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Introduction: Recent reports have described an increased risk of renal disease in living kidney donors

compared with the general population. However, these reports do not detail the outcomes of medically

complex living donors (MCLDs) with preoperative comorbidities (PCs), such as hypertension, dyslipide-

mia, glucose intolerance, and obesity. Analysis of living donors with end-stage renal disease (ESRD) has

shown that these PCs may contribute significantly to the development of ESRD. We aimed to evaluate the

effect of PCs on postoperative renal function and mortality in MCLDs.

Methods: Between January 2008 and December 2016, 807 living-donor kidney transplants were performed

in our unit. Of these, 802 donors completed postoperative follow-up of >5 months. Donors were stratified

into 4 groups based on the number of PCs present: healthy living donors (HLDs) with no PCs (n ¼ 214) or

MCLDs with 1 PC (n ¼ 302), 2 PCs (n ¼ 196), or 3 PCs (n ¼ 90) (denoted MCLD [PC 1], MCLD [PC 2], or MCLD

[PC 3], respectively). We compared pathology observation data from baseline biopsy, postoperative

estimated glomerular filtration rate (eGFR), postoperative urinary protein concentration, and mortality

between HLD and MCLD groups.

Results: Interstitial fibrosis, tubular atrophy, glomerulosclerosis, and arteriolosclerosis were more frequent in

MCLDs (PC 3) than in HLDs. No significant differences were identified between HLDs and MCLDs in terms of

postoperative eGFR and short-term mortality. Overt proteinuria and ESRD were not observed.

Conclusions: Appropriate postdonation management of MCLDs with PCs may result in similar outcomes

as for HLDs.
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I
n 2009, a study by Ibrahim et al.1 reported similar
rates of ESRD and mortality for living kidney donors

and controls from the general population. Furthermore,
glomerular filtration rates were preserved after donation,
with normal levels of albumin excretion.1 More recent
reports have described an increased risk of ESRD and
mortality among living kidney donors compared with
either matched or unmatched individuals from the gen-
eral population.2,3 However, these reports do not detail
the outcomes of MCLDs with PCs, such as hypertension
(HT), dyslipidemia, glucose intolerance (GI), and obesity.
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Analyses of living donors with ESRD have shown that
these PCs may contribute heavily to ESRD develop-
ment.4,5 Before nephrectomy, pathological findings of
baseline biopsies can be useful for evaluating the pres-
ence of existing kidney disease as a consequence of
PCs.6,7 However, the management of PCs after nephrec-
tomy has not been investigated, and previous studies
have been based on analysis of living donors with ESRD.
Determining the consequences of organ donation in
MCLDs requires detailed analysis of the outcomes of
donors in relation to PCs. In this study, we aimed to
compare MCLDs with PCs with HLDs (with no PCs) in
terms of the pathological findings of baseline biopsies,
postoperative renal function, ESRD, and mortality rates.

METHODS

Study Design

This retrospective cohort study was approved by the
institutional review board of the Nagoya Daini Red
13
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Cross Hospital and was conducted according to the
principles of the Declaration of Helsinki. Living-donor
kidney transplantation was performed according to the
Declaration of Istanbul. To evaluate the effect of PCs on
postoperative renal function and short-term mortality
in MCLDs, donors were stratified into 4 groups ac-
cording to the number of PCs present: the HLD, MCLD
(PC 1), MCLD (PC 2), or MCLD (PC 3) group. To assess
the condition of the remaining kidney at baseline, a
biopsy was obtained and was evaluated by a transplant
pathologist. Postoperative renal function, eGFR, and
protein content of urine collected over 24 hours were
compared between MCLDs (PC 1–3) and HLDs. The
rates of short-term ESRD and mortality of MCLDs (PC
1–3) were compared with those of HLDs. To determine
the medical condition of donors during follow-up, we
evaluated postoperative changes in low-density lipo-
protein (LDL) cholesterol, triglyceride, high-density
lipoprotein (HDL) cholesterol, and fasting blood
glucose levels, as well as HbA1c, systolic blood pres-
sure, diastolic blood pressure, and body mass index
(BMI). This study is reported in accordance with the
STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE) guidelines.

Follow-up Assessments

Postoperative assessments of HLDs were carried out at
1, 3, 6, and 12 months after transplantation, then
annually thereafter. Follow-up of MCLDs was carried
out every 1 to 3 months. During each visit, donors were
educated on lifestyle changes by transplant co-
ordinators. Systolic and diastolic blood pressure, LDL
cholesterol levels, triglyceride levels, fasting glucose
levels, and BMI were measured at each visit. Mea-
surement of HbA1c was performed for donors who had
been preoperatively treated for GI and whose fasting
glucose levels reached >126 mg/dl during follow-up.
Measurement of HDL levels was carried out only in
donors whose postoperative LDL cholesterol and
Figure 1. Study flowchart. Illustration of the flow of patients through the
complex living donors; PC, preoperative comorbidity.
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triglyceride levels rose beyond the optimal ranges
referred to in the guidelines.8 This was primarily
because lipoprotein fraction tests are not covered by
the National Insurance in Japan. When lifestyle
changes failed to control HT, dyslipidemia, and GI,
donors were treated with medication according to the
Japanese guidelines for the treatment of chronic kidney
disease.8

Participants

We recruited all consecutive living donors who un-
derwent kidney transplant procedures at our hospital
between January 2008 and December 2016. Patients
were followed until December 2017. Patients with
limited follow-up data (<5 months) were excluded. All
donor data were retrospectively collected from their
medical records. As such, the need for informed con-
sent was waived.

