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Rationale & Objective: Assessing the optimal
therapy for older patients (aged ≥65 years) with
end-stage kidney disease requires knowledge of
longevity and health-related quality of life (HRQoL)
outcomes. Kidney transplantation prolongs survival
but its long-term impact on HRQoL in older
recipients is not well defined. We aimed to
prospectively evaluate HRQoL changes from
enlisting until 3 years posttransplantation and
examine pretransplantation predictors of
posttransplantation outcomes.

Study Design: Prospective cohort study.

Setting & Participants: Patients 65 years and
older enlisted at the Norwegian National Transplant
Center between January 2013 and
November 2016.

Predictors: Kidney transplantation, dialysis vintage,
and pretransplantation comorbidity assessed using
the Liu Comorbidity Index.

Outcomes: HRQoL, assessed using the Kidney
Disease Quality of Life Short Form, version 1.3.

Analytical Approach: HRQoL scores obtained at
3 years posttransplantation were compared with
those obtained pretransplantation and after 1 year
using a paired-sample t test. Multivariable linear
mixed-effect models were used to identify
possible predictors of HRQoL changes over time.
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Results: Among 289 patients included, 220
(mean age, 71.5 years) had undergone trans-
plantation and 136 had completed the 3-year
HRQoL follow-up by October 2020.
Posttransplant HRQoL, both generic and kidney
specific, substantially improved and the benefit
persisted for 3 years. For wait-listed candidates
remaining on dialysis, HRQoL gradually
deteriorated, and recipients who died within 3
years posttransplantation experienced no
improvement during the first year. Moderately
elevated pretransplantation comorbidity scores
and prolonged dialysis vintage independently
predicted poor HRQoL outcomes
posttransplantation. Recipients receiving dialysis
for 1 year or longer with pretransplantation
comorbidity scores ≥ 7 experienced a marked
and sustained physical deterioration after
transplantation.

Limitations: Homogenous and highly selected
population.

Conclusions: Transplantation is associated with a
sustained HRQoL improvement and should be
the preferred treatment for selected older pa-
tients. The value of a pretransplant comorbidity
score to predict posttransplantation outcomes
warrants further evaluation and may improve the
selection process.
The optimal kidney replacement therapy for the
increasing population of older patients (aged ≥65

years) with end-stage kidney disease1 is not well defined.
Although eligible older transplant recipients have been
reported to survive longer than matched dialysis pa-
tients,2,3 recent studies have failed to demonstrate any
significant survival benefit of kidney transplantation
compared with dialysis.4,5 Older recipients are at increased
risk for early postoperative adverse events,6 and the allo-
cation of organs from extended criteria donors and donors
after cardiac death is associated with impaired survival.7,8

Given that specific evidence-based treatment guidelines
are lacking,6 it is often debated whether kidney trans-
plantation should be recommended in the elderly.9

Although patients with kidney disease have been re-
ported to be predominantly concerned about their quality
of life,10 most studies comparing different kidney
replacement therapy alternatives have mainly focused on
patient and graft survival, whereas patient-reported health-
related quality-of-life (HRQoL) outcomes are either
underreported or completely lacking in kidney transplant
studies.11 Additionally, HRQoL outcomes serve as prog-
nostic markers, with poor scores indicating increased risk
for worse outcomes.12 Given the current organ scarcity,
transplants should primarily be allocated to patients who
are expected to take full advantage of transplantation.13

Thus, in addition to life expectancy, knowledge of post-
transplantation HRQoL changes over time is of major
importance.

