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A better understanding of the course and risk factors
for impaired long-term health-related quality of life
(HRQoL; ie, physical, psychological, and social-rela-
tional functioning) after kidney donation might help
clinicians improve the care of live kidney donors. This
systematic review and meta-analysis summarizes
prospective studies about the course and predictors
of HRQolL in living kidney donors. Studies indicate that
shortly after donation, donors have lower HRQoL, with
minor to moderate changes in psychological and
social-relational functioning and major changes in
physical functioning. At 3-12 months after donation,
HRQoL returned to baseline or was slightly reduced,
particularly for fatigue, but scores were still compara-
ble to general population norms. Results were mainly
robust across surgery techniques. A limited number of
studies examined risk factors for impaired HRQoL, with
low psychological functioning before donation as the
most consistent predictor. Based on these results,
clinicians can inform potential donors that, on average,
kidney donors have high long-term HRQolL; however,
donors with low psychological functioning at baseline
are those most at risk of impaired long-term HRQolL.
Future studies should focus on other potentially
relevant predictors of postdonation HRQolL, including
donor eligibility criteria and donor-recipient relation-
ships, to optimize screening and interventions for
donors at risk.

Abbreviations: BDI, Beck Depression Inventory; BMI,
body mass index; Cl, confidence interval; EQ-5D,
EuroQol 5D; ES, effect size; HADS, Hospital Anxiety

and Depression Scale; HALN, hand-assisted trans-
peritoneal laparoscopic donor nephrectomy; HARP,
hand-assisted retroperitoneoscopic donor nephrec-
tomy; HRQoL, health-related quality of life; LDN,
laparoscopic donor nephrectomy; MFI-20, Multidimen-
sional Fatigue Inventory; MIDN, mini-incision donor
nephrectomy; NA, data not available; NS, not signifi-
cant; ODN, open donor nephrectomy; SAS, Zung Self-
rating Anxiety Scale; SCL-90, Symptom Checklist-90;
SDS, Zung Self-rating Depression Scale; SF-36, Short
Form-36 Health Survey; SF-36 MCS, Short Form-36
mental component summary score; SF-36 PCS, Short
Form-36 physical component summary score; SSQ,
Social Support Questionnaire; STAI, State-Trait Anxi-
ety Inventory; TERS, Transplant Evaluation Rating
Scale; VAS, visual analog scale; WHO QoL-Bref, World
Health Organization Quality of Life Brief Questionnaire
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Introduction

The high percentages of living donor kidney transplanta-
tions worldwide have prompted research into kidney
donors’ health-related quality of life (HRQoL), consisting
of physical, psychological and social-relational function-
ing (1). Donors have been found to have high HRQoL before
donation (2-4), often better than that of the general
population, probably because of the stringent medical
screening for kidney donor eligibility. After donation,
however, approximately 5%-25% of donors experience
problems with physical or psychosocial functioning, such as
depressed mood, fatigue or pain (5-7). A previous
systematic review of mostly cross-sectional and a few
prospective studies concluded that most donors experi-
enced no change or improvement in psychosocial function-
ing on average at 4 years after donation but that a
small group of donors reported adverse psychosocial
outcomes (5).

After this previous review, new prospective studies and
randomized controlled trials were published addressing
the HRQoL of living kidney donors (8-14). Moreover,
advances in surgery techniques, such as minimally invasive
techniques, and expansion of donor eligibility criteria (eg,
acceptance of donors at higher ages, body mass index
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[BMI], or blood pressure), may have affected HRQoL
(15-17). In addition, because impaired HRQoL after dona-
tion has been found, it is relevant to know potential
predictors to guide screening and interventions for donors
at risk to prevent impaired functioning after donation.
Currently, guidelines to select eligible living kidney donors
are based mainly on physical and not on psychosocial
criteria (2,15,18-22). Consequently, we conducted an
updated systematic review and meta-analysis of the
current literature (1) on the course of HRQoL of living
kidney donors from before to after donation and (2) on
predictors of postdonation HRQoL.

Methods

Literature search strategy and inclusion criteria

PubMed, Embase, Cinahl, and PsycINFO databases from 1990 until
February 2014 were systematically searched, using living kidney donors,
psychological factors, and quality of life as keywords. In addition, the
reference lists of included studies and review articles were examined for
other potentially relevant articles. All prospective studies published in
English peer-reviewed journals investigating HRQoL before and after
donation and using validated self-report questionnaires were included.
Details of the protocol for this systematic review and meta-analysis
were registered on PROSPERO (http://www.crd.york.ac.uk/PROSPERO/
display_record.asp?ID=CRD42013006517).

HRQoL domains

The questionnaires used to assess different HRQoL domains are reported
in Table 1. Physical functioning was assessed as physical disability, defined
as physical limitations in daily activities due to health; pain, defined as
the frequency and interference of pain and discomfort in performing
daily activities; and fatigue, defined as a lack of energy and different
fatigue dimensions (physical and mental fatigue, reduced activities and
motivation). Psychological functioning included feelings of anxiety, nervous-
ness or depression. Social-relational functioning concerned limitations of
social activities due to health.

Data extraction and study quality assessment

The following data were extracted from the included studies: data collection
period and country, number of living donors, demographic variables, donor—
recipient relationship, surgery techniques, questionnaires, assessment
points and HRQoL outcome measures. Short Form-36 Health Survey
(SF-36) physical and mental component summary scores were categorized
as physical disability and psychological functioning, respectively (11,23).
When surgery technigues were not mentioned, study authors were
contacted.

For the course analyses, postdonation assessments were classified into
three periods: the early postoperative period (months 1-2), short-term
functioning (months 3-6), and long-term functioning (>12 months).

