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Abstract

Background: The management of end-stage renal disease (ESRD) is undergoing a paradigm
shift, with increasing emphasis on kidney transplantation as a preferred treatment modality
for elderly patients (>65 years), who constitute a substantial portion of new ESRD cases.
Transplantation offers markedly superior survival and quality of life (QoL) advantages
compared to dialysis for this demographic. Nevertheless, key determinants such as frailty,
physical functionality, and cognitive function have emerged as critical predictors of post-
transplant success. Despite their relevance, standardized methodologies for evaluating
these parameters in transplantation candidacy remain absent. This systematic review exam-
ines the influence of frailty, physical functionality, and cognitive function on outcomes in
elderly kidney transplant recipients. Methods: Adhering to PRISMA guidelines, a rigorous
literature search was conducted across PubMed, CINAHL, Embase, PsycINFO, and the Web
of Science for studies published up to October 31, 2024. Relevant studies focused on elderly
transplant candidates and examined correlations between frailty, physical functionality,
or cognitive function and post-transplant outcomes. The Newcastle-Ottawa Scale was
employed to evaluate studies quality. Results: Seven studies met the inclusion criteria.
Five explored physical functionality, demonstrating that better pre-transplant physical
performance predicts enhanced survival. Two studies addressed frailty, utilizing the Fried
frailty phenotype, and linked frailty to elevated mortality and diminished QoL recovery.
Notably, no studies explored cognitive function in elderly kidney transplant candidates
or recipients and its association with post-transplant outcomes, exposing a salient gap in
the literature. The included studies’ varied methodologies, reliance on single time-point
assessments, and exclusive focus on kidney transplant recipients restrict both compara-
bility among studies and the generalizability of findings to the broader end-stage renal
disease (ESRD) population. Conclusions: These findings underscore the profound impact
of physical functionality and frailty on transplant outcomes in the growing elderly kidney
transplant population, illuminating the necessity for standardized assessment protocols
and targeted pre-transplant interventions. The critical gap in cognitive function research
underscores a vital direction for future investigation. This research received no external
funding. This review is registered with PROSPERO under registration ID CRD42025645838.
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1. Introduction

The landscape of end-stage renal disease (ESRD) treatment is evolving, with kidney
transplantation emerging as a critical option for elderly patients. In the United States, indi-
viduals over 65 account for more than three-quarters of incident ESRD cases; however, only
about 26% of kidney transplant recipients in 2024 fall within this age group [1,2]. Recent
policy changes, such as the ESRD Treatment Choices Model [3], have introduced financial
incentives for dialysis providers to increase transplant referrals, potentially expanding the
number of elderly patients being evaluated for transplantation [2].

Around the world, there is a similar increasing burden of CKD and ESRD among
the elder population, with similar trends in European countries, including Germany [4,5].
Around 80,000 people in Germany alone undergo renal replacement therapy, with the
highest proportion being older adults over the age of 65 [6,7]. These trends highlight the
need for effective transplant evaluation protocols for elderly patients to improve outcomes
in this population.

Kidney transplantation offers significant advantages over dialysis, including improved
survival, enhanced quality of life (QoL), and lower long-term costs [1]. However, elderly
transplant recipients face unique challenges. While transplantation often provides greater
benefits than dialysis, the typically limited life expectancy in this population raises concerns
regarding its impact on longevity, complications, and QoL improvements [8]. Unlike other
solid organ transplants, kidney transplant programs do not impose a universal age cutoff;
instead, candidates undergo individualized evaluations [9]. While transplant centers
routinely assess cardiovascular, pulmonary, metabolic, and malignancy risks, there is
increasing recognition that additional factors should be considered, given the significant
phenotypic variation among elderly patients [8].

Current CKD management involves not only pharmacological intervention and dial-
ysis but also technological innovations such as telemedicine, wearable dialysis monitors,
and Al-based risk stratification models [10,11]. This helps provide personalized care and
improve pre- and post-transplant outcomes. Moreover, the importance of nursing care in
nephrology and dialysis has also significantly expanded. In addition to technical advances,
relational and communication skills are essential in building patients’ trust to improve
compliance and eliminating psychosocial barriers among elderly patients undergoing renal
care [12].