In older transplant candidates, HRQoL declines due to
prolonged wait-listing14 and age–related comorbid con-
ditions,15 whereas early posttransplantation, the generic
HRQoL domains have been reported to improve.16,17 The
long–term impact of kidney transplantation on older re-
cipients’ HRQoL has not been previously prospectively
assessed. The primary aim of the current study was to
prospectively evaluate HRQoL changes until 3 years post-
transplantation in recipients 65 years and older at enlisting.
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PLAIN-LANGUAGE SUMMARY
Assessing the optimal treatment for the growing pop-
ulation of older patients in need of kidney replacement
therapy requires knowledge of health-related quality of
life (HRQoL) outcomes, as well as survival. This study
evaluated HRQoL changes from acceptance for trans-
plantation, during waitlisting, and until 3 years post-
transplantation. The results indicate that transplant
recipients, in contrast to patients who did not undergo
transplantation who are receiving dialysis, substantially
improved their HRQoL outcomes shortly after trans-
plantation, and the benefit persisted at least for 3 years.
Recipients receiving dialysis for less than 1 year with
low pretransplantation comorbidity experienced the
best outcomes. Kidney transplantation should be
encouraged in carefully selected older patients and
available organs for transplantation should be allocated
to patients who are expected to experience favorable
outcomes.
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The secondary aim was to identify potential pretransplant
predictors of posttransplantation HRQoL outcomes.
METHODS

Study Design

The prospective cohort study Health-Related Quality of
Life in ESKD Patients Older Than 65 years, also known as
Question 65, is designed to evaluate HRQoL in older
kidney transplant recipients from enlisting until 10 years
posttransplantation.14 The study is conducted at the Nor-
wegian National Transplant Center at Oslo University
Hospital, to which all transplant candidates are referred
and evaluated.

A baseline questionnaire was completed at study in-
clusion and thereafter at every 6 months until kidney
transplantation, permanent withdrawal from the wait-list,
or death. Posttransplantation, HRQoL outcomes are
collected at 10 weeks, 6 months, and 1, 3, 5, 7, and 10-
years until graft loss or death.

The current study evaluated HRQoL outcomes from
baseline until 3 years posttransplantation. For the trans-
plant recipient group, the last HRQoL reference values
pretransplantation were compared with those obtained at 1
and 3 years posttransplantation. Included candidates who
did not undergo transplantation who were receiving
maintenance dialysis served as controls, and baseline
HRQoL scores were compared with scores obtained at 1
and 2 years after dialysis initiation.

All questionnaires were sent by mail to the patient’s
residence, and in case of no response, a single reminder
was sent after 3 to 4 weeks. Supplemental data relevant to
Kidney Med Vol 3 | Iss 6 | November/December 2021
the study were retrieved from Oslo University Hospital and
the Norwegian Renal Registry.

The study was approved by the Regional Committee for
Medical and Health Research Ethics, South East Norway
(2012/527), and followed the regulations of the Helsinki
Declaration. All participants were informed and signed a
consent form before their inclusion in the study.

Study Population

All patients 65 years and older who were enlisted between
January 2013 and November 2016 were invited to
participate. Sufficient Norwegian language skills and intact
cognitive functions, evaluated by the local nephrologist
during the pretransplantation workup, were prerequisites
for inclusion.

Health-Related Quality of Life

HRQoL outcomes were assessed using the Kidney
Disease Quality of Life Short Form (KDQOL-SF),
version 1.3, questionnaire. This self-reported instru-
ment was developed for patients receiving dialysis18

and has been validated in kidney transplantation.19

The generic 36-Item Short Form Health Survey (SF-36)20

includes 35 items divided into 8 domains: physical func-
tion, role limitation due to physical problems, bodily
pain, general health, vitality, social function, role lim-
itation due to emotional problems, and mental health.
The last item reports health transition during the last
year.20 Missing items were substituted with the mean
score of the completed items in the same domain when
at least half the items in a multi-item domain were
answered.21

The kidney-specific instrument (KDQOL)18 includes 43
items divided into 11 domains: symptoms, effect of kidney
disease, burden of kidney disease, work status, cognitive
function, quality of social interaction, sexual function,
sleep, social support, dialysis staff encouragement, and
patient satisfaction. The final item, total health, is scored
on a 0 to 10 numeric scale, from worse to best possible
score.18 KDQOL-SF items were converted on a 0 to 100
possible range, with higher scores reflecting better
HRQoL.22 No substitution of missing data was performed
for the kidney-specific items.22

Both instruments were translated into Norwegian.23,24

The KDQOL has been validated in a Scandinavian popu-
lation25 and Norwegian reference values have been
established for the SF–36.26,27 Population norms, pub-
lished in 2018,27 were used in the current study for cal-
culations of z scores, allowing valid comparisons with the
general population.