Two authors (L.W. and H.v.M.) independently assessed the risk of bias of
included studies using the Cochrane risk of bias criteria (24). Potential
differences were discussed until consensus was reached. Two domains
were scored: (1) attrition bias, based on incomplete outcome data (low risk:
donors with and without missing data were compared on outcomes; high
risk: no reasons for dropout mentioned or data missing potentially related to
outcomes; unclear risk: insufficient information) and (2) other potential
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sources of bias, namely, range of postdonation assessment period (low risk:
standardized timing; high risk: very broad standard deviation of timing;
unclear risk: broad variation of timing but within one period) and the use of
validated questionnaires (low risk: validated questionnaires; high risk: no
validated questionnaires; unclear risk: potentially biased assessment).
Initially, studies with either a high or low risk of bias (study quality) were
all included to assess the course of HRQoL. Subsequently, sensitivity
analyses were used to explore the robustness of the main findings using
high- and low-quality studies separately.

Data synthesis and analyses

The generic inverse variance analysis methodology for meta-analysis of
within-subject designs was applied to analyze HRQoL changes from
predonation to the three postdonation assessment periods, using standard-
ized mean differences (SMDs or Hedges' g) and standard errors or standard
deviations of the SMDs to calculate effect sizes (ESs). An ES of 0.2
represented a small effect, 0.5 represented a medium effect, and 0.8
represented a large effect (25). If data to calculate ESs were not reported,
study authors were contacted; some studies had to be excluded because of
authors’ nonresponse (18,26) or data not being provided (4,27). Because of
repeated assessments within donors, an average correlation of r=0.5 was
imputed between pre- and postdonation HRQoL. Because correlations were
generally not reported, correlation coefficients of 0.1 and 0.9 were also
examined to explore the robustness of the effects. All HRQoL scores were
scaled in the direction of negative SMDs representing a decline of HRQoL
over time. In case of between-study heterogeneity (/) <70%, fixed-effects
models were used; otherwise, random-effects models were used (28).
Analyses were conducted using Review Manager version 5.3 (29). To frame
the results, the clinical significance of the pre- to postdonation assessment
changes was examined by comparing change scores with clinical relevance
norms of the psychometric instruments applied in the included studies. The
SF-36, for example, was the most used instrument to assess HRQoL, with
manuals reporting a 5-point difference as clinically relevant (30-34).

To explore the impact of surgery techniques on HRQoL course, they were
categorized as laparoscopic donor nephrectomy (LDN; standard laparosco-
pic and hand-assisted laparoscopic donor nephrectomy [HALNI]), mini-
incision donor nephrectomy (MIDN; incisions <15cm), and open donor
nephrectomy (ODN; with or without rib resection). When data were reported
on two surgery techniques within one category (eg, HALN and LDN), the
data of the overall most frequently used technique was included for meta-
analysis, after which it was explored whether results changed when the
other technique was included. If multiple questionnaires within one HRQoL
domain were assessed, the overall most frequently used questionnaire
across all studies was initially included in the meta-analysis. Subsequently,
sensitivity analyses were conducted to test the robustness of the main
findings when using the other questionnaires.

Results

Literature search

Our search yielded 2845 publications, of which 57 full-text
articles were reviewed for eligibility; 23 were excluded
(Figure 1). The 34 remaining studies had at least one
assessment before and after donation: 25 (74%) on HRQoL
course, five (15%) on predictors, and four (12%) on course
and predictors.

Table 2 describes characteristics of the 34 included studies,

which were published between 2002 and 2014. In total,
3201 living kidney donors participated in the included
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Table 1: Questionnaires and timing of predonation and postdonation health-related quality of life (HRQoL) assessments of the studies

assessing the course of HRQoL

Timing of predonation
HRQoL assessment

Timing of postdonation
HRQolL assessments

Study (year) HRQoL questionnaires (time to donation) (time after donation)
Aguiar et al (2007) (50) SF-36 NA 1 and 3 mo
Andersen et al (2007) (9) SF-36 1-2 days 1and 12 mo
Bahler et al (2013) (52) SF-36 NA 1, 4, and 7 mo
Bergman et al (2005) (47) SF-36 NA 4 weeks (M =29 days)
Chien et al (2010) (56) SF-36 92.94+5.0 days 3 mo (80.4 4 16.6 days)
Dols et al (2010) (10) SF-36 NA 6 years (range 1-8)
MFI-20
Dols et al (2014) (14) SF-36 NA 1,36, and 12 mo
Frade et al (2008) (59) SF-36 NA 18.8+12.8 mo
SAS
SDS
Garcia et al (2013) (23) SF-36 20+ 27 days 3 mo (126 £ 89 days) and
12 mo (445 + 164 days)
Guleria et al (2011) (57) WHO Qol-Bref 2 weeks 6 mo
HADS
Klop et al (2013a) (4) SF-36 NA 1,3, 6, and 12 mo'
Klop et al (2013b) (53) SF-36 1 day 1 and 12 mo
Kok et al (2006a) (27) SF-36 1 day 1,3, 6,and 12 mo
MFI-20
Kok et al (2006b) (49) SF-36 1 day 1,3, 6, and 12 mo'
MFI-20
EQ-5D
Kroencke et al (2012) (3) SF-36 126+ 112 days 3 mo (96 + 22 days) and
HADS 12 mo (381 + 31 days)
Kurien et al (2011) (11) SF-36 1 mo 6mo
Lopes et al (2011) (18) SAS NA >12mo’
SDS
Lopes et al (2013) (46) SF-36 NA >12 mo
Lumsdaine et al (2005) (48) WHO Qol-Bref NA 6 weeks and 12 mo
Massey et al (2010) (61) SCL-90 NA 2.3 years (3-97 mo)
Minnee et al (2008) (51) SF-36 NA SF-36: 1, 3, 6, and 12 mo
MFI-20 MFI-20: 1, 3, 6, and 12 mo
VAS Pain VAS pain: 28 days
Minz et al (2005) (60) BDI NA 3 mo
STAI
SSQ
Nicholson et al (2011) (12) SF-36 1 day 6 weeks
Smith et al (2003) (54) SF-36 NA 4 mo
Smith et al (2004) (2) SF-36 NA 4 and 12 mo
Timmerman et al (2013) (62) SCL-90 9 mo (range 2-13) 19 mo (range 3-36)
Vemuru Reddy et al (2011) (58) WHO Qol-Bref 2 weeks 6mo
Virzi et al (2007) (55) SF-36 1 mo 4mo
Walton-Moss et al (2007) (26) SF-36 NA 6 and 12 mo’