Three key factors influencing post-transplant outcomes in older adults—frailty, cog-
nitive impairment, and physical function—remain underexplored in pre-transplant eval-
uations. Frailty, a syndrome marked by reduced strength, endurance, and physiological
reserve, heightens vulnerability to adverse outcomes and is highly prevalent in elderly
patients with chronic kidney disease (CKD) [8]. Despite its clinical relevance, there are
no standardized guidelines for integrating frailty into transplant eligibility decisions [13].
Similarly, cognitive impairment, a transitional state between normal cognition and demen-
tia, is an emerging risk factor for poor outcomes in ESRD patients [14]. While dementia is
considered a relative contraindication for transplantation, no established guidelines exist
for assessing cognitive impairment in transplant candidates [14]. Physical function, defined
as an individual’s ability to perform daily physical tasks, also plays a crucial role in trans-
plant outcomes. Studies suggest that physical deconditioning is common among elderly
renal patients and is associated with poor post-transplant recovery [15]. Despite growing
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interest in functional assessment tools, no standardized protocols exist for incorporating
these measures into the transplant selection process [15].

A comprehensive pre-transplant evaluation should ideally predict post-transplant
outcomes, particularly in terms of survival and QoL. However, no widely used predictive
models currently exist to assess transplant candidacy in elderly patients [9]. This systematic
review aims to address this gap by examining the role of frailty, cognitive function, and
physical function in pre-transplant assessments. We will explore the current methods
used to evaluate these factors in elderly kidney transplant candidates, assess their im-
pacts on QoL and long-term survival, and review any reported post-transplant changes.
Additionally, we aim to identify key considerations for integrating these factors into the
transplant selection process. By investigating these elements, this review seeks to improve
our understanding of their influence on transplant outcomes and inform future refinements
in candidate selection for elderly patients being evaluated for kidney transplantation.

2. Methods

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [16]. A compre-
hensive literature search was performed on 31 October 2024 across five major databases:
PubMed, CINAHL, Embase, PsycINFO, and the Web of Science. Predefined keywords were
used to identify relevant studies, as outlined in Table S1 of the Supplementary Materials.
This review is registered with PROSPERO under registration ID CRD42025645838.

2.1. Search Strategy and Selection Criteria

A structured search strategy was developed using Boolean operators to refine and
enhance the identification of pertinent studies across the selected databases. The specific
search terms employed are detailed in Table S1 of the Supplementary Materials. No
publication year restrictions were applied in the search strategy. Following the database
search, all retrieved articles were imported into EndNote 20.0 reference management
software, where duplicate entries were removed.

The eligibility of studies was assessed through a two-stage screening process. First, two
independent reviewers screened the titles and abstracts to exclude irrelevant articles. Next,
the full texts of the remaining studies were reviewed for inclusion based on predefined
eligibility criteria. Disagreements between reviewers were resolved through discussion
until a consensus was reached.

Studies were included if they met the following criteria: (1) focused on elderly patients
(>65 years) undergoing or being evaluated for kidney transplantation, (2) assessed frailty,
physical function, or cognitive function in the context of kidney transplantation, (3) reported
outcomes related to QoL, survival, or changes in frailty, physical function, and cognitive
function post-transplant, (4) were observational studies, randomized controlled trials, or
systematic reviews, and (5) were published in English. Studies were excluded if they (1) did
not focus on elderly kidney transplant patients, (2) did not assess frailty, physical function,
or cognitive function in relation to kidney transplantation, (3) failed to report relevant
outcomes, (4) were case reports, commentaries, editorials, or non-peer-reviewed literature,
(5) focused on other organ transplants or non-transplant interventions (e.g., dialysis-only
studies), or (6) were duplicate publications without new analyses. The full inclusion and
exclusion criteria are detailed in Table S2 of the Supplementary Materials. Table S4 presents
the PRISMA 2020 checklist as it applies to our systematic review.
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2.2. Data Collection and Presentation

A standardized data extraction form was developed to ensure consistency in collecting
relevant information. The extracted data included bibliographic details, study objectives,
participant characteristics, transplant evaluation methods, and reported outcomes related
to frailty, physical function, and cognitive function. Specific attention was given to studies
that examined changes in these factors post-transplant.

