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Abstract N\
Given the increased burden of end-stage renal disease (ESRD), renal outcomes of kidney donation by living donors are of particular |
interest. PubMed, ProQuest, MEDLINE, EMBASE, Chinese national knowledge infrastructure, and Wanfang databases were
searched for clinical outcomes of living kidney donors (LKDs) including renal death, ESRD, proteinuria/albuminuria, and renal function
after donation. We included 62 studies from 19 countries involving 114,783 kidney donors and nondonors to evaluate the renal
consequences less than 6 months, 6 months to 5 years, 5to 10 years, and 10 years onward after donation. The pooled data showed
that uninephrectomy significantly decreased glomerular filtration rate and creatinine clearance rate in parallel with increased serum
creatinine concentration (all P < 0.05). The drastic changes in renal function occurred within 6 months rather than 5 to 10 years after
donation. Ten years and onward, rate of proteinuria/alouminuria increased gradually: microalbuminuria from 5.3% to 20.9%,
proteinuria from 4.7% to 18.9%, and overt proteinuria from 2.4% to 5.7% (all P < 0.05). Prevalence of ESRD was 1.1%. All-cause
mortality was 3.8% and all the renal deaths on average occurred 10 years postnephrectomy. LKDs might have aggravated
glomerular filtration and creatinine clearance within 6 months after donation. Five years and onward, alouminuria, proteinuria, ESRD,
and death might be the major concerns of LKDs. Long-term studies may clarify the survival time after donation.

Abbreviation: Ccr = creatinine clearance rate, Cl = confidence interval, ESRD = end-stage renal disease, GFR = glomerular
filtration rate, LDKT = living donor kidney transplantation, LKD = living kidney donor, sCr = serum creatinine, WMD = weighted mean

difference.

Keywords: albuminuria, end-stage renal disease, glomerular filtration rate, kidney transplantation, living kidney donor

1. Introduction

Patients with end-stage renal disease (ESRD) outnumber
deceased kidney donors available for transplantation.'" Living
donor kidney transplantation becomes an important option for
ESRD treatment, owing to prolonged waiting times on

Editor: Natasha Mireille Rogers.

SSL, YMH, MW, and JS equally contributed to this work.

LSS searched the studies, performed the meta-analyses, and wrote the
manuscript. WM, SJ, and SY checked the studies and revised the manuscript.
HYM and LBJ performed the literature searching. ZHL designed the project,
revised the manuscript, and approved for submission.

This work was supported by grants from the Guilin Medical University
(KY2011002), Program for Innovative Research Team of Guilin Medical University
(PIRTGMU), Innovation Project of Guangxi Graduate Education (JGY2015128),
and National Natural Science Foundation of China (81270934, 81471054).
Supplemental digital content is available for this article.

The authors have no conflicts of interest to disclose.

@ Center for Diabetic Systems Medicine, Guangxi Key Laboratory of Excellence,

b College of Clinical Medicine, Guilin Medical University, Guilin, China.

) Correspondence: Hai-Lu Zhao, Center for Diabetic Systems Medicine, Guangxi
Key Laboratory of Excellence, Huan Cheng North 2nd Road 109, Guilin 541004,
China (e-mail: zhaohailu9@126.com).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
Medicine (2016) 95:24(e3847)

Received: 7 September 2015 / Received in final form: 9 May 2016 / Accepted:
12 May 2016

Published online 1 May 2016
http://dx.doi.org/10.1097/MD.0000000000003847

transplant list, superior outcomes for recipients, and evolving
criteria for donor acceptance.*™ Increasing transplantations
should not mean increasing risk to donors. A recent study
highlights an increased cumulative incidence and lifetime risk of
ESRD following donation.”! Previously, we have reported that
uninephrectomized rats progressively developed renal impair-
ments and glomerulosclerosis accompanied by insulin resis-
tance, hyperglycemia, hyperlipidemia, fat redistribution, and
remnant kidney cancer./®""" Definitive outcome assessment is
precluded by lacking of a comprehensive system or registry for
follow-up. Safety remains in obscurity because of the inferences
at single centers with limited generalizability, restrictive sample
size, and inappropriate comparison groups.!'?! All these findings
generate concerns about postnephrectomy outcomes with
special focus on the remnant kidney. Therefore, we conducted
a systematic review and meta-analysis to investigate the short-,
mid-, and long-term changes in renal function relative to
proteinuria/albuminuria, ESRD, and mortality in living kidney
donors (LKDs).

