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Long-term consequences of donor nephrectomy might be reduced kidney function, increased risk for cardiovascular disease, impaired quality of life, and fatigue. Few studies have investigated associations between clinical
and self-reported outcomes in a long-term perspective. Thus, we aimed to investigate relationships between
clinical, self-reported, and donation-specific outcomes in a nationwide cohort.
We conducted a prospective follow-up study and assessed pre- and post-donation data from 202 donors who
donated in 2001–2004. During 2012–2013, data on donors’ self-reported (quality of life and fatigue) and donor-specific outcomes were collected. We performed linear regression for each component score of the generic instrument Short-Form, SF36v2, measuring quality of life, and the 5 domains of fatigue. Clinical parameters
tested as independent variables were medical treatment of hyperlipidemia or hypertension, current smoking
status, BMI, hemoglobin, and eGFR. Data were adjusted for age and gender.
Approximately 10 years after donation, 67 donors were hypertensive and 54 donors had eGFR <60 ml/min/1.73 m2.
Mean increase in plasma creatinine was 16.6 µmol/l (SD=16.3). None of the clinical parameters were significant predictors for QoL. Female gender was significantly associated with general fatigue. There was a significant difference in perception of recognition from health personnel between donors with hypertension and donors without hypertension.
Our results show no associations between clinical and self-reported outcomes. However, we found a significant
relationship between hypertension and donation-specific outcomes. Hypertension or reduced kidney function
was identified in a minority of the donors. The increased risk for fatigue among female donors needs more
investigation.
Kidney Transplantation • Patient Outcome Assessment • Quality of Life • Time •
Tissue and Organ Procurement
BMI – body mass index; BP – blood pressure; eGFR – estimated glomerular filtration rate; ESRD – end
stage renal disease; GF – general fatigue; HB – hemoglobin; LKD – live kidney donor; MCS – mental component score; MF – mental fatigue; MFI – multidimensional fatigue inventory; PCS – physical component
score; PF – physical fatigue; PTH – parathyroid hormone; QoL – quality of life; RA – reduced activity;
RM – reduced motivation; SF-36v2 – Short-Form 36v2; SPSS – Statistical Package for the Social Sciences
http://www.annalsoftransplantation.com/abstract/index/idArt/902330
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Background
Live donor kidney transplantation is considered to be the criterion standard treatment for patients with end-stage renal
disease (ERSD). Globally, live kidney donation has increased
by approximately 50% and is now an established treatment
in most countries [1]. However, there has been stagnation and
even a decline in some countries in Europe, Northern America,
and Oceania [2,3]. This is also the case in Norway, where 40%
of the kidney transplants were from live donors up to 2005 [4]
but there has been a decline to 25% in 2015. This may reflect
some ambiguity concerning the use of live donors. Obviously,
there is a need for long-term follow-up to provide precise knowledge with regard to long-term health, as a basis for safe expansion of live kidney donor (LKD) selection criteria, and to ensure qualified informed consent from prospective donors [5–7],
as well as guidelines for long-term follow-up [8].
Over the years, a variety of long-term follow-up studies have
been conducted. Age, gender, body mass index (BMI), blood
pressure (BP), and time since donation have been associated
with renal function [9–15], and recent studies suggest an increased risk for cardiovascular mortality [16] and ESRD [17,18]
in live donors compared to healthy non-donors. Furthermore, a
recent prospective follow-up study assessed new-onset hypertension, finding a decrease in self-reported health outcomes
and renal function 10 years after donation [19]. The authors
suggest that the decrease was due to the donors’ increased
age. Similarly, a study by Sommerer et al. [20] raised concerns
about risk for fatigue and reduced mental health in female donors. They also found an expected a decrease in renal function but no significant change in BP. However, none of these
studies investigated if there was an association between selfreported health outcomes and renal function or other clinical
parameters. To the best of our knowledge, no studies have

actually investigated associations between long-term self-reported health and clinical variables. We therefore addressed a
range of clinical parameters of potential relevance and their relationships with self-reported and donation-specific outcomes
in a long-term prospective study.