Data extraction was independently performed by one reviewer and reviewed by a
second to ensure accuracy. The extracted information was synthesized and organized
into tables to facilitate comparative analysis. One table was dedicated to studies focus-
ing on pre-transplant assessments of frailty, physical function, and cognitive function,
while another summarized the findings on post-transplant changes and their impacts on
patient outcomes.

2.3. Quality Appraisal

The quality of the included studies was assessed using the Newcastle-Ottawa Scale
(NOS), a validated tool for evaluating the risk of bias in observational studies [17]. The
NOS evaluates studies across three domains—the selection of study groups, comparability
of cohorts, and assessment of outcomes or exposures—assigning a maximum score of nine
stars. Studies with higher scores were considered to have a lower risk of bias, whereas
those with fewer stars indicated potential methodological limitations. Two independent
reviewers conducted the appraisal, resolving any discrepancies through discussion or
consultation with a third reviewer when necessary.

2.4. Ethics Approval and Role of Funders

As this study is based on previously published literature, ethical approval was not
required. All included studies had undergone prior ethical review by their respective
research teams. Additionally, this systematic review did not receive any external funding.

3. Results
3.1. Literature Search

Figure 1 outlines the study selection process for our systematic review. A comprehen-
sive literature search across five databases—PubMed (n = 138), Embase (n = 304), Medline
(n =33), CINAHL (n = 14), and the Web of Science (n = 140)—yielded a total of 629 records.
After removing 269 duplicates via EndNote, 360 unique records were screened based on
titles and abstracts. This initial screening led to 44 full-text articles being assessed for
eligibility. Following full-text evaluation, 37 articles were excluded due to reasons such as
wrong outcome (1 = 12), wrong population (n = 19), and wrong exposure (1 = 6), resulting
in 7 studies that were included in the final qualitative synthesis.

3.2. Quality Assessment

The quality assessment of the included studies, evaluated using the NOS [17], demon-
strated an overall low risk of bias across most domains (Table S3, Figures S1 and S2).
The highest-quality studies consistently met the criteria for selection, comparability, and
outcome assessment, particularly in areas such as representativeness of the exposed co-
hort, selection of the non-exposed cohort, and ascertainment of exposure. However, one
study had an unclear risk of bias in the design and analysis domain, indicating potential
methodological concerns regarding confounding adjustment or study design robustness.
Additionally, all studies adequately addressed follow-up duration and outcome assessment,
ensuring reliable long-term evaluations of post-transplant outcomes.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) study
selection flow diagram outlining the literature review process when searching for articles on various

databases.

3.3. Overview of Findings
3.3.1. Physical Function and Post-Transplant Outcomes

Five studies [18-22] investigated the relationship between physical function and post-
transplant survival in elderly kidney transplant recipients (>65 years). These studies
employed both retrospective [18,20] and prospective [19,21,22] cohort designs, with sample
sizes ranging from 181 [21] to 26,721 [18] participants (Table 1).
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Various methods were used to assess physical function (Table 2), including self-
reported measures such as the Physical Function (PF) Subscale of the SF-36 question-
naire [20] and the Kidney Disease Quality of Life Short Form, version 1.3 (KDQOL-SF
v1.3) [19,21]. Objective performance-based assessments included the Short Physical Perfor-
mance Battery (SPPB) [22] and a classification of assistance levels [18]. Despite methodologi-
cal differences, all five studies consistently demonstrated that better pre-transplant physical
function was associated with lower post-transplant mortality. Studies utilizing objective
assessments, such as the SPPB, provided stronger predictive value for survival compared to
self-reported measures. Prospective studies further indicated that post-transplant changes
in physical function correlated with long-term survival outcomes, emphasizing the need
for continuous physical function assessment in elderly kidney transplant recipients.

