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Living-donor transplantation leads to a
major improvement in physical functioning:
an observational study on the impact on
potential donors and their recipients
Natascha J. H. Broers1,2* , Tsz Yeung Fung1, Jeroen P. Kooman1,2 and Maarten H. L. Christiaans1,2

Abstract

Background: Prospective studies combining physical functioning (PF), physical activity (PA), and body composition
(BC) after living donor transplantation/donation are scarce. We aimed to study differences in these parameters between
kidney transplant recipients and their living donors by examining changes in these parameters in the first post-operative
year in both groups.

Methods: Twenty-two kidney transplant recipients and 22 healthy kidney donors were included in this prospective
longitudinal study with a follow-up until twelve months. PF was assessed by handgrip strength (HGS), and by the
physical domains of health-related quality of life (HRQOL) using the Short Form-36 questionnaire [PF (SF-36 PF)
and physical component summary (PCS) score]. BC was measured by the Body Composition Monitor©, and PA
was measured by the SenseWear™ pro3.

Results: At baseline, recipients had significantly lower HGS (after adjustment for sex and body weight), SF-36 PF,
PCS, and PA, as compared with their donors. In recipients HGS significantly increased in the first year after transplantation,
but PA did not change in the first six months after transplantation. Furthermore, no significant increase in lean tissue mass
was observed. For healthy donors no significant changes in these parameters were observed, with exception of SF-36 PF,
which declined in the first three months after donation, but equaled baseline values after twelve months.

Conclusion: Recipients showed impressive improvements in PF and the physical domains of HRQOL in the first year after
transplantation, reaching levels of healthy kidney donors already three to six months after transplantation. On the
contrary, living kidney donation did not show any deterioration of the investigated parameters, supporting little
impact for well-screened donors, while there is high benefit for transplant recipients.
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Background
Kidney transplantation (KTx) is the treatment of choice in
end-stage renal disease (ESRD) patients, due to increased
patient survival [1, 2], and better health-related quality of
life (HRQOL) [3, 4]. Nevertheless, recurrent events such
as graft failure and cardiovascular events affect long-term
survival [2]. Decreased physical functioning (PF) and

physical activity (PA), and concomitant weight gain in the
first post-operative year after KTx are additional risk fac-
tors [5], and are associated with decreased patient survival
[6]. Numerous studies showed that recipients gaining an
average of almost 10 % body weight in the first
post-operative year after KTx [7, 8], and that weight gain
observed in the first months after KTx is predominantly
due to an increase in fat mass [9]. Furthermore, weight
gain is influenced by multiple factors such as age, food in-
take, basal metabolic rate, and PA [6, 10].
Studies combining different parameters related to the

physical health domains are scarce. In addition, studies
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addressing PF, PA, body composition (BC) and HRQOL
post-KTx [6, 11, 12] only focused on the early
post-transplant outcomes (four months post-KTx) [13],
used subjective measures for PA pre- and post-KTx [12],
did not include healthy controls as comparators [14], or
did not have parameters available before KTx [15].
Living donor transplantation provides the unique op-

portunity of studying the effects of a (near) reversal of
the uremic state. Moreover, literature describing out-
comes reflecting domains of PF and PA in living kidney
donors are scarce as well [16], despite the fact that also
in healthy donors these domains play an important role
in the performance of activities of daily living and con-
comitant experienced HRQOL.
Therefore, we measured parameters reflecting PF, PA

and BC in this study, and compared these parameters
with their healthy donors. Furthermore, the parameters
were assessed longitudinally during the first year after
KTx and donation to consider the impact of the proced-
ure in living donors and transplant recipients.

Methods
This study was conducted between October 2013 and
January 2018, and consisted of a cross-sectional part and a
prospective longitudinal part. For this study 22 recipients
and 22 donors were included, see Fig. 1 for the recruit-
ment and flow of participants. Recipients and donors were
recruited from the pre-transplantation clinic at the
Maastricht University Medical Center+ in The Netherlands.

Inclusion criteria for recipients were: age ≥ 18 years,
ability to provide informed consent, receiving a living
donor kidney transplant. Not having an implantable
cardioverter defibrillator (ICD) or pacemaker for bioim-
pedance measurements due to interference with the
body composition monitor (BCM). Patients with an
ICD or pacemaker had no restrictions for other mea-
surements in the study.
Inclusion criteria for donors were: age ≥ 18 years, abil-

ity to provide informed consent, and suitable for living
kidney donation, i.e. no uncontrolled or severe hyperten-
sion, and/or diabetes mellitus.
Recipients and donors were requested to be in a fast-

ing state for the measurements, with exception of the
PA measurements.
For each patient written informed consent was obtained

prior to study participation. The Ethical Committee azM/
UM (NL43381.068.13) and the Hospital Board of the Maas-
tricht University Medical Center+ approved the study.