BDI, Beck Depression Inventory (35); EQ-5D, EuroQol 5D (36); HADS, Hospital Anxiety and Depression Scale (37); MFI-20, Multidimensional
Fatigue Inventory (38); NA, data not available; SAS, Zung Self-rating Anxiety Scale (39); SCL-90, Symptom Checklist-90 (40); SDS, Zung Self-
rating Depression Scale (41); SF-36, Short Form-36 Health Survey (32); SSQ, Social Support Questionnaire (42); STAI, State-Trait Anxiety
Inventory (43); VAS, visual analog scale (44); WHO QoL-Bref, World Health Organization quality of life brief questionnaire (45).

"Data not available for meta-analysis.

studies, with sample sizes varying from 14 to 501 (median
sample size: n=97). Two studies assessed the same
cohort of donors (18,46). Donors had a median age of 47.4
years (range 18-94 years), and an average of 60% of donors
were female (range 43%-100%). The largest percentage of

American Journal of Transplantation 2015; 15: 3041-3054

studies was conducted in the Netherlands (29%), followed
by the United States (15%) and India (12%). Response
rates at the first assessment varied between 37% and
100%, and dropout rates at the follow-up assessment
varied between 0% and 81%.
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Records identified through database
searching (n=4886)

}

Records after duplicates removed
(n=2845)

Duplicates removed (n=2041)

A 4
[ R B T S B

Records excluded:

Recipient-related studies (n =821)

Not prospective studies (n=330)

Different organ transplantation (n=265)

Non-English language (n=259)

Different physical condition (n=169)

Overview studies (n=158)

Only physical conditions of donors described (n=155)
Animal studies (n=144)

Deceased donor kidney transplantation (n=122)
Abstract not available (n=107)

Ethical communications (n=68)

Health-professionals related studies (n=56)
Qualitative studies (n=54)

Public opinion about transplantation and donation (n=37)
Only conference abstract available (n=28)
Cost-effectiveness (n=10)

Other (n=5)

A

Records retrieved for detailed examination
of abstract or full text (n=57)

A\ 4

Full-text articles excluded:

predonation assessment based on post-donation recall (n=6)
no pre- and postdonation assessments reported (n=5)
only between-subject analyses performed (n=2)
only generic HRQoL scores available, not distinguishing
between HRQoL domains (i.e., physical,

psychological, or social-relational functioning) (n=3)
full-text not available (n=2)
results included not only kidney donors but also other subgroups
and data were not described separately (n=2)
timing postdonation assessment was prior to one month after
donation (n=2)
published data were described in multiple publications (n=1)

A 4

Studies included in the systematic review
(n=34)

Figure 1: Flow chart.

Study quality assessment

The response rates of the included studies were generally
high, with a mean response rate across all studies of 89%.
The mean of percentage of dropouts on the last assess-
ment point was 20%. The attrition bias was low in 47% of
studies, unclear in 38% of studies, and high in 15% of
studies. Other sources of bias (ie, range of postdonation
assessment period and the use of validated questionnaires)

3044

were low in 70% of studies, unclear in 9% of studies, and
high in 21% of studies (Figures S1 and S2).

Study results

Course of HRQoL: The timing of predonation HRQoL
assessments was not specified in 16 studies (55%) and
varied between 1 day and 9 months before donation in the

American Journal of Transplantation 2015; 15: 3041-3054
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Table 2: Characteristics of studies included in the systematic review and meta-analysis for both course and prediction of health-related quality of life