Donor Selection

The selection and consent process for living kidney
donors is described in the Supplementary Methods.

Definition of Pathological Conditions From

Baseline Biopsy

Baseline biopsies of the grafts were obtained 1 hour
after reperfusion. Pathological conditions were identi-
fied from baseline biopsies by a transplant pathologist
who evaluated the presence of interstitial fibrosis,
tubular atrophy, glomerulosclerosis, and arterio-
losclerosis. Histological changes were scored according
to the 2007 Banff classification system; positive changes
were defined as presence of interstitial fibrosis, tubular
atrophy of >5%, any arteriolosclerosis, and any global
glomerulosclerosis.9–11

Preoperative Comorbidities

PCs included HT (defined as blood pressure >140/90
mm Hg or treatment with blood pressure–lowering
medications), dyslipidemia (defined as LDL cholesterol
recruitment process. HLDs, healthy living donors; MCLDs, medically

Kidney International Reports (2020) 5, 13–27



Table 1. Characteristics of the study population
HLD MCLD (PC 1) MCLD (PC 2) MCLD (PC 3) ANOVA, Kruskal-Wallis test, or c2 test

n [ 214 n [ 302 n [ 196 n [ 90 P value

Age, yr 52.3 � 10.7 57.9 � 9.2 60.6 � 9.5 65.3 � 7.9 <0.001

Male sex 54 (25.2) 114 (37.7) 88 (44.9) 41 (45.6) <0.001

Asian 213 (99.5) 301 (99.7) 196 (100) 89 (98.9) 0.549

Hispanic 1 (0.5) 1 (0.3) 0 1 (1.1)

Donation to first-degree relative of donor 93 (43.5) 153 (50.7) 93 (47.4) 55 (61.1) 0.057

Donation to child of donor 69 (32.2) 120 (39.7) 76 (38.8) 50 (55.6)

Donation to sibling of donor 19 (8.9) 31 (10.3) 17 (8.7) 4 (4.4)

Donation to parent of donor 5 (2.3) 2 (0.7) 0 0

Smoking history 90 (42.1) 135 (44.7) 91 (46.4) 40 (44.4) 0.865

History of endoscopic surgery 206 (96.3) 291 (96.4) 188 (95.5) 88 (97.8) 0.889

Operative duration, min 214 � 42.6 221.0 � 49.1 222.8 � 53.7 217.0 � 52.0 0.259

Blood loss, ml 29.8 � 39.3 36.9 � 52.6 46.4 � 121.3 38.6 � 43.8 0.146

Duration of follow-up, mo 55.0 (24.0–83.0) 60.0 (33.0–83.0) 48.0 (25.3–83.0) 49.5 (23.0–72.0) 0.134

ANOVA, analysis of variance; HLD, healthy living donor; MCLD, medically complex living donor; PC, preoperative comorbidity.
Categorical data are presented as number (%); continuous data are presented as mean � SD or median (interquartile range).
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>140 mg/dl, triglyceride level >150 mg/dl, and HDL
cholesterol <40 mg/dl or treatment with lipid-lowering
agents), GI (defined as impaired fasting glycemia,
impaired glucose tolerance, or diabetes mellitus that was
treated with medication to achieve an HbA1c<6.5% and
an albumin/creatinine [Cr] ratio <30 mg/g Cr), and
obesity (defined as BMI >30 kg/m2).

Statistical Analysis

Statistical analysis of donor characteristics was performed
using analysis of variance, Kruskal-Wallis test, t test and
Mann-Whitney U test for continuous variables and the c2
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Figure 2. Preoperative morbidity rates for hypertension, dyslipidemia, gluc
Bar graph comparing preoperative data between the study groups. MCLD
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test and Fisher’s exact test for categorical variables. The
normal distribution of eGFR and urinary protein level data
was confirmed by histograms. Linear mixed model anal-
ysis was used to examine whether the number of PCs
affected the eGFR and urinary protein levels over time,
where “case”was a random factor, “time”was a repetitive
factor, and “the number of PCs” and “interaction with
time” (defined as “time � number of PCs”) were used as
fixed factors. To adjust for confounding factors, age and
sex were included as covariates. The repeated measures
covariance structure was a compound symmetry. The
estimated marginal means and their standard errors and
40 50 60 70 80 90 100

ose intolerance, and obesity stratified by preoperative comorbidities.
s, medically complex living donors; PC, preoperative comorbidity.
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Table 2. Preoperative clinical data

HLD MCLD (PC 1) MCLD (PC 2) MCLD (PC 3)

HLD vs. MCLD (PC 1) HLD vs. MCLD (PC 2) HLD vs. MCLD (PC 3)

P value 95% CI P value 95% CI P value 95% CI

Systolic blood pressure,
mm Hg

115.8 � 11.0 121.6 � 13.5 125.6 � 13.9 131.8 � 14.4 <0.001 �8.772 �2.667 <0.001 �13.010 �6.254 <0.001 �19.753 �11.169

Diastolic blood
pressure, mm Hg

69.5 � 10.4 75.8 � 9.9 74.7 � 10.6 76.7 � 10.9 <0.001 �7.72 �2.870 <0.001 �7.850 �2.49 <0.001 �10.320 �3.510

LDL cholesterol, mg/dl 108.2 � 19.6 128.9 � 33.0 129.2 � 32.5 123.0 � 34.6 <0.001 �26.783 �12.831 <0.001 �28.609 �13.194 0.013 �21.504 �1.651

Triglyceride, mg/dl 88.2 � 31.1 145.3 � 79.8 169.4 � 93.1 182.5 � 88.0 <0.001 �75.050 �39.637 <0.001 �101.501 �62.212 <0.001 �121.560 �71.768

