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Abstract
BACKGROUND 
Old donor allografts in liver transplantation (LT) account for 25% of all allografts, 
and their utilization is projected to increase with the aging general population. 
Older allografts are associated with higher rates of all-cause mortality and graft 
failure; however, there is limited literature exploring the specific phenotypic 
changes (e.g., functional status, cause-specific mortality) observed in different 
donor:recipient age pairs.

AIM 
To investigate differences in functional impairment and cause-specific mortality 
between different donor:recipient age pairs.

METHODS 
This was a retrospective analysis of LT patients from the Scientific Registry of 
Transplant Recipients from 2002 to 2022. Donors were categorized into younger 
age donors, ≤ 45-years (YAD), middle-aged donors, 46-69-years (MAD), and older 
age donors, ≥ 70-years (OAD). Recipients were categorized into younger age 
recipients, ≤ 55-years (YAR) and older age recipients, > 55-years (OAR) age 
recipients. Multivariate Fine-Gray competing risk and logistic regression analyses 
identified independent risk factors for cause-specific mortality and improvements 
in functional status, respectively.

RESULTS 
Overall, 126185 patients were included in the analysis: YAD:YAR (32.7%), 
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YAD:OAR (25.2%), MAD:YAR (17.5%), MAD:OAR (20.7%), OAD:YAR (1.3%), and OAD:OAR (2.7%). Compared to 
YAD:YAR, OAD pairs had the lowest likelihoods of improved functional status 5 years post-LT (OAD:YAR odds 
ratio 0.53, 95% confidence interval 0.42-0.67, P < 0.001; OAD:OAR odds ratio 0.67, 95% confidence interval 0.51-
0.89, P = 0.006). Donor:recipient age pairs with older donors had higher rates of graft- and infection-related 
mortality compared to those with younger donors (P < 0.001). Meanwhile, donor:recipient age pairs with older 
recipients had higher cardioneurovascular- or malignancy-related deaths compared to those with younger 
recipients (P < 0.001).

CONCLUSION 
Donor:recipient age mismatch was associated with differences in cause-specific mortality and functional status. 
These insights could potentially inform age-matched organ allocation strategies, though future work is warranted.

Key Words: Orthotopic liver transplantation; Old allograft age; Elderly recipient; Survival; Recipient age; Functional status

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The aging general population has led to changes in liver transplant (LT) recipient and donor demographics. In 
addition to older recipient age, older allografts are increasingly utilized to keep up with the demand for LT. In this study, we 
found that older donor:recipient age pairs were associated with a lower likelihood of improving functional status and distinct 
patterns of cause-specific mortality. Notably, graft- and infection-related mortality were strongly dependent on allograft age, 
whereas cardioneurovascular- and malignancy-related mortality were more linked with recipient age. These findings 
highlight the importance of age dynamics in LT and may inform age-matched organ allocation strategies.

Citation: Hasjim BJ, Chen SY, Hlaing NK, Ichii H, Redfield RR, Imagawa DK, Bhat M. Donor-recipient age mismatch and outcomes 
in liver transplantation: A scientific registry of transplant recipients database analysis. World J Transplant 2025; 15(4): 108376
URL: https://www.wjgnet.com/2220-3230/full/v15/i4/108376.htm
DOI: https://dx.doi.org/10.5500/wjt.v15.i4.108376

INTRODUCTION
The aging population is projected to impact various facets of healthcare, including liver transplantation (LT). By 2030, one 
in five Americans is projected to be ≥ 65-years-old and will outnumber the population of children for the first time in 
United States history by 2034[1]. Utilization of liver allografts from donors ≥ 60 years old has increased by nearly 4-fold 
since 1990 and makes up nearly 25% of all allografts[2,3]. These rates will likely continue to increase as older individuals 
increasingly make up the donor pool, while also serving as a means for LT centers to meet the growing demand for LT.

While LT is the only definitive treatment of underlying liver disease, it is challenging for patients to return to baseline
[4-8]. This may be especially true for elderly recipients as the characteristic changes of aging make them prone to frailty, 
illness, and diminished cognitive functioning[9]. Additionally, allografts from older donors may promote cellular sen-
escent phenotypes (e.g., decreased spatial learning, cognitive function, and physical ability) in recipients and can 
adversely affect transplant outcomes[9]. While it is well-established that utilizing allografts from older donors is 
associated with higher rates of all-cause mortality and graft failure[10-13], there is limited literature exploring the 
phenotypic changes observed in different donor:recipient age pairs.

To this end, we aimed to clarify the differences in donor:recipient age pair outcomes, focusing on variations in 
functional status and cause-specific mortality. Understanding these differences is crucial for optimizing donor and 
recipient selection criteria and improving post-LT care to enhance patient outcomes.