Study design
This study included a cross-sectional and a longitudinal
part. The methodology as described below has been de-
scribed previously by our group [17, 18]. See Fig. 2 for
an outline of the visits and measurements per visit.
Visits were combined with regular pre- and
post-operative visits at the out-patient transplant clinic
or during period of hospitalization of the patient.

Fig. 1 Recruitment and flow of participants; KTx = Kidney transplantation
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Objectively measured physical functioning by muscle strength
Muscle strength, as an objective measure of PF, was deter-
mined with a hand held dynamometer (Jamar®, Sammons
Preston Inc., Bolingbrook, IL). Mean handgrip strength
(HGS) was determined in the dominant hand by measur-
ing HGS in twofold. Measurements were taken in stand-up
position with the arm flexed in a position of 90 degrees.
For recipients who had already started hemodialysis (HD)
therapy measurements were taken contralateral of the
shunt arm.

Self-reported physical functioning and physical activity
related quality of life
Participants filled out Short Form-36 (SF-36) version 1
questionnaires to measure self-reported physical function-
ing (SF-36 PF) and the SF-36 physical component summary
(PCS) score to evaluate the physical domains of HRQOL.
Worldwide, the SF-36 is the most widely used question-
naire to assess HRQOL in the field of nephrology [19]. This
multi-purpose short-form health survey, which includes 36
items, provides a measure of physical and mental health
with a range from 0 (“worst possible health”) to 100 (“best
possible health”). Questionnaires were scored using the al-
gorithm of Ware et al. [20, 21]. T-score transformation was
used to normalize scales (mean, 50 ± 10 [SD]) in order to
make them comparable to the general population and other
patients with specific diseases [21, 22].

Physical activity measurements
To measure different parameters of PA [such as, total en-
ergy expenditure (TEE), activity related energy expend-
iture (AEE), number of steps] participants were asked to
wear a SenseWear™ pro 3 armband (Bodymedia®, Pitts-
burg, PA) for two consecutive days. This is considered to
be sufficient to measure daily physical activity [23, 24].The
mean of the total on-body time was calculated for the ana-
lyses (which are showed as TEE, AEE and number of steps
per 24 h). In addition, both TEE and AEE were expressed
per kilogram body weight. Furthermore, we made no

distinction between data collected on weekdays or week-
ends, both were included in the analyses for all
participants.

Body composition measurements
We determined BC by the use of bioimpedance spectros-
copy with the Body Composition Monitor (BCM®,
Fresenius Medical Care, Bad Homburg, Germany). The
BCM uses a three-compartment model [adipose tissue
mass (ATM), lean tissue mass (LTM), and a separate fluid
overload (FO) compartment] as described by the model of
Chamney et al. [25]. Measurements were performed as de-
scribed by the manufacturer [26]. Patients were measured
in supine position. For recipients who had already started
dialysis therapy before KTx measurements were taken
contralateral to the shunt arm in HD patients, or with a
full abdomen in peritoneal dialysis (PD) patients for prac-
tical reasons. Moreover, it is shown that sequestered fluid
in the trunk only has a little impact on whole-body bioim-
pedance measurements [27–29]. Furthermore, body
weight was adjusted for PD fluid in the abdomen, as pre-
scribed by the manufacturer [26]. Not all patients were in
fasting state as requested for practical reasons e.g. dia-
betics. In addition, it has been shown that differences in
pre- and postprandial BC estimates are small, and unlikely
to be of clinical significance [30].

Laboratory parameters
Laboratory parameters were determined during routine
patient laboratory measurements. Estimated glomerular
filtration rate (eGFR) was calculated by the CKD-EPI
equation based on serum creatinine [31].

Other clinical characteristics
Cause of renal disease, diabetes mellitus, and history of
cardiovascular disease were based on the diagnosis as re-
ported in the patient’s electronic health record. Office
blood pressure was measured with an electronic sphyg-
momanometer (Omron M4-I, Omron, Japan).

