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Abstract

Background: Health-related quality of life (HRQOL) is becoming an increasingly important
outcome in kidney transplantation. To describe HRQOL in kidney transplant recipients (KTRs),
this systematic review summarizes literature that compared HRQOL between KTRs to other
relevant populations (i.e. patients receiving dialysis, patients on the waiting list for kidney
transplantation, patients with chronic kidney disease [CKD] not receiving renal replacement
therapy (RRT), the general population, and healthy controls) and themselves before kidney
transplantation.

Methods: The literature search was conducted in PubMed, EMBASE, Web of Science, and
COCHRANE Library. Eligible studies published between January 2000 and October 2020 were

included.

Results: 44 studies comprising 6929 KTRs were included in this systematic review. Despite the
study heterogeneity, KTRs reported a higher HRQOL after kidney transplantation compared
with pre-transplantation and compared with patients receiving dialysis with or without being
on the waiting list, especially in disease-specific domains (i.e. burden and effects of kidney
disease). Additionally, KTRs had similar to marginally higher HRQOL compared with patients
with CKD stage 3-5 not receiving RRT. When compared with healthy controls or the general
population, KTRs reported similar HRQOL in the first one or two years after kidney
transplantation, and lower physical HRQOL and lower to comparable mental HRQOL in studies

with longer post-transplant time.

Conclusions: The available evidence suggests that HRQOL improves after kidney
transplantation and can be restored to but not always maintained at pre-CKD HRQOL levels.
Future studies investigating intervention targets to improve or maintain post-transplant
HRQOL are needed.
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Introduction

Kidney transplantation is a preferred and cost-effective treatment for patients with end-stage
kidney disease (ESKD) compared to long-term dialysis[1, 2]. Over the past decades, post-
transplant graft and patient survival have improved considerably due to the availability of
upgraded surgical techniques and innovative immunosuppressants[3]. The reported 5-year
graft and patient survival rate of kidney transplant recipients (KTRs) exceeded 80% across
different countries(3, 4]. However, KTRs often experience a considerable number of potential
side effects (e.g. cardiovascular disease, osteoporosis, neurotoxicity, infections and weight
gain) due to the chronic immunosuppressive treatment required to maintain normal graft
function[5]. Such treatment-related side effects, along with the underlying kidney disease and
other comorbidities, are believed to negatively influence post-transplant health-related
quality of life (HRQOL)[6]. In recent years, different international workgroups have recognized
HRQOL as a valuable patient-centered outcome to assess treatment effects and healthcare
quality in kidney transplantation[7-9].

Therefore, knowledge of HRQOL after kidney transplantation in comparison to other related
conditions (e.g. dialysis) is also necessary to inform shared decision-making between patients
with ESKD and healthcare professionals. The most recent systematic review fulfilling this
purpose compared HRQOL across different renal replacement therapies (RRT; i.e. kidney
transplantation, hemodialysis and peritoneal dialysis) and showed better HRQOL in KTRs[10].
However, it only included articles published before 2005 and compared generic HRQOL
measured by the 36-item Short-Form Health Survey (SF-36). With the considerable
improvements in nephrology care and the exponential increase in studies focusing on HRQOL
(and other related patient-reported outcomes), an updated overview of the current literature
is urgently needed. Moreover, to gain a comprehensive picture of HRQOL in KTRs, it is
necessary to shed light on disease-specific HRQOL and HRQOL measured with other (non-SF-
36) questionnaires and to include relevant comparison groups such as the general population
and healthy controls to better understand the extent to which HRQOL can be restored to a

“pre-chronic kidney disease (CKD)” level.

In this systematic review, we will describe and summarize the published literature to date
that compares HRQOL after kidney transplantation with that of all other relevant populations
(i.e. patients receiving dialysis, patients on the waiting list for kidney transplantation, patients
with CKD not receiving RRT, the general population and healthy controls) and themselves

before kidney transplantation.

73



Methods

This systematic review was conducted and reported following the Preferred Reporting [tems
for Systematic reviews and Meta-Analyses (PRISMA) guideline[11]. The protocol for this
systematic review is registered on PROSPERO (registration number CRD42021223864).

Eligibility criteria

The eligibility criteria for inclusion in this review included: 1) KTRs above 18 years old at the
time of transplantation with a single organ kidney transplantation; 2) HRQOL as one of the
outcomes; 3) HRQOL in KTRs compared to that in the same cohort before kidney
transplantation, patients receiving dialysis, patients on the waiting list for kidney
transplantation, patients with CKD not receiving RRT, the general population and healthy
controls via observational studies or randomized control trials; 4) Original articles published
between January 1%, 2000 and October 19t, 2020 in the English language.

Information sources and searching strategy

The literature research was conducted on October 19%, 2020 using the MESH keywords for
“kidney transplantation” and “HRQOL”(Table $1) on PubMed (MEDLINE) to identify relevant
studies, followed by a manual search in EMBASE, Web of Science, and COCHRANE Library.
Bibliographies of the included articles were also screened for studies missed by the searching

strategy (Figure 1).

Selection of articles

The screening of titles and abstracts for relevant articles was conducted by one researcher
(YW). Next, full-texts of potentially relevant studies were screened by the main reviewer (YW)
in collaboration with a nephrologist (JDS) and a medical psychologist (YM). During the
selection process, each article was marked as “inclusion”, “exclusion”, or “not sure” based on
prespecified inclusion criteria. Any article marked “not sure” was discussed among the
reviewers to achieve consensus based on the prespecified criteria. Articles not meeting the
aforementioned eligibility criteria were excluded. Articles with poor accuracy of the outcome
measurement (i.e. HRQOL scores higher than the maximum possible value, total HRQOL
scores from a questionnaire that does not support such total score calculation, and a higher
HRQOL score as an indication for a worse HRQOL while the scoring-algorithm hints the

opposite [i.e. better HRQOL]) and unavailable full-text versions were excluded (Figure 1).
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Extracted data items

Data extraction of prespecified items was conducted by YW and checked for accuracy by YM.
Extracted data included: 1) demographic and clinical characteristics of the study population:
age, sex, time after transplantation for KTRs, and percentage of living donor kidney
transplantation in KTRs; 2) characteristics of the study: the country where a study was
conducted, study design, sample size, patient type (i.e. incident and prevalent), follow-up
period, loss to follow-up rate, response rate, and statistical methods; 3) characteristics of the
outcome: the questionnaire used to measure HRQOL, HRQOL scores and the statistical

significance of the results.

Study quality assessment and data synthesis

Following the PRISMA guideline, the quality of the included studies was assessed using the
National Institutes of Health (NIH) Quality Assessment Tools for Observational Cohort and
Cross-sectional Studies and Before-After Studies With No Control Group[12]. Studies were
not excluded based on the quality assessment. A meta-analysis was not conducted due to the
heterogeneity in the study population (i.e. prevalent and incident), questionnaires used to
measure HRQOL, scoring algorithms to calculate HRQOL with the same questionnaire, and
inconsistent reporting of domain scores and summary scores. Therefore, data were

summarized narratively without pooled estimates for the outcome of interest.

Result

Searching result

We identified 1454 unique records with the prespecified searching strategy, of which 86 full-
text articles were screened. Finally, 44 original studies were selected for this review (Figure
1)[13-56]. The sample sizes of KTRs in the included studies ranged from 15 to 1658, and the
studies were conducted in 23 different countries, with Europe (45%) being the most common
continent on which included studies were conducted. The characteristics of each study are

presented in Table 1.

KTRs studied

The mean age of KTRs at the time of HRQOL-measurement ranged from 29 to 72 years old,
and only two studies were conducted in an elderly cohort older than 60 years (n=43). The
majority of studies (93%) reported a higher percentage of male KTRs (median 62%; range 43%
- 86%; n=43). The average time of HRQOL-measurements after kidney transplantation ranged

from 1 to 234 months after the operation (median 12 months; n=35). Twenty-three studies
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reported donor type for kidney transplantation, and the percentages of living donor kidney
transplantation varied from 3.3% to 100% (median 100%). Data on comorbidities, dialysis
vintage and primary kidney disease were infrequently reported and could therefore not be
systematically collected within this review. All characteristics of KTRs are presented in Table
2-4.