Material and Methods
We invited 351 eligible Norwegian donors who donated a kidney
at Oslo University Hospital, the Norwegian transplant center,
in 2001–2004. The donors were invited by mail to participate
in a 10-year follow-up study. Out of these, 217 were included. Data on self-reported health outcomes were presented in
a previous report [21]. In the present study, long-term clinical
data were also retrieved. Altogether, 202 out of 217 (93%) patients who gave informed consent had clinical data retrieved
about 10 years after donation. Figure 1 shows a diagram of
the inclusion process.
Data collection
Baseline data were available in the Scandiatransplant Living
Donor Registry database. Clinical variables at 10-year followup were collected from the local nephrologists who performed
the medical follow-up 10 years after donation. Donors’ selfreported outcomes and donation-specific outcomes were collected in 2012–2013.
Measurements
Demographic characteristics included donors’ age, gender, relationship to recipient, and years since donation.

Figure 1. Flow diagram for inclusion. Inclusion
criteria flow diagram. The diagram
describes how the sample of living
kidney donors (LKD) who completed
the questionnaires (N=217) was
derived from the total donors at Oslo
University Hospital in 2001–2004.
Clinical data were available for 202
donors.

LKD at Oslo Univesrity Hospital
01.01.2001–31.12.2004
(n=365)
Excluded due to death
or living abroad (n=14)
Eligible for inclusion (n=351)
Unsuccesful contact
attempts (n=5)
Invited to participate (n=346)
Not capable of answering
questionnaires due to age (n=2)

Reminder sent (n=123)
Consent to participation (n=262)
Received questionnaire booklet

Responded to reminder (n=48)

Returned questionnaire booklet
(n=217)

Clinical data available (n=202)

Did not return questionnaire
booklet (n=45, incl. 1 dead)
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Clinical variables included weight, systolic and diastolic BP,
use of antihypertensive drugs and statins, and smoking status. Blood tests included hemoglobin (HB), plasma creatinine,
and parathyroid hormone (PTH). Estimated glomeruli filtration rate (eGFR) was calculated according to CKD-EPI equations. Urinary albumin/creatinine ratio was also measured.
Changes in creatinine and BMI were estimated by comparing
follow-up measures with baseline measures. PTH levels in the
donors was assessed at 10 years and compared to reference
values for the normal background population. Hypertension
was defined as BP >140/90 or use of antihypertensive drugs.
Self-reported outcomes. The Short-Form (SF)-36v2 includes 36
items and evaluates 8 domains of functional health, which are
summarized into physical (PCS) and mental health component
scores (MCS). Each domain has a potential range of 0–100. The
component scores PCS and MCS are transformed to have a
mean value of 50 and a standard deviation of 10. Higher scores
indicate better self-reported quality of life (QoL) [22]. Fatigue
was assessed using the Multidimensional Fatigue Inventory
(MFI), which includes 20 items covering 5 domains: general
fatigue (GF), physical fatigue (PF), reduced activity (RA), reduced motivation (RM), and mental fatigue (MF). Each subscale has a potential range of 4–20; higher scores indicate
more fatigue [23]. Both instruments were translated and validated into Norwegian [24,25].

Statistical Package for the Social Sciences version 21 (SPSS
Inc., Chicago, IL, USA).
Ethics
The study was approved by the Regional Medical Research
Committee for Health of South-East Norway (2011/2595 D)
and by the hospital’s data protection officer. An invitation letter, including information about the study, ensured confidentiality, and information about the possibility to withdraw from
the study at any time was sent to eligible candidates. The candidates who returned the informed consent sheet were included in the study.