The timing of assessments varied. In two studies by Tsarpali et al. [19,21], physical
function was assessed pre-transplant and followed over time, with trajectories of func-
tional decline post-transplant predicting mortality risk [21]. One study [21] reported that
recipients with a poor functional trajectory had a 2.4-fold increased mortality risk, empha-
sizing the importance of tracking changes rather than relying on a single pre-transplant
assessment. Nastasi et al. [22] found that recipients >65 years with SPPB impairment
had a 27.1% five-year mortality rate, compared to 8.5% in unimpaired recipients. This
suggests that interventions targeting lower extremity function before transplantation could
improve survival.

Retrospective analyses using UNOS/OPTN data also reinforced the importance of
physical function status. Reese et al. [20] demonstrated that the absolute difference in
three-year mortality between the highest and lowest physical function quartiles was 14% in
recipients >65 years, the largest discrepancy among all age groups. Brar et al. [18] similarly
found that age itself was not predictive of survival, emphasizing that physical function
status should be evaluated alongside age in transplant decision making.

Despite methodological differences, all studies consistently link higher pre-transplant
physical function with improved outcomes (Table 3).

3.3.2. Frailty as a Predictor of Transplant Outcomes

Two studies [23,24] examined frailty as a determinant of post-transplant outcomes
in elderly recipients, employing the Fried frailty phenotype as the standardized assess-
ment tool. Both studies followed a prospective cohort design, with sample sizes ranging
from 443 [24] to 537 [23] participants. It is important to note that these studies [23,24]
employed a modified scoring system for the Fried frailty criteria, differing from the original
in keyways and potentially impeding direct comparisons of results with studies using the
original scoring system. McAdams-DeMarco et al. [23] found that frailty was significantly
associated with increased post-transplant mortality; frail recipients had significantly lower
one-year survival rates (85.8%) compared to non-frail (97.5%) and intermediately frail
(97.4%) recipients. This association was independent of age. The other study [24] evalu-
ated the impact of frailty on health-related quality of life (HRQOL) post-transplantation,
showing that younger frail recipients experienced a 5.33-point increase in physical HRQOL,
whereas older frail recipients showed a 0.50-point decline (p = 0.02). Similarly, kidney
disease-specific HRQOL improved by 12.55 points in younger frail recipients but only
5.17 points in older frail recipients (p = 0.04). In both studies, frailty assessments were
performed only at the time of transplantation; no longitudinal assessment was conducted
(Table 4).
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Table 1. Characteristics of studies evaluating physical function.
. Participants .
0,
Sa(l;l(lio‘lli?ze Recf) (i)efents % Gender Number of Not Yet on Fcl)\IIlf)ci\I:II}
Author(s) Year Country Study Design 4 Age Range  Mean Age P Distribution  Participants = Time on Dialysis Dialysis at - P
Transplant Were Aged o . . 4 Time Post-
. . (% Women) on Dialysis the Time of
Recipients) >65 Years . Transplant
Evaluation
Reese et al. observational study
[20] 2014 US. (retrospective cohort study) 10,875 50 14 37 10,875 >1 years 0 1631 days
Braretal. 501 us. observational study 26,721 65 t0 96 100 37 21,427 5226
[18] (retrospective cohort study)
. observational study
Nastasi et al. 2018  US. (prospective, two-center, 719 18.7 to >L6 20 38 581 138 2 years
[22] loneitudi 86.0 yrs (SD=14.2)
ongitudinal study)
Tearpali ot al observational study 71 median =
}El 9] " 2022 Norway (prospective, single-center, 192 65 to 84 yrs (SD _ 41) 100 31 145 27.5 months 47 4.6 years
longitudinal study) - (17.6-43.2 months)
. observational study median =
Tsarpali et al. . .
*[21] 2022 Norway (prospective, single-center, 181 65 to 84 yrs 72 100 31 27.4 months 4.9 years
longitudinal study) (17.3-43.2 months)
US = United States; SD = standard deviation; yrs = years; * different study by the same first author published in the same year.
Table 2. Physical function assessment methods.
Author(s) Year Physical Function Assessment Method Benefits Limitations
Physical Function (PF) Subscale of the Medical SF-36 has been Vahclﬁ’:idsfi:r l;iiee;riselderly patients and PF scale is a subjective, self-reported measure
Reese et al. [20] 2014 Outcomes Study Short Form-36 (SF-36) . ysis pa .
- . Continuous measure that classifies patients over a spectrum
questionnaire .
of severity
Level of assistance (total assistance, moderate . L . A . .
Brar et al. [18] 2021 . . A straightforward categorization of physical status A classification system is relatively crude
assistance, no assistance)
Objective assessment of lower extremity function Focuses on lower extremity function
. . May not capture the full spectrum of
Nastasi et al. [22] 2018 Short Physical Performance Battery (SPPB) Well-validated physical assessment tool physical function
Test takes approximately 5 to 10 min to complete
. . . . All HRQOL data are self-reported and may
Tsarpali et al. [19] 2022 Kidney Disease Quality of Life Short Form, Relatively straightforward to administer and score be subjected to bias
Tsarpali et al. * [21] 2022 version 1.3 (KDQOL-SF v1.3) Captures the patient’s perspective on their physical function and QoL