Additional Items

Five additional items relevant to posttransplantation issues
were added to the 3-year follow-up questionnaire: to what
extent the pretransplantation expectations were fulfilled,
individuals’ perceptions of graft function, the psychological
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distress of living as a transplant recipient, side effects of
immunosuppression, and whether the participants, after
having experienced kidney transplantation, would choose it
again as the preferred treatment.

Comorbidity

The Liu Comorbidity Index (LCI)28 was developed based
on data from a US dialysis population with a mean age of
65 years and has been reported to predict survival in older
patients receiving dialysis29 and post–kidney trans-
plantation.30 LCI score ranges from 0 to 21 (Table S1). Our
study population was categorized into 4 comorbidity
groups based on LCI scores (0-3, 4-6, 7-9, and ≥10), as
previously described.28

Statistical Analysis

Descriptive continuous data are presented as mean ± standard
deviation (SD) if normally distributed or as median with
25th-75th percentiles if skewed. Categorical data are pre-
sented as percentages.

Independent-sample t tests were used to estimate dif-
ferences in continuous variables between different groups.
A paired-sample t test was used to estimate HRQoL changes
within groups between 2 time points. Chi-squared test was
used for categorical variables. P≤0.05 was considered sta-
tistically significant. Differences of a half SD (0.5 SD) from
HRQoL mean scores,31 and z scores ≥ 0.5 from the pop-
ulation norms were used as thresholds for clinical
significance.

Linear mixed-effect models were used to evaluate the
time development of HRQoL (pre–kidney trans-
plantation, 6 months, and 1 and 3years post–kidney
transplantation). HRQoL domains were defined as
outcome variables, and fixed effects for time were used
as categorical variables of interest. Sex, age at kidney
transplantation, marital status dichotomized to married/
partnered or not, LCI scores as continuous and cate-
gorical variables, dialysis vintage, wait-listing time,
estimated glomerular filtration rate at 10 weeks and at 1
year post–kidney transplantation, and living donor kid-
ney transplantation were included in univariable analysis.
Variables yielding P≤0.2532 were included as fixed fac-
tors in the multivariable model along with variables of
known clinical importance. A backward manual elimi-
nation procedure was performed to identify significant
predictors of HRQoL changes over time. All models
included random intercepts and an unstructured covari-
ance matrix; the random slope was included in the
model only when it significantly contributed to its
improvement. Clinical factors that correlated ≥0.7 were
not included in the model to avoid multicollinearity.

The additional items were coded as ordinal variables on
a 4-range scale and further dichotomized into positive and
negative outcomes. The logistic regression model included
all these variables and HRQoL scores obtained at 1 year
post–kidney transplantation.
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RESULTS

Study Population

Among 437 eligible wait-listed patients 65 years and older,
289 (66%) were included in the study. Nonincluded pa-
tients were younger (mean age, 69.8 vs 71.1 years;
P = 0.02); otherwise, no differences were observed between
the groups. Demographic and clinical characteristics of the
study population are presented in Table 1.

By October 2020, a total of 220 participants underwent
transplantation; 194 (88%) more than 3 years ago. Among
them, 13 experienced graft loss (6 subsequently died) and 27
patients died with a functional graft. Of 154 eligible recipients,
136 (88%) completed the 3-year HRQoL questionnaire (Fig 1).