Course data Dropout
Study available for No. of  Year data  Female Response last
Study (year) purpose meta-analysis Country donors  collection sex Donor age (range) Surgery technique Donor type Multicenter rate assessment
Aguiar et al (2007) (50) 1 Yes Brazil 60 2003 68% 416489 MIDN: 100% Related: 92% No NA 10%
Unrelated: 8%
Andersen et al (2007) (9) 1 Yes Norway 122 2001-2004 55% 45.5 ODN: 48% Related: 80% No 51% 21%
LDN: 52%  Unrelated: 20%
Bahler et al (2013) (52) 1+2 Yes United States 101 2006-2010 56% 38 (19-62) LDN: 100% Related: 76% No NA 76%
Unrelated: 24%
Bergman et al (2005) (47) 1 Yes Canada 35 2001-2004 57% 40 (31-49) LDN: 100% NA No 97% 8%
Chien et al (2010) (56) 142 Yes Taiwan 14 2005-2008 50% 45.3 (28-62) LDN: 100% Related: 100% No NA 26%
Dols et al (2010) (10) 1 Yes The Netherlands 100 2001-2004 47% 52.5 MIDN: 50% LDN: 50% Related: 74% Yes 88% 1%
Unrelated: 26%
Dols et al (2014) (14) 1 Yes The Netherlands 190  2008-2010 52% 52.6 LDN: 50% HARP: 50% NA Yes 91% 14%
Frade et al (2008) (59) 1 Yes Portugal 32 NA 53% 41 (21-64) MIDN: 100% Related: 100% No NA NA
Fukunishi et al (2002) (65) 2 - Japan 65 NA 54% 53.1 (31-64) NA NA No NA NA
Garcia et al (2013) (23) 1 Yes Brazil 50  2007-2009 62% 41 (25-68) MIDN: 100% Related: 92% No 100% 0%
Unrelated: 8%
Glotzer et al (2013) (64) 2 - United States 83  2000-2010 69% 42.8 (18-60) NA NA No 37% 0%
De Groot et al (2012) (21) 2 - The Netherlands 316 1997-2009 65% 52.6 (25-77) ODN: 0.3% Related: 54% No 74% 0%
MIDN: 96.7% Unrelated: 46%
LDN: 3%
Gross et al (2013) (63) 2 - United States 233 1963-2005 61% 58 (24-94) ODN: 66% Related: 78% Yes 73% 0%
LDN: 33% Unknown: 1% Unrelated: 22%
Guleria et al (2011) (57) 1 Yes India 73 NA  100% 4264105 MIDN: 84%. Related: 100% No 100% NA
LDN: 16%
Klop et al (2013a) (4) 1 No The Netherlands 501 2001-2010 54% <40: 20%; 40-60: 53%; MIDN: 24%, LDN: 57%, HARP:19% Related: 55% Yes NA 16%
60-70: 21%; 70< 6% Unrelated: 45%
Klop et al (2013b) (53) 1 Yes The Netherlands 40 2011-2012 58% 48.0 (21-77) LDN: 50% HARP: 50% NA No 98% 37%
Kok et al (2006a) (27) 1 Yes The Netherlands 100  2001-2004 47% 48.8 MIDN: 50% Related: 74% Yes 88% 1%
LDN: 50%  Unrelated: 26%
Kok et al (2006b) (49) 1 No The Netherlands 100  2001-2005 61% 52.1 (20-90) MIDN: 45% LDN: 55% Related: 52% No 80% 1%
Unrelated: 48%
Kroencke et al (2012) (3) 1 Yes Germany 79  2005-2009 61% 53.6+11.3 ODN: 37%, MIDN: 52%, LDN: 11% Related: 59% No 93% 25%
Unrelated: 41%
Kurien et al (2011) (11) 1 Yes India 50  2009-2010 70% 45.8 LDN: 50% LESS: 50% NA No NA NA
Lopes etal (2011) (18) 1 No Portugal 45 2002-2008 58% 41.2 (20-60) MIDN: 100% Related: 100% No 100% 60%
Lopes et al (2013) (46) 1 Yes Portugal 45 2002-2008 58% 41.2 (20-60) MIDN: 100% Related: 100% No 100% 60%
Lumsdaine et al (2005) (48) 1 Yes United Kingdom 40 2000-2004 63% 49 (24-71) ODN:100% Related: 656% Yes 95% 23%
Unrelated: 35%
Massey et al (2010) (61) 142 Yes The Netherlands 24 2000-2008 54% 58.5 (33-84) LDN: 100%  Unrelated: 100% No 96% NA
Minnee et al (2008) (51) 1 Yes The Netherlands 105 2002-2006 58% <35:12%; 35-44: 26%; HALN: 100% Related: 62% No 100% 2%
45-54: 29%; 55-64: 26%; Unrelated: 38%
65-74:6%; >74: 1%
Minz et al (2005) (60) 1 Yes India 75 2003 72% 428+11.6 NA Related: 75% No NA NA
Unrelated: 256%
Nicholson et al (2011) (12) 1 Yes United Kingdom 84 2000-2004 60% 46.3 MIDN: 33% LDN: 67% NA No 89% NA
Rodrigue et al (2013) (66) 2 - United States 133 2002-2012 57% 43.1+£11.2 LDN: 100% Related: 54% Yes 92% 16%
Unrelated: 46%
Smith et al (2003) (54) 1 Yes Australia 48 1997-2001 52% 48 (26-72) ODN: 100% Related: 61% No 98% 8%
Unrelated: 39%
(Continued)
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& = (Table 1).
® €
g% §§§ s 2 g Table 3 summarizes the meta-analytical findings on the
& a 8 course of the physical, psychological and social-relational
5 5 HRQoL domains.
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e £ s 52 |58 —-1.12 to —0.93]) (9,12,14,47-53). At 3-6 months
> 3 % after donation, physical disability was comparable to
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g é 2 R in Figure S3). Clinically significant changes between pre-
o) = if% and postdonation assessments were found during the early
3 § 8 postoperative recovery period in all studies but in only 17%
;g of studies long term. Long-term physical disability was
% g comparable to general population norms.
Sg8 & 2 |84
/888 8 ¥ |s% Pain: During all postdonation periods, higher pain
5lnsy g 2 |55 levels were found than at baseline, with a large ES
S I g8 during the first two postdonation months, and small
5 ge ESs at the other assessments (ES range: —1.05 to —0.10
8 £ 8 [95% Cl range (-1.31 to —0.80) to (-0.18 to
‘E é —0.02))) (2,3,9,10,12,14,46,47,49-53,55,56,59) (Figure S4).
o cee o o |28 Clinically significant changes between pre-and postdonation
§ gl 322 2 & |3 é assessments were found in the early postoperative recovery
- E? period in all studies butin only 20% of studies long term. Pain
$5| 852 § 2 |¢ g levels long term were comparable to general population
g g % d 4 8 norms.
>c | 28 & 3 ﬂé
E sle9g @ %g § Fatigue: During the first 2 months after donation, higher
z s o z£3 fatigue levels were found than at baseline, with a large
8 2 § % ?} ES (—0.93[95% Cl —1.03 to —0.83]) (9,12,14,47,49-53). At
g £33 s - & %ﬁg 3-6 months after donation, fatigue was comparable to
3 g §E 23 §§ 5 baseline (—0.22 [95% Cl| —0.49 to 0.05]) (3,49-52,55,56);
2 5 o £ ii however, long-term fatigue was higheragain (small ES —0.26
382 [95% ClI —0.35 to —0.18]) (2,3,9,10,14,46,49,51,53,59)
g5 § é g 8 (Figure Sb). Clinically significant changes between pre- and
; c%; g 888 8 2 |3B g% postdonation assessments were found in the early postop-
§ 7;; S s8¢ erative recovery period in all studies and in 50% of studies
E ° § 3 long term after donation; however, long-term fatigue levels
58 % =g were also comparable to general population norms.
3 5 é & £ Psychological functioning ' |
2 B kS g‘g During the first 2 months after donation, psychological
}= 98T B - |£%% functioning was reduced in comparison to that before
S 8% 5 8 _|98¢ donation (small ES —0.22 [95% Cl —0.38 to —0.06])
& g s 8 E: 8 % g 8 §§ s (9,12,14,47-53). At 3-6 months after donation, psychologi-
= 5| 8 é g5 58|z28 cal functioning was comparable to baseline (ES 0.18
F 5158275 2718%¢ [95% CI —0.10 to 0.47)) (2,3,11,23,49-52,54-58,60).
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Table 3: Meta-analytic results of studies assessing the change in health-related quality of life of living kidney donors at different
postdonation assessment periods compared with predonation functioning