Results
Demographics and relation to the recipient
Median medical follow-up time was 11 years (range 6–15
years). Table 1 shows the characteristics of the donors. Mean
age at medical follow-up was 60.6 years (range 34–89 years).
The majority (62.9%) were females and the most common relationship to the recipient was sibling (33.2%), followed by
parent (25.7%).
Clinical data

Donor-specific factors. Donor-specific questions measured donation-specific factors; perceived recognition for going through
the donation from family members and friends, and health
care professionals; range 1–5 (from “not at all” to “a great extent”), expected recipient’s health outcome (worse=1; as good
as or better than expected=0), donor’s assessment of the effect of donation on own health; range 1–5 (from “a great extent” to “not at all”), and if donor would have donated again
(yes/no/unsure) [21].
Statistical analysis
Data were explored with descriptive analysis and are presented as frequencies, and measures of centrality and variance.
The Wilcoxon Mann-Whitney U test was performed to investigate differences in donation-specific outcomes between donors with eGFR < or >60 ml/min/1.73 m2, and donors with or
without hypertension. Due to skewness in 3 of 5 domains in
fatigue, we performed a logarithmic transformation on the domains GF, PF, and RA. To investigate potential associations between clinical and self-reported outcomes (SF36v2 and MFI),
linear regression analysis was conducted. BMI, eGFR, medical treatment (antihypertensive drugs and statins), HB, and
smoking status were independent variables, adjusted for age
and gender. A 5% level of significance was considered statistically significant. All analyses were performed using the

Clinical data at medical follow-up are shown in Table 2. At follow-up, donors’ mean systolic BP was 129.2 mmHg (SD=14.7)
and diastolic BP was 78.5 mmHg (SD=7.8). One-third of the donors had hypertension (n=67) and 52 used statins. Mean age
of hypertensive donors was 63.7 years (SD 10.5). Mean eGFR
was 68.1 ml/min/1.73 m2 (SD=14.0) and 54 donors had low
eGFR (<60 ml/min/1.73 m2); their mean age was 67.1 (SD=10.2).
Mean change in creatinine was 16.6 µmol/l (SD=16.3). The donors had a mean BMI of 26.5 kg/m2 (SD=3.7) and the mean
change in BMI was 0.7 (SD=2.2).
Self-reported outcomes
Scores on QoL (SF-36v2) and fatigue (MFI) are presented in
Table 3. The donors mainly scored high on PCS and MCS and
low on all the domains of fatigue. As shown in Table 4, we
found no significant association between clinical variables
and PCS and MCS. In fatigue, there was a significant association between BMI and the domain RA, and between the domain GF and gender.
Donation-specific factors
Recognition from family or friends for being a donor was perceived by the majority of the donors, and two-thirds perceived

150

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]

Meyer K.B. et al.:
Clinical, self-reported and donation specific outcomes 10 years after donation
© Ann Transplant, 2017; 22: 148-155

ORIGINAL PAPER

Table 1. Demographics and relation to recipient.

Age at follow-up (years)

N

Mean (SD)

Range

202

60.6 (10.6)

34–89

11.3 (1.5)

6–15

Follow-up time after donation (years)

(%)
Gender
Male

75

(37.1)

Female

127

(62.9)

Parent

52

(25.7)

Sibling

67

(33.2)

Offspring

21

(10.4)

Spouse

36

(17.8)

Other

26

(12.9)

Relationship to recipient

Descriptive analysis: continuous variables presented by mean and standard deviation (SD); nominal variables presented by frequency
and percent (%).

Table 2. Kidney donors; characteristics by clinical data at follow-up (N=202).
N

Mean

(SD)

Systolic BP (mmHg)

185

129.2

(14.7)

Diastolic BP (mmHg)

185

78.5

(7.8)

BMI

163

26.5

(3.7)

Change in BMI

163

0.7

(2.2)

Creatinine (µmol/L)

202

91.6

(18.4)

Change in creatinine (µmol/L)

200

16.6

(16.3)

eGFR (ml/min/1.73 m )

201

68.1

(14.0)

Hemoglobin (g/dl)

197

14.3

(1.1)

2

98

7.1

(4.2)

Cholesterol (mmol/L)

PTH (pmol/l)

195

5.4

(1.0)

Triglycerides (mmol/L)

159

1.4

(0.7)

HDL (mmol/L)

181

1.6

(0.5)

LDL (mmol/L)

148

3.4

(0.9)

(%)
Low eGFR

54

(26.7)

Hypertension

67

(33.2)