Compared with deceased recipients, survivors tended to
be younger, with less pretransplantation comorbidity and
shorter dialysis vintage, and more often underwent trans-
plantation pre-emptively. Although male participants, when
compared with females, had higher LCI scores (3.0 vs 1.5;
P < 0.001) and increased prevalence of cardiovascular dis-
ease (63.2% vs 36.6%; P = 0.004) and any comorbid con-
ditions (82% vs 61%; P = 0.008), they experienced shorter
waiting times (13.0 vs 17.4 months; P = 0.01).

Candidates who did not undergo transplantation who
were receiving dialysis (N = 69) had higher LCI scores and
prevalence of cardiovascular disease and tended to be older
and more prone to have diabetes than transplant recipients.
During follow-up, 20 (29%) died and 40 (58%) were
withdrawn from the wait-list.

HRQoL in Survivors After a 3-Year Follow-up

For recipients who completed the 3-year follow-up,
reference HRQoL scores, obtained during the last 6
months pre–kidney transplantation, were compared with
scores obtained at the end of year 3 post–kidney trans-
plantation. At 3 years posttransplantation, all generic and
kidney-specific HRQoL domains had improved (Fig 2).
The increase in the domains of general health, vitality,
effect, and burden of kidney disease was clinically signif-
icant. The score of total health increased early and
remained stable throughout the third year.

Between posttransplantation years 1 and 3, recipients who
underwent transplantation at 70 years or older (N = 81)
declined in statistical but not in clinical significance in the
domains of physical function, bodily pain, general health,
vitality, symptoms, and effect of kidney disease. The decrease
in physical function (−2.2 vs −8.7; P = 0.06) and bodily pain
(−1.3 vs −11.2; P = 0.03) scores were less marked in re-
cipients who underwent transplantation at the age of 65 to
70 years (N = 55). The crude generic and kidney-specific
HRQoL scores for transplanted survivors and deceased re-
cipients are shown in Table S2.

HRQoL in Deceased Transplant Recipients

At the end of the first year, recipients who subsequently died
between 12 and 36 months posttransplantation (N = 13)
Kidney Med Vol 3 | Iss 6 | November/December 2021



Table 1. Demographic and Clinical Characteristics of the Study Population

Kidney
Transplantation
(N = 220)

Non–Kidney
Transplantation
(N = 69) P

3 y
(N = 136)

Deceased
(N = 33) P

Male sex 154 (70%) 42 (60.9%) 0.18 95 (69.9%) 25 (75.8%) 0.53
Age, y 70.8±4.0 71.8±4.5 0.07 71.5±4.1 71.8±4.2 0.09
Marital status
Married 174 (79.1%) 48 (69.6%) 0.31 112 (82.4%) 22 (66.7%) 0.98
Single 11 (5.0%) 5 (7.2%) 2 (1.5%) 3 (9.1%)
Divorced 17 (7.7%) 9 (13.0%) 10 (7.4%) 6 (18.2%)
Widowed 18 (8.2%) 7 (10.1%) 12 (8.8%) 2 (6.1%)

Comorbid conditions
CVD 116 (52.7%) 47 (68.1%) 0.03a 75 (55.1%) 22 (66.7%) 0.33
Diabetes 52 (23.6%) 24 (34.8%) 0.08 31 (22.8%) 7 (21.2%) 0.82
COPD 21 (9.5%) 5 (7.2%) 0.64 10 (7.4%) 6 (18.2%) 0.05

GI bleeding 22 (10.0%) 6 (8.7%) >0.99 15 (11.0%) 4 (12.1%) 0.77
Liver disease 2 (0.9%) 1 (1.4%) 0.56 0 0 >0.99
Cancer 51 (23.2%) 20 (29.0%) 0.34 30 (22.1%) 8 (24.2%) 0.82
No comorbidity 51 (23.2%) 12 (17.4%) 0.40 33 (24.3%) 4 (12.1%) 0.24

LCI score 2.63±2.4 3.6±2.8 0.01a 2.6±2.4 3.5±2.3 0.06
LCI group
0-3 153 (69.5%) 36 (52.2%) <0.001a 98 (72.1%) 15 (45.5%) 0.06
4-6 52 (23.6%) 25 (36.2%) 29 (21.3%) 15 (45.5%)
7-9 12 (5.5%) 4 (5.8%) 8 (5.9%) 2 (6.1%)
≥10 3 (1.4%) 4 (5.8%) 1 (0.7%) 1 (3.0%)