HDL cholesterol, mg/dl 70.0 � 13.4 63.7 � 16.6 60.9 � 15.7 54.3 � 12.7 0.032 0.350 12.280 0.001 2.949 15.232 <0.001 8.300 23.262

Fasting glucose,
mm Hg

92.7 � 7.5 96.0 � 9.9 102.0 � 13.8 104.9 � 13.5 0.003 �5.984 �0.816 <0.001 �12.092 �6.341 <0.001 �16.188 �8.741

75-g oral glucose
tolerance test results
(blood glucose level 2
hours after glucose
administration), mg/dl

106.7 � 18.4 122.0 � 30.0 146.3 � 35.3 177.1 � 46.3 <0.001 �22.616 �7.820 <0.001 �47.605 �31.137 <0.001 �80.718 �59.394

HbA1c, % 5.5 � 0.3 5.7 � 0.3 5.8 � 0.4 6.1 � 0.5 <0.001 �0.242 �0.067 <0.001 �0.362 �0.170 <0.001 �0.625 �0.385

BMI, kg/m2 21.6 � 2.6 22.8 � 3.0 23.6 � 3.0 24.4 � 3.1 <0.001 �1.838 �0.473 <0.001 �2.747 �1.236 <0.001 �3.832 �1.912

Urine albumin/Cr ratio,
mg/gCr

8.4 � 12.0 9.8 � 15.8 10.9 � 15.4 14.3 � 15.3 0.999 �5.174 2.329 0.647 �6.657 1.620 0.017 �11.142 �0.695

BMI, body mass index; CI, confidence interval; Cr, creatinine; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HLD, healthy living donor; LDL, low-density lipoprotein; MCLD,
medically complex living donor; PC, preoperative comorbidity.
Continuous data are presented as mean � SD. The suffixes PC 1, PC 2, and PC 3 indicate donors with 1, 2, or, 3 comorbidities, respectively. Bold indicates statistically significant results.
Bonferroni method was used for the multiplicity adjustment.
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95% confidence intervals were calculated and compared
with respect to the number of PCs at each time point. The
Bonferroni method was used to adjust for multiple
comparisons.

Logistic regression analysis was used to examine
whether the number of PCs affected biopsy results at 1
hour after transplant. To adjust for confounding factors,
age and sex were incorporated into the model as inde-
pendent variables. Survival analysis was used to deter-
mine whether the number of PCs influenced overall
survival. The cumulative survival rate was calculated
using the Kaplan-Meier method. To adjust for confound-
ing factors, the effect of number of PCs was tested using
log-rank tests stratified by age ($60 years or <60 years)
and sex. All statistical analyseswere performed using SPSS
software, version 23.0 for Windows (IBM Corporation,
Armonk, NY). For all analyses, a P< 0.05 was considered
significant.

RESULTS

Study Population

A total of 807 living donors underwent kidney trans-
plant procedures at our hospital during the study
Table 3. Logistic regression analysis of biopsy results 1 hour after implan
Unadjusted

n OR 95% CI P val

HLD 211 1.000

MCLD (PC 1) 296 1.945 1.344 2.816 <0.0

MCLD (PC 2) 192 2.947 1.960 4.432 <0.0

MCLD (PC 3) 89 5.323 3.097 9.150 <0.0

CI, confidence interval; HLD, healthy living donor; MCLD, medically complex living donor; OR,
Bold indicates statistically significant results. Interstitial fibrosis or tubular atrophy of >5% w
significant.
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period. All 807 were recruited for this study. Five of
the 807 donors (0.6%) did not attend the >5 months of
follow-up, so were excluded from the analysis. The
remaining 802 donors were followed for more than 5
months between January 2008 and December 2017
(median duration of follow-up: 56.0 months [inter-
quartile range 26.8–83.0]), were enrolled in the study,
and were included in the final analysis.

Follow-up Rate

Of the remaining 802 enrolled participants, 214 were
categorized as HLD, 302 as MCLD (PC 1), 196 as MCLD (PC
2), and 90 as MCLD (PC 3) (Figure 1). In total, 751 donors
(93.1%) were followed for>5 months and assessed at least
once after January 2016, whereas 51 (6.3%) were followed
for >5 months but were not assessed after January 2016.

Descriptive Data

Table 1 presents the characteristics of the study pop-
ulation. No significant differences were observed be-
tween HLDs and MCLDs (PC 1–3) in terms of donations
to first-degree relatives, smoking history, number of
endoscopic operations, operative duration, blood loss,
tation
Adjusted for age and sex

ue n OR 95% CI P value

211 1.000

01 296 1.260 0.834 1.905 0.272

01 192 1.484 0.934 2.358 0.095

01 89 1.862 1.012 3.425 0.046

odds ratio; PC, preoperative comorbidity.
as considered significant. Any arteriolosclerosis or glomerulosclerosis was considered

Kidney International Reports (2020) 5, 13–27



Figure 3. Rates of administration of pre- and postoperative medication according to group. Bar graph comparing rates of administration of
medication for (a) hypertension, (b) dyslipidemia, and (c) glucose intolerance among groups. HLDs, healthy living donors; MCLDs, medically
complex living donors; PC, preoperative comorbidity.
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and duration of follow-up. Significant differences were
observed in mean age and sex.