2. Methods

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Statement was used as a guide in the present study that
ensures a standard method for transparent and complete
reporting of systematic reviews and meta-analyses.''*! The
present study was approved by the Ethics Committee Board of
Guilin Medical University (GLMC20120308HL). We had
reviewed each included studies and found 19 studies mentioned
in the methods section that ethical approval and written informed
consent were obtained.
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2.1. Search strategy

Four reviewers (LSS, HYM, SJ, and LB]) systematically searched
5 English databases including PubMed, ProQuest, Cochrane
Library, MEDLINE, and EMBASE; 4 Chinese and Japanese
databases including Wanfang database, Chinese National
Knowledge Infrastructure, Chinese Biomedical Literature Data-
base, and Japan Science and Technology Information Aggregator
Electronic; and other electronic databases including the United
Network for Organ Sharing and Organ Procurement and
Transplantation Network. The search terms “living kidney
donation,” “living kidney transplantation,” “renal transplanta-
tion,” “nephrectomy,” and “unilateral nephrectomy” were used
in various combinations with “renal outcomes,” “renal func-
tion,” “kidney function,” “creatinine clearance rate,” “serum
creatinine,” “plasma creatinine,” “glomerular filtration rate,”
“proteinuria,” “albuminuria,” “ESRD,” “mortality,” and
“death.” In addition, relevant studies were also identified
through manual search of the bibliographies and reference lists.

2.2. Eligibility criteria

All published articles had to meet the following inclusion
criteria!: original interventions were conducted with comparing
renal outcomes before and after donation or between donors and
nondonors!?); available data were the remnant kidney outcomes
including glomerular filtration rate (GFR), estimated GFR,
creatinine clearance rate (Ccr), serum creatinine (sCr), and
urinary protein excretion®); reports showed rate of mortality,
ESRD and proteinuria/albuminuria, or reports disclosed suffi-
cient data to calculate these values; and™ one of 4 postneph-
rectomy durations was defined by <6 months (short term), 6
months to 5 years (mid-term), 5 to 10 years (prolonged term), and
>10 years (long-term). For the LKDs, time at risk was accrued
from the date of uninephrectomy. Nondonors were accrued from
the enrollment into study. All potential articles were in English or
Chinese and published in their entirety. If there are multiple
publications from the same 1 investigation, we cited the most
representative publication with largest number of donors and
longest time of follow-up.

Literatures meeting the following criteria were excluded:
nonclinical nature, duplication, studies that did not investigate
duration after donation as a variable or renal function as an
outcome, nonhuman studies, unclear of outcome evaluation, and
nonoriginal reports including reviews, editorials, letters, and
commentaries. The chance-corrected agreement between 4
reviewers for study inclusion was applicative (kappa=0.87).

Initially, we downloaded 1271 full-text articles of potential
studies, of which 975 publications were excluded due to
nonclinical nature (Fig. 1). After detailed evaluation, 234 more
were subsequently excluded according to our inclusion and
exclusion criteria. Eventually, 62 studies published from 1973 to
2014 and from 19 countries involving a total of 114,783
participants were included in this meta-analysis.

2.3. Data extraction

Four coauthor of this study (LSS, HYM, SY, and SJ)
independently extracted the data from the 62 eligible studies.
The extracted data were as follows: study descriptions,
participants’ characteristics, follow-up duration after donation,
renal function measurements, and methods of these measure-
ments and calculation (Tables 1 and 2). To avoid age-related
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Figure 1. Flow chart of study selection process.

kidney dysfunction after donation, we conducted comparison of
long-term outcomes between donors and nondonors.

2.4. Outcome measures

The primary outcomes included rates of mortality, ESRD, and
proteinuria/albuminuria. The secondary outcomes were the
remnant kidney function parameters such as GFR, Ccr, and sCr.