Dialysis status
Pre-emptive 57 (25.9%) 43 (31.6%) 3 (9.1%) 0.01a

Hemodialysis 124 (56.4%) 70 (51.5%) 29 (87.9%) <0.001a

Peritoneal dialysis 39 (17.7%) 23 (16.9%) 1 (3.0%) 0.03a

Dialysis vintage, mo
LD kidney transplantation 14.2 [6.9, 24.0] 9.8 [6.2, 24.0] 15.1 [13.6,

16.5]
0.97

DBD kidney transplantation 30.4±17.7 23.9±11.9 37.2±22.5 0.01a

Waitlisting DBD kidney
transplantation, mo

17.9±12.8 65.3±17.9 <0.001a 16.8±8.4 18.7±12.4 0.05a

Time from baseline HRQoL
to kidney transplantation, mo

12.6±11.7 8.8±7.6 14.1±10.4 0.007a

LD 30 (13.6%) 26 (19.1%) 2 (6.1%) 0.18
Donor age, y
LD 51.7±11.7 51.3±11.6 49.0±11.3 0.74
DBD 66.5±10.5 65.3±11.0 68.4±9.5 0.27

eGFR y 1, mL/min/1.73 m2 47.5±14.7 47.4±14.8 46.8±14.8 0.86
eGFR y 3, mL/min/1.73 m2 51.1±16.7
Note: Values expressed as number (percent), mean ± standard deviation, and median [25th, 75th percentiles].
Abbreviations and Definitions: CVD, cardiovascular disease includes congestive heart failure, coronary vascular disease/myocardial infarction, arrhythmia, cerebro-
vascular disease, and peripheral vascular disease; COPD, chronic obstructive pulmonary disease; DBD, deceased brain-dead donor; eGFR, estimated glomerular
filtration rate by Chronic Kidney Disease Epidemiology Collaboration equation; GI, gastrointestinal; HRQoL, health-related quality of life; LCI, Liu Comorbidity Index;
LD, living donor.
aStatistically significant.
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deteriorated in all the generic and improved only
nonsignificantly in the kidney-specific HRQoL domains.
There was no difference observed in pretransplantation
HRQoL scores between deceased and surviving recipients.
However, deceased recipients lacked HRQoL improve-
ment during the first posttransplantation year and main-
tained their generic HRQoL at the pretransplantation level
until death (Fig S1).
Kidney Med Vol 3 | Iss 6 | November/December 2021
HRQoL in Candidates Who Did Not Undergo

Transplantation Who Were Receiving Maintenance

Dialysis

Wait-listed candidates who did not undergo trans-
plantation who were receiving dialysis deteriorated in all
HRQoL domains, at least in the first 2 years following
dialysis initiation, with an accelerated pace after the first
year (Fig S2). The generic HRQoL outcomes were
977



Included
n = 289

Transplanted
n = 220

3 year follow-up
n = 136

< 3 years observa�on     n = 26
Non-responders               n = 18
Death w/funct. gra�       n = 27
Death a�er gra� loss      n = 6
Gra� loss n = 7  

Non-transplanted
n = 69

S�ll eligible for 
transplanta�on

n = 9

Death n = 20
Perm. withdrawal    

n = 40    

Figure 1. Flow chart of the study. Abbreviations: funct, func-
tioning; Perm, permanent.
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especially affected, and when compared with baseline
scores, the domains of physical function (49.3 vs 62.1;
P = 0.04), vitality (35.4 vs 45.0; P = 0.003), and mental
health (65.7 vs 74.1; P = 0.003) were significantly
impaired after 2 years.