Preoperative Morbidity Rates and Clinical Data

Preoperative morbidity rates associated with HT, dys-
lipidemia, GI, and obesity in HLDs and MCLDs (PC 1–3)
Kidney International Reports (2020) 5, 13–27
are shown in Figure 2. Preoperative clinical data are
shown in Table 2. Significant differences were identi-
fied between HLDs and all MCLDs for all clinical pa-
rameters except for urine albumin/Cr ratio in MCLDs
(PC 1 and 2). Detailed numerical values are shown in
Table 2.
17



Figure 4. Postoperative clinical changes over time according to group. Graphical representation of (a) systolic blood pressure, (b) diastolic
blood pressure, (c) low-density lipoprotein cholesterol levels, (continued)

CLINICAL RESEARCH T Hiramitsu et al.: Outcomes of Kidney Donors With Comorbidities
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Figure 4. (continued) (d) triglyceride levels, (e) high-density lipoprotein cholesterol levels, (f) fasting glucose levels, (continued)

T Hiramitsu et al.: Outcomes of Kidney Donors With Comorbidities CLINICAL RESEARCH
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Figure 4. (continued) (g) glycated hemoglobin levels, and (h) body mass index values over the 84-month follow-up period. Error bars show the
SD. HLDs, healthy living donors; M, months postoperatively; MCLDs, medically complex living donors; PC, preoperative comorbidity.
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Pathological Findings From Baseline Biopsies

Based on observations from baseline biopsies that were
obtained 1 hour after reperfusion, interstitial fibrosis,
tubular atrophy, glomerulosclerosis, and arterio-
losclerosis were identified more frequently in MCLDs
(PC 3) than in HLDs (Table 3).
Preoperative and Postoperative Medication

Preoperative and postoperative medications for HT,
dyslipidemia, and GI of HLDs and MCLDs (PC 1–3) are
shown in Figure 3.
Postoperative Data Changes

Postoperative changes in donors’ systolic and diastolic
blood pressure, LDL cholesterol levels, triglyceride
levels, HDL cholesterol levels, fasting glucose levels,
HbA1c, and BMI are shown in Figure 4.
20
Postoperative Renal Function

Supplementary Table S1 (unadjusted data),
Supplementary Table S2 (adjusted data), and Figure 5
show the pre- and postoperative changes in eGFR
over time. In the adjusted data, no significant dif-
ferences were observed between HLDs and MCLDs
(PC 1–3).

The decline in the DeGFR between preoperative and
postoperative day (POD) 6 eGFR differed slightly be-
tween HLDs and MCLDs (PC 1–3), but this was not
statistically significant (Table 4). The difference in
DeGFR from POD 6 (when eGFR was lowest) to each
time point was not significant between HLDs and
MCLDs (PC 1–3) (Table 4).

Supplementary Table S3 (unadjusted data),
Supplementary Table S4 (adjusted data), and Figure 6
show the changes in 24-hour urinary protein in HLDs
and MCLDs (PC 1–3) during follow-up. Changes
Kidney International Reports (2020) 5, 13–27



Figure 5. Preoperative and postoperative changes in estimated glomerular filtration rate (eGFR) adjusted for age and sex. Graphical repre-
sentation illustrating the changes in eGFR for all groups throughout the 84-month follow-up period. Error bars show the SD. HLDs, healthy living
donors; M, months postoperatively; MCLDs, medically complex living donors; PC, preoperative comorbidity; POD, postoperative day.
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of <0.2 g/24 hours were observed in HLDs and MCLDs
(PC 1–3). No significant differences in 24-hour urinary
protein were identified between HLDs and MCLDs (PC
1–3), except when comparing the HLD and MCLD (PC
2) groups at 60 months.

The difference between preoperative and post-
operative 24-hour urinary protein was significantly
different between the HLD and MCLD (PC 2 and 3)
groups (Table 5). However, the mean 24-hour urinary
protein did not show overt proteinuria at any time
point for any group (Figure 6).

End-Stage Renal Disease

None of the donors developed ESRD during the follow-
up period.

Mortality

No significant differences in short-term mortality rates
were identified between HLDs and MCLDs (PC 1–3)
following stratification of the groups according to age
or sex (Figure 7). Six donors died; deaths were due to
prostate cancer in 1 HLD, colon cancer in 1 MCLD (PC
1), brain cancer in 1 MCLD (PC 2), amyotrophic lateral
sclerosis in 1 MCLD (PC 2), multiple organ failure in 1
MCLD (PC 3), and abdominal aortic aneurysm rupture
in 1 MCLD (PC 3).

Comparison Between HLDs and MCLDs With

Hypertension and GI

Supplementary Table S5 presents the characteristics of
HLDs and MCLDs with HT and GI (denoted MCLD [HT
and GI]). No significant differences were observed in
smoking history, number of endoscopic operations,
Kidney International Reports (2020) 5, 13–27
operative duration, blood loss, or duration of follow-up
between the 2 groups. However, significant differences
were observed in the number of donations to first-
degree relatives, mean age, and sex. Preoperative
clinical data are shown in Supplementary Table S6.
Significant differences were identified between HLDs
and MCLDs (HT and GI) for all parameters. The urine
albumin/Cr ratio of both groups was <30 mg/gCr,
although this was significantly higher in MCLDs (HT
and GI). Based on the pathological observations of
baseline biopsies, interstitial fibrosis, tubular atrophy,
glomerulosclerosis, and arteriolosclerosis were identi-
fied more frequently in the MCLD (HT and GI) group
than in the HLD group (Supplementary Table S7).
Supplementary Table S8 and Supplementary Figure S1
show the preoperative and postoperative eGFR changes
over time. In the adjusted data, no significant differ-
ences were observed between HLDs and MCLDs (HT
and GI). The DeGFR between preoperative and POD 6
rates was not significantly different between HLDs and
MCLDs (HT and GI) (Supplementary Table S9). The
improvement in DeGFR from the lowest rate (observed
on POD 6) at each time point was not significantly
different between the 2 groups (Supplementary
Table S9). Supplementary Table S10 and
Supplementary Figure S2 show the changes in 24-hour
urinary protein during follow-up. Changes of <0.2 g/
24 hours were observed for all donors, with significant
differences identified between the groups, from the
adjusted data, at 60 and 72 months only. The values of
D24-hour urinary protein were significantly different
between HLDs and MCLDs (HT and GI)
(Supplementary Table S11), although overt proteinuria
21
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was not detected at any point in either group
(Supplementary Figure S2). No significant differences
were identified in the short-term mortality rates of
HLDs and MCLDs (HT and GI) following stratification
of the groups according to age or sex (Supplementary
Figure S3).
DISCUSSION