2.5. Validity assessment

We used the risk of bias assessment tool for nonrandomized
studies to evaluate the quality of the included studies for the
purpose of reliability, feasibility, and validity.!"*! The risk of bias
assessment tool for nonrandomized studies tool tests the selection
of participants, confounding variables, measurements of inter-
vention, blinding of outcome assessments, incomplete outcome
data, and selective reporting.

2.6. Statistical analysis

The fixed-effect or random-effects models with generalized least-
squares estimation were used to calculate the summarized mean
estimates. O-test was used to compare the mean effect between
different duration after donation. In order to explore the
potential sources of heterogeneity, subgroup meta-analyses
and meta-regression analyses were conducted based on partic-
ipants’ gender, age, geographic region, measurements, and
quality of the studies. Additionally, we also conducted sensitivity
analyses to assess the robustness in this study.

The heterogeneity among the literatures was examined using I
statistics. I>< 50% indicates low heterogeneity and fixed-effect
model as appropriate, random-effects model on the contrary.
Publication bias was assessed by visual inspection of funnel plot
and then tested by the Egger regression and trim and fill analyses.
The P values for the Egger test are less than 0.05 in the presence of
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publication bias. All of the statistical analyses were performed
using the Review Manager 5 software package (version 5.1; The
Nordic Cochrane Center, Copenhagen, Denmark) and Stata
11.0SE statistical software package (StataCorp, College Station,
TX).

3. Results

3.1. Study description and quality and bias assessment
3.1.1. Study characteristics. Tables 1 and 2 show the 62

studies included 114,783 participants. Among the 62 studies
(Table 2), 62 showed comparison between predonation and
postdonation (GFR in 23, Ccr in 22, sCr in 43, and urinary
protein excretion in 6), while 8 had comparison of donors and
nondonors (GFR in 4, Ccr in 5, sCr in 6, and urinary protein
excretion in 3). Rate of ESRD, albuminuria/proteinuria, and
mortality were documented in 12, 26, and 19 studies,
respectively.

In general, 72.6% commendably followed the total number of
donors, 47.3% depicted the characteristics of donors lost to
follow-up, 38.4% described types of surgery, and 74.7% had
scheduled renal outcomes measured. Definitions of albuminuria/
proteinuria were reported in 77.2%, and criteria for ESRD were
described in 52.3%. Details of measuring GFR, Ccr, sCr, and
urinary protein excretion were found in 87.0%, 54.5%, 97.3%,
and 87.4%, respectively.

3.2. Methodological quality and bias of studies

In this meta-analysis of the 62 studies, the risk of bias analysis
revealed concerns about low- versus high-risk of bias for selection
of participants (96.8% vs 3.2%), confounding variables (57.1%
vs 4.8%), measurements of intervention (98.4% vs 0), blinding of
outcome assessments (98.4% vs 1.6 %), incomplete outcome data
(63.5% vs 4.8%), and selective reporting (95.2% vs 4.8%), as
shown in Fig. 2 and Supplemental Table 1, http:/links.lww.com/
MD/B21.

The vast majorities of the funnel plots assessed by Egger
regression test and trim and fill analysis showed no significant
publication bias (Table 3).
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3.3. Changes of renal functions between pre- and
postdonation

Table 3 summarizes the outcomes along with time after donation.
A random-effect model was selected due to the heterogeneity of
reporting GFR (I?=99%), Ccr (I*=98%), urinary protein
excretion (I°=98%), and sCr (I>=98%). Pooled analysis
revealed a significant reduction of GFR (weighted mean
difference [WMD], —14.80; 95% confidence interval [CI],
—19.89 to —9.70) and Ccr (WMD, —22.32; 95% CI, —25.65
to —18.99) in parallel to elevation of urinary protein excretion
(WMD, 24.25; 95% CI, 3.32-45.17) and sCr (WMD, 22.10;
95% CI, 19.64-24.57).

Consistently, the largest absolute number of WMD for GFR,
Ccr, and sCr generated within 6 months postnephrectomy while
urinary protein excretion progressively aggravated along with
time after donation (Table 3, Fig. 3).

3.4. Comparison of renal functions between donors and
nondonors

Eightstudiesincluded 792 donorsand 562 nondonors 5 to 20 (mean
10) years after donation. Table 4 shows the donors contrasting
nondonors to have decreased GFR and Ccr in parallel to increased
sCr and urinary protein excretion (all P<0.031). Funnel plot was
detected by Egger test and trim and fill analysis (Table 4).