Sample size Heterogeneity’ Effect sizes
Timing of postdonation
HRQoL assessment k2 n? 12 (%)% p® SMD® 95% Cl z’ p®
1-2 mo
Physical disability 13 625 49 0.02 —1.03 —1.12 to —0.93 20.65 <0.001
ODN 3 121 6 0.35 -1.20 —1.44 to —0.97 10.09 <0.001
MIDN 2 79 0 0.97 -1.26 —1.65 to —0.96 8.43 <0.001
LDN 8 425 54 0.03 —0.95 —1.06 to —0.83 16.12 <0.001
Pain 12 588 83 <0.001 —1.05 —1.31 to —0.80 8.16 <0.001
ODN 2 83 93 <0.001 —1.40 —2.55 to —0.26 2.40 0.02
MIDN 2 79 0 0.39 —0.89 —1.15to —0.63 6.73 <0.001
LDN 8 426 84 <0.001 —1.02 —1.32 to —0.71 6.58 <0.001
Fatigue 12 586 49 0.03 -0.93 —1.03 to —0.83 18.69 <0.001
ODN 2 81 0 0.67 —1.04 -1.31 to —0.77 7.59 <0.001
MIDN 2 79 36 0.21 —0.66 —0.90 to —0.42 5.40 <0.001
LDN 8 426 50 0.05 —0.97 —1.09 to —0.86 16.39 <0.001
Psychological functioning 13 626 73 <0.001 —-0.22 —0.38 to —0.06 2.72 0.007
ODN 3 121 73 0.02 -0.38 —0.75 to 0.00 1.97 0.05
MIDN 2 79 0 0.56 -0.40 —0.63 to —0.17 3.37 <0.001
LDN 8 426 75 <0.001 -0.13 —0.33 to 0.07 1.27 0.20
Social-relational functioning 13 628 67 <0.001 -0.69 —0.78 to —0.61 15.42 <0.001
ODN 3 123 89 <0.001 —0.48 —0.67 to —0.28 4.84 <0.001
MIDN 2 79 0 0.85 —0.62 —0.86 to —0.37 4.96 <0.001
LDN 8 426 29 0.20 -0.78 —0.89 to —0.67 14.05 <0.001
3-6 mo
Physical disability 14 683 87 <0.001 -0.16 —0.39 to 0.07 1.38 0.17
ODN 3 140 76 0.02 -0.13 —0.48 t0 0.22 0.73 0.46
MIDN 6 360 94 <0.001 -0.15 —0.64 t0 0.33 0.63 0.53
LDN 5 183 0 0.44 -0.17 —0.31 to —0.02 2.25 0.02
Pain 8 345 58 0.02 —0.36 —0.47 to —0.25 6.48 <0.001
ODN 1 48 - - -0.69 —1.00 to —0.38 4.31 <0.001
MIDN 3 139 61 0.08 —0.36 —0.53 to —0.19 4.13 <0.001
LDN 4 158 51 0.10 —0.28 —0.44 to —0.12 3.41 <0.001
Fatigue 8 346 82 <0.001 -0.22 —0.49 to 0.05 1.63 0.10
ODN 1 48 - - 0.56 0.25 to 0.87 3.50 <0.001
MIDN 3 139 71 0.03 -0.20 —0.562 10 0.13 1.19 0.23
LDN 4 159 0 0.65 -0.43 —0.60 to —0.27 5.27 <0.001
Psychological functioning 15 6384 93 <0.001 0.18 —0.10 to 0.47 1.26 0.21
ODN 3 140 85 0.002 -0.30 -0.73t0 0.13 1.37 0.17
MIDN 6 360 96 <0.001 0.35 —0.22 t0 0.91 1.20 0.23
LDN 5 184 85 <0.001 0.32 —0.09 t0 0.73 1.51 0.13
Social-relational functioning 11 519 80 <0.001 0.03 —0.16 t0 0.22 0.34 0.73
ODN 1 48 - - 0.81 0.48t0 1.14 4.76 <0.001
MIDN 5 312 57 0.05 —0.02 —0.20 t0 0.16 0.21 0.84
LDN 4 159 9 0.35 -0.14 —0.31 t0 0.03 1.64 0.10
>12 mo
Physical disability 15 703 65 <0.001 -0.12 —0.20 to —0.05 3.17 0.002
ODN 3 141 60 0.08 —-0.30 —0.48 to —0.13 3.46 <0.001
MIDN 6 270 80 <0.001 -0.13 —0.25 to —0.01 2.09 0.04
LDN 6 292 0 0.61 —0.03 —0.15 t0 0.08 0.57 0.57
Pain 13 617 0 0.50 -0.10 —0.18 to —0.02 2.54 0.01
ODN 2 103 0 0.41 -0.24 —0.44 to —0.04 2.34 0.02
MIDN 5 220 0 0.82 —0.06 —0.19 t0 0.08 0.84 0.40
LDN 6 294 27 0.23 —-0.09 —0.21 t0 0.02 1.59 0.1
Fatigue 13 615 19 0.26 -0.26 —-0.35t0 —0.18 6.41 <0.001
ODN 2 101 13 0.28 —0.39 —0.59 to —0.19 3.83 <0.001
MIDN 5 220 15 0.32 -0.19 —0.32 to —0.05 2.76 0.006
LDN 6 294 18 0.30 -0.28 —0.40to —0.16 4.64 <0.001