Records identified through database searching n= 2452
PubMed n=1063
Embase n=908
Web of Science n=242
Cochrane Library n=239

Y

Records after removing duplicates n=1454

y

Records screened by title and abstract n=1454 |—» Records excluded n=1369

Records excluded n=42
Not eligible® n=36
Not available n=1

Records identified

through reference —»| Records screened by full-text n=86 [—p}

tracking n=1
Inaccurate outcome® n=5

Eligible studies for inclusion n= 44¢
KTRs vs before kidney transplantation n= 17
KTRs vs patients receiving RRT n=11
KTRs vs patients on waiting list n=5
KTRs vs patients with CKD n=3
KTRs vs healthy control n=6
KTRs vs general population n= 14

Figure 1. Study inclusion and exclusion flowchart

2Inclusion criteria for full-text screening: 1) subjects received single-organ transplantation in adults; 2) disease-
specific and/or generic HRQOL was measured post-transplantation; and 3) post-transplant HRQOL was compared
to that of other populations, including the general population, healthy controls, patients with CKD not receiving
RRT, patients on the waiting list and patients receiving dialysis.

Plnaccurate outcome: HRQOL scores higher than the maximum possible value, total HRQOL scores from a
questionnaire that does not support such total score calculation, and a higher HRQOL score as an indication for a
worse HRQOL while the scoring-algorithm hints the opposite (i.e. better HRQOL).

Ten studies conducted more than one comparison.
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Tabel 1. Characteristics of the included studies (n=44)

Reference Year  Country Study KTR Comparison N LOF RR Questionnaire
type (n)  group (%) (%) Disease- Generic
specific

Grivaetal.[13] 2012 UK. R 60 Before KT - - 98 - SF-36
Dasetal.[14] 2014 India C(S) 20 Before KT - 0 100 - WHOQOL
Junchotikul et 2015  Thailand R(S) 232 Before KT - 0 - - WHOQOL
al.[15]
Shresthaet 2010 UK C(S) 58 Before KT - - 77 KTQ SF-36
al.[16] HC 38 32
Lopes et 2013 Portugal P 35 Before KT - - - - SF-36
al.[17]
Mendonca et 2014  Brazil P(S) 63 Before KT - 0 - - WHOQOL
al.[18]
Virzietal.[19] 2007 lItaly P 48 Before KT - - 100 - SF-36
Balaskaetal. 2006  Grace R(S) 85 Before KT - 0 100 - SF-36
[20]
Russcheret 2015  Netherlands P (S) 23 Before KT - 18 - - SF-36
al.[21]
Painteretal. 2012 U.S p 20 Before KT 31 - KDQOL  SF-36
[22]
Mousavi- 2019 Iran P (S) 120  Before KT - 0 - - SF-36
Roknabadi et
al. [23]
Giletal.[24] 2020  Brazil P (S) 40 Before KT - 75 - KbQoL -
Purnajo et 2019 US R 831  Before KT - - - - SF-36
al.[25]
Mitsui et 2020 Japan R(S) 32 Before KT - 13 - - SF-36
al.[26]
Von der Lippe 2014  Norway p 110  Before KT - 0 - KDQOL -
etal.[27] Norwegian GP 5903
Lonning et 2018  Norway P(S) 120  Before KT - 1 87-90 KDQOL -
al.[28] .

Norwegian GP -
Lumsdaine et 2005 U.K P(S) 35 Before KT - - 72 - WHOQOL
al. [29] UK. GP -
Ranabhatet 2020  Nepal C 92 HD (WL?) 69 - 89 - WHOQOL
al.[30]
Tomasz et 2003  Poland C 83 HD (WL?) 61 - 36 - WHOQOL
al.[31]
Fujisawa et 2000 Japan C(S) 117 HD&WL 49 - 96 - SF-36
al[32] HDnoton WL 65
Sayin et al.[33] 2007  Turkey ¢ 20 HD (WL?) 75 - 100 - SF-36

PD (WL?) 41
Tamura et 2018  Japan c(S) 68 HD (WL?) 165 - - - SF36
al.[34]
Rambod et 2011  Iran C 200 HD(WL?) 200 - 100 - QLI-DT
al.[35]
Sapkota et 2013 Nepal C 57 HD (WL?) 62 - - - WHOQOL
al.[36]
Czyzewskiet 2014  Poland P 120 HD(WL?) 50 - - KDQOL  SF-36
al.[37] PD (WL?) 30
Zheng et 2014  China C(S) 124 HD(WL?) 100 - 73 - SF-36
al.[38]
Rosenberger 2010  Slovak P 87 WL 93 1 69-89 - SF-36
etal.[41]
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Kovacs et 2011
al.[42]
Franke et 2000
al.[43]

Neipp et 2006
al.[44]

Karine et 2020
al.[39]

Igbal et 2020
al.[40]

Stomer et 2013
al.[48]

Ay et al.[45] 2015
Taskintuna 2009
et al.[46]

Yagil et 2018
al.[47]

Zhao et 2018
al.[49]

Cornellaet 2008
al.[50]

Aaseboet 2009
al.[51]

Karam et 2003
al.[52]

Liu et al.[53] 2015
Espositoet 2017
al.[54]
Wei et 2013
al.[55]
Costa et 2017
al.[56]

Hungary

Germany

us

France

Bangladesh

Norway

Turkey
Turkey

Israel
China
Italy
Norway
France

China
u.s

Taiwan

Spain

C

R(S)

R(S)

C(S)

C(S)

P(s)

ceo

C(S)

c(s)

c(s)

P(s)

888

149

139

1658

15

38

47
69

45

253

52

131

229

204
132

88

124

WL

WL
HC
WL

U.SGP
CKD 3b

CKD 4

HD & PD
(WL?)
French GP
CKD patients
HD (WL?)
HC

CKD patients
Norwegian GP
HC

HC

HC

Chinese GP
Italian GP
Norwegian GP
French GP

Chinese GP
U.SGP

Taiwanese GP

Spanish GP

187 -

149 -
149 -
57 -

1487 -

1206 -
1251 -

20574 -
28
20 -
40
30 -

47 0

45 -

45 -

52 -

84

80-90

81
84-
100

59

100

98

91

47

85

100
80

63

68-85

KbQoL

KTQ

KDQOL

KDQOL

MLDL

SF-36
SF-36

SF-36; VAS

SF-36
SF-36

SF-12
SF-36
SF-36
SF-36
NIDDK-
QoL
SF-36
SF-36

SF-36

“WL?” indicates unknown waiting list status.

un

indicates not applicable or not reported. Abbreviations: C,
cross-sectional study; GP, general population; HC, healthy controls; HD, hemodialysis; PD, peritoneal dialysis;
KDQOL, kidney disease quality of life questionnaire; KTQ, kidney transplant questionnaire; LOF, loss to follow-
up; MLDL, Munich life quality dimension list; NIDDK-QOL, national institute of diabetes and digestive and kidney
diseases liver transplant database quality of life questionnaire; P, prospective study; QLI-DT, quality and life
index questionnaire-dialysis and transplantation; R, retrospective study; RR, response rate; S, single-center; SF-
12, 12-item short-form health survey; SF-36, 36-item short-form health survey; VAS, visual analog scale;
WHOQOL, world health organization quality of life questionnaire; WL, waiting list.
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A Before-after studies Group-level intervention
Interrupted time-series design
Statistical test for the pre-to-post change
Lost to follow-up $20%
Outcome assessors blinded to the exposure status
Outcome measures clearly defined, valid, and reliable
Exposure measures clearly defined, valid, and reliable
Sample size justification

Participation of all eligible participants I
Representativeness of clinical population of interest

Study population clearly specified and defined |2

Research question or objective clearly stated

B observational cohort and cross-sectional studies

Adjust for potential confounders
Lost to follow-up £20%
Outcome assessors blinded to the exposure status
Outcome measures clearly defined, valid, and reliable
Exposure(s) assessed more than once over time
Exposure measures clearly defined, valid, and reliable
Different levels of exposures as related to the outcome are examined
Timeframe sufficient
Exposure(s) of interest measured prior to outcome(s)
Sample size justification
Subjects selected from same or similar population
Participation rate of eligible participants 250%
Study population clearly specified and defined
Research question or objective clearly stated : : |
0 20 40 60 80 100
Percentage (%)

EYess @No [IINR INAI

Figure 2. Quality assessment for included studies via the National Institutes of Health (NIH) Quality Assessment

Tool for Observational Cohort and Cross-sectional Studies and Before-After Studies With No Control Group.