QoL = quality of life; HRQOL = health-related quality of life; * different study by the same first author published in the same year.
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Table 3. Main findings in studies evaluating physical function.

Author(s) Year Primary Outcome Primary Exposure Main Finding for Subgroup >65 Years of Age
. . . y . . Functional status predicted survival across all age groups, but recipients aged
Reese et al. [20] 2014 Patient survival after transplantation Pre-transplant Physical Function (PF) score >65 years had the greatest risk difference between low and high PF quartiles
Brar et al. [18] 2021 Patient survival after transplantation Assistance level, classified into 3 groups Patient survival was 51gn1f1§antly. hlghgr in recipients Wh(.) needed no assistance
and lowest in patients in need of total assistance
. . . . Compared to younger unimpaired recipients, older impaired recipients
Nastasi et al. [22] 2018 Post-kidney transplant mortality Short Physical Performance Battery (SPPB) score (>65 years) had a 2.60-fold higher risk of post-KT mortality
Tsarpali et al. [19] 2022 Patient survival after transplantation Health—related'quahty O.f life, with a focus on the A PF score < 60 was associated with a 2-fold increase in mortality risk
physical function component
Tsarpali et al. * [21] 2022 Patient survival after transplantation Longitudinal HRQOL trajectories during the first ~ Older recipients who experienced a poor PF trajectory during the first post-KT year

post-KT year, particularly PF domain

had a 2.4 times higher mortality risk compared to those with a good PF trajectory

QoL = quality of life; HRQOL = health-related quality of life; KT = kidney transplant; * different study by the same first author published in the same year.

Table 4. Characteristics of studies evaluating frailty.

. Participants .
0,
Sa(rln(fcllif;ze Recﬁ)‘i):nts % Gender Number of Time on Not Yet on F(l)\;[lf)ilr?gp
Author(s) Year Country Study Design Age Range Mean Age Distribution ~ Participants . . Dialysis at .
Transplant Were Aged o . . Dialysis 4 Time Post-
.. (% women) on Dialysis the Time of
Recipients) >65 Years E . Transplant
valuation
McAdams- observational study 53
DeMarco et al. 2015  US. (prospective, single-center, 537 (SD = 14.0) 40 2.7 years
[23] longitudinal study) T
McAdams- observational study N
DeMarco et al. 2018 U.S. (prospective, two-center, 443 81 6969 t;)s (SD 521 4.1) 37 379 ?1:/[286(1 122;1; 64 7.7 months
[24] longitudinal study) s T w0y

US = United States; SD = standard deviation; yrs = years.
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3.3.3. Cognitive Function and Transplant Outcomes

No studies in our review specifically examined cognitive function in elderly kidney
transplant candidates or recipients and its association with post-transplant outcomes.

4. Discussion

This systematic review sought to evaluate the impact of physical function, frailty, and
cognitive function on post-transplant outcomes in elderly kidney transplant recipients,
highlighting assessment practices, their influence on quality of life and survival, and any
changes observed after transplantation. To the best of our knowledge, this systematic
review is the first to comprehensively assess the impact of physical function, frailty, and
cognitive function on post-transplant outcomes in elderly kidney transplant recipients.
The inclusion of only seven studies indeed reflects a genuine paucity of available research
specifically addressing functional status and its association with post-transplant outcomes
in the elderly kidney transplant population. This scarcity is not primarily attributable to
overly stringent inclusion criteria but rather to the fact that most published studies did not
conduct age-specific analyses or report outcomes separately for elderly recipients. As a
result, the evidence base for this important subgroup remains limited.