8

(3.7)

Proteinuria
Microalbuminuria

17

(7.8)

Antihypertensive drugs

64

(29.5)

Statins

52

(25.7)

Current smoker

26

(12.9)

Intercurrent diseases

70

(34.7)

Descriptive analysis: continuous variables presented by mean and standard deviation (SD); nominal variables presented by frequency
and percent (%). Hypertension was defined as BP>140/90 or antihypertensive drugs. Low eGFR was defined as <60 ml/min/1.73 m2.
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Table 3. Self-reported outcomes; Mean scores QoL (SF-36v2) and fatigue (MFI).
N

Mean

(SD)

Range

Physical Component Score (PCS)

182

53.52

8.74

21.98–65.51

Mental Component Score (MCS)

182

53.32

8.64

21.17–63.60

General fatigue (GF)

192

8.88

4.42

4–20

Physical fatigue (PF)

194

8.25

4.25

4–20

Reduced activity (RA)

196

8.38

4.11

4–20

Reduced motivation (RM)

193

7.31

3.14

4–19

Mental fatigue (MF)

197

8.03

3.57

4–19

Descriptive analysis: continuous variables presented by mean and standard deviation (SD); SF-36v2: each component score has a
theoretical range of 0–100; MFI: each subscale has a theoretical range of 4–20; higher scores indicate more fatigue.

Table 4. Association between QoL and fatigue and clinical variables, gender and age.
PCS

MCS

GFa

PFa

RAa

RM

MF

eGFR

B
(St.error)

0.04
(0.07)

–0.07
(0.07)

0.01
(0.00)

0.00
0.00

0.00
(0.00)

0.04
(0.03)

0.01
(0.03)

BMI

B
(St.error)

–0.40
0.23

–0.01
(0.22)

0.02
(0.01)

0.04**
(0.01)

0.02
(0.01)

0.05
(0.08)

0.04
(0.09)

Use of
antihypertensives
and/or statins

B
(St.error)

0.16
(1.25)

0.55
(1.24)

0.01
(0.07)

0.06
(0.06)

0.01
(0.06)

0.16
(0.44)

–0.17
(0.47)

Hemoglobin

B
(St.error)

0.55
(0.94)

0.68
(0.93)

0.02
(0.05)

–0.05
(0.05)

–0.06
(0.05)

0.26
(0.32)

–0.06
(0.35)

Smoking

B
(St.error)

–1.14
(2.42)

–1.57
(2.40)

0.00
(0.14)

–0.05
(0.12)

–0.06
(0.13)

–1,45
(0.88)

–1.64
(0.95)

Gender

B
(St.error)

–2.57
(1.96)

–2.81
(1.94)

0.23*
(0.11)

0.17
(0.10)

0.11
(0.10)

1.27
(0.70)

0.42
(0.76)

Age (at medical
follow-up)

B
(St.error)

–0.13
(0.10)

–0.01
(0.10)

0.00
(0.01)

0.00
(0.01)

0.00
(0.01)

0.04
(0.04)

0.03
(0.04)

Linear regression: each domain was analyzed separately; PCS – physical component score; MCS – mental component score; GF general
fatigue; PF – physical fatigue; RA – reduced activity; RM – reduced motivation; MF – mental fatigue; B – the regression coefficient.
a
Logaritmic transformation; * p<0.05; ** p<0.01.

recognition to a great extent or to some extent from health personnel, as shown in Table 5. Donors with hypertension perceived
significantly more recognition from health personnel than those
without hypertension. Nearly all donors would donate again if
possible, but significantly fewer donors with hypertension felt
this way. Less than 20% perceived the donation to be harmful to
their own health. The recipients’ health was described as expected or better than expected by the majority (70.8%) of the donors.