(Continued)
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Table 3: Continued

Sample size Heterogeneity' Effect sizes
Timing of postdonation
HRQoL assessment k2 n3 12 (%)* p° SMD® 95% Cl 7’ p®
Psychological functioning 17 778 49 0.01 —-0.11 —0.18 to —0.04 2.95 0.003
ODN 3 141 0 0.42 -0.24 —0.41 to —0.07 2.76 0.006
MIDN 6 270 56 0.05 —0.08 —0.20 t0 0.04 1.27 0.21
LDN 8 367 54 0.03 —0.08 —0.18 t0 0.03 1.49 0.14
Social-relational functioning 16 730 35 0.09 0.04 —-0.03t0 0.12 1.17 0.24
ODN 3 143 3 0.35 -0.13 —0.30 to 0.04 1.50 0.13
MIDN 5 220 44 0.13 0.14 0.00 to 0.28 1.99 0.05
LDN 8 367 10 0.35 0.05 —0.05 t0 0.15 1.03 0.30

Estimated correlation between predonation and postdonation assessment of HRQoL was 0.5.
HRQol, health-related quality of life; LDN, laparoscopic donor nephrectomy; MIDN, mini-incision donor nephrectomy; ODN, open donor

nephrectomy.

"ariation in study outcomes between studies.
2Number of comparisons.

SNumber of donors included in analysis.

“Percentage of variation across studies that is due to heterogeneity rather than to chance.

SSignificance level of heterogeneity.

8Standardized mean difference before versus after donation (effect size).

"Test for overall effect.
8Significance level of effect assessment.

Long-term psychological functioning was reduced
again (small ES —-0.11 [95% ClI —-0.18 to —0.04])
(2,3,9,10,14,23,46,48,49,51,53,59,61,62) (Figure S6). Clini-
cally significant changes between pre- and postdonation
assessments were found in 50% of studies during the early
recovery period and in 7% of studies long term after
donation. Long-term psychological functioning was compa-
rable to general population norms.

Social-relational functioning

During the first 2 months after donation, social-relational
functioning was reduced compared with baseline, with
a moderate ES (—-0.69 [95% CI —-0.78 to —0.61])
(9,12,14,47-53), but similar to baseline for the later periods
(ES 0.03 [95% CI —0.16 to 0.22] and 0.04 [95% CI
—0.03 t0 0.12], respectively) (2,3,9,10,14,46,48-53,55-62)
(Figure S7). Clinically significant differences were found
during the early postoperative recovery period in 90% of
studies but in only 8% of studies long term after donation.
Long-term social functioning was comparable to that of the
general population.

In summary, results show that shortly after donation, as
expected, donors have an HRQoL reduction in comparison
to the level before donation, with small to moderate ESs for
psychological and social functioning and large ESs for
physical functioning, with scores that correspond with
norms for clinically relevant changes. In the short term,
HRQoL returned to baseline on all domains except pain,
which was still slightly reduced (small ES). In the long term,
donors on average showed somewhat reduced physical
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and psychological functioning compared with functioning
before donation (small ES), but levels were comparable to
general population norms, and differences between pre-
and postdonation assessments were not clinically relevant.
In the longer term, slightly elevated scores of fatigue were
found in 50% of studies, but fatigue scores were still
comparable to general population norms. The individual
results of studies that had to be excluded due to missing
data were overall in the same line (see Table S1).

Secondary analyses

Subgroup analyses were conducted to study differences in
pre-and postdonation HRQoL changes for different surgery
techniques. Results were generally comparable for the
different surgery techniques, with a few exceptions that did
not show a consistent pattern of better or worse
functioning for one surgery technigque compared with
others (Table 3).

Because of the heterogeneity between studies, sensitivity
analyses were conducted on the use of different ques-
tionnaires within one HRQoL domain and study quality
assessment. Studies could not be compared with regard to
applying more or less stringent donor eligibility criteria
because these criteria were not reported in most studies.
Results were mainly robust across the use of different
questionnaires and study quality. Finally, HRQoL outcomes
were similar for imputing low (r=0.1) or high (r=0.9)
correlation coefficients instead of the average (r=0.5)
correlation coefficients between pre- and postdonation
assessments.
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Prediction of HRQoL

Nine studies investigated pre- or postdonation predictors
for long-term HRQolL after kidney donation, with each
predictor being included in up to five studies at most
(Table 4). Reduced postdonation physical functioning was
related to nonwhite race (63), smoking (21) and a history of
psychiatric difficulties (63), whereas it was not related to
age (63,64), predonation creatinine levels (21,64), blood
pressure and cardiovascular events (21). Inconsistent
results were found for BMI, which was related to physical
functioning in one (63) of three studies (21,63,64).