MATERIALS AND METHODS
Data source
This was a retrospective cohort study of all patients from the Scientific Registry of Transplant Recipients (SRTR) who 
received a liver transplant from June 1, 2002, to May 29, 2022. The SRTR database is a national dataset of all donor, wait-
listed transplant candidates, and transplant recipients in the United States submitted by members of the Organ 
Procurement and Transplantation Network[14]. The STROBE guidelines were used to report our findings (Sup-
plementary Table 1). This study was approved by the Institutional Review Board at the University of California, approval 
No. #4474.

https://www.wjgnet.com/2220-3230/full/v15/i4/108376.htm
https://dx.doi.org/10.5500/wjt.v15.i4.108376
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
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Study design
All patients [pediatric (< 18 years old) and adults (≥ 18 years old)] receiving LT were included in this study. Patients 
receiving transplantation of multiple organs (n = 13268; 8.8%), those with a history of a previous transplant (n = 7662; 
5.1%) human immunodeficiency virus (n = 654; 0.4%) and pre-listing malignancy other than hepatocellular carcinoma 
(HCC) (n = 3644; 2.4%) were excluded from the analysis (Supplementary Figure 1).

Clinical variables and survival outcomes
Donors were divided into three groups according to donor age based on prior literature: Younger age donors, ≤ 45-years 
(YAD), middle-aged donors, 46-69-years (MAD), and older age donors, ≥ 70-years (OAD)[10,11,15]. Recipient age groups 
were dichotomized into two groups based on prior literature[16,17] and to yield the most balanced sample sizes across 
subpopulations: Younger age recipients, ≤ 55-years (YAR) and older age recipients, > 55-years (OAR) at the time of 
listing. Furthermore, we conducted additional sensitivity analyses with a donor age cutoff of 65 years (Supplementary 
Tables 2 and 3).

Donor characteristics of interest included sex, race, comorbidities, causes of death, donation after cardiac death (DCD) 
vs donation after brain stem death, and cold ischemia time (hours). Recipient characteristics included age, sex, race, 
comorbidities, functional status, primary diagnosis for transplant, and model for end-stage liver disease (MELD)/
pediatric end-stage liver disease model (PELD) score at waitlisting. Functional status was defined by the Karnofsky 
Performance Scale and categorized into “Independent”, “Mildly Dependent”, and “Totally Dependent”. Improvements in 
functional status were determined as those being categorized as “Independent” at 5 years post-LT after being “Mildly 
Dependent” or “Totally Dependent” at the time of LT.

The primary outcomes of interest were long-term, post-LT survival (5 years) and cause-specific mortality: Graft-, 
infection-, cardioneurovascular-, malignancy-, and renal-related. Secondary endpoints included all-cause mortality and 
long-term improvement of functional status between different donor:recipient age pairs.

Statistical analyses
Descriptive analyses compared demographic and clinicopathological variables between donor age groups. Counts and 
proportions were calculated for categorical variables, whereas mean and median, with corresponding mean ± SD and 
ranges, respectively, were provided for continuous variables. Differences between donor age groups were compared 
using Fisher’s exact tests or χ2 tests for categorical variables. Analysis of variance tests and Kruskal-Wallis tests were used 
to compare continuous variables. For all results, two-sided P-values were used, and those with an alpha level < 0.05 were 
considered statistically significant.

The Kaplan-Meier method was used to estimate overall survival and each cause of death. Cumulative incidence curves 
were plotted for different causes of mortality, and these plots were stratified by donor:recipient age groups. Univariable 
and multivariable Fine-Gray competing risk regression analyses were used to identify independent risk factors for 
different causes of death at 5- and 10-year follow-up. When analyzing one specific cause of mortality, deaths due to other 
causes were treated as competing risk events. Results were reported as subdistribution hazard ratios (sHR), 95% 
confidence intervals (CI), and P values. Univariable and multivariable logistic regression models were also conducted to 
examine the associations between risk factors and improvement of functional status post-transplant. Improvement in 
functional status was measured at the time of LT to 5 years of follow-up. Results were reported as odds ratios (OR), 
95%CI, and P values. Multivariate analyses were performed with variables selected from the backward selection method 
and include donor-recipient age pairs, recipient diabetes, recipient diagnosis, recipient functional status, living donor 
liver transplantation (LDLT) vs deceased donor LT, and MELD/PELD. Clinically important variables, regardless of their 
statistical significance, and variables with P < 0.05 from the univariable analyses were considered and included. Data 
processing and analysis were performed using SAS 9.4 software (Cary, NC, United States).

RESULTS
Cohort characteristics
A total of 126185 donors were included in the analysis and were categorized into six donor:recipient age pairs: YAD:YAR, 
n = 41202; 32.7%, YAD:OAR, n = 31737; 25.2%, MAD:YAR, n = 22124; 17.5%, MAD:OAR, n = 26164; 20.7%, OAD:YAR, n = 
1587; 1.3%, and OAD:OAR, n = 3371; 2.7%. There were 7677 (6.1%) DCD donors and 7128 (5.6%) LDLT donors. Female 
donors comprised 39.7% of the total cohort, with the proportion of female donors increasing significantly with age (P < 
0.001). The leading causes of death among donors were anoxia (32.5%), cerebrovascular accident (33.9%), and head 
trauma (33.2%), with significant differences observed across age groups (P < 0.001). Cerebrovascular accident was the 
most common cause of death in older donors (YAD 16.4% vs MAD 55.1% vs OAD 72.2%), while anoxia (YAD 37.1% vs 
MAD 28.0% vs OAD 12.8%) and head trauma (YAD 46.0% vs MAD 16.6% vs OAD 14.9%) were more prevalent in younger 
donors (P < 0.001; Figure 1). Common comorbidities, such as diabetes and hypertension, were more prevalent in older 
donors (P < 0.001). The average cold ischemia time was 6.3 ± 3.3 hours (Table 1, Figure 1).