For studies conducted more than one comparison, the quality assessment was conducted per comparison.
Figure 2A and 2B show the assessment for before-after studies (n=17) and observational cohort and cross-
sectional studies (n=39), respectively. Abbreviations: NA, not applicable; NR, not reported.

Study quality assessment

A great clinical and methodological heterogeneity was observed across the included studies.
Among the studies, there were no randomized controlled trials; 50% had a cross-sectional
design; 32% had a prospective and 18% had a retrospective design; and 55% of the studies
were single-center studies. Different validated questionnaires were used to measure HRQOL
(Table S2). The most frequently used HRQOL questionnaire was the SF-36 (61%), followed by
the Kidney Disease Quality of Life questionnaire (KDQOL; 18%) and the World Health
Organization Quality of Life (WHOQOL; 16%). The quality of the included studies was assessed
for before-after studies and observational cohort and cross-sectional studies (Figure 2). For
studies with more than one comparison, the quality appraisal was conducted separately for
different comparisons. Therefore, the quality appraisal was conducted for 56 records in total.
Among the other observational cohort and cross-sectional studies (n=39), 36% adjusted for
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demographical or/and clinical variables for the comparison. Table S3 shows the assessment
for all included studies.

HRQOL before and after kidney transplantation

Seventeen studies compared pre-transplant and post-transplant HRQOL (Table 2)[13-29].
Multiple measurements of HRQOL were collected for the same patients before and after
kidney transplantation: pre-transplant HRQOL was measured at the transplantation, 2 weeks
before transplantation, or at study inclusion of the cohort study; post-transplant
measurements were, on average, conducted at 1.5 to 46 months after kidney transplantation.
Eight studies reported the RRT before kidney transplantation: the percentages of patients on
dialysis ranged from 36% to 100%, with hemodialysis being the most common dialysis
modality[13, 18-21, 26-28].

Within the first year after kidney transplantation, studies using the SF-36 and the KDQOL
reported consistently better post-transplant HRQOL in the physical HRQOL domain general
health and mental HRQOL domain vitality, as well as in the disease-specific HRQOL domain
effect of kidney disease in both young[13, 17, 19-26] and elderly KTRs[28]. Two studies using
the WHOQOL also showed improvement in physical HRQOL during the first year after kidney
transplantation[14, 29]. In KTRs with a post-transplant time of 46 months, Shresth and
colleagues found an increase in all mental, physical and disease-specific HRQOL domains
compared to preoperative HRQOL[16]. This improvement in disease-specific HRQOL was also

found by Lippe et al. in KTRs with a similar post-transplant time[27].

HRQOL of KTRs and patients receiving maintenance dialysis

Eleven studies compared HRQOL between KTRs and patients receiving dialysis (Table 3)[30-
40]. The average time of HRQOL-measurements after kidney transplantation varied from 3 to
126 months. In a prospective study, Czyzewski et al. showed better physical HRQOL in the
domain physical functioning and better disease-specific HRQOL in the domain burden of
kidney disease in KTRs at 3 and 12 months post-transplantation compared to patients
receiving dialysis and found similar mental HRQOL in the two groups[37]. The other studies in
prevalent KTRs detected a significantly better HRQOL in various physical and/or mental
domains[30-36, 38-40]. Notably, only one study specified the waiting list status of its dialysis
population, and this study showed better physical (i.e. the domains role physical and bodily
pain) and mental (i.e. the domain social function) HRQOL in KTRs 10 years after kidney
transplantation compared to patients receiving dialysis for 8 years without awaiting kidney
transplantation[32].
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HRQOL of KTRs and patients on the waiting list for kidney transplantation

Five studies compared the HRQOL of KTRs with that of patients on the waiting list (Table 3)[32,
41-44]. The average time of HRQOL-measurements after kidney transplantation varied from
12 to 234 months. All patients on the waiting list received either hemodialysis or peritoneal
dialysis treatment. In a prospective study, Rosenberger et al. reported comparable mental
and physical HRQOL between KTR and patients on the waiting list after matching for age,
gender, and comorbidity at 3 and 12 months after kidney transplantation[41]. However, in a
retrospective study, Franke et al. reported better global HRQOL in KTRs on an average of 5
years after transplantation compared to age- and sex-matched patients on the waiting
list[43]. Kovacs et al. found higher scores in the physical HRQOL domain general health and
disease-specific HRQOL domains (i.e. burden of kidney disease and effect of kidney disease) in
prevalent KTRs with a mean post-transplant time of 5 years after adjusting for demographic
and clinical variables[42]. Fujisawa et al. compared KTRs and patients awaiting kidney
transplantation on other RRTs for 10 years and detected better physical HRQOL in the domain
general health in KTRs[32]. Finally, in a cross-sectional study, long survivors (mean post-
transplant time: 20 years) after kidney transplantation reported better HRQOL scores in the
domains physical symptom experience, fatigue, fear and emotions but a lower score in the

domain appearance[44].

HRQOL of KTRs and patients with CKD not receiving RRT

Three studies compared HRQOL between KTRs and patients with CKD stage 3-5 before RRT
(Table 3)[39, 40, 48]. Stomer et al. reported comparable physical and mental HRQOL between
age-, gender-, and estimated glomerular filtration rate (eGFR)- matched KTRs and CKD
patients when measured by the SF-36. When HRQOL was measured using a visual analog scale
(VAS), a better HROQL was found in CKD patients compared to KTRs[48]. Karine and
colleagues reported marginally better physical and mental HRQOL in KTRs compared to
patients with CKD stage 3-5 after adjusting for age, sex, education and diabetes[39]. Finally,
Igbal et al. described higher mean scores in all physical and mental HRQOL domains in KTRs
(mean eGFR: 49) compared to patients with CKD stage 3-5 (mean eGFR: 36)[40].

HRQOL of KTRs and healthy controls

Six studies compared HRQOL between KTRs and healthy controls (Table 4)[16, 40, 43, 45-47].
The average post-transplant time in these studies varied from 3 to 66 months. The healthy
controls were often potential donors, staff from the same research institute or recruited by
social media. Ay et al. reported comparable summary scores for physical and

81



qOoUIRHIp [zl
§0< S0<S0> 90< S0> S0> 90> S0> 90> S0> 90> UesN O 00T - 99 /S 19 addn
S
S0> S0< ‘0< S0> S0> 90> 90< S°0< S0> S0< G0> [4%
S
S0> S0< "0< S0> S0> 90> 90< S0< S0> 90> 90> 9
(as) @ausiaylp [gzl'le
S0> S0<S0> S0> S0> 90> 90< S0< S0> 90> 90> ues\ 4 06 Tz TL 7. W3uuuol
[sele
€C 144 v 44 6€ 6€ 89 LE apDN<% T - vE L9 8y 1oleund
(s1049q/s0ye) lozle
€7/89 Ov/€8 1€/3L 9Z/€8 ve/v8 9v/06 01/29 9S/LL uesN  ¢T 00T ¥S TS b l1oeyseeg
w/0s  €g/e€ 8S/L9 €8/L9 SL/8S T6/€8 ST/ST ST/€E 0S/€€ €€/0S (13d et
-uou/1%3d) [oz]e
09/09  0€/s€ S9/0L 0L/sS 09/ss 09/0L S€/oz 09/08 Sv/ov Ov/ov ADW<% € 8 00T 98 ¥  WINSUA
(240490/19€) [£Tlre
489/¥8 400T/00T ;9/00T .SS/08 q0V/2L oL/00T 42/00T 4£/00T uelpaN T - 00T €9 elE 19 53do
[czlre
T 6T o6 0 € oST ol C qS € qIT ol qf 98ueyduesy 9 - 00T S8 vb  319Joued
[eTl'e
Lo 90 0T Lo 80 9T S0 S0 (4 €1 p s,usyod 9 00T € Vs E&v 19 BAD
(21040q/19€) [eTl'e
-qlv/vL - 09/LL - ,617/29 ,95/€9 J0L/8L TE/TT 8E/BS TL/LL Uuesy 9 76 00T 85 It B 1ZUIA
q0L/S8  o8S/6L q9/08 (8S/9L 9V/ES 09/0L T8/08 SE/OL oSL/V6 (EV/1S 9
(s4042q/191e)
-qIV/8L - (OL/98 8S/€6 79/T6 8S/VL 9V/9S 09/8L S8/T6 (SE/T8 (SL/E6 (EV/TS uesy € - 00T S9 9¢ [vel'eawo
[tzle
4 0T 9T 48T qST 0 qbC 9 a3ueyd uea|y € 9€ 00T +9 TS 3I943ydossny
[ecl'e
(24040q/1914€) 19 Ipeqeu|oy
0E/VS  9¢/LY ¥S/6V 2/9S oET/S9 oL1/8Y oLT/0V 05/SS Juel uesip € - L€ 99 6 -IABSNOIA|
(w)
DI (%) D1
Jaye alopq (%) (%) a3e
[BIOLANI DJ0S ASd AHd adga @3 S HA EL| EN IN SO HO dd dd EL Sod awill  1¥Y DIA1 deN ueaN
Jydads-aseasiq [ZUET] |eaisAyd
JODOHM 8uisn JODYH 700Qa) Pue 9¢-4S Suisn JODYH 24nseaw 109))3  SansLdeIRYD JUBed ERIICIETEN |