Our findings highlight that better pre-transplant physical function is associated with
improved survival, whereas frailty increases mortality risk and affects post-transplant
HRQOL. Despite these associations, assessments of physical function and frailty remain
inconsistent across studies, and no research to date has examined the role of cognitive
function in this population. Additionally, most studies relied on single time-point evalu-
ations, limiting insights into longitudinal trends. These findings emphasize the need for
standardized, evidence-based assessment protocols and targeted interventions to optimize
transplant outcomes in older candidates. Although our review aimed to identify research
focused on the optimal assessment of frailty, physical function, and cognitive function in
elderly candidates prior to transplantation, we found that none of the included studies
directly investigated this question.

4.1. Physical Function and Post-Transplant Outcomes

The results summarized in Tables 2 and 3 highlight the prognostic significance of both
self-reported and objective physical function assessments in predicting post-transplant
survival for elderly kidney transplant recipients. Self-reported tools captured patient
perspectives on daily activity limitations but were prone to subjective bias. The SPPB, an
objective measure of lower extremity function, demonstrated stronger predictive value
for post-transplant survival, although it does not account for upper body strength or
endurance [22]. The consistent association between higher pre-transplant physical function
and better post-transplant survival underscores the necessity of including such assessments
in clinical evaluations of older transplant candidates.

Differences in the timing and frequency of assessments, as well as variability in tools
used, present limitations for direct study comparisons. Most studies did not account for
longitudinal changes in function beyond the first-year post-transplant, limiting insights
into recovery patterns. Notably, none of the studies assessing physical function investigated
its effect on quality of life after transplantation in the elderly population. Future studies
should focus on standardized assessment time points and interventions that could enhance
physical function before and after transplantation.

4.2. Frailty and Post-Transplant Outcomes

This review results reinforce frailty’s importance as a prognostic factor in post-
transplant outcomes among elderly recipients. Not only was frailty linked to higher
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post-transplant mortality, but its impact was also found to be independent of chronological
age [23], supporting the use of frailty as a distinct predictor during transplant evaluation.
The findings on HRQOL suggest that while younger frail recipients may achieve improve-
ments after transplant, older frail recipients are less likely to experience these benefits,
indicating that physiological resilience may play a critical role in recovery. However, inter-
pretation of these results is complicated by variations in frailty scoring methods, which may
impede direct comparisons with studies using the original Fried criteria. An additional
limitation is that frailty was assessed only at transplantation, thus the dynamic nature of
frailty and its ongoing influence on outcomes remains unclear. These observations highlight
the need for standardized frailty assessments and further longitudinal research to better
inform risk stratification and optimize outcomes in elderly transplant candidates.

4.3. Cognitive Impairment and Post-Transplant Outcomes

Our review identified no studies that specifically investigated cognitive function
in elderly kidney transplant candidates or recipients, and its association with post-
transplant outcomes. A prospective study that did not exclusively focus on recipients
aged >65 evaluated kidney transplant outcomes in recipients with cognitive impairment.
In this study, cognitive impairment was assessed at the time of transplantation using the
Modified Mini-Mental State (3MS) examination, and recipients with cognitive impairment
were found to have a significantly increased risk of all-cause graft loss, defined as graft
failure or mortality. Specifically, living donor kidney transplant recipients with any cog-
nitive impairment had a 5.4-fold higher risk of all-cause graft loss compared to those
without impairment, while deceased donor recipients with severe cognitive impairment
had nearly a threefold increased risk. Notably, the prevalence of cognitive impairment was
higher among older adults, with 22.9% of recipients aged 71-79 affected. These findings
underscore that cognitive impairment—regardless of age—can substantially influence
post-transplant outcomes, highlighting the importance of screening for and addressing
cognitive deficits in kidney transplant candidates and recipients to improve survival and
graft function [14].