Fig. 2 Overview of visits and measurements; HGS = handgrip strength, SF-36 PF = Short Form-36 physical functioning, SF-36 PCS = Short Form-36
physical component summary, PA = physical activity, BC = body composition, LAB = laboratory parameters, KTx = Kidney transplantation
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Statistical analysis
Data are expressed as mean ± SD or median [25th -75th
percentile], unless indicated otherwise.
For the cross-sectional analyses, differences in the cat-

egorical variables were assessed by Chi-square tests.
Differences in the continuous variables PCS scores,
SF36-PF, HGS, PA, and BC between groups were exam-
ined with Mann-Whitney U tests as parameters were
not normally distributed. Each cross-sectional analysis
between recipients and healthy donors was based on all
available data per parameter.
In an additional multivariable regression analysis, we ad-

justed the between-group differences in HGS for differences
in the distribution of sex and body weight, since these pa-
rameters were unequally distributed between groups.
For the longitudinal analyses, comparison of changes

over time within the recipient and the donor group were
evaluated using Friedman tests, as most variables were
not normally distributed. Each longitudinal analysis was
based on complete cases per parameter (i.e. the recipi-
ent/donor was solely included into the analysis of a par-
ameter if data was available for each time point).
All statistical analyses were performed with IBM SPSS

Statistics for Windows, version 24 (IBM Corp. Armonk,
NY, USA). P-values ≤0.05 were considered to be statisti-
cally significant.

Results
Patient characteristics
Baseline patient characteristics are summarized in
Table 1. In addition, one patient was excluded from the
study due to intercurrent disease before KTx (Fig. 1).

Immunosuppressive protocol
The main features of our center immunosuppressive
protocol were: all patients received from time of transplant
tacrolimus (TAC) and mycophenolate mofetil (MMF). In
addition, all recipients received corticosteroids for ten days.
Prednisolone was only continued or re-introduced in recip-
ients with a high risk for rejection or in patients with an
IgA Nephropathy as primary disease.
After three months MMF was stopped in patients with

low or intermediate immunological risk and without re-
jection in the first three months, and a normal protocol
biopsy at month three. In addition, three patients in-
cluded in this study were simultaneously enrolled in a
different study (TRANSFORM) (Identifier Clinicaltrials.-
gov: NCT01950819). Two of these three patients were
randomized to receive TAC, everolimus and prednisol-
one as triple therapy from time of transplant. One of
these two patients withdrew consent for our study in the
first week after KTx due to personal reasons. The other
patient withdrew consent for the TRANSFORM study

due to personal reasons; this patient was converted to
TAC based dual-therapy after the six month follow up
visit of our study. The third patient was randomized to
receive TAC, MMF and prednisolone as triple therapy
from time of transplant.
Twelve months post-KTx seven patients were on

TAC-based monotherapy, six patients on TAC based
dual-therapy and five patients on TAC-based triple therapy.

Rejections
During the twelve month follow-up period of this study
four patients were treated for rejection. All received
methylprednisolone. In addition, two patients received
intravenous immunoglobulin because of a humoral re-
jection component.

Kidney function
At baseline eGFR was 8.7 ± 3.6 ml/min/1.73m2 in the re-
cipient group, and 85.7 ± 11.8 ml/min/1.73m2 in the
donor group. At the twelve month follow-up visit eGFR
increased to 53.9 ± 8.7 ml/min/1.73m2 in the recipient
group. In the donor group eGFR declined to 54.5 ± 8.8
ml/min/1.73m2 twelve months post-donation, compar-
able to eGFR values of the recipient group at twelve
months post-KTx (Table 1).

Muscle strength
In the cross-sectional analysis no statistically significant
difference was found for HGS (Table 2), whereas after
adjustment for differences in sex and body weight HGS
was significantly lower in the recipient group before
KTx, as compared with that of the healthy donor group
(− 4.7 kg, 95% CI -9.3 to − 0.1; p = 0.047).
In the longitudinal analysis HGS significantly changed

in the first year after KTx (p < 0.001), with values com-
parable to their donors by three months post-KTx.
(Table 3, Fig. 3). No significant changes in HGS were
found over time in the donor group, where twelve
month HGS values were equal to pre-donation values.