‘(LT=Uu) uonejue|dsues} Asupiy 1914 pue 210439 JODYH “Z |I2qeL

82



*28ues pajedipul ay3 ulyim aselusdiads (50 0>d ayl pue (1)

J934e syuow g pue §'T ‘1Y 2J0j24) syulodawiy 99.4y) 38 UosIedwod 104 PRIdNPUOD AJUo 1533 [ea13s1IEIS, (T000"0>d, ‘T00°0>d, ‘T0°0>d, ‘S0"0>d, ‘Uelpaw se pajuasaid sanjea,

‘aljeuuonsanb a41| o Ayjenb uoneziuesio yieay plaom “TODOHM ‘AMIBUA ‘LA {[BI1D0S ‘DOS ‘ASAINS Y3|BaY WI04-110Ys WaN-9€ ‘9¢€-4S ‘uiuoiouny

1e120s ‘4S ‘uoilelnap piepuels ‘gs ‘woldwAs ‘s ‘Adesayl Juswade|dau [euad ‘1YY ‘|edisAyd 9104 ‘dy ‘Jeuonnows 9|04 ‘JY ‘|ed18ojoydAsd ‘ASd ‘|edisAyd ‘AHd ‘Buluonouny |eaisAyd

‘4d ‘uonejue|dsuesy Asupy aandwasaud ‘Iy3d ‘Alewwns Jusuodwod |ea1sAyd ‘SO ‘yieay |elusw ‘HIA ‘Adewwuns Jusuodwod [elusw ‘SOIAl ‘@duadaylp uelsodwi Ajjeaiuld

lewiuiw ‘QIDIN ‘uonelue|dsueay Asupp| Jouop Sulall ‘INQ7 ‘uonejuejdsuedy Asupy ‘1) ‘2a1euuonsanb a1 Jo Ajijenb aseasip Asupiy 9yl “100DA) ‘41| 40 Alljenb paiejas-yyeay

“JO0YH ‘Yieay |esauasd ‘Ho ‘|eIUSWUOIIAUD ‘ANT ‘9seasip Asupiy JO 109440 ‘aX3 ‘uted Ajlpoq ‘dg ‘@seasip Asupiy Jo uaping ‘Mg :suonieinaiqqy "paliodad Jou saiedipul -,

'%0S < AIDIA uey) Jas.e| Juswanoidwi ue paliodau syuanied jo saSejuadiad ayi 4o ‘(0<p S,U9YoD JO QSG 0<DIUDIDHIP) 2IUDID4IP UBSW JOJ P|oYysalyl e Jo (50°0> d) Sunsel

|eanisizels o1 Suipaodoe juedlyiusis Ajpayiodal asam Aayi 41 plog Ul pajuasald aJe S} NSaJ JODYH "PAILdIPUl 3SIMIBYIO0 10U JI UBSW Se pajuasald aJe s3|geldeA SNONUIU0)

6/8T -CT/VT -ET/LT -€T/8T 0T/LT
62 - - - -
9T/9T 9T/9T ST/9T ,IT/9T

9T/LT 9T/9T ST/9T ,IT/ST

SSS/VL TI/LL SLY/V8 5LY[9L

65/6L

W0/9L SEV/LL 0E/€9 6€/69

5€¢/vS 6S/TL 5LT/S9 8V/TL ;SE/S9

(240420/1914€)
uesn

2oUBLRYIP
uesy

(240420/1214€)
ues|\

(s40430/131e)
ues|\|

(210420/191E)
uean

[4%

ST

Ei4

L6

00T

00T

00T

[sT]1e

29 6€ 19 BOUOPUSIA
509

-€€ [sTle1

79 ‘%88  |mjhoyount

[62] e
IS L€ 19 dulepSWINg
F4
-0¢
08 %09 [¥T] e seq
[ot]'|e

€9 6E P Eeysalys

‘(panunuod) z |aqel

83



(@/i) [sele
Q2f1c  qSefte 8T/6L T¢/316L/1e UBIN &< OQH 8y 05 €< 95 TS 1Bpoquey
(a/Di) [telte
LML ET/ETELIHT ETHT LIV USA  T¥ AH T9 &5 53 6 & PSRWOL
(a/v) e W€ [ogTte
$ST2/L9T  95/09 ;85/69:2S/69 6V/0L UBSIN %9/ GH 89 9v %L oL T waojdes
(@/i) [oglTe
JIT/ET  AT/CETATITATAT/ET UBN &< QH SL b < SL 65 WPRYgeuRy
(a/di)
/oS /€€ we/oL Ov/99 TT/8v PE/69 OJOE LE/16 U €< QH {57 < 6€ [ovlTerd(eqbl
(a/Di) [6elTe
Ob/or SE/SY UBN TI< d 9 69 9 SS 192uLe)|
(a/i) [celte
69/0L OL/8LpLfe8 85/€9 76/954£9/089/8L 78/98 USN 76 GH 69 S 9T ¥ g v Pemesiy
(/v [vere
BY/eS S€/8v BE/6V ST/1S Db/Sv £v/6v 02/9v £2/Lv uesn -QH 8 €S ot 00T 09 7§ Ioenwel
(a/i) [gelte
65/2L T/ LL SS/SL O/t Ob/L929/2L (SE[VL 89/08 UBN &< QH - - HE 00T 8L € 13Uz
T9/99 9v/9v 95/855¢5/89 Tv/0S 99/¥9 65/l 95/69 (@) s€ ad 19 9
85/99 0£/9v €9/85:095/89 0v/0S €9/49 Tv/ev 95/69 UBN 9% AH U b W 0L 99 €€ leglewures
5/€S S9/6L vL/€8 0S/€9 ¥L/S9 ¥L/OL 89/9S OS/vv Tw/vy 99//9 9E/0SLS/IL BE/H o7 ad 0S -
{0E/9S o/S/BL99/E8  T9/€9 8V/S9 6S/0L46V/9S W/ Befvb /L9 OE/0SLOS/9L SE/ 8. QH €5 a
S/8VS9/LLYL/SB 0S/VO VL/SO YL/OL 89/8S 0S/Sv  Tw/Sv 99/8L 9€/cvLSfeL BE/y Oy ad 0s
(a/mh zele
E/8V S/ILP9/SB  TOO L¥/SO 65/0L 6b/S /Sy  8T/St /8L OS/cvSfeL SEfSk  UBIN 8 QH 85 € s - phswezin
sisAjoip uo uanod sAsYLY
(w) i
quo (%) 98 woye (%) (%) dBe
BOLAVY/ANT D05 ASd AHdA @id ®F S HA T 45 IA DN HO dd dd dd S QWL INYOIENUBSIAI Wil DI Sl UedIAl
@D YMm
Jypads-asessia [EWSIN [exsAyd aunseaw  /sisAjelp uosiuened SUDI
1QHT0 40 1000HM Suisn TODYH JOOMIPUE9EISUSNIODYH Iy onsuepeleppIRied  S0URRIRY

*(€=u) 14Y Suinl@234 10U @)D Yum siuaiied pue ‘(g=u) 1sl| Sunniem ay) uo syualled ‘(TT=u) sisAjelp uo syuailed o) paisedwod syl 4O TODYH °€ a|qeL