Recently, Kidney Disease: Improving Global Outcomes
guidelines, as well as other guidelines, have recom-
mended that kidney donations from MCLDs be allowed
if they meet strict criteria both before and after dona-
tion.12–14 The Japanese guidelines allow for a broader
range of MCLDs compared with Kidney Disease:
Improving Global Outcomes guidelines.12,13 This is
because Japan has a low number of deceased donors;
only 10% of kidney transplants originate from
deceased people.15 To enable a broader range of in-
dividuals to become living donors and to prevent the
risk of ESRD, the Japanese guidelines include addi-
tional criteria to the Kidney Disease: Improving Global
Outcomes guidelines and the criteria of the Amsterdam
Forum.12,13,16,17 In this study, we included living kid-
ney donors who met the Japanese criteria. Donors were
categorized based on the number of PCs present, which
included HT, dyslipidemia, GI, and obesity.

The mortality and ESRD risks are thought to be
similar for living kidney donors as for the general
population1,18,19; however, findings from studies pub-
lished in 2014 suggest that the risks of ESRD and mor-
tality among living kidney donors are in fact higher
than among the general population.2,3 The first of these
studies, based on a Norwegian cohort, excluded MCLDs
with PCs.2 In the second study, based on an American
cohort, the investigators matched living kidney donors
with individuals from the general population. However,
they were matched only for blood pressure and BMI as
PCs.3 In both reports, the risks of ESRD and mortality
were described without extensive donor follow-up,
consideration of administered medications, or manage-
ment of PCs. Reports from other studies investigating
the effects of metabolic syndrome on eGFR have not
included details about follow-up duration or changes in
metabolic syndrome over time.6,7,20–23 The Japanese
guidelines recommend that living kidney donors are
assessed regularly, and their health and comorbidities
must be well managed.6,7,14,15 Without detailed in-
vestigations into donor management and treatment
adherence during follow-up, evaluation of ESRD risk,
mortality, and renal function cannot provide insight
into the true effects of PCs in the context of kidney
donation. Detailed investigations and powerful evi-
dence (regardless of study size) can be obtained only
Kidney International Reports (2020) 5, 13–27



Figure 6. Changes in urine protein content over a 24-hour period adjusted for age and sex. Graphical representation illustrating the changes in
protein content of urine collected over 24 hours for all groups throughout the 84-month follow-up period. Error bars show the SD. *Statistical
significance (P < 0.05). HLDs, healthy living donors; M, months postoperatively; MCLDs, medically complex living donors; PC, preoperative
comorbidity.
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with regular follow-up and the implementation of
appropriate donor management protocols. The effects of
individual PCs on the risks of chronic kidney disease,
ESRD, and mortality in living kidney donors have been
reported.24–26 Coexisting PCs are often observed in
clinical practice and it is known that coexisting, as well
as individual, comorbidities contribute to chronic kid-
ney disease risk in the general population.27,28 However,
few studies have investigated the effects of multiple PCs
on the risks of ESRD and mortality in living kidney
donors.7 For such investigations, we believe it is more
appropriate to categorize living kidney donors accord-
ing to the numbers of PCs to enable comparisons of the
risks between groups rather than in relation to indi-
vidual PCs.

This study included 802 consecutive living kidney
donors, with a median follow-up period of 5 years.
Unlike studies from Norway2 and the United States,3

this study did not involve large numbers of donors.
Nevertheless, this represents the largest study inves-
tigating the effects of the number of PCs on post-
operative eGFR, ESRD risk, and mortality in living
kidney donors.6,7,23 Providing these donors with the
option to attend follow-up meetings at local hospitals
and private clinics (as well as at our hospital) may have
contributed to the excellent follow-up rate. Data from
living kidney donors who were followed up at other
local hospitals and private clinics were sent to our
hospital annually.

Our findings on the number of coexisting PCs in
relation to age and sex suggest that female living kid-
ney donors present with fewer PCs than male living
Kidney International Reports (2020) 5, 13–27
kidney donors. Our data on systolic blood pressure,
diastolic blood pressure, BMI, LDL cholesterol levels,
HDL cholesterol levels, triglyceride levels, fasting
glucose levels, and HbA1c values are presented as
means without statistical adjustment, and groups were
compared in terms of eGFR, urinary protein level, and
mortality. Pathology findings from baseline biopsies as
well as eGFR results and mortality rates were compared
between HLDs and MCLDs (PC 1–3) after adjustment
for sex and age due to the significant differences among
the groups with respect to these variables. Findings
from the pathology assessments of baseline biopsies
provide insights into the condition of the grafts and the
remaining kidney. Pathology findings were also sta-
tistically adjusted for age and sex, as biopsy results
may have been influenced by these factors.