Self-reported physical functioning and physical activity
related quality of life
In the cross-sectional analyses SF-36 PF and the PCS
score, both measured by the SF-36, were significantly
lower in the recipient group as compared with the
healthy donor group (p < 0.001) (Table 2).
In the recipient group SF-36 PF and the PCS score did

significantly increase in the first year after KTx (p < 0.001),
and reached values approaching those of healthy donors
six months after KTx (Table 3, Fig. 4). No significant
changes over time were observed in the donor group for
PCS scores (Table 3, Fig. 4). SF-36 PF statistically signifi-
cantly declined in the first year after donation (median
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Table 1 Patient demographics
Pre-surgery Recipients Donors

Number of Patients 21 22

Male/Female (%) 47.6 / 52.4 36.4 / 63.6

Age (years) 54.1 ± 12.5 55.5 ± 10.6

Height (cm) 173.1 ± 10.4 171.6 ± 7.6

Weight (kg) 73.8 ± 17.3 81.3 ± 15.7

BMI (kg/m2) 24.5 ± 4.5 27.5 ± 4.6

FO (L) 0.5 ± 1.8 −0.2 ± 1.3 (n = 21c)

Cause of end-stage renal disease

Diabetic nephropathy (%) 9.5 (n = 2) -

Polycystic kidney disease (%) 23.8 (n = 5)

Nephrosclerosis (%) 4.8 (n = 1)

Hypertensive nephropathy (%) 19.0 (n = 4)

IgA nephropathy (%) 14.3 (n = 3)

Unknown cause (%) 4.8 (n = 1)

Other (%) 23.8 (n = 5)

Diabetes Mellitus (%) 14.3 (n = 3) 0

Cardiovascular Disease (%)a 14.3 (n = 3) 13.6 (n = 3)b

eGFR (ml/min/1.73m2) 8.7 ± 3.6 85.7 ± 11.8

Albumin (g/L) 36.7 ± 4.7 40.4 ± 4.0 (n = 20c)

C-reactive protein (mg/L) 5.0 ± 5.7 2.7 ± 3.2 (n = 20c)

Hemoglobin (mmol/L) 7.5 ± 0.9 8.9 ± 0.9 (n = 16c)

Total CO2 (mmol/L) 27.1 ± 2.9 –

Previous transplant (%) 14.3 (n = 3) –

Pre-emptive transplant (%) 42.9 (n = 9) –

Pre-KTx HD/PD 6/6 –

SBP (mmHg) 149.6 ± 24.4 140.3 ± 19.9

DBP (mmHg) 86.3 ± 12.4 86.8 ± 12.3

Post-surgery

eGFR (ml/min/1.73m2) (n = 17c)

1 month post-surgery 45.1 ± 11.5 –

3 months post-surgery 48.1 ± 10.4 58.8 ± 11.1 (n = 18c)

6 months post-surgery 52.2 ± 9.6 –

12 months post-surgery 53.9 ± 8.7 54.5 ± 8.8 (n = 15c)

Hemoglobin (mmol/L) (n = 16c) n/a

1 month post-surgery 6.8 ± 1.3

3 months post-surgery 7.5 ± 1.2

6 months post-surgery 8.2 ± 1.1

12 months post-surgery 7.9 ± 2.2

Blood pressure (mmHg) SBP DBP SBP DBP

(n = 17c) (n = 17c) (n = 18c) (n = 18c)

1 month post-surgery 148.6 ± 25.9 86.9 ± 11.8 – –

3 months post-surgery 134.2 ± 21.1 84.5 ± 15.4 132.7 ± 21.5 87.1 ± 11.1

6 months post-surgery 139.8 ± 16.7 86.2 ± 14.0 – –

12 months post-surgery 138.5 ± 16.4 82.6 ± 11.2 135.6 ± 27.1 86.7 ± 12.8

Data are presented as mean ± SD
BMI body mass index, FO fluid overload, SBP systolic blood pressure, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate
aHypertension is excluded, bCVD diagnoses in kidney transplant donors included infrarenal aortic abdominal aneurysm (n = 1), and transient ischemic attack (n =
2), c Data available in number of patients (n=)
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ΔSF-36 PF: 0.0 [− 2.1–0.0], p = 0.049). Although values
were borderline significant, no clinically significant decline
was observed in SF-36 PF (Table 3, Fig. 4).