84



98ued pajedipul ay3 ulyum agejusdiad, 50°0>d ayi pue (Qd pue gH ‘SY1M) sdnols8 om} ueys aiow ssosde uosiedwod
104 P93ONPUOd AJUO 353} |BD13ISI3RIS (paIodal Jou anjeA d, ‘1000 0>d;s ‘T00°0>d, ‘10°0>d, !50°0>d, ‘UelpaW se pajuasald san|eA, ‘dJleuuolisanb a41| o Ayjenb uoneziuesio
yijeay plaom ayl “JODOHM ‘AlBUA ‘LA {|e1d0s ‘DOS ‘ASAins yijeay JO wuoy LoYs Wall-9€ 9yl ‘9e-4S ‘Suluoiouny |B120s ‘4S ‘uonelnap paepuels ‘qs ‘woldwAs ‘s ‘Adesayy
Juswade|dad |euad ‘I Yy ‘|edIsAyd 3|04 ‘dy ‘|euolzows 304 ‘Y ‘uolrejue|dsueay pue sisAjelp-alieuuolysanb xapui a41) pue Ayjjenb ay1 ‘1 g-170 {|e2180joydAsd ‘ASd ‘|edisAyd ‘AHd
‘Buiuonouny jeaisAyd ‘44 ‘sisAjelp |esuoiiad ‘Qd ‘Asewwins Jusuodwod |eaisAyd ‘SDd ‘yijeay |eausw ‘HIA ‘Adewwuns Jusuodwod [elusaw ‘SN ‘uoneluejdsuedy Asupiy Jouop
SuiAl ‘1)@7 ‘uonelueldsuesy Asupiy ‘1Y ‘@4ieuuoiisanb a4l Jo Ajijenb aseasip Asup] ayl “T00DAY ‘o4l 40 Aljenb pailejai-yijeay “JO0DYH ‘sisAjelpoway ‘gH ‘yijeay |esauad ‘HO
/|elUBWIUOIIAUD ‘ANT ‘@seasip Asupi 40 109440 ‘QX3 ‘sisAjelp ‘Q ‘uied Ajipoq ‘dg ‘aseasip Asupiy Jo uapang ‘gyg :suolleirnaiqqy ‘panodal jou saledipul -, “(S0°0> d) Sunsay
|eansizels 01 Suipsodoe juediudis Ajpaliodas asam Aayi JI pjog ul paluasald aJe s}nsal JODYH "Pa1edIpul 3SIMIDYIO 10U J| UBSW Se pajuasald aJe S3|gelteA snonuizuo)

(@o/p) [8v]1e
¢5/08 /e UBRSINPOEQD T9 /S 69T - 19 953 JPwolS
Ly/ov ov/sv SYAD €9 89
(D) [eglte
Bv/o gv/st  UBIN GEDD 89 9 - - 19 S5®  Buuey
(mvDi) [ovIe
9/9S 9T/€€ ;19/0L 1S/99 JIE/8v /6 £T/0€ 69/16 U\ GEDD - 6 K - - 6EW legbl
14y 8uneoa1 30U @YD Yum sjuned sA sy I
(mvDi)
S/S 99 /s wls S/ URBIN - - T £F PEC - €9 §S ‘ewddisN
(D) [evlTe
9IL 9L HIL S/9 S/L U S99 d 79 8y 95 - 79 8y® ey
(D) [zelte
89/0L 08/8L SL/28 T9/€9 40S/95 ¥//08 vL/8L T8/98 USN OZTAH 9L 9v 92T ¥L € tr® emesiy
SDYI300 [evlte
8T'0,2C0 00 TO00- - - €00 OT0 - - 100 eegd 9 d 09 67 PS5 - 85 67 SeAoy
29/€9 0s/¥s a
(D) [l
LS/09 8v/cG UeSN v 4 85 6V € - 95 (/i Jediequasoy

151 Bugiom au Uo pup SISAIIp Uo SIUSROd SASHLY

"(panunuo)) "€ ajqeL

85



(do/D)

€L/eL OLfTL L8[TL 0L/ 0L[2S 98/TL 08/€9 -16/08 UeaN - - 6 ST 79 evlesiewnn
st
(do/B) 19 8T l6t]e
€L[C9 9L/TS .L8/L8 0L/ 0L/65 :98/89 08/9 -16/Z8 ues\ - - %9 - U %L Wwoeyz
s> S0 SO SO s> S0> §0> SO> (@s) srewsd
NUALRYIP [82]'e
S0> SO>  S0< SO s> S0> S0> SO UESAl eI PRYARIN 7T 1T 1L T ®3uuuo)
S0> S0> S0 S0 S0>  §0< SO0 S0> SO> SO< 74
s> S0 S0> S0 SO s> S0 SO SO SO> (as) 8T/ct/9
uALRYIP [og]'e
S0> S0> S0< §0< S0> S0> SO0< §0< S0< SO< ues - - T 6 89 €5 198150)
uoibaJ 4o Aqunoo awips 3y wiof uoioindod 01auab sn sy
(OH/D) [ev]re
L 4L 9P 9L UL UBSIA| PaURIBIN PaYRIBIN 9§ - 79 8y 1©Muey
(OH/D) [ov]e
¥6/9500T/€€  66/0L T6/99 S8/3v ¥6/6900T/0€ 00T/T6 ueslA| - e x - - 6E  WEgy
(OH/D) [zt
PL/19 J06/SS  4€8/69 (T9/P 489/tS (08/09 4Z8/SP 88/¢S UBSIA| PRYRIRIAl PAYRIBIN v - @ € Bl
(OH/D) [ov]e3®
09/t9 L9/1S 69/0L 95/€9 -L9/€S €8/69 ¥8/VS (C6/EL ues|A| 08paYeN 66 00T ¥/ €€ eumupjsel
(OH/D) [ot]'e
11/61 06/9L T8/LL 69/€9 8L/69 pELIVS ¥8/TL 1T6/S9 ¥78/TL ;T8/S9 ues\ 3 <SS OF 00T €S o6€ Ideysaiys
¥9/€9 99/9S 0L/19 ¥9/19 Sv/vvr  T9/8S L9/OL LIS 08/8L 8v/9 6
(OH/D)
¥9/19 99/0S (0L/99 19/€9 Sb/vy  T9Y/LS [9/89 WL[TS 08feL 8V/9Y ues\ 15 8€ € 00T 09 [stlleiy
sjoquoo \E&Bm& SASHI
(w)
afe Dlsye (%) (%) aSe
0L AN3 JOS ASd AHd HAN S IN SN HO d8 dd d4d $Sd (%)aEIN  uealy  BwiL DIT3EN Uedy
SN jeashyd  ainsesw  dOaypuedH suDI
JODOHM 8uisn JO0YH 9€-45 3uIsn JO0UH way3 sonsueseLd uaned S0uARYRY

‘(yT=u) uone|ndod |esauald ay) pue (9=u) sjo1u0d Ayieay pasedwod sy JO TODYH ‘¥ dgel

86



‘98ued paiedipul ay3 ulyum a8ejusdtads ‘panodal Jou anjea d, ‘T000°0>d, ‘T00°0>d, ‘T0°0>d, ‘SO"0>d, ‘UBIpaW se pajuasald sanjea,
‘alleuuonsanb ayl| Jo Ayijenb uoneziuedio yyeay plaom ayl “JODOHM ‘ANj_lUA ‘LA {|e1d0s ‘DOS ‘ASAINS yijeaH JO w04 10YS Wal-9€ ayl ‘9g-4S ‘Buluoipuny [edos ‘4S
‘uonelnap paepueis ‘gs ‘Adesayl ruswade|dad jeuad ‘| Yy ‘|edaisAyd 9jou ‘dy ‘|euoinows 9joJ ‘Jy ‘|eda13ojoydAsd ‘ASd ‘|eaisAyd ‘AHd ‘Buiuonouny |eaisAyd ‘44 ‘sisAjelp |eauolliad
‘ad ‘Aewuwns juauodwod [eaisAyd ‘SOd ‘adieuuonnsanb ajl jo Ayjenb aseqelep juejdsueal JAI| S9SEISIP ASUpPIY pue dAI1Sa8Ip pue sa1agelp JO 31NISUl [euoilBU 3yl “10D
-1AaiN ‘yieay |[erusw ‘HN ‘Adewwuns Jusuodwod |elusw ‘SOIA ‘uoneljueldsuea) Asupiy Jouop SulAll ‘17 ‘uoneluejdsuedy Asupiy ‘) ‘aJieuuonsanb a4 jo Alljenb aseasip
Asupp] ay1 100 ‘@4 Jo Aljenb palejai-yieay TODYH ‘sisAjelpoway ‘gH ‘s|o11uod Ayljeay ‘QH ‘uonle|ndod |esauasd ‘do ‘Yyljeay |esauald ‘Ho {|eluswWwuoIIAUL ‘AN ‘SISAjelp