3.5. Rate of proteinuria postdonation

The cut-off points and rates of proteinuria and albuminuria in
relation to donation were given in 26 studies of 5337 LKDs. Table 1
shows that rate of microalbuminuria, proteinuria, and overt
proteinuria increased along with time after donation (P <0.050).

3.6. Rate of ESRD postdonation

Rate of ESRD was described in 12 studies. A total of 516 donors
had defined ESRD diagnosed 14+9 years after donation. In
general, total pooled rate of ESRD was 1.1% 10 years onward
and 0.5% 6 months to 5 years after donation (Table 1).

Summary of renal outcomes after donation.

Time after donation 5 to 20 years >10 years 5 to 10 years 6 months to 5 years <6 months
Donors vs Post- vs Post- vs Pre- vs Pre- vs
Comparison nondonors predonation predonation postdonation postdonation
Glomerular filtration rate Decrease Decrease Not significant Decrease Decrease
(P=0.490)
Creatinine clearance rate Decrease Decrease Decrease Decrease Decrease
Serum creatinine concentration Increase Increase Increase Increase Increase
Urinary protein excretion Increase Increase Increase Not significant Not significant
(P=0.340) (P=0.850)
Rate Microalbuminuria No reports 20.9%" 25.6% 8.7% 53%
Macroalbuminuria No reports 4.1%*. No reports No Reports No reports
Proteinuria >150 mg/d OR: 1.64 (95% 18.9% 18.7%" 4.7%" No reports
Cl: 0.94-2.86)"
>300 mg/d 57% 14.0% 2.4%" No reports
ESRD No reports 1.1%" No reports 0.5% No reports

All-cause mortality

3.8% on average 10 years after donation

Proteinuria was defined as total urinary protein excretion >150 and >300mg/d, overt proteinuria was defined as >300 mg/d.

Cl=confidence interval, ESRD =end-stage renal disease, OR=odds ratio
P<0.05.
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Figure 2. Risk of bias graph of all included quasi-randomized controlled trials
using the risk of bias assessment for nonrandomized studies (RoBANS) tool.

3.7. Mortality after donation

Nineteen studies of 8098 donors addressed total mortality after
donation. All-cause mortality was reported less than 10.0% in the
majority of studies. The pooled overall mortality was 3.8% (95%
CL 1.15%-6.45%). Nephrectomy-related deaths were extracted
from 15 studies involving 5301 donors. Among 19 studies
reporting mortality, 2 studies revealed deaths attributable to renal
failure. The pooled renal death rate was 0.3 % and the renal deaths
on average occurred 10 years after donation. One donor died of
renal failure 32 years after nephrectomy at the age of 76.5!

3.8. Potential sources of heterogeneity and sensitivity
analyses

Subgroup analysis (Table 5) and meta-regression analyses
(Table 6) disclosed sex, age at donation, and study location as
potential sources of between-study variance in this study. Age at

Medicine

donation could account for 24.4% of the heterogeneity for Cer
and 18.6% of the heterogeneity for sCr. Moreover, 61.2% of the
heterogeneity for urinary protein excretion could be explained by
study location. In contrast, sex, age at donation, and study
location had no significant impact on the heterogeneity
exploration of GFR (Table 6).

After exclusion of 3 studies that had a low risk of bias,
sensitivity analysis yielded similar results of Ccr, GFR, sCr, and
urinary protein excretion after donation (data not shown).
Stepwise elimination of the studies was also used in the sensitivity
meta-analysis. Overall, the sensitivity analysis yielded a nearly
identical set of pooled WMD for Ccr, GFR, sCr, and urinary
protein excretion (Fig. 4).

4. Discussion

4.1. Summary of findings

Findings from this study of LKDs are as follows!': donation-
induced renal dysfunction is evident by decreased GFR and Ccr in
parallel to increased wurinary protein excretion and sCr
concentration!?; the drastic change in the donors’ renal function
consistently occurs within 6 months after donation rather than
6 months to 10 years postnephrectomy!®); the rate of micro-
albuminuria, proteinuria, and ESRD gradually increase at 5-year
intervals postkidney donation; and™® the LKDs would see less
than 5.0% of overall morality and less than 1.0% of renal deaths
on average 10 years after donation. In the present study, we also
have performed subgroup analysis and meta-regression to
validate the contribution of women proportion, age at donation,

Changes in donors’ renal function in relation to duration after donation.