Recipients receiving older donor allografts were older (YAD 47.3 ± 18.9 years vs MAD 54.5 ± 10.5 years vs OAD 57.9 ± 
9.4 years, P < 0.001) and had higher rates of diabetes (YAD 21.3% vs MAD 26.4% vs OAD 32.1%, P < 0.001), hypertension 
(YAD 20.3% vs MAD 24.9% vs OAD 27.2%, P < 0.001), and chronic obstructive pulmonary disease (YAD 1.9% vs MAD 
2.2% vs OAD 2.5%, P = 0.020). OAD:OAR had the highest rates of patients with independent functional status (49.7%) and 
the lowest rates of totally dependent functional status (10.5%) at transplant (P < 0.001). YAD:YAR had the highest rates of 

https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
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Table 1 Donor and recipient demographics stratified by donor:recipient pairs, n (%)

Characteristics YAD:YAR (n = 
41202)

YAD:OAR (n = 
31737)

MAD:YAR (n = 
22124)

MAD:OAR (n = 
26164)

OAD:YAR (n = 
1587)

OAD:OAR (n = 
3371) P value

Donor characteristic

    Age (year), mean ± SD 25.67 ± 11.58 29.64 ± 8.87 54.57 ± 6.50 55.59 ± 6.73 74.34 ± 3.68 74.73 ± 3.93 < 0.001

    Female 14934 (36.25) 11243 (35.43) 10286 (46.49) 11976 (45.77) 832 (52.43) 1842 (54.64) < 0.001

Race

    NHW 26140 (63.45) 20935 (65.96) 14941 (67.53) 17171 (65.63) 1186 (74.73) 2460 (72.98)

    NHB 7062 (17.14) 5114 (16.11) 3964 (17.92) 5009 (19.14) 207 (13.04) 459 (13.62)

    Hispanic 6646 (16.13) 4565 (14.38) 2435 (11.01) 2984 (11.40) 131 (8.25) 322 (9.55)

    Asian 895 (2.17) 756 (2.38) 673 (3.04) 867 (3.31) 54 (3.40) 120 (3.56)

    Other 458 (1.11) 367 (1.16) 111 (0.50) 133 (0.51) 9 (0.57) 10 (0.30)

< 0.001

Cold ischemia time, 
hours, mean ± SD

6.39 ± 3.21 6.20 ± 2.97 6.48 ± 3.05 6.30 ± 2.87 6.62 ± 2.80 6.32 ± 2.80 < 0.001

Recipient characteristic

    Age (year), mean ± SD 35.46 ± 18.68 61.61 ± 4.67 45.40 ± 9.37 61.81 ± 4.78 47.18 ± 7.54 62.95 ± 4.97 < 0.001

    Female 16252 (39.44) 10947 (34.49) 7489 (33.85) 8631 (32.99) 607 (38.25) 1277 (37.88) < 0.001

Race

    NHW 27052 (65.66) 3361 (73.61) 15797 (71.40) 19446 (74.32) 1113 (70.13) 2481 (73.60)

    NHB 4578 (11.11) 2221 (7.00) 1975 (8.93) 1738 (6.64) 119 (7.50) 167 (4.95)

    Hispanic 6821 (16.56) 4325 (13.63) 3131 (14.15) 3573 (13.66) 256 (16.13) 487 (14.45)

    Asian 1980 (4.81) 1512 (4.76) 900 (4.07) 1146 (4.38) 82 (05.17) 197 (5.84)

    Others 771 (1.87) 318 (1.00) 321 (1.45) 261 (1.00) 17 (1.07) 39 (1.16)

< 0.001

Comorbidities

    BMI 26.23 (7.27) 28.69 (5.64) 28.68 (6.36) 28.88 (5.63) 28.24 (6.31) 28.28 (5.53)

    Coronary artery 
disease

76 (1.56) 121 (5.72) 46 (1.71) 95 (5.69) 7 (2.43) 17 (5.61)

    Cerebrovascular 
disease

92 (0.46) 141 (1.06) 58 (0.51) 114 (1.03) 6 (0.63) 18 (1.12)

    Diabetes 5166 (12.71) 10031 (31.88) 3869 (17.76) 8587 (33.14) 348 (22.34) 1223 (36.64)

    Hypertension 2587 (12.89) 4049 (30.58) 1992 (17.60) 3498 (31.74) 162 (16.89) 534 (33.40)

    COPD 267 (1.33) 358 (2.71) 198 (1.75) 293 (2.66) 00017 (1.77) 46 (2.89)

< 0.001

Functional status at transplant

    Independent 14138 (39.69) 11730 (38.71) 7924 (38.51) 10111 (40.41) 686 (47.64) 1588 (49.66)

    Mildly dependent 10605 (29.77) 11509 (37.98) 6981 (33.93) 10096 (40.35) 482 (33.47) 1275 (39.87)

    Totally dependent 10877 (30.54) 7060 (23.30) 5672 (27.56) 4814 (19.24) 272 (18.89) 335 (10.48)