‘a ‘uted Ajlpoq ‘dg :suolielnauqqy "paiodal jou saiedipul

“n

(50°0> d) Sunsa |eansiels o1 Suipiodde juedyiusis Ajpaliodas aiam Asyi JI pjog ul paiuasald aue synsad

TODYH "Pa1edIpul 3SIMIBYLO 10U 4| UBSW Se paludsald ale s3|gelieA SNONUIRUOD “(4§ SA 9 uelpaw) swoldwAs |eluaw pue (ST SA €7 uelpaw) |edisAyd Aq pasned usping
aJow pue (,8 sA OT uelpaw) woldwAs |edisAyd atow ‘(,£ SA 9 uelpaw) yyeay |esauad pue (pp SA T uelpaw) uoiduny jeuosiad Jamo| Ajpuedyiudis pariodal ‘|e 19 wedey

(do/D) [esle
"3]ge3 343 MOJ2q SI0U 335 “TOD-HAIN 343 8uisn TOVYH 40 SHNSSA TODYH SY31o4 uesiy - - 0l< - €S €5 Puweey
ST/9TST/LT.ST/9T 9T/9T 4"
(do/D) l62le®
ST/LT ST/LT.ST/9T 9T/ST ues\ - - ST 00T TS [E duiepswm
(do/D) [sel'e
oL/t J08/st Ues Yid St - - 19 S§5 19auuey
(do/1) [e€le
4EL/89 6L/0L oL8/LL 89/T9 69/65 S3/€8 .18/89 526/08 Ues|A| - - §“T v 9 6v P IM
(do/D) [tv]1e
S//69 18//8 €8/6L 19/1S kLfes SLfo9 18/18 18/99 Ues - - ¥z - €9 S5 19ddieN
(do/D) [sv]e
05/0S 0S/gv ueay - - 69T - 19 95 WJBwWOois
05/¢s {0S/v 0%
05/67 40S/9v 9L
(do/D) [¥sle
05/6v {0S/Tv ues|y - - 9 - 65 ¢S ¥9ousodsy
(do/D) [ts]e
08/LL 06/9L 68/08 ;T9/9S ¢S/6v I8/09 08/9L 6/L 6/L8 LES/6Y uesiy - - 65 99 P 67 Iogssey
[S/6S 89/vL qiLfey TS/LY 460/0F 65/¢C - ¥9/€9 Sewad
(do/D) [ose
69/S9 VL/oL o8L/LY 89/0S aC9/LE L/ST - ¥8/e8 UESAl  SJeINPRYAIRIN W - 9 (9 Wepwo)
[ele
(do/D) 19 9ddn
78/3L oS8/TL 88/18 LTIO/VS oES/8V oYL/LS EL/TL oSLITS oT8/EL JOS/WY UESIA| PaYdIIA PRYRIRIN o - 99 (S Jepuon

“(panunuod) 'y ajqeL

87



mental HRQOL in incident KTRs at 3 and 9 months after kidney transplantation to healthy
controls, while a consistently lower score in the physical HRQOL domain role physical[45].
Three cross-sectional studies in KTRs, with a mean time of 3 years after kidney
transplantation, showed comparable mental HRQOL to healthy controls, and two studies
reported lower physical HRQOL in the KTRs[16, 43, 46]. In KTRs on an average of 5 years after
kidney transplantation, Yagil et al. detected lower physical and mental HRQOL in KTRs
compared to age-, sex-, marriage status-, and education level- matched healthy controls[47].
Finally, Igbal et al. described lower mean scores in physical (i.e. role physical and general
health) and mental (i.e. vitality, role emotional and mental health) HRQOL domains in KTRs

with unreported post-transplant time compared to healthy controls[40].

HRQOL of KTRs and the general population

Fourteen studies compared HROQL in KTRs with the general population from the same
country or region (Table 4)[27-29, 39, 44, 48-56]. The average post-transplant time in KTRs
varied from 1 to 234 months. When compared to the general population, three prospective
studies reported comparable physical and mental HRQOL in both young and elderly KTRs at 1
year after kidney transplantation, among which one study by Costa et al. reported
significantly lower physical HRQOL at 1 month after kidney transplantation[28, 29, 56]. Eight
studies in KTRs with an average of 3 to 15 years after kidney transplantation, showed
generally lower physical HRQOL and lower to comparable mental HRQOL compared to the
general population[27, 48, 50-55]. One of these studies was conducted in elderly KTRs and
reported similar HRQOL in the physical HRQOL domain physical functioning and the mental
HRQOL domains role emotional and mental health to the general population, but lower
HRQOL in the physical HRQOL domains bodily pain and general health, and the mental HRQOL
domains vitality and social functioning[50]. In KTRs with an average of 20 years after kidney
transplantation, Neipp et al. reported lower HRQOL among KTRs in three out of the four
physical HRQOL domains (i.e. physical functioning, bodily pain and general health) and one
out of the four mental domains (i.e. vitality)[44]. Two other studies without reported post-
transplant time, reported lower mental and physical HRQOL in KTRs, with the exception of

the mental HRQOL domain social functioning in one study[39, 49].

Discussion

HRQOL is a valuable outcome for KTRs and nephrology care. This systematic review
summarized the published literature in recent decades that compared HRQOL in KTRs,
measured with different validated HRQOL questionnaires, with that of all relevant
populations (i.e. patients receiving dialysis, patients on the waiting list for kidney

transplantation, patients with CKD not receiving RRT, the general population and healthy
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controls) and themselves before kidney transplantation. Despite the heterogeneity of
included studies, the results of this systematic review suggest a better HRQOL after kidney
transplantation compared to the same individuals preoperatively and compared to patients
receiving dialysis with or without being on the waiting list for kidney transplantation. KTRs
also seem to experience similar or marginally higher HRQOL compared to patients with CKD
stage 3-5not receiving RRT. Finally, when compared with healthy controls and the general
population, KTRs appear to have comparable HRQOL shortly after kidney transplantation but
a lower physical HRQOL and a lower to comparable mental HRQOL in the long term, hereby
suggesting that HRQOL of KTRs may be restored to, but is not always maintained at “pre-CDK”
HRQOL levels.

HRQOL in KTRs compared to patients with ESKD

The results of this review suggest consistently better HRQOL in KTRs, including elderly KTRs
when compared to patients with ESKD (i.e. the same cohort pre-transplantation [consisting
of patients receiving dialysis or patients not receiving RRT with preemptive kidney
transplantation] and patients receiving dialysis with or without being on the waiting list)[14-
22,27, 28,57, 58]. Our findings are in line with the previous systematic review conducted by
Liem and colleagues in 2007, showing higher HRQOL in physical (i.e. physical functioning, role
physical, bodily pain and general health) and mental (i.e. role emotional) SF-36 domains in
KTRs compared to patients on either hemodialysis or peritoneal dialysis after adjusting for
age and diabetes[10].

There are several possible explanations for our findings that KTRs experience a higher HRQOL
compared to patients with ESKD regardless of dialysis initiation and being on the waiting list
or not. First, after an immediate decrease in self-reported physical activity due to the
operation, KTRs report a 30% higher physical activity level than the pre-transplant level and
this increase in physical activity persists until 5 years after successful kidney
transplantation[59]. This finding is also supported by a study with physical activity being
objectively measured using an accelerometer, showing a higher proportion of physically
active KTRs compared to patients receiving dialysis (65% vs. 20%)[60]. Nana et al. have indeed
found an association between a higher physical activity level measured objectively and
subjectively and better HRQOL[61]. Second, kidney transplantation can reduce the high
symptom burden and treatment burden in ESKD patients and consequently improve HRQOL.
Compared to ESKD patients, KTRs report less fatigue[44, 62, 63], decreased frequency of
depressive symptom([19, 62], better sleep quality[21, 64, 65], less pain and immobility[63].
Third, kidney transplantation can have a positive impact on social functioning — an important

component of HRQOL. In a Swiss transplant cohort study, approximately 80% of patients with
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ESKD maintained their employment after kidney transplantation, and around 20% of
unemployed patients with ESKD restarted working after their kidney transplantation[66].
Social participation in leisure and religious activities was also significantly improved in KTRs
compared to patients on hemodialysis[67]. The increased social functioning can be a result of
the reduced treatment burden following RRT modalities change from dialysis to kidney
transplantation. A commonly seen regime of in-center hemodialysis requires patients to visit
the dialysis clinics 3 times a week and to be tied to a dialysis machine for around 4 hours each
time[68]. The negative impact of such treatment burden on social activities is foreseeable.
Finally, KTRs appear to have more favourable illness perceptions (i.e. stronger positive beliefs
about the seriousness and controllability of their condition) compared to themselves before
the transplantation, and such beliefs could also positively influence patient outcomes such as
HRQOL[57, 69].