N
No. of Type of Pooled-WMD (95% Cl) No. of
study Post- Pre- model post- vs predonation P 1? (%) Pt trim*

GFR

Donation <6 months 14 1961 1961 Random —18.64 (-27.34, —9.94) <0.001 99 0.386 0
Donation 6 months to 5 years 13 1530 1792 Random -12.22 (-20.92, -3.52) <0.001 99 0.193 2
Donation 5 to 10 years 3 270 599 Random —6.16 (-23.80, 11.48) 0.490 99 0.918 0
Donation 10 years longer 4 1116 1316 Random -17.84 (-27.39, —-8.28) <0.001 98 0.175 0
Total 23 4877 5668 Random —14.80 (-19.89, -9.70) <0.001 99 0.116 3
Cer

Donation <6 months 11 1296 1296 Random —28.59 (-35.21, —=21.97) <0.001 98 0.718 0
Donation 6 months to 5 years 11 1391 1410 Random -18.42 (-24.16, —12.69) <0.001 98 0.660 0
Donation 5 to 10 years 6 1325 1372 Random —18.23 (-28.92, —7.55) <0.001 96 0.331 0
Donation 10 years longer 3 262 283 Fixed —22.36 (-26.59, —18.13) <0.001 51 0.587 0
Total 22 4274 4361 Random —22.32 (-25.65, —18.99) <0.001 98 0.857 0
Urinary protein excretion

Donation <6 months 2 357 357 Fixed —1.04 (-12.04, 9.97) 0.850 53 0.580 0
Donation 6 months to 5 years 2 950 950 Random 7.22 (-7.53, 21.96) 0.340 86 0.190 0
Donation 5 to 10 years 1 55 55 Random 48.82 (38.01, 59.63) <0.001 - - 1
Donation 10 years longer 2 168 168 Random 99.48 (0.51, 198.46) 0.050 99 - 1
Total 6 2266 2309 Random 24.25 (3.32, 45.17) 0.020 98 0.498 0
sCr

Donation <6 months 27 3937 3937 Random 27.55 (23.50, 31.59) <0.001 97 0.015 1
Donation 6 months to 5 years 27 3147 3471 Random 17.97 (14.60, 21.34) <0.001 97 0.280 5
Donation 5 to 10 years 9 1474 1785 Random 20.22 (12.45, 27.99) <0.001 98 0.004 4
Donation 10 years longer 5 615 636 Random 14.26 (8.89, 19.54) <0.001 85 0.203 0
Total 43 9178 9824 Random 2210 (19.64, 24.57) <0.001 98 <0.001 22

Ccr=creatinine clearance rate, Cl=confidence interval, GFR=glomerular filtration rate, sCr=serum creatinine, WMD =weighted mean difference.

" Derived from Z test.
T Derived from Egger test.
*Derived from trim and fil analysis.
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Figure 3. Changes of renal function in relation to different duration after donation. P value derived from Q-test by comparing with short-term group. *P<0.05, “p<
0.001. Ccr=creatinine clearance rate, GFR=glomerular filtration rate, sCr=serum creatinine.

and study location to heterogeneity among the studies and
between-study variance. In general, publication bias, as examined
by funnel plots and sensitivity analyses, is unlikely in most studies
included for this meta-analysis.

4.2. Interpretation of findings

The drastic renal dysfunction observed within 6 months after
donation indicates incomplete compensation of the remnant

kidney. It may take a few months for the remnant kidney
to compensate for glomerular filtration and creatinine
clearance. Indeed, there is a humoral substance acting
specifically on the kidney that promotes renal compensatory
hyperplasia in uninephrectomized rats.'® The renal com-
pensatory hyperplasia may ameliorate the stressful demand
for creatinine clearance at the cost of glomerular hyper-
filtration subsequently followed by increased urinary protein
excretion.