< 0.001

Primary diagnosis

    Alcoholic liver disease 8689 (21.15) 5236 (16.53) 5905 (26.77) 4462 (17.09) 421 (26.54) 630 (18.74)

    Autoimmune hepatitis 1436 (3.50) 653 (2.06) 725 (3.29) 475 (01.82) 52 (3.28) 68 (2.02)

    Biliary 8130 (19.79) 2131 (6.73) 2252 (10.21) 1614 (06.18) 169 (10.66) 278 (8.27)

    HBV 841 (2.05) 639 (2.02) 561 (2.54) 495 (1.90) 47 (2.96) 70 (2.08)

    HCC 2483 (6.04) 6869 (21.68) 1981 (8.98) 6248 (23.92) 173 (10.91) 826 (24.57)

    HCV 7502 (18.26) 7400 (23.36) 5316 (24.10) 5503 (21.07) 289 (18.22) 441 (13.12)

    Idiopathic 8567 (20.85) 3397 (10.72) 3224 (14.61) 2688 (10.29) 261 (16.46) 410 (12.20)

< 0.001
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    MASH 2149 (5.23) 5083 (16.05) 1712 (7.76) 4384 (16.79) 127 (8.01) 591 (17.58)

    Others 1286 (3.13) 270 (0.85) 384 (1.74) 247 (0.95) 47 (2.96) 48 (1.43)

MELD/PELD, mean ± 
SD

21.74 ± 12.08 20.27 ± 9.98 22.86 ± 9.78 19.19 ± 9.25 20.26 ± 8.72 16.67 ± 7.21 < 0.001

YAD: Younger age donors, ≤ 45-years; MAD: Middle-aged donors, 46-69-years; OAD: Older age donors, ≥ 70-years; YAR: Younger age recipients, ≤ 55-
years; OAR: Older age recipients, > 55-years; NHW: Non-Hispanic White; NHB: Non-Hispanic Black; CVA: Cerebrovascular accident; BMI: Body mass 
index; DCD: Donation after cardiac death; LDLT: Living donor liver transplantation; COPD: Chronic obstructive pulmonary disease; MASH: Metabolic 
dysfunction-associated steatohepatitis; ALD: Alcohol-related liver disease; HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular 
carcinoma; MELD: Model for end-stage liver disease, PELD: Pediatric end-stage liver disease model.

Figure 1 Donor characteristics and comorbidities by donor:recipient type. There were differences in donor characteristics between donor:recipient age 
pairs. The most common causes of death in donors were cerebrovascular accident, while anoxia and head trauma were more common in younger donors (P < 
0.001). Older donors had higher rates of comorbidities such as diabetes and hypertension. High-risk organ donors, donation after cardiac death, and living donor liver 
transplantation were more likely to be of younger donor:recipient age pairs (P < 0.001). YAD: Younger age donors, ≤ 45-years; MAD: Middle-aged donors, 46-69-
years; OAD: Older age donors, ≥ 70-years; YAR: Younger age recipients, ≤ 55-years; OAR: Older age recipients, > 55-years; CVA: Cerebrovascular accident; DCD: 
Donation after cardiac death; LDLT: Living donor liver transplantation.

totally dependent (30.5%) patients, and those with biliary (19.8%), idiopathic (20.9%), and autoimmune hepatitis (3.5%). 
YAD:YAR patients had the lowest rates of HCC, 6.0%, and metabolic dysfunction-associated steatohepatitis (5.2%). 
OAD:OAR had the highest rates of HCC (24.6%), metabolic dysfunction-associated steatohepatitis (17.6%), and the lowest 
rates of hepatitis C virus (HCV, 13.1%), and mean MELD/PELD (16.7 ± 7.2) (P < 0.001) (Table 1).

Multivariable logistic regression analysis for improvement in functional status: Older donor:recipient pairs had lower 
likelihoods of improving functional status
Donor age was independently associated with improvement of functional status, regardless of recipient age (Table 2). 
Compared to YAD:YAR pairs, incrementally older donors and their respective recipient pairs had less likelihoods of 
observing an improvement in functional status within 5-years post-LT: YAD:OAR (OR = 0.89, 95%CI: 0.83-0.96, P = 0.003), 
MAD:YAR (OR = 0.83, 95%CI: 0.77-0.90, P < 0.001), MAD:OAR (OR = 0.80, 95%CI: 0.73-0.87, P < 0.001), OAD:YAR (OR = 
0.53, 95%CI: 0.42-0.67, P < 0.001), and OAD:OAR (OR = 0.67, 95%CI: 0.51-0.89, P = 0.006). Other notable independent risk 
factors include biliary etiology (OR = 0.77, 95%CI: 0.70-0.86, P < 0.001), HCC (OR = 0.56, 95%CI: 0.49-0.64, P < 0.001), HCV 
(OR = 0.73, 95%CI: 0.67-0.79, P < 0.001), and LDLT (OR = 0.77, 95%CI: 0.64-0.93, P = 0.005; Table 2). Sensitivity analyses 
utilizing an age cutoff of 65 years also found that odds of improving functional status were least likely in OAD:OAR (vs 
YAD:YAR; OR = 0.69, 95%CI: 0.88-1.03), followed by OAD:YAR (vs YAD:YAR; OR = 0.69, 95%CI: 0.67-0.82) 
(Supplementary Table 2).