HRQoL in Living Donor Kidney Transplantation

During follow-up, recipients of living donor kidney
transplants (N = 26) improved significantly in all HRQoL
outcomes except for bodily pain, cognitive function,
quality of social interaction, sex, and social support.
Compared with deceased donor kidney transplantation,
living donor kidney transplantation was associated with
shorter dialysis vintage (14.6 vs 23.9 months; P < 0.001),
younger donor age (51.3 vs 65.3 years; P < 0.001), and
improved physical function between the first and third
posttransplantation years (1.2 vs −8.0; P = 0.03).
Figure 2. Development of health-related quality of life (HRQoL)
scores from pretransplantation until the end of year 3 posttrans-
plantation. *Statistically significant and **clinically significant
improvement. Abbreviation: KT, kidney transplantation.

978
Linear Mixed-Effect Models Regression Analysis

The linear mixed-effect model regression, including all
transplant recipients (N = 220), are presented in Tables S3
and S4. Pretransplantation LCI score was the most persis-
tent predictor of posttransplantation HRQoL. Each per-unit
increase in LCI scores and LCI scores ≥ 7 consistently pre-
dicted poor outcomes in nearly all the generic and kidney-
specific domains (Fig 3). Longer dialysis vintage was
independently associated with worse posttransplantation
physical function (Fig S3), and this effect was enhanced
with increasing LCI scores. Recipients with both LCI
scores ≥ 7 and dialysis for 1 year or longer (N = 14)
experienced the worst physical outcomes post-
transplantation (Fig 4). Older age and living donor kidney
transplantation were positively associated with social and
mental functioning.

Significant interaction effects were also observed be-
tween time and sex for physical function, time, and LCI
score for mental health, and time and age for quality of
social interaction and total health.

Comparison With the General Population

SF-36 scores at 3 years posttransplantation, adjusted for
age and sex, albeit lower, did not differ significantly from
the Norwegian population norms except for the domain of
physical function (z score= −0.64) in men (Fig S4).

Additional Items

Pretransplantation expectations were accomplished in 82%
of older recipients, and 97% experienced a well-
functioning kidney. Side effects of immunosuppression
and psychological distress related to kidney transplantation
were considered to be of minor importance by 76% of
recipients. Overall, 99% of study participants who un-
derwent transplantation would opt again for kidney
transplantation.
DISCUSSION

In the present study, kidney transplant recipients older
than 65 years at enlisting, with a functioning graft,
improved early posttransplantation in both generic and
kidney-specific HRQoL outcomes, and the benefits
extended at least for 3 years. Recipients of living donor
kidney transplants with short waiting time experienced the
most favorable outcomes. Prolonged dialysis vintage and
elevated pretransplantation comorbidity scores were asso-
ciated with a marked and sustained physical deterioration
posttransplantation. This national cohort study is to our
knowledge the first to prospectively and longitudinally
evaluate the impact of transplantation on HRQoL outcomes
in older patients.

Posttransplantation HRQoL alterations followed distinct
patterns among different patient groups. Recipients sur-
viving for at least 3 years improved substantially in
almost all HRQoL domains, whereas recipients who died
within 36 months posttransplantation experienced no
Kidney Med Vol 3 | Iss 6 | November/December 2021



Figure 3. Posttransplantation generic health-related quality of life outcomes by Liu Comorbidity Index (LCI) score.
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improvement during the first year. These findings are
novel and imply that posttransplantation HRQoL mea-
surements may identify older recipients at risk for adverse
outcomes. Wait-listed candidates who did not undergo
transplantation who were receiving dialysis perceived
worse HRQoL, and the generic scores obtained at 2 years
after enlisting were significantly impaired compared with
baseline scores.