Some reports have described relationships between
pathology findings from baseline biopsies and post-
operative eGFR in living kidney donors with PCs6,7,29;
however, the numbers of patients included in these
studies were small. We did not identify significant
differences between HLDs and MCLDs (PC 1 and 2)
with respect to pathology findings from baseline bi-
opsies. In contrast, compared with HLDs, interstitial
fibrosis, tubular atrophy, glomerulosclerosis, and
arteriolosclerosis were more frequently identified in
baseline biopsies from MCLDs (PC 3). This implies that
PCs may cause pathological renal changes in MCLDs
(PC 3) and lead to significant changes in the preoper-
ative urine albumin/Cr ratio.30 The significant differ-
ences observed in the kidney biopsies between HLDs
and MCLDs (PC 3) are still suggestive of the increased
23



Ta
bl
e
5.

Co
m
pa

ris
on

of
D
ur
in
ar
y
pr
ot
ei
n
co

nt
en

to
ve
r
24

ho
ur
s
(a
dj
us
te
d
fo
r
ag

e
an

d
se
x)

H
LD

M
C
LD

(P
C
1)

M
C
LD

(P
C
2)

M
C
LD

(P
C
3)

H
LD

vs
.
M
C
LD

(P
C
1)

H
LD

vs
.
M
C
LD

(P
C
2)

H
LD

vs
.
M
C
LD

(P
C
3)

D
iff
er
en
ce
,

g/
24

ho
ur
s

SD
P
va
lu
e

95
%

C
I

D
iff
er
en
ce
,

g/
24

ho
ur
s

SD
P
va
lu
e

95
%

C
I

D
iff
er
en
ce
,

g/
24

hr
SD

P
va
lu
e

95
%

C
I

D
Pr
e
op
er
at
io
n–

1
M

0.
00

6
0.
00

9
0.
02

6
0.
02

8
0.
00

3
0.
01

1
>
0.
99

9
�0

.0
18

0.
02

4
0.
02

0
0.
01

2
0.
98

0
�0

.0
04

0.
04

3
0.
02

2
0.
01

5
>
0.
99

9
�0

.0
08

0.
05

1

D
Pr
e
op
er
at
io
n–

3
M

0.
01

5
0.
02

3
0.
03

4
0.
05

7
0.
00

8
0.
01

1
>
0.
99

9
�0

.0
14

0.
03

0
0.
01

8
0.
01

2
>
0.
99

9
�0

.0
06

0.
04

2
0.
04

2
0.
01

5
0.
06

2
0.
01

2
0.
07

1

D
Pr
e
op
er
at
io
n–

6
M

0.
01

8
0.
02

7
0.
03

5
0.
04

9
0.
00

9
0.
01

1
>
0.
99

9
�0

.0
13

0.
03

1
0.
01

7
0.
01

2
>
0.
99

9
�0

.0
07

0.
04

1
0.
03

1
0.
01

5
0.
46

3
0.
00

1
0.
06

1

D
Pr
e
op
er
at
io
n–

12
M

0.
00

2
0.
00

5
0.
02

7
0.
03

1
0.
00

3
0.
01

2
>
0.
99

9
�0

.0
20

0.
02

6
0.
02

5
0.
01

3
0.
51

3
0.
00

0
0.
05

0
0.
02

9
0.
01

6
0.
66

0
�0

.0
02

0.
06

0

D
Pr
e
op
er
at
io
n–

24
M

�0
.0
02

0.
00

3
0.
02

7
0.
03

1
0.
00

5
0.
01

2
>
0.
99

9
�0

.0
18

0.
02

7
0.
02

9
0.
01

3
0.
22

3
0.
00

4
0.
05

4
0.
03

3
0.
01

6
0.
38

4
0.
00

2
0.
06

4

D
Pr
e
op
er
at
io
n–

36
M

�0
.0
08

�0
.0
03

0.
02

0
0.
04

2
0.
00

6
0.
01

2
>
0.
99

9
�0

.0
18

0.
02

9
0.
02

8
0.
01

3
0.
34

3
0.
00

2
0.
05

4
0.
05

0
0.
01

7
0.
02

9
0.
01

7
0.
08

3

D
Pr
e
op
er
at
io
n–

48
M

�0
.0
08

0.
00

5
0.
02

7
0.
02

4
0.
01

4
0.
01

3
>
0.
99

9
�0

.0
11

0.
03

9
0.
03

5
0.
01

4
0.
12

1
0.
00

8
0.
06

3
0.
03

2
0.
01

8
0.
69

6
�0

.0
03

0.
06

7

D
Pr
e
op
er
at
io
n–

60
M

�0
.0
11

0.
01

5
0.
03

9
0.
04

9
0.
02

6
0.
01

3
0.
52

4
0.
00

0
0.
05

2
0.
05

0
0.
01

5
0.
01

0
0.
02

0
0.
08

0
0.
06

0
0.
01

9
0.
01

4
0.
02

3
0.
09

7

D
Pr
e
op
er
at
io
n–

72
M

�0
.0
17

0.
00

6
0.
03

2
0.
05

2
0.
02

3
0.
01

5
>
0.
99

9
�0

.0
06

0.
05

3
0.
04

9
0.
01

7
0.
03

9
0.
01

6
0.
08

3
0.
06

9
0.
02

2
0.
01

7
0.
02

6
0.
11

1

D
Pr
e
op
er
at
io
n–

84
M

�0
.0
03

0.
01

2
0.
05

1
0.
02

3
0.
01

5
0.
01

7
>
0.
99

9
�0

.0
18

0.
04

8
0.
05

4
0.
01

9
0.
04

1
0.
01

7
0.
09

1
0.
02

6
0.
02

5
>
0.
99

9
�0

.0
23

0.
07

6

CI
,c

on
fi
de
nc
e
in
te
rv
al
;H

LD
,h

ea
lth
y
liv
in
g
do
no
r;
M
CL
D,

m
ed
ic
al
ly
co
m
pl
ex

liv
in
g
do
no
r;
PO

D,
po
st
op
er
at
iv
e
da
y;
PC

,p
re
op
er
at
iv
e
co
m
or
bi
di
ty
.