Physical activity
In the cross-sectional analysis, the average monitoring
period with the sensewear armband was 1.92 ± 0.43 days
with a mean on-body time of 97.7% in the recipient
group, and 1.86 ± 0.92 days with a mean on-body time of
97.7% in the donor group.
In the longitudinal analysis of the recipient group the

average monitoring period with the sensewear armband
was 1.92 ± 0.25 days with a mean on-body time of 97.3%
prior to KTx, and 1.78 ± 0.51 days with a mean on-body
time of 98.7% six months after KTx. In the donor group
the average monitoring period with the sensewear arm-
band was 1.91 ± 1.02 days with a mean on-body time of

98.1% prior to donation, 1.84 ± 0.54 days with a mean
on-body time of 94.2% three months after donation, and
2.07 ± 0.46 days with a mean on-body time of 92.8%
twelve months after donation.
Number of steps were significantly lower in ktx recipi-

ents as compared with those in healthy donors (p = 0.003)
(Table 2). AEE was also significantly lower as compared
with healthy donors (p = 0.016), and TEE showed a clear
tendency to significance (p = 0.063) (Table 2).
Furthermore, the longitudinal analyses showed that in

the first six months after KTx number of steps did not
significantly increase over time in the recipient group
(Table 3). Likewise, in the donor group no significant
changes in PA parameters were found in the first year
after donation (Table 3).

Body composition
At baseline, statistically significant differences in BC
were found between recipients and healthy donors in
ATM, which was significantly lower in the recipient
group; (median 31.8 kg [21.0;39.0]) vs. (35.0 kg
[26.4;50.6]) (p = 0.044), and FO which was significantly
higher in the recipient group; (median 0.9 L [− 0.1;1.5])
vs. (− 0.3 L [− 0.9;0.4]) (p = 0.005), respectively.
Significant changes over time were found in the recipi-

ent group for BC parameters body weight (p = 0.001)
(Table 4, Fig. 5), BMI (p = 0.001), and FO (p = 0.032)
(Table 4). No changes in BC were found in the healthy
donor group in the first year after donation (Table 4, Fig. 5).

Discussion
This study showed impressive improvements in PF,
assessed by HGS and the SF-36, during the first year
after KTx with a living donor. Values of these parameters
already approached those of their healthy controls three
to six months after KTx. These improvements were not
paralleled by comparable changes in BC and PA. Fur-
thermore, this study showed no significant deterioration
of any of the parameters investigated in healthy donors
in the first year after living kidney donation.
To the best of our knowledge this is the first study that

included a cohort of healthy donors as a control group to
study differences between kidney transplant patients and
their living donors. In addition, this is the first study which
examined changes in parameters of PF and PA both
objectively (by HGS and accelerometry), and subjectively
(by patient reported outcomes: SF-36 questionnaires) in
both patient groups in the first twelve months after living
donor transplantation. These outcomes give a unique
insight into the impact of the procedure in both the trans-
plant recipient, and the living kidney donor.
Results at baseline showed that recipients had lower

levels of PF (as subjectively assessed by SF-36

Table 2 Cross-sectional analyses of parameters of physical
functioning and physical activity

Cross-sectional analyses Recipients vs. Donors (baseline)

Handgrip strength (kg)

Recipient (n = 20) 24.3 [20.0–39.0]

Donor (n = 22) 29.5 [23.0–37.8]

p-value 0.378a

SF-36 PCS score (%)

Recipient (n = 21) 46.3 [38.1–51.2]

Donor (n = 22) 56.3 [54.3–57.8]

p-value < 0.001

SF-36 Physical functioning (%)

Recipient (n = 21) 46.1 [41.8–52.5]

Donor (n = 22) 56.8 [52.0–56.8]

p-value < 0.001

Number of Steps/day b

Recipient (n = 15) 6003.0 [3608.0–10,429.0]

Donor (n = 14) 12,711.0 [9460.5–15,194.0]

p-value 0.004

TEE/kg/day−1 b

Recipient (n = 15) 29.4 [26.5–34.2]

Donor (n = 14) 32.7 [31.0–37.7]

p-value 0.063

AEE/kg/day−1b

Recipient (n = 15) 2.3 [1.0–8.7]

Donor (n = 14) 7.6 [5.7–9.9]

p-value 0.016

Data are presented as median [25th and 75th percentile]
SF short form, TEE total energy expenditure, AEE activity related energy expenditure
aAfter adjustment for differences in sex and bodyweight p = 0.047, c Data
available in 15 recipients/14 donors
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Table 3 Longitudinal analyses of parameters of physical functioning and physical activity

Parameter Recipients Donors

Handgrip strength (kg)

Baseline 24.5 [20.5–40.0] 29.5 [23.0–41.8]