https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
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Table 2 Multivariable logistic regression analysis for odds of improving functional status at 5 years of post-transplant follow-up

Donor-recipient age pairs OR 95%CI LL 95%CI UL P value

YAD:YAR Reference - - -

YAD:OAR 0.893 0.829 0.963 0.0033

MAD:YAR 0.830 0.767 0.898 < 0.0001

MAD:OAR 0.798 0.734 0.867 < .0001

OAD:YAR 0.527 0.416 0.667 < 0.0001

OAD:OAR 0.674 0.509 0.893 0.006

Recipient diagnosis - - - -

ALD Reference - - -

Autoimmune hepatitis 1.045 0.889 1.228 0.595

Biliary 0.774 0.696 0.86 < 0.0001

HBV 1.258 1.056 1.498 0.0102

HCC 0.556 0.486 0.635 < 0.0001

HCV 0.727 0.668 0.791 < 0.0001

Idiopathic 1.443 1.321 1.576 < 0.0001

MASLD/MASH 0.986 0.883 1.102 0.8099

Other 1.032 0.743 1.432 0.852

LDLT (vs DDLT) 0.772 0.644 0.926 0.0051

Adjusted for donor:recipient age pairs, recipient diabetes, indication for transplant, living donor liver transplantation vs deceased donor liver 
transplantation, model for end-stage liver disease/pediatric end-stage liver disease model. LL: Lower limit; UL: Upper limit; CI: Confidence interval; OR: 
Odds ratio; YAD: Younger age donors, ≤ 45-years; MAD: Middle-aged donors, 46-69-years; OAD: Older age donors, ≥ 70-years; YAR: Younger age 
recipients, ≤ 55-years; OAR: Older age recipients, > 55-years; MASH: Metabolic dysfunction-associated steatohepatitis; ALD: Alcohol-related liver disease; 
DDLT: Deceased donor liver transplantation; HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; MELD: Model for end-stage 
liver disease; PELD: Pediatric end-stage liver disease model; LDLT: Living donor liver transplantation.

Survival analysis: YAD:YAR pairs had the highest median survival
YAD:YAR pairs had the highest median survival [5.3 (5.1-5.5) years], while MAD:OAR pairs had the lowest median 
survival [4.2 (4.1-4.3) years] (Supplementary Figure 2). Higher donor age had the highest rates of graft- and infection-
related mortality regardless of recipient age (Figure 2A and B). Though there were differences among donor age group 
pairs, older recipients independently had higher cardioneurovascular-, malignancy, and renal-related mortality (P < 
0.001; Figure 2C-E).

When assessing the cumulative incidence for competing causes of mortality by each donor:recipient age pair, 
infection-, graft-, and cardioneurovascular-related mortality were most prevalent within 1.5 years of follow-up (Figure 3). 
Malignancy-related mortality begins to rise, surpassing other causes of death earlier in follow-up among older recipients 
(Figure 3D-F). Malignancy-related mortality does not surpass graft-related mortality among MAD:YAR and OAD:YAR 
cohorts (Figure 3B and C). Supplementary Table 4 reports the distribution of common immunosuppression drugs and 
their associations with various cause-specific mortality.

Multivariate Fine-Gray competing risk survival analysis
Older donor:recipient age groups had a higher risk of graft- and infection-related mortality: Overall, older donor:re-
cipient age pairs had higher subdistribution hazards of all-cause mortality compared to YAD:YAR (P < 0.001). 
Donor:recipient age pairs had differing associations of cause-related mortality at 5- and 10-year follow-up (Table 3 and 
Supplementary Table 5). Older donor:recipient age pairs had higher subdistribution hazards of infection-related mortality 
compared to YAD:YAR, with the highest being among OAD:OAR (sHR = 3.06, 95%CI: 2.50-3.74). Other independent risk 
factors for infection-related death include: Recipient diabetes (sHR = 1.13, 95%CI: 1.03-1.24), HCV (sHR = 1.24, 95%CI: 
1.10-1.41), and worse functional status (mildly dependent sHR = 1.34, 95%CI: 1.21-1.49; totally dependent sHR = 2.02, 
95%CI: 1.78-2.30). Older recipients of donor:recipient age pairs had lower subdistribution hazards of graft-related 
mortality (YAD:OAR sHR = 0.68, 95%CI: 0.60-0.77; MAD:OAR sHR = 0.87, 95%CI: 0.76-0.98), while younger recipients 
had higher subdistribution hazards of graft-related mortality (MAD:YAR sHR = 1.42, 95%CI: 1.27-1.59; OAD:YAR sHR = 
1.72, 95%CI: 1.32-2.25). LDLT was independently associated with graft-related survival (sHR = 0.67, 95%CI: 0.51-0.89).