In older recipients, HRQoL posttransplantation has been
reported to improve predominantly in social, emotional,
and mental functioning.16,33 We observed that the post-
transplantation HRQoL benefits comprised all the generic
and kidney-specific outcomes, including physical func-
tioning, and were extended throughout the third post-
transplantation year, as reported in younger recipients.34

At the end of the third year, age- and sex-adjusted SF-36
scores were comparable to the Norwegian general popu-
lation27 except for impaired physical function in males, as
previously reported.16 In line with our results, older
transplant recipients have been reported to confirm that
kidney transplantation was the correct decision, while
health problems and worries about the transplant were of
minor importance.35,36

Between the first and third posttransplantation years,
physical function declined in recipients who were older
than 70 years at transplantation. This observation
Kidney Med Vol 3 | Iss 6 | November/December 2021
corroborates previous reports16,37 and most likely repre-
sents an age-related impairment in physical functioning. In
the general population, increasing age beyond 65 years is
associated with accelerated decline in physical function.38

Younger recipients have also been reported to deteriorate
in physical function long-term posttransplantation39,40 but
this is attributed to long-standing immunosuppression
rather than age.39 In accordance with previous find-
ings,16,35,41 we describe posttransplant social, mental, and
general health perception to be excellent.

Recipients who died between 12 and 36 months
maintained their 1-year posttransplantation HRQoL at the
pretransplantation level, which indicates a possible asso-
ciation between impaired posttransplantation HRQoL and
risk for adverse outcomes. In younger recipients, poor
HRQoL, both pre- and posttransplantation, has been
associated with increased mortality after kidney trans-
plantation,42,43 whereas in our study, no difference was
observed in pretransplantation HRQoL scores between
survivors and nonsurvivors. It is likely that in the elderly,
assessment of functional status is confounded by the
normal age-induced physical impairment38 and proper
pretransplantation evaluation may additionally require
measures of frailty,44 which are not included in our study.
The lack of HRQoL improvement in deceased recipients
warrants cautious interpretation because the analysis is
979



Figure 4. Posttransplantation physical function (PF). Interaction effect of Liu Comorbidity Index (LCI) score with time receiving
dialysis. Abbreviation: KT, kidney transplantation.
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based on few observations and is not adjusted for post-
transplantation events that might have accounted for the
observed outcome. Although not yet confirmed, we sup-
port the implementation of regular posttransplantation
HRQoL measurements in the follow-up of older recipients,
which may prove useful in identifying individuals at risk
for impaired outcomes.

Prolonged dialysis vintage was associated with poor
HRQoL. Older candidates who did not undergo trans-
plantation receiving dialysis gradually declined in all
HRQoL outcomes, and 2 years after enlisting, the generic
domains of physical, mental, and social functioning were
significantly impaired compared with the baseline. Most
study participants who did not undergo transplantation
were either deceased (29%) or withdrawn from the list
(58%) during the 3-year follow-up. It is well documented
that HRQoL deteriorates in older wait-listed candidates,14

with an accelerated pace of physical decline during the
first 2 years after dialysis initiation.43 Worse physical
function has also been reported to increase the risk for
temporary inactivation from the waiting list.43

As previously described,35 older transplant candidates
remaining on dialysis for 1 year or longer experienced
worse physical function posttransplantation than patients
who were dialyzed for less than 1 year. Interestingly, we
observed that the rate of physical decline accelerated as
pretransplantation comorbidity score increased. In-
dividuals with both LCI scores ≥ 7 and dialysis for 1 year or
longer experienced the worst physical outcomes.

Accordingly, moderately elevated pretransplantation LCI
scores consistently predicted poor physical, mental, social,
980
and kidney-specific HRQoL outcomes posttransplantation.
Elevated LCI score has also been reported to predict
intensive care admission and reduced survival in kidney
transplant recipients older than 55 years.30 Although pre-
transplantation comorbidity measured using other indexes
has been associated with impaired physical status35 and
reduced patient and graft survival,43,45 it has not been
found to independently predict survival in kidney re-
cipients 70 years and older.46 Our finding is novel and
indicates that a single pretransplantation comorbidity in-
dex may predict both life expectancy and well-being in
older recipients. Additionally, the negative effect of longer
dialysis vintage on posttransplant physical function was
significantly enhanced by elevated LCI scores. Whether the
assessment of pretransplantation comorbidity by LCI can
prove useful during the selection of older transplant can-
didates should be further evaluated.