Discussion
This long-term follow-up study shows that the majority of the
donors have good outcomes, both clinical and self-reported

at approximately 10 years after donation. The results are in
line with several follow-up studies performed over the years
[5,11,14,19,20].
This is the first study to investigate the association between
clinical outcomes and donors’ perception of their own health
and donation-specific factors. One particular aspect of our study
was the association between clinical outcomes and the donors’
perception of recognition for their donation. In our previous
study [21], significantly fewer donors perceived recognition
from health personnel than from family and friends. Thus, it is
interesting that the hypertensive donors in the current study
perceived significantly more recognition from health personnel than did normotensive LKD, while perception of recognition
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Table 5. Perception of recognition and self-evaluation of health in donors with low GFR or hypertension.
All
(N=202)
n

eGFR <60 ml/min/1.73 m2
(N=54)
(%)

n

(%)

Recognition from health personnel

P*

Hypertension
(N=67)
n

(%)

0.71

0.02

To a great extent

74

(36.6)

20

(37.0)

29

(43.3)

To some extent

54

(26.7)

15

(27.8)

13

(19.4)

To a little extent

30

(14.9)

9

(16.7)

9

(13.4)

Not at all

25

(12.4)

4

(7.4)

6

(9.0)

Unsure

16

(7.9)

4

(7.4)

9

(13.4)

Recognition from family/friends
To a great extent

0.24

0.71

128

(63.4)

34

(63.0)

40

(59.7)

To some extent

47

(23.3)

13

(24.1)

18

(26.9)

To a little extent

15

(7.4)

2

(3.7)

3

(4.5)

Not at all

1

(0.5)

0

(0)

1

(1.5)

Unsure

7

(3.5)

4

(7.4)

4

(6.0)

Donation harmful to own health
To a great extent

0.21

0.38

1

(0.5)

0

(0)

0

(0)

To some extent

11

(5.4)

2

(3.7)

3

(4.5)

To a little extent

27

(13.4)

6

(11.1)

7

(10.4)

150

(74.3)

43

(79.6)

53

(79.1)

11

(5.4)

2

(3.7)

4

(6.0)

Not at all
Unsure
Would have donated again

P**

0.43

0.01

Yes

189

(94)

52

(96)

58

(86.6)

No

6

(3)

0

(0)

4

(6.0)

Unsure

6

(3)

2

(4)

4

(6.0)

Non-parametric independent samples Wilcoxon Mann-Whitney U Test; * p-value between donors with eGFR < or >60 ml/min/1.73 m2;
** p-value between donors with or without hypertension; low GFR: <60 ml/min/1.73 m2; hypertension: BP >140/90 or antihypertensive
drugs.

from family and friends did not differ. One explanation may be
that LKD who develop hypertension might be followed more
closely and therefore receive more attention from health professionals than did the normotensive donors. However, we do
not know if the frequency of medical follow-up differs between
the groups. Another noteworthy finding was that even though
only a minority claimed that the donation had been harmful
to own health, 4 of the 6 LKD who retrospectively were reluctant to donate were in the hypertensive group. This might be
in line with our previous report [21], which found that 3 donors both regretted donation and perceived that the donation
had harmed their health. None of our donors were in need of