1 month post-surgery 26.5 [19.0–41.3] –

3 months post-surgery 28.5 [22.8–41.5] 28.5 [22.4–46.9]

6 months post-surgery 30.0 [24.3–41.0] –

12months post-surgery 33.0 [25.0–41.0] 29.0 [25.0–39.4]

p-value < 0.001 (n = 17) 0.986 (n = 18)

SF-36 PCS score (%)

Baseline 45.1 [37.7–51.2] 56.7 [54.9–57.8]

1 month post-surgery 33.7 [30.5–43.1] –

3 months post-surgery 44.8 [34.3–52.1] 55.3 [48.8–57.9]

6 months post-surgery 52.2 [47.9–54.6] –

12months post-surgery 52.1 [48.5–56.3] 55.2 [50.4–59.0]

p-value < 0.001 (n = 17) 0.234 (n = 18)

SF-36 Physical Functioning (%)

Baseline 46.1 [41.8–52.5] 56.8 [54.1–56.8]

1 month post-surgery 41.8 [35.3–50.3] -

3 months post-surgery 50.3 [41.8–54.6] 54.6 [50.9–56.8]

6 months post-surgery 54.6 [50.3–54.6] –

12months post-surgery 54.6 [52.5–54.6] 54.6 [52.5–56.8]

p-value < 0.001 (n = 17) 0.049 (n = 18)

Number of Steps/day a

Baseline 6599.0 [4459.5–11,320.0] 13,287.0 [9917.0–14,731.0]

3 months post-surgery – 11,513.0 [9839.0–14,429.0]

6 months post-surgery 7042.0 [5198.5–10,078.5] –

12months post-surgery – 12,773.0 [9243.0–18,508.0]

p-value 0.917 (n = 13) 0.529 (n = 11)

TEE/kg/day−1 a

Baseline 31.2 [26.8–35.3] 32.8 [31.1–37.7]

3 months post-surgery – 32.8 [28.9–39.9]

6 months post-surgery 31.6 [29.5–36.1] –

12months post-surgery – 33.2 [29.1–38.8]

p-value 0.552 (n = 13) 0.850 (n = 11)

AEE/kg/day−1a

Baseline 4.7 [0.9–9.3] 9.0 [5.9–10.6]

3 months post-surgery – 5.7 [4.8–15.0]

6 months post-surgery 3.4 [2.6–6.9] –

12months post-surgery – 5.4 [4.8–14.5]

p-value 0.972 (n = 13) 0.486 (n = 11)

Data are presented as median [25th and 75th percentile]
TEE total energy expenditure, AEE activity related energy expenditure, SF short form
aData available in 13 recipients/11 donors
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questionnaire, and objectively assessed by HGS measure-
ments), PCS scores, and PA as compared with the
healthy donor group prior to the KTx/donation. Regard-
ing BC; body weight and LTM were not significantly dif-
ferent at baseline in the recipient group as compared
with the healthy donors. ATM was significantly higher
in the healthy donor group, and FO was significantly
higher in the recipient group prior to the KTx/donation.
Longitudinal analyses in the healthy donor group showed

a significant reduction of residual renal function twelve
months after donation to an eGFR of 54.5 ± 8.8ml/min/
1.73m2. However, the decrease in eGFR was not paralleled
by a significant decrease in parameters of PF, PA and BC in
the first year after donation, with exception for SF-36 PF,
which statistically significantly declined in the first three
months. Nevertheless, twelve months post-donation it
approached baseline values again. Interestingly, in transplant
recipients, an increase in eGFR to 53.9 ± 8.7ml/min/1.73m2

in the first twelve months after KTx, led to significant

improvements in parameters of PF and the physical domains
of HRQOL. With values comparable to baseline values of
their healthy donors, despite the fact that these improve-
ments were not paralleled by an increase in PA or LTM.
The significant improvement in HGS in the recipient

group after KTx is in line with a study of Lorenz et al.
that showed increased HGS four months after KTx as
well [13]. Although LTM decreased after KTx, and did
not reach baseline values until twelve months post-KTx,
possibly due to catabolic effects of surgery itself or re-
duced dietary intake in the early post-transplant period,
an increase in muscle strength in the early post-KTx
period was observed. This suggests that other factors
might be responsible for the increase in muscle strength
such as reversal of uremic myopathy after KTx due to
the reversal of the uremic state. This is supported by
findings of Painter et al. who showed an increase in
muscle strength in the first year after KTx irrespective of
receiving exercise interventions or usual patient care
[32]. Furthermore, the steroid-sparing immunosuppres-
sive protocol in our center might contribute to positive
effects on PF as well. Earlier studies have already de-
scribed significant improvements in muscle structure,
which could contribute to better muscle function and
exercise capacity, in KTx patients with a steroid-free
maintenance immunosuppression regimen [33].
As a subjective marker of PF, SF-36 PF and PCS scores