Bo
nf
er
ro
ni
m
et
ho
d
w
as

us
ed

fo
rt
he

m
ul
tip
lic
ity

ad
ju
st
m
en
t.
Th
e
su
ffi
xe
s
PC

1,
PC

2,
an
d
PC

3
in
di
ca
te

do
no
rs
w
ith

1,
2,
or

3
co
m
or
bi
di
tie
s,
re
sp
ec
tiv
el
y.
“
Di
ffe

re
nc
e”

w
as

ca
lc
ul
at
ed

by
th
e
m
ea
n
va
lu
e
fo
rM

CL
Ds

(P
C
1,
2,
or

3)
m
in
us

th
at

fo
rH

LD
s.
Bo

ld
in
di
ca
te
s
st
at
is
tic
al
ly
si
gn
ifi
ca
nt

re
su
lts
.

CLINICAL RESEARCH T Hiramitsu et al.: Outcomes of Kidney Donors With Comorbidities

24
long-term risk for the MCLDs, especially for the
development of progressive chronic kidney disease,
although eGFR changes were similar between the HLDs
and MCLDs (PC 3). This implies that strict and robust
follow-up with proactive management of PCs after
donation are necessary.

In this study, kidney donors were assessed after
organ donation. Because MCLDs (PC 3) had received
medication before donation, their lifestyle changes and
treatment regimens may have already been well
established, which may explain the similar rates of pre-
and postoperative drug administration. Patients in the
MCLD (PC 1) and MCLD (PC 2) groups had not received
medication before donation and were younger than
those in the MCLD (PC 3) group. Morbidity rates
increased with age as expected; however, the rates of
postoperative medication administration were lower in
MCLDs (PC 1 and 2) than the preoperative rate in
MCLDs (PC 3), which may have been a result of regular
follow-up and lifestyle education.31,32 The average
systolic and diastolic blood pressure, BMI, LDL
cholesterol levels, HDL cholesterol levels, triglyceride
levels, fasting glucose levels, and HbA1c values of all
donors were maintained within optimal ranges,13

indicating that PCs were well managed during the
follow-up period.

Although ESRD was not identified in any donor
during the follow-up period, it is possible that this is
because the follow-up period was very short. The lack
of significant differences in decline in DeGFR between
HLDs and any MCLDs may imply that rapid changes in
eGFR after hemi-nephrectomy were not associated with
baseline biopsy results. Furthermore, the results of
improvement in DeGFR, which might be influenced by
baseline biopsy results and the management of PCs
after donation in the absence of overt proteinuria, may
imply that appropriate management of comorbidities
can contribute to the maintenance of renal function.
After kidney donation, eGFR increases and post-
operative urinary protein level tends to increase grad-
ually after a temporary decrease1; however, in this
study, the average postoperative urine protein levels
were notably lower than the diagnostic range for pro-
teinuria. This may imply that the significant differ-
ences in D24-hour urinary protein that we identified
between HLDs and MCLDs (PC 2 and 3) were not
clinically important.

The deaths of donors due to prostate cancer, colon
cancer, brain cancer, and amyotrophic lateral sclerosis
are unlikely to have been related to organ donation;
however, deaths from multiple organ failure and
abdominal aortic aneurysm rupture may have been
associated with donation. A previous study found that
the cardiovascular-related mortality rate in kidney
Kidney International Reports (2020) 5, 13–27



Figure 7. Mortality rates of each group. Kaplan-Meier curves comparing the mortality rates between study groups. HLDs, healthy living donor;
MCLDs, medically complex living donor; PC, preoperative comorbidity.

T Hiramitsu et al.: Outcomes of Kidney Donors With Comorbidities CLINICAL RESEARCH
donors was significantly higher than in the general
population33; however, in this study, only 1 donor died
of cardiovascular disease.

This study has some limitations. First, this was a
retrospective cohort study that investigated only the
living donors. Second, the follow-up period was very
short to sufficiently identify the significant differences
and trends of mortality and ESRD. However, the
findings do suggest that optimal management of
comorbidities after donation may mean similar out-
comes will be observed for MCLDs (PC 3) as for HLDs
with no PCs. In addition, the impact of PCs on MCLDs
with HT and GI was investigated. Further prospective
randomized studies are required, investigating the
differences in outcomes of living donors with PCs and
the general population over an extended period, as
significant differences in morbidity and mortality
associated with ESRD are primarily observed after
follow-up periods of $15 years.2,3,34

In conclusion, appropriate management of MCLDs
with PCs can result in renal function and short-term
mortality rates that are similar to those observed for
HLDs with no PCs.
DISCLOSURE

All the authors declared no competing interests.

SUPPLEMENTARY MATERIAL

Supplementary File (Word)
Kidney International Reports (2020) 5, 13–27
Supplementary Methods.

Supplementary References.

Figure S1. Preoperative and postoperative changes in

estimated glomerular filtration rate in healthy and

medically complex (hypertension and glucose

intolerance) living donors (adjusted for age and sex).