Changes in renal function between donors and nondonors 5 to 20 years after donation.

n
No. of Type of Pooled-WMD (95% Cl) ) No. of
study Donor Nondonor model donors vs nondonors P 12 (%) pt trim*
GFR (mL/min-1.73m? 4 610 419 Random -14.60 (-16.76, —12.44) <0.001 85 0.107 0
Cer, (mL/min-1.73m?) 5 235 205 Random —15.49 (-29.46, —1.52) 0.030 93 0.353 0
Urinary protein excretion (mg/d) 3 106 83 Random 19.91 (5.44, 34.38) 0.007 96 0.557 0
sCr (umol/L) 6 250 220 Random 14.87 (417, 25.57) 0.006 94 0.007 0

Cer =creatining clearance rate, Cl=confidence interval, GFR = glomerular filtration rate, sCr=serum creatinine, WMD =weighted mean difference.

" Derived from 2z test.
" Derived from Egger test.
*Derived from trim and fill analysis.
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Subgroup analyses to explored sources of heterogeneity.
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Meta-regression to explored sources of heterogeneity.

No. of Pooled-WMD
Subgroups study (95% CI) P 12 (%)
GFR
Sex
Women <50% 6 -18.22 (-30.51, -5.93) 0.004 97.6
Women >50% 15 -12.41 (-18.67, —6.14) <0.001 99.3
Mean age at donation (year)
Middle" 16 —22.45 (-30.14, —14.76) <0.001 99.0
Elderly* 8 —7.46 (—14.56, —0.36) 0.040 99.3
Location
Africa - - - -
Asia 17 —13.88 (-19.80, —7.96) <0.001 99.2
America 3 —24.66 (-30.41, -18.92) <0.001 90.9
Europe 5 -14.87 (-30.11, 0.38) 0.056 99.1
Cer
Sex
Women <50% 19 —21.45 (-26.25, —16.66) <0.001 98.1
Women >50% 6 —26.13 (-30.52, —21.74) <0.001 84.4
Mean age at donation (year)
Middle" 9 —28.84 (-32.05, —25.66) <0.001 93.9
Elderly* 13 —19.63 (-24.62, —14.65) <0.001 97.7
Location
Africa 3 —7.89 (-20.51, 4.74) <0.001 88.0
Asia 15 —22.59 (-27.03, -18.14) <0.001 98.3
America 3 —32.73 (-44.43, -21.03) <0.001 92.1
Europe 4 —27.42 (-35.67, —19.18) 0.016 714
Urinary protein excretion
Sex
Women <50% 2 3.93 (-5.95, 13.80) 0.436 80.3
Women >50% 59.80 (3.82, 115.78) 0.036 98.3
Location
Africa - - - -
Asia 5 8.51 (-2.60, 19.62) 0.133 90.8
America 2 99.48 (0.51, 198.46) 0.049 99.0
Europe - - - -
sCr
Sex
Women <50% 17 19.96 (16.15, 23.76) <0.001 97.4
Women >50% 27 24.21 (21.01, 27.41) <0.001 96.4
Mean age at donation (year)
Middle" 36 21.00 (17.95, 24.04) <0.001 97.0
Elderly* 9 25.92 (22.51, 29.32) <0.001 95.8
Location
Africa 3 19.79 (14.19, 25.39) <0.001 56.5
Asia 32 21.80 (18.97, 24.62) <0.001 97.9
America 8 17.75 (11.89, 23.61) <0.001 93.0
Europe 8 32.65 (23.49, 41.81) <0.001 94.3

Cer =creatinine clearance rate, Cl=confidence interval, GFR = glomerular filtration rate, sCr=serum
creatinine, WMD =weighted mean difference

" Derived from the Z test.

T Middle, <50 years.

* Elderly, >50 years.