Reduced postdonation psychological functioning was
related to worse self-reported physical functioning
4 months after donation and to worse psychological
functioning before and 4 months after donation (2).
Reduced psychological functioning was not related to
predonation self-rated health (61), marital status (2,52),
nonwhite race (63), predonation BMI (21,52,56,63,64),
creatinine level (64), smoking, blood pressure, cardiovas-
cular events (21), surgery technique (2,52) or duration (52),
nephrectomy side, use of a hand-assistance port (52),
length of hospital stay (2), inability to distinguish and
verbalize emotions (alexithymia) (65), the donor-recipient
relationship or recipient length of hospital stay (2,52,56).
Inconsistent results were found for recipient complications
(related in two [52,66] of three studies [2,52,66]), lower age
(related in one [63] of five studies [2,52,56,63,64]), female
sex (related in one [52] of three studies [2,52,56]) and
psychiatric history (related in two [562,63] of four studies
[2,52,61,63]). No predictors were examined for postdona-
tion social-relational functioning.

Discussion

This systematic review and meta-analysis investigated
prospective studies on the course and predictors of HRQolL
(ie, physical, psychological and social-relational function-
ing) after living kidney donation. Results indicated that
shortly after donation, donors have lower HRQoL than
before donation on all domains, with small to moderate
changes in psychological and social functioning and large
changes in physical functioning. At 3-12 months after
donation, HRQoL returned to baseline or was slightly
reduced compared with that before donation, particularly
for fatigue; however, levels were comparable to those of
the general population. Results were mainly robust across
surgery techniques, questionnaires used and study quality.
The limited number of prediction studies have provided only
some rudimentary ideas on potential risk factors for
developing longer term HRQoL problems; however, results
indicated that donors with low psychological functioning at
baseline were those most at risk of impaired longer term
HRQoL.

The current review extended the findings from the 2006
review on psychosocial HRQoL (5) by distinguishing
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different HRQoL domains, using quantifiable meta-analytic
techniques, addressing the influence of surgery techniques
and methodological bias, and including the prospective
results of recent and large cohort studies. Results of current
meta-analysis were generally in line with the previous
review, showing that HRQoL was comparable with general
population norms during the long-term postdonation period,
with slightly reduced scores for physical and psychological
functioning (5).

The short-term reduction of postdonation physical HRQoL
is not unexpected because of the invasive surgical
intervention performed in a healthy body. Previous research
indicated that donors experienced more postoperative pain
than expected before surgery (67-69), and this underscores
the importance of providing appropriate presurgery infor-
mation about possible short-term and long-term health
outcomes. The invasive surgery and resulting short-term
physical disabilities may explain, at least in part, the early
reduction of psychological and social-relational functioning,
which could also be the result of psychological factors (eg,
anxiety) and social-relational factors (eg, concerns about
the recipient’s health) (5).

The results of the current meta-analysis can support
guidelines for future donor decision making, which can be
used in donor counseling in clinical practice. Clinicians can
inform potential donors that although HRQolL scores
decrease shortly after donation, HRQoL recovers to popula-
tion norms within several months after donation. Only
fatigue scores could remain somewhat higher in the long
term, but findings are also comparable to general population
norms. The possible continuation of higher fatigue levels
long term is a new finding that requires further investigation.
It is not yet clear whether these findings might be a
consequence of donation; however, it could potentially be
the consequence of a combination of multiple factors (eg,
aging, living with one kidney, or because donors are not
familiar with physical limitations and may be inclined to
resume their daily activities too early after surgery). Although
fatigue has been found to correlate with worse psychological
functioning in the general population (34,70) and in patients
with chronic somatic conditions (71,72), the comparison of
donors’ HRQoL with general population norms in this meta-
analysis indicated that postdonation HRQolL scores were
comparable to the general population for all dimensions. The
description of a valid comparison group remains important in
future donor research.

From the limited and inconclusive results on prospective
predictors of long-term HRQoL, no firm conclusions can be
drawn, but the most consistent evidence points to low
psychological functioning as a predictor for impaired long-
term HRQoL and underscores the relevance of screening of
psychological functioning and psychiatric history. Conse-
quently, additional counseling might be beneficial for donors
with HRQoL scores that differ from general population
norms in terms of clinically relevant differences; however,
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Table 4: Physical and psychological predictors of long-term health-related quality of life of living kidney donors

Significance Physical Significance
psychosocial outcome physical
Study (year) Predictors Psychological outcome assessment outcomes assessment outcomes
Bahler et al (2013) (52) Physical:
Predonation BMI SF-36 MCS 1 mo after donation NS
Nephrectomy side NS
Use of a hand-assistance port NS
Surgery duration NS
Length of hospital stay NS
Psychological:
Psychiatric history p<0.05
Social-relational:
Relation to the recipient NS
Recipient complications p<0.05
Other:
Age NS
Female sex p<0.05
Marital status NS
Chien et al (2010) (56) Physical:
Predonation body weight Change in SF-36 MH before to 3mo after donation NS
Predonation BMI NS
Serum creatinine 2 days after donation NS
24-h creatinine clearance p<0.01
Hospital stay NS
Social-relational:
Relationship with recipient NS
Other:
Age NS
Sex NS
Fukunishi et al (2002) (65) Psychological: Postdonation psychiatric syndrome NS
Predonation alexithymia
Glotzer et al (2013) (64) Physical:
Predonation BMI SF-36 MCS after donation NS SF-36 PCS after NS
Predonation creatinine level NS donation NS
Other:
Age NS NS
de Groot et al (2012) (21) Physical:
Predonation BMI SF-36 MCS after donation NS SF-36 PCS after NS
Predonation smoking NS donation p<0.01
Predonation blood pressure NS NS
Predonation renal clearance NS NS
Predonation cardiovascular events NS NS
Gross et al (2013) (63) Physical:
Predonation BMI' SF-36 MCS after donation NS SF-36 PCS after p<0.001
Psychological: donation
History of psychiatric difficulties’ p <0.001 p<0.001
Other:
Age? p <0.001 NS
Nonwhite race NS p<0.01
Massey et al (2010) (61) Physical:
Self-rated health scores Satisfaction with donation afterward NS
Psychological:
Inadequacy in thought and action p<0.05
Mental health history NS
Physical:
Self-rated health scores Perceived impact of donation on psychological well- NS
Psychological: being after donation
Predonation psychological complaints NS
Mental health history NS
Psychological:
Predonation phobic anxiety Worse satisfaction with supervision during admittance p<0.05
Predonation depression to the hospital after donation p<0.05
Predonation hostility p<0.01
Rodrigue et al (2013) (66) Social-relational:
Recipient graft failure Overestimated expectations of personal growth p<0.05
Overestimated expectations of interpersonal benefit NS
Overestimated expectations of spiritual growth NS
Smith et al (2004) (2) Physical:
Surgery technique Psychiatric caseness 12 mo after donation NS
Length of hospital stay NS
Predonation SF-36 PCS NS
SF-36 PCS 4 mo after donation p<0.01
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Table 4: Continued
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Study (year) Predictors