kidney replacement treatment; hence, it seems as if being dependent on antihypertensive agents might be more burdensome than symptom-free reduced kidney function. Being dependent of taking antihypertensive agents may give a feeling
of reduced health as a consequence of the donation, which
again can affect the retrospective willingness to donate. Still,
in contrast to a previous study comparing QoL between kidney
recipients and patients in dialysis [26], we did not find any association between hypertension and self-reported health QoL.
The donors may be employing beneficial denial and avoidance strategies, because being hypertensive is a situation out
of their control [27], and this might explain the incongruence
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in our findings. In the present study, one-third of the donors
were treated by antihypertensive agents. Hypertension and use
of antihypertensive drugs after donation has been shown in
other studies; however, the incidence varies [9,14,19,28], and
in 1 study nearly half of the donors were on antihypertensive
agents or had undiagnosed hypertension at a mean follow-up
time of 14 years [14]. Elderly donors might be more hypertensive than younger ones [19]; however, in our cohort the share
of LKD at age 67 years or older who were treated for hypertension was lower than in the Norwegian population in the
same age group [29], at 43.9% vs. 50%, respectively. The donors in the cohort studies by Kasiske [28] and Janki [19] had
a lower mean age than the donors in our cohort, which may
explain the lower incident of hypertension. Most of our donors were younger than 67 years, and in the age group 45 to
66 years, 31% of the LKD were treated with antihypertensive
drugs compared to 21% of the Norwegian general population
in the same age group [29]. It appears that the incidence of hypertension is somewhat higher in the donors when compared
to the background population. Although a higher incidence of
hypertension in donors may possibly be explained by the donation per se, it may also be explained by the regular scheduled visits during long-term follow-up with a higher likelihood
of detection of hypertension. These results indicate the importance of long-term follow-up in order to monitor BP and assure
that hypertensive treatment will be initiated when needed.
Another result that promotes long-term follow-up is that even
though no donors were in treatment for reduced kidney function,
a minority of the donors had low eGFR (<60 ml/min/1.73 m2)
at 10 years after donation. This result corresponds with results
from other studies [14,15,19,28,30]. However, previous studies
indicate both an increase and a decrease in GFR after donation [14,15,28]. Fehrman-Ekholm et al. [14] suggested that GFR
increases in the first years after donation, and then stabilizes
before a decrease in GFR starts. If this is the case, the LKD in
the current study might be in the stable phase at approximately 10 years post-donation, and we might see a decrease after
15 or 20 years after donation. In contrast, Fournier et al. [13]
found no decrease in kidney function 30 years after donation.
The uncertainty of the course of GFR after donation supports
the need for long-term follow-up. However, even if the policy
in Norway is to follow the donors at 5-year intervals, not all
Norwegian donors have a medical follow-up at 10 years [21].
Another significant finding was the association between gender and general fatigue. Even though the evidence of gender
differences in fatigue is inconsistent [31–34], female gender
has previously been associated with fatigue in LKD [20,21]. In
a previous report, we reported that female donors scored significantly higher than male donors on 3 out of 5 domains of
fatigue [21]. Congruently, Sommerer et al. [20] found that female donors scored lower on MCS in QoL, and that middle-aged

female donors scored higher on 2 out of 5 domains in fatigue
compared to the German general population. The findings in
the present study and in the previous studies seem to strengthen the notion that female donors might be more exposed to
fatigue than male donors, and may need to be followed more
closely after donation. The knowledge gap on gender differences in fatigue and live donation indicates a need for more
research on this topic.
Even though we did not discover any association between gender and the 2 component scores PCS and MCS in this study, we
did find a gender difference in 4 domains of QoL in our previous study [21]. This is similar to the results of Ay et al. [35],
who compared QoL in recipients, donors, and a control group,
and reported that male donors scored higher on PCS and MCS
than female donors at 9 months after donation.
The body of long-term research on live kidney donation has
a variation in design, including retrospective, prospective, or
matched control groups. Additionally, time span varies from
less than 5 years to nearly 50 years after donation, and there
is a huge difference in sample sizes; from less than 100 LKD
up to several thousand [9,10,13,17,18,36,37]. The dissimilarity
makes it difficult to compare results. One of the strengths of
our study was that median follow-up time was 11 years, with a
limited time span. This may give more precise information about
long-term health after donation. Other strengths were the sample size of 202 donors and that this was a nationwide study.
Our findings should be interpreted cautiously. This study was
a follow-up of a previous study on quality of life in kidney donors. When planning the original study, we did not perform any
power calculation for evaluating potential associations between
blood pressure, renal function, and quality of life measures.
Accordingly, our mainly negative findings could be explained
by lack of statistical power. The design did not allow for comparison with healthy controls, which might be another limitation. However, studies using control groups have limitations as
well, and it is difficult to find appropriate control groups [38].

Conclusions
Our results show no associations between clinical and self-reported outcomes. However, we found a significant relationship
between hypertension and donor-specific factors. Hypertension
and reduced kidney function were identified in a minority of
the donors. Hypertension may affect the self-perception of
health and retrospective willingness to donate.
Long-term follow-up appears to be mandatory for monitoring of blood pressure and kidney function. The increased risk
for fatigue among female donors needs more investigation.
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