During follow–up, 17% of older transplant recipients
died. Due to increased comorbidity and age, post-
transplantation survival is reduced in older versus younger
recipients.47,48 This discrepancy is further amplified by the
€old for old€ organ allocation policy,13 giving rise to a
debate of whether older recipients receiving older organs
actually may benefit more from remaining on dialysis than
receiving a kidney transplant.4,49 Due to organ scarcity,
identifying reliable predictors of posttransplantation out-
comes is essential for the efficient use of all available
transplants. In the current study, the pretransplantation
comorbidity score and dialysis vintage were increased in
recipients who died within 3 years posttransplantation,
which corroborates previous reports.4 Besides HRQoL
Kidney Med Vol 3 | Iss 6 | November/December 2021
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impairment, dialysis vintage of 2 years or longer has also
been recognized as the strongest modifiable factor50 of
reduced survival in older recipients.4 Our results indicate
that older wait-listed candidates dialyzed 1 year or longer
or with elevated pretransplantation comorbid conditions
are at increased risk for adverse outcomes and should be
thoroughly informed and carefully re-evaluated on a reg-
ular basis.

Our study has several strengths. To our knowledge, it is
the first prospective study to longitudinally evaluate
HRQoL outcomes in older kidney transplant recipients,
making possible the distinction between short-, medium-,
and longer-term outcomes and eliminating recall bias.
Furthermore, it is a national study, conducted from the
only Norwegian transplant center, ensuring uniform
evaluation and treatment protocols and the representa-
tiveness of the study population. All data are self-reported
and always collected at the patient’s residence, which
minimizes the collection and interpretation biases. A high
response rate of 88% ensures that all outcomes are re-
ported. A large sample size provides robust results.

However, our findings cannot be generalized to the
whole kidney replacement therapy advanced age popula-
tion because participants in this study were predominately
White, had relatively short waiting times, and fulfilled
stringent medical requirements to be enlisted and undergo
transplantation. Thus, selection bias cannot be ruled out.
As per protocol design, recipients who experienced graft
loss were excluded from the study, not allowing any
evaluation of the impact of graft loss on HRQoL. Older
kidney transplant recipients are per definition a frail pop-
ulation. Frailty was not assesed in our study but because all
recipients fullfilled the medical requirements for enlisting,
it is unlikely that this has significantly confounded our
findings. Posttransplantation HRQoL impairment in non-
survivors must be interpreted cautiously because the lack
of adjustment for posttransplantation events and quality of
the graft (Kidney Donor Profile Index) limits the gener-
alizability of our results.

HRQoL assessment by KDQOL-SF does not necessarily
capture all issues relevant to transplantation or advanced
age. Nevertheless, it has been validated in transplant re-
cipients and is the most-used tool for HRQoL measure-
ments in all ages, ensuring the reliability and accuracy of
the derived results. Comorbidity was assessed by using
only the LCI and did not allow direct comparisons with
other studies. Its association with the widely used Charlson
Comorbidity Index51 should be evaluated in future studies.

HRQoL improved substantially in older kidney transplant
recipients and the benefit persisted for at least 3 years after
transplantation. Recipients who died within 3 years post-
transplantation experienced no HRQoL improvement during
the first year, indicating that impaired posttransplantation
HRQoL may be related to poor outcomes. Candidates who
did not undergo transplantation remaining on dialysis
deteriorated in all HRQoL domains. Longer dialysis vintage
was independently associated with posttransplantation
Kidney Med Vol 3 | Iss 6 | November/December 2021
physical decline, and elevated pretransplantation comor-
bidity score consistently predicted poor HRQoL. Kidney
transplantation should be encouraged in carefully selected
older patients and, when possible, with living donor kidney
transplantation and short wait-listing time. Further research
is required to optimize the selection process and identify
reliable pretransplantation predictors of overall long-term
clinical outcomes.
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