HRQOL in KTRs compared to CKD patients, healthy controls and the general
populations

Our results showed that KTRs had similar or marginally better HRQOL in comparison to
patients with CKD stage 3-5 before dialysis initiation[39, 40, 48]. Despite the restored renal
function in KTRs, the commonly occurring side effects of immunosuppressants and a longer
duration of underlying kidney disease might explain that their HRQOL was not significantly
different from that of patients with CKD.

When comparing KTRs with healthy controls or the general population, eligible studies
suggested comparable physical and mental HRQOL in a short period after kidney
transplantation (<2 years)[28, 29, 45, 56]. However, KTRs with a longer post-transplant time
reported consistently lower physical HRQOL and lower to comparable mental HRQOL when
compared to healthy controls or the general population. The comparable HRQOL in KTRs in
the short term after kidney transplantation could be a result of improved clinical health
status[1], dramatically decreased treatment burden (especially for dialysis patients)[68],
happiness and relief in the early post-transplant phase[70], and a potential response shift
effect[71]. The response shift, in this specific context, refers to a phenomenon where part of
the perceived improvement of HRQOL is due to patients’ adaption to the post-transplant
health condition[71]. In a study comparing coping strategies between KTRs and the general
population, successfully transplanted KTRs did have relatively more optimistic, self-reliant
and supportive coping[72], which are considered effective in handling a chronic condition
such as kidney disease. A more obvious example is the study conducted by Lumsdaine et al.,
which has detected better psychological health in KTRs than that in the general

population[29]. For patients with a longer post-transplant time, the comparatively lower
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HRQOL might be contributed to treatment-related side effects and complications, a longer
duration of pre-existing comorbidities or underlying kidney disease, and the progressive
decline of kidney function due to different causes (e.g. toxicity of immunosuppressants,
progression of donor-derived lesions and recurrence of primary kidney disease). According to
a large registry study in Australia and New Zealand, up to 10% of the KTRs experienced a more
than 30% decrease in their kidney function between the first and third year after

transplantation[73].

Clinical implications

The results of this systematic review reinforce the benefits of kidney transplantation among
patients with ESKD in terms of HRQOL and, at the same time, suggest that there is room for
improvement. HRQOL after successful kidney transplantation is dynamic and is influenced by
many factors. Previous studies showed a wide range of factors to be associated with
suboptimal post-transplant HRQOL, including socio-demographic characteristics (e.g. older
age, female gender, low education and income, unemployment, and living alone), clinical
characteristics (e.g. disability, high serum creatinine, comorbidities, and side effects from
treatment and hospitalization), lifestyle characteristics (e.g. insufficient physical activity) and
psychosocial characteristics (i.e. depression, negative illness perceptions, and a lack of esteem
or social support)[74-76]. Therefore, personalized treatment approaches addressing
individual (modifiable) factors driving poor outcomes are needed to optimize HRQOL in
kidney transplant care. Previous studies have investigated the effects of lifestyle,
psychoeducational and self-management interventions to improve post-transplant HRQOL in
addition to interventions for biochemical markers. A meta-analysis, including six randomized
trials, showed that supervised exercise training could significantly improve HRQOL in
KTRs[77]. Cognitive-behavioral therapy also positively influenced HRQOL in this
population[78]. Ongoing trials and research suggest the possibility of improving HRQOL by
means of combined lifestyle interventions (exercise and diet) and web-based self-

management[79, 80].

Our results also showed that post-transplant HRQOL could reach the levels reported by the
general population or healthy controls shortly after kidney transplantation but seemed to be
lower in the long term. However, most studies that compared HRQOL between KTRs and the
general population or healthy controls are cross-sectional, and the relatively small sample size
and short follow-up time of the included longitudinal studies suggest a need for studies with
a sufficiently large sample of incident KTRs to map the evolution of HRQOL over time. Renal
registries that routinely collect HRQOL-data in clinical practice may fill this gap and provide

insight into “real world” HRQOL of KTRs longitudinally. Finally, our systematic review
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suggested a need for more research on HRQOL in elderly KTRs, especially with the aging
population.

Strengths and limitations

The strengths of this up-to-date systematic review include a thorough literature search, the
inclusion of all validated questionnaires to measure generic HRQOL as well as disease-specific
HRQOL, and the inclusion of all relevant comparison groups to provide a comprehensive
picture of HRQOL after kidney transplantation. This systematic review also has its limitations.
First, due to the inability to calculate pooled estimates and to adjust for potential variables,
the strength of our conclusion greatly depends on the quality of individual studies.
Unfortunately, some studies only performed an unadjusted comparison between the
comparison groups, and some studies were conducted in prevalent patients, which are prone
to selection bias, with the latter potentially being more evident in cross-sectional studies of
long survivors. Second, it might be worth noting that most included studies commented on
HRQOL differences being a statistically significant difference or change, but few of the studies
commented on whether the difference or change could also be considered a clinically relevant
difference or change in HRQOL — with the former not necessarily implying the latter[81].
Future studies addressing the clinically relevant HRQOL differences and changes in the field
of nephrology are necessary to facilitate the interpretation of HRQOL scores in literature and
in clinical practice. Finally, we only included publications written in the English language,

hereby limiting the generalizations of our results.

Conclusion

Patients report a higher HRQOL after successful kidney transplantation than before the
transplantation and compared to patients receiving dialysis. KTRs also experience similar to a
slightly better HRQOL compared to non-dialysis dependent patients with CKD stage 3-5. When
compared to healthy controls and the general population, HRQOL appeared to be restored to
a “pre-CKD” level shortly after successful kidney transplantation, but these higher HRQOL
levels did not last in the long term. Future studies investigating interventions on modifiable
risk factors for impaired HRQOL, such as immunosuppressive strategies, are needed to
maximize the long-term benefit of kidney transplantation.
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Table S1. Systematic searching strategy for literature about health-related quality of life in

kidney transplant recipients.

Searching

strategy

(("Kidney Transplantation"[majr] OR "Kidney Transplantation"[ti] OR "Kidney Transplant"[ti]

OR "Kidney Transplants"[ti] OR "Renal Transplantation"[ti] OR "Renal Transplant"[ti] OR

"Renal Transplants"[ti] OR "Kidney Grafting"[ti] OR "Kidney Graft"[ti] OR "Kidney Grafts"[ti] OR
"Renal Grafting"[ti] OR "Renal Graft"[ti] OR "Renal Grafts"[ti] OR (("Kidney"[ti] OR Kidney*[ti]

OR "Renal"[ti] OR Renal*[ti]) AND ("Transplantation"[ti] OR "Transplant"[ti] OR
"Transplants"[ti] OR transplant*[ti] OR "Grafting"[ti] OR "Graft"[ti] OR "Grafts"[ti] OR
Graft*[ti])))

AND ("health related quality of life"[tw] OR "HRQOL"[tw] OR "Quality of Life"[mesh] OR
"quality of life"[tw] OR "QOL"[tw] OR "life quality"[tw] OR "HRQL"[tw])

AND ("2000/01/01"[PDAT] : "3000/12/31"[PDAT])

AND english[la]

NOT (("Child"[mesh] OR "Infant"[mesh] OR "Adolescent"[mesh]) NOT "Adult"[mesh])
NOT ("Animals"[mesh] NOT "Humans"[mesh])

NOT (("case reports"[ptyp] OR "case report"[ti] OR "Review"[ptyp] OR "review"[ti]) NOT
("Clinical Study"[ptyp] OR "trial"[ti] OR "RCT"[ti])))




Table S2. HRQOL questionnaires used in selected studies and their domain coverage.