Older recipients had higher risks of cardioneurovascular-, malignancy-, and renal-related mortality: Donor:recipient 
age pairs with older recipients had higher subdistribution hazards for cardioneurovascular-, malignancy-, and renal-

https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
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Table 3 Multivariate Fine-Gray competing risk regression analysis identifying independent risk factors for different causes of death within 5-year outcomes

All-cause mortality Graft-related Infection-related Cardioneurovascular-
related Malignancy-related Renal-related

Characteristics
sHR 95%CI sHR 95%CI sHR 95%CI sHR 95%CI sHR 95%CI sHR 95%CI

Donor:recipient age pairs

YAD:YAR Reference - - Reference - - Reference - - Reference - - Reference - - Reference - -

YAD:OAR 1.22 1.17 1.27 0.68 0.60 0.77 1.44 1.27 1.63 1.46 1.32 1.62 1.36 1.22 1.51 1.56 1.07 2.29

MAD:YAR 1.21 1.16 1.26 1.42 1.27 1.59 1.53 1.34 1.74 1.04 0.92 1.17 0.93 0.82 1.05 1.30 0.85 1.99

MAD:OAR 1.34 1.29 1.40 0.87 0.76 0.98 1.91 1.69 2.17 1.45 1.30 1.61 1.31 1.17 1.45 1.90 1.29 2.79

OAD:YAR 1.38 1.24 1.53 1.72 1.32 2.25 2.28 1.71 3.05 0.85 0.59 1.23 0.86 0.63 1.18 1.01 0.32 3.27

OAD:OAR 1.33 1.23 1.44 0.99 0.76 1.28 3.06 2.50 3.74 1.18 0.94 1.49 1.09 0.89 1.33 2.49 1.37 4.53

Recipient diabetes 1.06 1.02 1.09 0.92 0.83 1.02 1.13 1.03 1.24 1.30 1.20 1.41 0.89 0.82 0.96 1.78 1.36 2.32

Recipient diagnosis

ALD Reference - - Reference - - Reference - - Reference - - Reference - - Reference - -

Autoimmune 
hepatitis

1.13 1.03 1.24 1.12 0.82 1.52 1.32 1.04 1.69 1.29 1.03 1.60 0.72 0.50 1.04 1.19 0.53 2.64

Biliary 0.93 0.87 0.99 1.03 0.84 1.27 1.05 0.88 1.25 0.87 0.74 1.03 1.09 0.90 1.33 0.54 0.26 1.11

HBV 0.96 0.86 1.08 0.93 0.64 1.37 0.73 0.51 1.03 0.86 0.65 1.15 1.96 1.49 2.57 0.64 0.20 2.07

HCC 1.48 1.41 1.56 0.72 0.72 0.72 0.99 0.85 1.16 1.02 0.89 1.17 3.05 2.65 3.50 1.01 0.65 1.57

HCV 1.30 1.25 1.36 2.14 1.87 2.44 1.24 1.10 1.41 1.09 0.97 1.21 1.38 1.21 1.58 1.22 0.84 1.77

Idiopathic 1.06 1.01 1.12 1.03 0.87 1.22 1.01 0.87 1.17 1.26 1.11 1.42 0.88 0.74 1.05 1.13 0.73 1.74

MASH 1.19 1.13 1.26 0.93 0.75 1.14 0.99 0.85 1.16 1.17 1.02 1.33 0.94 0.78 1.14 1.18 0.74 1.85

Other 2.14 1.94 2.36 0.96 0.63 1.45 1.04 0.71 1.52 1.02 0.72 1.44 7.04 5.85 8.47 0.66 0.16 2.77

Recipient functional status

Independent Reference - - Reference - - Reference - - Reference - - Reference - - Reference - -

Mildly dependent 1.25 1.21 1.30 1.09 0.99 1.21 1.34 1.21 1.49 1.30 1.19 1.43 1.08 1.00 1.17 1.10 0.82 1.47

Totally dependent 1.72 1.65 1.80 1.15 1.00 1.32 2.02 1.78 2.30 1.83 1.63 2.04 1.12 0.99 1.26 1.36 0.91 2.05

LDLT (vs DDLT) 1.07 1.00 1.15 0.67 0.51 0.89 1.22 0.98 1.51 0.87 0.71 1.06 0.94 0.79 1.13 0.97 0.48 1.97



Hasjim BJ et al. Donor-recipient age mismatch in LT

WJT https://www.wjgnet.com 8 December 18, 2025 Volume 15 Issue 4

Adjusted for donor:recipient age pairs, functional status at transplant, recipient diabetes, transplant indication, living donor liver transplantation vs deceased donor liver transplantation, model for end-stage liver disease/pediatric end-
stage liver disease model. CI: Confidence interval; sHR: Subdistribution hazard ratio; YAD: Younger age donors, ≤ 45-years; MAD: Middle-aged donors, 46-69-years; OAD: Older age donors, ≥ 70-years; YAR: Younger age recipients, ≤ 
55-years; OAR: Older age recipients, > 55-years; MASH: Metabolic dysfunction-associated steatohepatitis; ALD: Alcohol-related liver disease; HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; LDLT: 
Living donor liver transplantation; DDLT: Deceased donor liver transplantation.

related mortality (P < 0.001; Table 3). Compared to YAD:YAR, older donors (YAD:OAR, sHR = 1.46, 95%CI: 1.32-1.62; 
MAD:OAR sHR = 1.45; 95%CI: 1.30-1.61) had higher risks of cardioneurovascular-related mortality. Similarly, older 
donors had higher risks of malignancy- (YAD:OAR, sHR = 1.36, 95%CI: 1.22-1.51; MAD:OAR sHR = 1.31; 95%CI: 1.17-
1.45) and renal-related (YAD:OAR, sHR = 1.58, 95%CI: 1.07-2.29; MAD:OAR sHR = 1.90; 95%CI: 1.29-2.79; OAD:OAR 
sHR = 2.49, 95%CI: 1.37-4.53) mortality. These associations were replicated in a sensitivity analysis utilizing a donor age 
cutoff of 65 years (Supplementary Table 3).