In her comprehensive review [25], Golenia et al. highlighted that cognitive impairment
is a prevalent but under-recognized issue in kidney transplant recipients; while validated
tools like the Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination
(MMSE) are widely used, the MoCA is preferred for its higher sensitivity in detecting mild
deficits, yet challenges to routine cognitive evaluation include the lack of standardized,
transplant-specific tools, confounding factors such as depression and immunosuppressive
therapy, and resource constraints, highlighting the urgent need for future research to
implement systematic screening, adjust for relevant comorbidities, and develop targeted
interventions to better understand and address cognitive outcomes in this population [25].

4.4. Clinical and Public Health Implications

The findings of this review have direct implications for clinical practice, transplant
policy, and public health initiatives, particularly in how frailty, physical function, and
cognitive function are assessed and managed in elderly kidney transplant candidates.

The current pre-transplant evaluation process often prioritizes chronological age, yet
our review highlights that physical function status and frailty are stronger predictors of
long-term survival and quality of life. Integrating standardized, objective assessments
of frailty (e.g., Fried frailty phenotype), physical function (e.g., SPPB), and, when pos-
sible, cognitive function could refine risk stratification and help transplant teams make
individualized eligibility decisions.
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Additionally, the evidence suggests that prehabilitation strategies targeting physical
function and frailty may improve post-transplant outcomes [26]. Prehabilitation programs—
including structured exercise regimens, strength training, and nutritional optimization—
could enhance functional reserves before transplantation [27], potentially reducing post-
operative complications and improving early HRQOL recovery. Given the association
between frailty and increased post-transplant mortality, transplant centers may benefit
from post-transplant rehabilitation programs aimed at maintaining or improving function
after surgery.

Furthermore, longitudinal assessments of frailty and physical function should be incor-
porated into transplant follow-up care to identify patients at risk of functional decline. This
would provide a more dynamic understanding of post-transplant recovery and facilitate
timely interventions to mitigate poor outcomes.

From a public health standpoint, the lack of standardized frailty and physical function
screening protocols in transplant evaluations represents a significant gap. Currently, there
are no universal guidelines requiring transplant centers to assess frailty or physical function,
leading to variability in candidate selection. Policymakers should consider incorporating
these measures into national and international transplant allocation criteria, ensuring a
more equitable and evidence-based approach to organ distribution.

Moreover, this review identifies a critical research gap: cognitive function remains
unexamined in elderly kidney transplant candidates, despite its potential impact on medi-
cation adherence, rehabilitation participation, and long-term transplant success [25]. Cog-
nitive impairment may influence the ability of patients to manage post-transplant care,
making it essential for future research to evaluate cognitive screening tools alongside frailty
and physical function assessments.

To improve patient outcomes and optimize resource allocation, prospective studies
should explore how frailty, physical function, and cognitive function evolve post-transplant.
These insights could guide the development of pre-transplant interventions, refine candi-
date selection criteria, and support post-transplant care models tailored to elderly recipients.

By integrating these assessments into clinical practice and transplant policies, health-
care systems can move toward a more comprehensive, patient-centered approach, ulti-
mately improving transplant success rates, survival, and quality of life in elderly kidney
transplant recipients.

4.5. Strengths and Limitations

This systematic review provides a comprehensive evaluation of frailty, physical func-
tion, and cognitive function in elderly kidney transplant recipients, synthesizing evidence
on their assessment methods, prognostic significance, and impact on post-transplant out-
comes. A key strength is the inclusion of both self-reported and objective physical function
measures, allowing for a nuanced comparison of different assessment tools. Additionally,
this review is the first to systematically highlight the absence of cognitive function studies
in this population, emphasizing an important research gap. By adhering to PRISMA guide-
lines and using the Newcastle-Ottawa Scale for quality assessment, this review ensures
methodological rigor, reducing bias in study selection and synthesis.

However, several limitations must be acknowledged. The included studies exhibited
substantial heterogeneity in assessment methods and timing of evaluations, limiting di-
rect comparisons and the ability to conduct a meta-analysis. Additionally, most studies
relied on single time-point assessments, preventing insights into longitudinal changes
in frailty, physical function, or post-transplant recovery trajectories. Furthermore, all in-
cluded studies exclusively examined kidney transplant recipients, a cohort that has already
undergone rigorous medical selection, resulting in a sample population with superior
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baseline health and functional capacity compared to the ESRD population. This selection
bias may underestimate the true impact of functional status on post-transplant outcomes,
potentially limiting the generalizability of findings to the broader elderly ESRD population
considering transplantation.