were measured. Despite the fact that both scores were
significantly lower before KTx as compared with scores
of their healthy donors, scores were approaching refer-
ence values within six months after KTx [34]. In
addition, this increase in PCS and SF-36 PF scores after
KTx is in line with other studies [35].
The near normalization of PF after KTx, as assessed by

the parameters described earlier, is in contrast to earlier

Fig. 3 Handgrip strength. Data are presented as median

Fig. 4 Physical domains of the Short Form-36 scores; SF-36 PCS = Short Form-36 physical component summary, SF-36 PF = Short Form-36
physical functioning. Data are presented as median
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findings including those of our own group, which showed
lower levels of PF and performance in KTx patients as
compared with healthy controls [36]. A possible explan-
ation could be that we used only relatively simplified mea-
sures in the present study such as dynamometrically
measured HGS and patient-reported outcomes of PF, as
compared to those of others who used peak oxygen up-
take (VO2 peak) and dynamometric measures of lower ex-
tremity function [36, 37]. However, it could be also due to
the fact that in our recipient group a near full
normalization of renal function was achieved. Interest-
ingly, although the relation between PA and physical per-
formance scores in uremic patients is well established
[11], we did not observe changes in PA that paralleled
changes in PF. Admittedly, in our study protocol PA was
only assessed at baseline and six months after KTx, albeit
at that time point impressive improvements in PF were
already observed. Although the literature is still contradict-
ory concerning the improvement of PA after KTx [15, 38],
it is well described that daily PA recommendations are not
reached by the majority of KTx recipients [12, 39, 40].
In the healthy donor group the PCS score did not

change in the first year after donation. For SF-36 PF
the minor decline in the first three months after dona-
tion is most likely due to post-operative outcomes.
Nevertheless, scores still remained higher than scores
of the general population [34], and equaled baseline
values after twelve months. These findings are in line
with recent studies of Janki et al. [41, 42], which sup-
port our findings that there are no negative short-term
consequences for donors with regard to the physical
domains of HRQOL.
Furthermore, short-term results showed that HGS,

parameters of PA, and BC did not change in the first
year after donation, despite an approximately 35%

decrease in eGFR. These findings support the safety of
living kidney donation as well. Although long-term ef-
fects still have to be investigated on these domains,
short-term changes in terms of PF and PA support a
relatively small impact for the healthy donor in con-
trast to the major benefits for the recipient. Given the
fact that a majority of the living kidney donors are re-
lated to the recipient, the psychosocial feeling with re-
gard to the donors’ self-esteem and satisfaction after
donation are often very positive showing no evidence
of harm as well [43].
Some drawbacks deserve consideration: first, the rela-

tively small study population. Nevertheless, comparable
studies did not include the pre-transplant period as base-
line measures or did not use objective measures as out-
come, as discussed previously. Second, as mentioned
previously, the design of our protocol included only the
assessment of PA at baseline and six months thereafter.
Third, we aimed to provide a multidimensional spectrum,
though we were only able to include a selected number of
parameters for each domain. Admittedly, some measure-
ments, such as MRI, are far more sensitive to assess
changes in LTM as compared to bioimpedance spectros-
copy. However, we believe that the broad spectrum of
measurements balanced out the increased precision of a
single more specific measurement.

Conclusions
In conclusion, PF and the physical domains of HRQOL
showed impressive improvements in the first year after
KTx, reaching levels comparable with healthy kidney
donors already three to six months after living KTx,
while living kidney donation did not result in any de-
terioration of the investigated parameters. The

Fig. 5 Body composition; BW = body weight, ATM = adipose tissue mass, LTM = lean tissue mass. Data are presented as median
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outcomes showed relatively minor impact for
well-screened donors. With on the opposite high benefits
in a relative short period of time for the transplant recipi-
ent in terms of regaining levels of PF and HRQOL, as
compared with reference values of their healthy donors
and the general population, supporting the possibility of
living kidney transplantation.
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