DISCUSSION
Not surprisingly, older donor:recipient age pairs were associated with higher rates of all-cause mortality. However, there 
were differences in late causes of mortality between donor:recipient age pairs. Patients receiving allografts ≥ 70 years had 
higher risks of graft- and infection-related mortality. In contrast, recipient age had a more significant impact on 
cardioneurovascular-, malignancy, or renal-related deaths. Additionally, regardless of recipient age, patients receiving 
allografts ≥ 70 years have a lower likelihood of improving their functional status at 5 years post-LT. These findings 
suggest varying risks of morbidity with different donor:recipient age pairs, which may hold important implications for 
decisions on organ offer acceptance.

The utilization of older allografts is an important strategy for expanding the donor pool for LT to meet its demand. In 
this study, even when allocated to younger recipients, older donor allografts were associated with higher risks of graft- 
and infection-related mortality. Prior studies similarly show that older allografts were more susceptible to graft-related 
complications, especially when other risk factors such as cold ischemia time, steatosis, and recipient comorbidities are 
present[15,18]. In addition to “inflammaging”, the result of an imbalance between a chronically inflamed state and 
oxidative stress that occurs throughout life, older allografts may also be more prone to ischemic reperfusion injury (IRI) 
that can manifest as graft- or infection-related complications[19,20]. IRI from extended cold or warm ischemia time may 
result in nonanastomotic biliary complications and up to 10% of all early allograft failures[21-23]. Recent advances in 
preservation methods across all solid organ transplantation have aimed to reduce IRI[24-26]. Particularly in DCD donors, 
where the incidence of biliary complications is 3 times as high as donation after brain stem death donors[27,28], hy-
pothermic machine perfusion has been shown to reduce the risk of non-anastomotic biliary strictures by nearly 75% in the 
hypothermic oxygenated machine perfusion-DCD randomized controlled trial (NCT02584283)[29]. Future work to 
mitigate IRI, as advances in normothermic or hypothermic machine perfusion will be important to mitigate the risks of 
graft- and infection-related complications associated with older and other high-risk allografts.

Poor outcomes among older donor:recipient age pair mismatch can also be observed through secondary endpoints 
such as compromised physical and cognitive function[9]. Functional status is a known powerful predictor of mortality in 
LT[30-33], and we found that patients receiving older allografts had lower odds of improvements in post-LT functional 
status, regardless of recipient age. Compared to YAD:YAR, young and old recipients of OAD had lower odds of 
improving their functional status post-LT by 47.3% and 32.6%, respectively. These findings build upon the existing 

https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f64faa7e-7577-4a71-a8ae-1448fae5d0b0/108376-supplementary-material.pdf
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Figure 2 Post-liver transplantation survival of patients stratified by each pairing of donor and recipient age. Incrementally increasing donor age 
in each respective donor:recipient pair had increasing rates of graft- and infection-related mortality. Conversely, cardioneurovascular-, malignancy, and renal-related 
mortality were largely driven by recipient age as incrementally increasing recipient age in each respective donor:recipient pair had increased rates of these outcomes. 
A: Graft-related; B: Infection-related; C: Cardioneurovascular-related; D: Malignancy-related; E: Renal-related mortality. YAD: Younger age donors, ≤ 45-years; MAD: 
Middle-aged donors, 46-69-years; OAD: Older age donors, ≥ 70-years; YAR: Younger age recipients, ≤ 55-years; OAR: Older age recipients, > 55-years.

literature that found that older patients had lower improvements in functional status over time. In an analysis of the 
United Network for Organ Sharing database, older age was already independently associated with higher probabilities of 
having no improvements in functional status after LT[30]. Patients without improvements in functional status between 3-
12 months after LT only had a 33% one-year survival rate compared to 91%-99% of patients who had improvements in 
functional status[30]. Our study further identifies a subset of vulnerable LT patients who were already at high risk of 
frailty and further highlights the importance of pre-habilitative interventions prior to LT to improve outcomes. Exercise 
training in LT candidates and recipients improves health-related quality of life, cardiorespiratory, and muscular fitness
[34-37]. Timing of such interventions, determination of consensus clinical endpoints, and adherence to pre-/rehabilitation 
programs should be incorporated in future research to optimize outcomes in this at-risk population[38].

While donor age was associated with graft- and infection-related mortality, recipient age was the primary link to 
cardioneurovascular- or malignancy-related mortality. These results underscore the nuances of competing risks of 
specific causes of death. In these scenarios, different causes of death preclude the occurrence of other causes[39]. Because 
older allografts have higher rates of graft- and infection-related mortality, they inherently will have lower rates of other 
causes of death, such as cardioneurovascular or malignancy. Particularly in malignancy-related mortality, its rates begin 
to surpass those of other causes of death among recipients of younger donor allografts only after 1.5 years post-LT. In 
contrast, recipients of older donor allografts experience higher rates of non-malignancy-related mortality until approx-
imately 3 years post-LT. Depending on both donor and recipient age, these findings may help clinicians and patients 
anticipate the differential risks of cause-specific mortality over time.