Increased urinary protein excretion results in albuminuria and
proteinuria. In the present study, the rate of albuminuria and
proteinuria aggravated along with time after donation (Table 1).
Proteinuria is a well-known marker of disease progression.!'”! In
this meta-analysis, the estimated rate of ESRD in donors was
approximately 1.0%, higher than 0.1% to 0.5% reported in
previous studies.>'®'?/ In fact, a recent study has shown similar
findings of increased risk of ESRD in LKDs.®! Moreover, the
estimated lifetime risk of ESRD is higher in black donors than in
white donors. Furthermore, the hazard of ESRD should not be
neglected when considering conditions including older age,

Adjusted-R? (%) pt

GFR

Model 1 1.0 0.228
Model 2 3.6 0.106
Model 3 0 0.699
Model 4 0 0.689
Cer

Model 1 0 0.978
Model 2 24.4 0.001
Model 3 0.9 0.230
Model 4 0 0.398
Urinary protein excretion

Model 1 215 0.118
Model 2 134 0.253
Model 3 61.2 0.003
sCr

Model 1 0 0.565
Model 2 18.6 <0.001
Model 3 0 0.442

Model 1 =covariate including proportion of women, model 2 =covariate including age at donation,
model 3 =covariate including study location, model 4 = covariate including calculated formulas of GFR
or Cer. Cer=creatinine clearance rate, GFR=glomerular filtration rate, sCr=serum creatinine.

- Proportion of between-study variance explained by covariates.

T P value derived from the joint test for all covariates with Knapp—Hartung modification.

diabetes, obesity, and hypertension are no longer classified as
absolute contraindications for living kidney donation.[?%!!

The lifetime impact of albuminuria/proteinuria should never be
underestimated. Albuminuria/proteinuria is an important marker
for endothelial dysfunction predisposing to the development of
ESRD,?>%31 cardiovascular disease,**2¢! and cerebrovascular
accident.””! ESRD may lead to renal deaths whereas cardiovas-
cular disease and cerebrovascular accident will escalate all-cause
mortality. Although there is cautious optimism concerning
perioperative mortality, survival, and the risk of ESRD in
carefully screened kidney donors,!"?%2%! the lifetime risk for
LKDs should be clarified in relation to coexisting medical
conditions, age, gender, and race.?%*?!

In general population, renal function declines with aging. In the
present study, comparisons between donors and nondonors have
suggested donation-induced renal dysfunction echoed by the
results of the paired comparisons (Tables 3 and 4). Although age
is deliberately an important factor for renal outcomes, LKDs
should aware the potential risks of donation-associated renal
hyperplasia and deficiency.

4.3. Limitations and future studies

This study has potential limitations that may confound the
results.”!! In addition to time after donation, factors such as
comorbidities, genetic predisposition, ethnic, and racial dispar-
ities may also influence donor’s renal outcomes. A recent study
has demonstrated that persons with metabolic syndrome are at an
increased risk for ESRD and death.®'! And, we plan further
studies in this area considering more confounding factors to
confirm this hypothesis.”” Each transplantation center has
established methods for the measurement of GFR, Ccr, sCr,
and urinary protein excretion. Here we used model 4, stratified
by different calculation of estimated GFR and Ccr, heterogeneity
remains unchangeable. Details in methodological description in
many studies included in this meta-analysis are unknown.
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Figure 4. Sensitivity analyses for renal functions (A) glomerular filtration rate, (B) creatinine clearance rate, (C) urinary protein excretion, and (D) serum creatinine.

Moreover, estimated GFR calculated from the Cockroft-Gault
and Modification of Diet in Renal Disease formulas are verified
only in Caucasian population. This is particularly relevant when
comparing GFR between worldwide donors. Although there is
modified GFR estimating equation for Chinese patients with
chronic kidney disease,®*! whether the equation is appropriate
for Chinese kidney donors remains uncertain.®! Albuminuria and
proteinuria were not defined according to a uniform urine
collection. A 24-hour urine collection was used in most of the
included studies while a spot urine collection used in the others.

Therefore, the rate of albuminuria and proteinuria in donors and
nondonors may differ due to different urine collections. Hereby,
we selected the studies using 24-hour urine collection for pooled
analysis and the results unaltered.

In our future works, we will compare GFR estimated by the
equations and GFR measured by the (99m)Tc-diethylene
triamine pentacetic acid plasma clearance method. The
mechanisms underlying uninephrectomy-induced glomerular
hyperfiltration and subsequent proteinuria are also of our
interest.
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Figure 4. Continued.

5. Conclusions

LKDs may see renal deficiency aggravated within 6 months after
donation, followed by an increased risk of proteinuria and ESRD 5
years and onward. These findings alert LKDs to avoid using renal
toxic chemicals and to take cautious action for renal protection.
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