Type of the Questionnaire HRQOL domains
questionnaire
Generic SF-36 Physical Component Summary (PCS; containing four

questionnaire

SF-12

WHOQOL

MLDL

Kidney disease- QLI-DT
specific
questionnaire

KDQOL

KTQ

NIDDK-QOL

domains: physical functioning (PF), role physical (RP), bodily
pain (BP) and general health (GH))

Mental Component Summary (MCS; containing four
domains: vitality (VT), social functioning (SF), role
emotional (RE), and mental health (MH))

PCS (containing four domains: PF, RP, BP, and GH)
MCS (containing four domains: VT, SF, RE, and MH)

Physical health
Psychological health
Social relationships
Environment health

Physical Status
Psychological Status
Social Situation
Daily Life

Health/functioning
Socioeconomic
Psychological/spiritual
Familial

SF-12/36

Burden of kidney disease
Symptom

Effect of disease

Physical symptoms
Fatigue
Uncertainty/fear
Appearance
Emotions

Measures of disease (physical and mental symptoms and
corresponding distress)

Psychologic status

Personal function

Social and role function

General health perception

Abbreviations: KDQOL, kidney disease quality of life questionnaire; KTQ, kidney transplant questionnaire; MLDL,
Munich life quality dimension list; NIDDK-QOL, national institute of diabetes and digestive and kidney diseases
liver transplant database quality of life questionnaire; QLI-DT, quality and life index questionnaire-dialysis and
transplantation; SF-12, 12-item short-form health survey; SF-36, 36-item short-form health survey; WHOQOL,
world health organization quality of life questionnaire.
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Table S3. Quality appraisal of included studies using the National Institutes of Health (NIH) Quality Assessment

Tool for Observational Cohort and Cross-sectional Studies and Before-After Studies With No Control Group.

Item | Item | ltem | Item | Item | ltem | ltem | Item | Item | Item | ltem | ltem | Item | Item

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Razieh 2012 YES | YES YES YES YES YES YES NA YES YES NA NA - -
Ana 2020 YES YES YES YES YES YES YES NA YES YES NA NA - -
Intan 2020 YES YES YES YES NO YES YES NA YES YES NA NA - -
Yosuke 2020 YES YES YES YES NO YES YES NA YES YES NA NA - -
Griva 2012 YES YES YES YES NO YES YES NA YES YES NA NA - -
Das 2014 YES YES YES YES NO YES YES NA YES YES NA NA - -
Junchotikul 2015 YES YES YES YES NO YES YES NA YES YES NA NA - -
Shrestha 2010% YES YES YES YES NO YES YES NA YES YES NA NA - -
Shrestha 2010° YES | YES YES NO NO YES YES NA YES NO YES NA YES NO
Lopes 2013 YES YES YES NR NO YES YES NA YES YES NA NA - -
Mendonca 2014 YES YES YES NR NO YES YES NA YES YES NA NA - -
Virzi 2007 YES | YES YES NR NO YES YES NA YES YES NA NA - -
Balaska 2006 YES | YES YES NR NO YES YES NA YES YES NA NA - -
Russcher 2015 YES | YES YES YES YES YES YES NA YES YES NA NA - -
Painter 2012 YES YES YES YES NO YES YES NA NO YES NA NA - -
Lippe 2014° YES | YES YES YES NO YES YES NA YES YES NA NA - -
Lippe 2014¢ YES | YES NR NO NO YES YES NA YES NO YES NA YES YES
Lumsdaine 2005° YES | YES YES NR NO YES YES NA YES YES NA NA - -
Lumsdaine 2005¢ YES YES NR NO NO YES YES NA YES NO YES NA YES NO
Lonning 2018* YES | YES YES YES NO YES YES NA YES YES NA NA - -
Lonning 2018¢ YES YES YES NO NO YES YES NA YES NO YES NA YES YES
Czyzewski 2014 YES | YES NR YES NO YES YES NA YES NO YES NA YES NO
Rosenberger 2010 YES YES NR YES NO YES YES NA YES NO YES NA YES YES
Franke 2000¢ YES | NO YES YES NO YES YES NA YES NO YES NA YES YES
Franke 2000° YES NO YES NO NO YES YES NA YES NO YES NA YES YES
Neipp 2006° YES YES YES NO NO YES YES NA YES NO YES NA YES NO
Neipp 2006 YES YES YES NO NO YES YES NA YES NO YES NA YES NO
Karine 20200 YES YES NO YES NO YES YES NA YES NO YES NA NA YES
Karine 2020° YES YES NO NO NO YES YES NA YES NO YES NA NA YES
Karine 2020¢ YES YES NO NO NO YES YES NA YES NO YES NA NA YES
Igbal 2020° YES NO NR YES NO YES YES NA YES NO YES NA NA NO
Igbal 2020¢ YES NO NR NO NO YES YES NA YES NO YES NA NA NO
Igbal 2020 YES NO NR NO NO YES YES NA YES NO YES NA NA NO
Ranabhat 2020 YES YES NR YES NO YES YES NA YES NO YES NA NA NO
Tomasz 2003 YES YES NO YES NO YES YES NA YES NO YES NA NA NO
Fujisawa 2000° YES YES NR YES NO YES YES NA YES NO YES NA NA NO
Fujisawa 2000° YES YES NR YES NO YES YES NA YES NO YES NA NA NO
Sayin 2007 YES YES YES YES NO YES YES NA YES NO YES NA NA NO
Tamura 2018 YES YES NR YES NO YES YES NA YES NO YES NA NA NO
Rambod 2011 YES | YES NR YES NO YES YES NA YES NO YES NA NA YES
Sapkota 2013 YES YES YES YES NO YES YES NA YES NO YES NA NA NO
Zheng 2014 YES | YES YES YES NO YES YES NA YES NO YES NA NA NO
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Table S3 (continued).

Item | Item | ltem | Item | Item | Item | ltem | Item | Item | Item | ltem | ltem | Item | Item

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Kovacs 2011 YES | YES YES YES NO YES YES NA YES NO YES NA NA NO
Stomer 2013¢ YES | YES YES YES NO YES YES NA YES NO YES NA NA YES
Stomer 2013¢ YES | YES YES NO NO YES YES NA YES NO YES NA NA NO
Ay 2015 YES | YES NR NO NO YES YES NA YES NO YES NA YES NO

Taskintuna 2009 YES | YES NR NO NO YES YES NA YES NO YES NA NA YES

Yagil 2018 YES | YES NR NO NO YES YES NA YES NO YES NA NA YES
Zhao 2018 YES | YES YES NO NO YES YES NA YES NO YES NA NA NO
Cornella 2008 YES | YES YES NO NO YES YES NA YES NO YES NA NA YES
Aasebo 2009 YES | YES NO NO NO YES YES NA YES NO YES NA NA NO
Karam 2003 YES | YES YES NO NO YES YES NA YES NO YES NA NA YES
Liu 2015 YES | YES NO NO NO YES YES NA YES NO YES NA NA NO
Esposito 2017 YES | YES YES NO NO YES YES NA YES NO YES NA NA NO
Wei 2013 YES | YES YES NO NO YES YES NA YES NO YES NA NA NO
Costa 2017 YES | YES YES NO NO YES YES NA YES NO YES NA YES NO

The assessment tool for before-after studies with no control group comprises 12 items: 1. research question or
objective clearly stated; 2. study population clearly specified and defined; 3. representativeness of clinical
population of interest; 4. participation of all eligible participants; 5. sample size justification; 6. exposure
measures clearly defined; valid; and reliable; 7. outcome measures clearly defined; valid; and reliable; 8.
outcome assessors blinded to the exposure status; 9. lost to follow-up<20%; 10. statistical test for the pre-to-
post change; 11. interrupted time-series design; and 12. group-level intervention.

The assessment tool for observational cohort and cross-sectional study comprises 14 items: 1. research question
or objective clearly stated; 2. study population clearly specified and defined; 3. participation rate of eligible
participants>50%; 4. subjects selected from the same or similar population; 5. sample size justification; 6.
exposure(s) of interest measured prior to outcome(s); 7. timeframe sufficient; 8. different levels of exposures as
related to the outcome are examined; 9. exposure measures clearly defined; valid; and reliable; 10. exposure(s)
assessed more than once over time; 11. outcome measures clearly defined; valid; and reliable; 12. outcome
assessors blinded to the exposure status; 13. lost to follow-up <20%; and 14. adjust for potential confounders.

For studies conducted more than one comparison, the quality appraisal was conducted per comparison. *before-
after; Pkidney transplant recipients (KTRs)-dialysis patients; ‘KTRs-general population; “KTRs-patient with CKD
not receiving dialysis; °KTRs-patients on the waiting list; 'KTRs-healthy control. Abbreviations: NA, not applicable;
NR, not reported.
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