Currently, the liver allocation policy prioritizes the distribution of age-matched pediatric liver donors to pediatric LT 
candidates over their adult counterparts[40]. However, this age-matched allocation advantage does not apply after 
patients enter young adulthood. Large donor:recipient age gaps have been associated with increased risks of mortality by 
as much as 97% among those with differences spanning ≥ 20 years[41]. Given the projected increasing availability of older 
allografts, their potential interactions with increasing utilization of organ donation after DCD, other extended criteria, 
and advances in organ preservation through machine perfusion, it may be prudent to revisit the role of age matching in 
organ allocation[42,43]. We found that donors in older donor:recipient age pairs had higher rates of comorbidities such as 
diabetes and hypertension. Despite this, older LT recipients who received organs from older donors have demonstrated 
comparable long-term survival compared to older LT recipients of younger donors[44]. In these cases, matching older 
recipients to older allografts may offer a survival benefit, particularly when the liver offer might otherwise fall below the 
typical threshold for transplantation[45]. Conversely, high-risk organs, DCD, and LDLT from younger donors may be 
matched with younger recipients to optimize the survival benefit of an allograft. Moving from the “sickest first” 
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Figure 3 Competing risk cumulative incidence curves for post-liver transplantation, cause-specific mortality by each donor:recipient age 
pair. Cause-specific mortality and alternative causes of death were treated as competing risks. Within each donor:recipient subgroup, infection-, graft-, and 
cardioneurovascular-related mortality were most prevalent within the first 1.5 years of follow-up. Rates of graft- and Infection-related mortality rise with incremental 
increases of donor age among young recipients. Malignancy-related mortality begins to rise at later follow-up endpoints and eventually surpasses most causes of 
death. Among older recipients (younger age donors, ≤ 45-years (YAD): Older age recipients, > 55-years (OAR), middle-aged donors, 46-69-years: OAR: Older age 
donors, ≥ 70-years: OAR), malignancy-related mortality surpasses other causes of death sooner in follow-up. A: YAD: Younger age recipients, ≤ 55-years; B: Middle-
aged donors, 46-69-years: YAR; C: Older age donors, ≥ 70-years: Younger age recipients, ≤ 55-years; D: YAD: OAR; E: Middle-aged donors, 46-69-years: OAR; F: 
Older age donors, ≥ 70-years: OAR. YAD: Younger age donors, ≤ 45-years; MAD: Middle-aged donors, 46-69-years; OAD: Older age donors, ≥ 70-years; YAR: 
Younger age recipients, ≤ 55-years; OAR: Older age recipients, > 55-years.

allocation policy established by the MELD to a policy that is grounded on allograft utility and maximizing the total 
lifespan saved by LT may have major epidemiological ramifications[46]. Among younger patients who are not in 
emergent need of LT, preferential allocation of a younger-aged donor offers could optimize organ utility by increasing 
postoperative graft survival time[42]. Investigating the impact of age-matched policies within the context of current 
advances in expanding the donor pool is warranted.

There were several limitations to our study. First, because this was a retrospective review, we must caution from 
assuming causality in the observed associations we found. Second, this study only accounts for donor characteristics from 
the United States, which may vary from those of international cohorts. Second, the present analysis did not account for 
differences in immunosuppression therapy. Different post-LT immunosuppressive strategies (e.g., mTOR inhibitors vs. 
calcineurin inhibitors) have been associated with differences in late outcomes (e.g., de novo malignancies)[47-49]. Unfortu-
nately, these variables had significant amounts of missingness, low sample sizes at long-term endpoints in the SRTR 
dataset, and could not account for differences in immunosuppression strategies that prevented further investigation or 
biostatistical analysis. Third, perioperative characteristics such as operating time, transfusion requirements, and 
hemodynamic instability were not accounted for in our analyses since these data were not available in the SRTR. While 
these factors may influence immediate perioperative outcomes, their impact on long-term outcomes - the primary focus 
of our study - is less substantial[50,51]. Lastly, the Karnofsky Performance Scale to measure functional status may not 
map perfectly to frailty (e.g., liver frailty index) and has been subject to wide-ranging interrater reliability[52,53]. 
However, the Karnofsky Performance Scale can still provide valuable insights between functional status and mortality[8,
30,54]. Future work assessing biomarkers of cellular senescence among LT patients and their associations with key clinical 
endpoints such as mortality, quality of life, frailty, and cognitive function will be essential to advance the field. Longit-
udinal, prospective study designs can also mitigate these limitations.
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CONCLUSION
In conclusion, our study provides insight into differences in late, cause-specific post-LT mortality between 
donor:recipient age pairs. Older donors, even among those paired with younger recipients, were associated with higher 
rates of all-cause, graft-, and infection-related mortality. Additionally, these patients had a lower likelihood of improving 
functional status. Among cardioneurovascular-, malignancy, and renal-related mortality, older recipient age was more 
strongly associated with poor outcomes than donor age. Organ acceptance of older allografts should be performed in 
carefully selected patients, and further investigation of other LT endpoints in the aging donor and/or recipient is 
warranted.
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