Psychological outcome assessment

Significance
psychosocial
outcomes

Physical
outcome
assessment

Significance
physical
outcomes

Psychological:

Psychiatric caseness lifetime NS
Psychiatric caseness previous 12mo NS
Predonation SF36 MCS p<0.05
SF-36 MCS 4 mo after donation p<0.01
Psychiatric caseness 4 mo after donation p<0.01
Social-relational:

Recipient hospital stay NS
Recipient graft failure NS
Donor-recipient relationship NS
Other:

Age NS
Sex NS
Marital status NS
Physical:

Surgery technique SF36 MCS 12 mo postoperatively NS
Psychological:

Predonation TERS scores’ p<0.05
SF-36 MCS 4 mo after donation? p<0.01

BMI, body mass index; NS not significant; SF-36 MCS, Short Form-36 mental component summary score; SF-36 PCS, Short Form-36 physical component summary score; TERS,

Transplant Evaluation Rating Scale.
"Negative correlation coefficient.
2Positive correlation coefficient.

this systematic review clearly indicates that more prospec-
tive research in sufficiently sized samples is required to
identify relevant HRQoL risk factors at an early stage that
may be used to develop and offer interventions to prevent
longer term HRQoL problems in living kidney donors.

A number of studies could not be included because of
methodological constraints, such as recall bias, and
because only generic HRQolL scores were provided.
Moreover, the studies that were included had some
limitations. First, the impact of the currently applied,
more liberal criteria for donor selection on postdonation
HRQoL could not be examined because studies did not
clearly distinguish between the use of strict versus more
lenient donor eligibility criteria. Second, the timing of
predonation assessments varied from months to a few
days before surgery, with 55% of studies not specifying the
timing of the predonation assessment, making it difficult to
compare baseline findings and preventing the assessment
of the impact of timing on HRQoL changes. Because
predonation assessments are often part of the donor-
selection procedure, elevated predonation HRQolL scores
could be reported out of fear not to pass the screening
procedure when problems would be reported. In contrast,
predonation assessments a few days before surgery may
lead to higher-than-normal distress levels because of the
upcoming surgery. Third, although response rates for first
assessments were generally high, response rates for
repeated assessments were often not reported and may
have affected the results. Fourth, some potentially relevant
predictors of postdonation HRQoL have not been examined
yet, including donor complications during or after surgery,
the donor-recipient relationship type (eg, directed versus
nondirected donation), more lenient eligibility criteria for
donors, cultural differences (eg, with regard to health care
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systems and screening procedures), recipient and graft
survival, and pretransplant health status of the recipient (eg,
on dialysis or not). Finally, although it cannot be totally
excluded that the results after donation are possibly
influenced by the phenomenon of regression to the
mean (73,74), this seems unlikely because repeated
measures of HRQoL after donation do not show a
consistent decrease in HRQoL scores over time, and the
large number of studies included did not show a similar
regression to the mean individually.

In conclusion, this systematic review and meta-analysis
showed that HRQoL returned to baseline or was only
slightly reduced on longer term assessments, although
HRQoL scores decreased shortly after donation; however,
HRQoL levels were comparable to general population
norms. On the basis of these results, clinicians can inform
potential donors that there is generally no risk involved with
the donation. Results of prediction studies indicate that
donors with low psychological functioning at baseline are
those most at risk of impaired long-term HRQoL.

Future research is required to quantify the extent and
identify the reasons for the small reduction of long-term
HRQol to estimate the need for future interventions for this
group. Predonation psychological functioning was the most
consistent predictor for long-term HRQoL after living kidney
donation; however, more systematic prospective research
on predictors of the HRQoL of living kidney donors is
required to identify possible risk factors for longer term
HRQoL problems more reliably. This knowledge could
provide valid selection criteria in the psychosocial screening
of living kidney donors and could be used to focus
psychosocial interventions before and after donation on
donors at risk of developing long-term HRQoL problems.
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Table S1: The course of health-related quality of life from
studies that are excluded from meta-analysis.

Figure S1: Risk of bias graph. Review authors’ judgments
about each risk of bias item presented as percentages
across all included studies.

Figure S2: Risk of bias summary. Review authors’
judgments about each risk of bias item for each included
study.
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Figure S3: Forest plot meta-analysis of physical
disability.

Figure S4: Forest plot meta-analysis of pain.

Figure S5: Forest plot meta-analysis of fatigue.

Figure S6: Forest plot meta-analysis of psychological
functioning.

Figure S7: Forest plot meta-analysis of social-relational
functioning.
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