The characteristics of the included studies” population limit the generalizability of our
findings. Since all included studies focused on an older population who had been selected
for renal transplant, they represent a healthier and high-functioning subgroup of the larger
ESRD population. This introduced selection bias, as patients with several comorbidities
and a low functional status are unlikely to be added to the transplant list. Therefore, the
association between frailty, physical function, and outcomes may not fully report the risk
encountered by a more vulnerable population with ESRD. This should be kept in mind
while applying the findings of this study to the general elder ESRD population on the renal
transplant waiting list.

The exclusion of non-English studies may have introduced publication bias, and while
we employed a broad search strategy, some relevant studies may not have been captured.
Lastly, this review is limited by the absence of studies assessing cognitive function, a critical
factor for post-transplant adherence, rehabilitation, and long-term outcomes, underscoring
the need for further research in this area.

4.6. Future Research

Future research should focus on standardizing the assessment of frailty, physical
function, and cognitive function in elderly kidney transplant candidates to improve risk
stratification and patient selection. Prospective, multicenter studies with repeated assess-
ments are needed to evaluate longitudinal changes in these factors and their impact on
post-transplant outcomes. Additionally, interventional trials exploring the benefits of pre-
habilitation programs—including structured exercise, nutritional support, and cognitive
training—could help optimize transplant success and long-term survival. Given the com-
plete lack of studies assessing cognitive function, future research should investigate its
role in post-transplant adherence, rehabilitation, and overall patient outcomes, integrating
cognitive screening into transplant evaluations. Lastly, predictive models incorporating
frailty, physical function status, and cognitive assessments should be developed to refine
transplant decision making and guide personalized care strategies for elderly recipients.

From a clinical perspective, there is an urgent need for the integration of standardized
protocols into routine pre- and post-transplant care. Simple tools such as the Fried frailty
phenotype and the Short Physical Performance Battery (SPPB) [28] can be integrated and
adopted in transplant facilities to support care planning and risk stratification. Moreover,
around 30-60% ESRD patients are underassessed for cognitive impairment [29,30] despite
its significant impact on treatment compliance and rehabilitation engagement. Implement-
ing the use of cognitive screening tools such as the MoCA or Mini-Cog can be useful for
early diagnosis and a personalized approach.

It is imperative to implement a multidisciplinary care model with nephrologists, geri-
atricians, physical therapists, dietitians, and neuropsychologists to address the complex
needs of elderly patients undergoing renal transplant. Pre- and post-transplant rehabilita-
tion can prove to be effective among these patients to improve functional capacity, enhance
recovery, and improve patient-centered outcomes [31].

5. Conclusions

This systematic review highlights the critical role of frailty, physical function, and
cognitive function in predicting post-transplant outcomes in elderly kidney transplant
recipients. While better physical function is consistently associated with improved sur-



Diseases 2025, 13, 229 13 of 15

vival, frailty significantly increases mortality risk and affects post-transplant quality of life.
Despite their clinical relevance, assessment methods remain inconsistent, and cognitive
function has been entirely overlooked in this population. These gaps hinder the ability
of current practices to completely address the comprehensive needs of elderly candidates
for transplant. The findings highlight the need for standardized evaluation protocols,
incorporating objective measures such as the SPPB and Fried frailty phenotype, to improve
transplant decision making. Furthermore, prehabilitation strategies and post-transplant
rehabilitation programs may offer opportunities to enhance functional reserves and long-
term outcomes. The integration of cognitive screening and assessment is essential into
clinical workflow to identify the patients at risk earlier and to guide a personalized timely
intervention. Future research should prioritize longitudinal studies, cognitive assessments,
and predictive modeling to refine patient selection and optimize transplant care for elderly
recipients. By integrating these factors into clinical practice, transplant centers can move
toward a more personalized, evidence-based approach that maximizes survival and quality
of life for the growing elderly kidney transplant population.
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