortality and graft fail- 

re in the combined-sex and female-restricted cohorts. All rela- 

ionships with the primary outcomes (all-cause mortality and graft 

ailure) fell out of significance when evaluating recipients who 

ere on tacrolimus, the larger of the medication-based cohorts. 

The effect of immunosuppressive therapies in LT is an area of 

ctive research, especially in cases with PBC as a primary indi- 

ation. The type of calcineurin inhibitor has been shown to pro- 

oundly affect the clinical courses of transplanted PBC patients; for 

xample, tacrolimus use has been associated with improved sur- 

ival but more severe forms of recurrent PBC (rPBC) [27 , 28] . It
1250 
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hould be noted that tacrolimus use is associated with superior 

ortality outcomes across LT indications [29] . With regard to sex- 

ependent pharmacokinetics, clearance rates of both cyclosporine 

nd tacrolimus appear to be increased in females, with mecha- 

isms potentially linked to CYP3A and P-glycoprotein activity in 

he liver and intestine [30] . Applying these findings to the present 

nalysis is complicated by classifying the ‘sex’ of the donated 

iver after allocation, especially in mismatch cases. UNOS contains 

ata on medication names, but dosages and T-cell counts are not 

ampled. Immunological data that specifically evaluates lympho- 

yte levels across sex with different suppressant regimens could 

e helpful in correlating pharmacodynamic mechanisms with the 

resent findings. 

In the combined-sex cohort, cumulative hazard curves for both 

raft failure and all-cause mortality showed divergence between 

ex early, within three years. This result could provide clues to eti- 

logies of mortality rate disparities, as literature on post-LT prog- 

osis has reported that infection is an especially prominent cause 

f death in short-term follow-up [31] . Immunosuppression is also 

losely linked to infectious phenomena, with worse outcomes typ- 

cally accompanying higher drug concentrations [32] . More specif- 

cally, Jacob et al. (2008) reported ten deaths out of one hundred 

ransplanted PBC patients, with four deaths having infectious eti- 

logies within one year post-LT [33] . Patient sex was not reported. 

otably, research on the general population has found male sex 

o be correlated with higher mortality in sepsis, with mechanisms 

ttributed to higher interleukin (IL) −6 cytokine levels and low- 

strous states [34 , 35] . 

Basic science research has evidenced the sexually dimorphic na- 

ure of the liver, and this quality may affect hormone receptor con- 

entrations. Della Torre et al. (2016) demonstrated that male and fe- 

ale mouse models exhibit different levels of estrogen receptor α
ER α) [36] . This specific protein-steroid combination may have im- 

lications in surviving severe inflammatory responses—an investi- 

ation by Harada et al. (2004) reported that all ER α-negative male 

ice and 60% of ER α-negative female mice died within one week 

f a liver ischemia and reperfusion event, whereas untreated fe- 

ales or males given estrogen survived indefinitely [37] . Both re- 

eptor and ligand had to be present to achieve a protective ef- 

ect against mortality, and evidence suggests that both of these 

ariables are modified by sex. The persistence of poor outcomes 

n female PBC patients with male grafts may depend on these 

athways, such that male-derived grafts could contain lower con- 

entrations of specific estrogen receptors that enhance survival in 

he context of systemic inflammation. Regardless of the environ- 

ent’s estrogen content, patients may be at a higher risk for mor- 

ality from inflammatory causes such as sepsis, given their grafts’ 

ex receptor profile. This mechanism could be modulated by cal- 

ineurin inhibitor subtype, with the risk of severe infection and 

nflammatory responses attenuated in both donor sexes when us- 

ng tacrolimus, but patients with male donors experiencing higher 

isks on alternative regimens. As previously mentioned, more ef- 

cient female clearance of certain immunosuppressants [30] may 

e related to these observations, but further investigations into 

rug effects and metabolism are needed before making definitive 

onclusions. With respect to why other LT indications do not see 

imilar sex-based outcomes, the underlying immune dysregulation 

f PBC may provide clarity. Peripheral blood mononuclear cells of 

BC patients appear to more readily produce pro-inflammatory cy- 

okines, such as IL-6 and IL-1 β [38] . Such abnormalities might be 

ey in causing the mortality rates reported by this study. 

In general, PBC is associated with excellent post-transplant out- 

omes relative to other liver diseases [39] . Beyond the highlighted 

tiology of infection, two prominent threats to patient health in 

he post-LT PBC landscape are graft rejection and rPBC [40 , 41] . 

here have been numerous reports of rPBC, with investigations 
ces Agency 8 Berica from ClinicalKey.com by Elsevier on 
rmission. Copyright ©2023. Elsevier Inc. All rights reserved.
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emonstrating incidence between 17 and 46% [42] . Recurrent dis- 

ase has historically been rendered innocuous, but recent experi- 

nces have highlighted a potentially pernicious role and an associ- 

tion with male sex [42–45] . Mortality from recurrent liver disease, 

hich served as a proxy for mortality from rPBC, was evaluated 

etween sex in this study. No evidence was found for this condi- 

ion’s occurrence to translate into differential death rates. In light 

f the previous literature, this result may suggest that any deleteri- 

us effects of rPBC are felt by males and females alike, or that the 

tudy sample is limited by inadequate follow-up time. 

.1. Implications, limitations, and future directions 

Even with an incomplete understanding of the pathophysiology, 

t can be argued that PBC-indicated transplants should involve a 

emale native liver. This is especially relevant in male-to-female 

iscordant pairings, as hazards were significantly increased along 

oth graft failure and all-cause mortality outcomes. As PBC re- 

ains a leading cause of LT, future studies of PBC post-transplant 

ould be clinically useful. Limitations of this study include the ret- 

ospective, national database design of the study precluded fur- 

her collection of follow-up and relevant information. Considering 

he potential selection bias of male patients being predisposed to 

orse outcomes due to sicker pre-LT health status, MELD score 

as included as a covariate in Cox regression, and functional status 

as assessed as a baseline characteristic between cohorts (coded 

s ‘assistance’). Furthermore, patients with hepatocellular carci- 

oma were excluded due to reported disparate rates between sex 

n PBC [6] . Mortality subtype etiologies did not reach significance 

etween the sex strata, indicating potential underpowering despite 

tilization of a national database. UNOS data collection is con- 

ucted through various documents, including the Transplant Can- 

idate Registration, Transplant Recipient Registration, and Trans- 

lant Recipient Follow-up forms [46] . Individual criteria used to 

ake a PBC diagnosis therefore depend on each registering hos- 

ital’s protocols, but it can be presumed that centers followed the 

ormal guidelines in establishing the diagnosis, using both histo- 

ogical markers and laboratory findings [47] . 

. Conclusion 

An analysis of PBC patients post-transplant found male donor 

ender to be associated with adverse outcomes of graft failure 

nd all-cause mortality. This effect remained in gender-discordant 

atches, although stratifications across tacrolimus use and donor 

besity affected the strength of these relationships. Using native 

emale grafts may improve outcomes in LT for PBC, especially in fe- 

ale patients. Tacrolimus-containing regimens may also contribute 

o better patient survival. 
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