Figure S2. Changes in urine protein content over a 24-

hourour period in healthy and medically complex (hyper-

tension and glucose intolerance) living donors (adjusted

for age and sex).

Figure S3. Mortality rates in healthy and medically

complex (hypertension and glucose intolerance) living

donors.

Table S1. Difference in preoperative and postoperative

estimated glomerular filtration rate changes (unadjusted

for age and sex).

Table S2. Difference in preoperative and postoperative

estimated glomerular filtration rate changes (adjusted for

age and sex).

Table S3. Difference in urinary protein content over 24

hours (unadjusted for age and sex).

Table S4. Difference in urinary protein content over 24

hours (adjusted for age and sex).

Table S5. Characteristics of healthy and medically complex

(hypertension and glucose intolerance) living donors.

Table S6. Preoperative clinical data of healthy and

medically complex (hypertension and glucose

intolerance) living donors.

Table S7. Logistic regression analysis of the biopsy results

1 hour after implantation.
25

https://doi.org/10.1016/j.ekir.2019.10.002


CLINICAL RESEARCH T Hiramitsu et al.: Outcomes of Kidney Donors With Comorbidities
Table S8. Difference in preoperative and postoperative

estimated glomerular filtration rate changes in healthy

and medically complex (hypertension and glucose

intolerance) living donors.

Table S9. Comparison of Destimated glomerular filtration

rate in healthy and medically complex (hypertension and

glucose intolerance) living donors (adjusted for age and

sex).

Table S10. Difference in urinary protein content over 24

hours in healthy and medically complex (hypertension

and glucose intolerance) living donors.

Table S11. Comparison of Durinary protein content over 24

hours in healthy and medically complex (hypertension and

glucose intolerance) living donors (adjusted for age and

sex).

The STROBE Statement.
REFERENCES

1. Ibrahim HN, Foley R, Tan L, et al. Long-term consequences of

kidney donation. N Engl J Med. 2009;360:459–469.

2. Mjøen G, Hallan S, Hartmann A, et al. Long-term risks for

kidney donors. Kidney Int. 2014;86:162–167.

3. Muzaale AD, Massie AB, Wang MC, et al. Risk of end-stage

renal disease following live kidney donation. JAMA.

2014;311, 579–311.

4. Matas AJ, Hays RE, Ibrahim HN. A case-based analysis of

whether living related donors listed for transplant share

ESRD causes with their recipients. Clin J Am Soc Nephrol.

2017;12:663–668.

5. Anjum S, Muzaale AD, Massie AB, et al. Patterns of end-stage

renal disease caused by diabetes, hypertension, and

glomerulonephritis in live kidney donors. Am J Transplant.

2016;16:3540–3547.

6. Yoon YE, Choi KH, Lee KS, et al. Impact of metabolic syn-

drome on postdonation renal function in living kidney do-

nors. Transplant Proc. 2015;47:290–294.

7. Ohashi Y, Thomas G, Nurko S, et al. Association of

metabolic syndrome with kidney function and histology

in living kidney donors. Am J Transplant. 2013;13:2342–

2351.

8. Japanese Society of Nephrology. Evidence-based practice

guideline for the treatment of CKD. Clin Exp Nephrol. 2009;13:

537–566.

9. Racusen LC, Solez K, Colvin RB, et al. The Banff 97 working

classification of renal allograft pathology. Kidney Int. 1999;55:

713–723.

10. Solez K, Colvin RB, Racusen LC, et al. Banff ’05 Meeting

Report: differential diagnosis of chronic allograft injury and

elimination of chronic allograft nephropathy (’CAN’). Am J

Transplant. 2007;7:518–526.

11. Solez K, Colvin RB, Racusen LC, et al. Banff 07 classification

of renal allograft pathology: updates and future directions.

Am J Transplant. 2008;8:753–760.

12. Morozumi K, Ichimaru N, Katayama A, et al. Living kidney

donor guideline. Available at: http://www.asas.or.jp/jst/pdf/

manual/008.pdf. Accessed July 11, 2019.
26
13. Lentine KL, Kasiske BL, Levey AS, et al. KDIGO clinical prac-

tice guideline on the evaluation and care of living kidney

donors. Transplantation. 2017;101(8 Suppl 1):S1–S109.

14. Andrews PA, Burnapp L, Manas D, et al. Summary of the British

Transplantation Society/Renal Association UK guidelines for

living donor kidney transplantation. Transplantation. 2012;93:

666–673.

15. Yagisawa T, Mieno M, Yoshimura N, et al. Current status of

kidney transplantation in Japan in 2015: the data of the Kid-

ney Transplant Registry Committee, Japanese Society for

Clinical Renal Transplantation and the Japan Society for

Transplantation. Renal Replacement Therapy. 2016;2:68.

16. Ethics Committee of the Transplantation Society. The

consensus statement of the Amsterdam Forum on the Care of

the Live Kidney Donor. Transplantation. 2004;78:491–492.

17. Delmonico F, Council of the Transplantation Society. A report of

theAmsterdamForumon theCareof the LiveKidneyDonor: data

and medical guidelines. Transplantation. 2005;79(6 suppl):S53–

S66.

18. Segev DL, Muzaale AD, Caffo BS, et al. Perioperative mor-

tality and long-term survival following live kidney donation.

JAMA. 2010;303:959–966.

19. Matas AJ, Bartlett ST, Leichtman AB, et al. Morbidity and mor-

tality after living kidney donation, 1999-2001: survey of United

States transplant centers. Am J Transplant. 2003;3:830–834.

20. Yun HR, Kim H, Park JT, et al. Obesity, metabolic abnormality,

and progression of CKD. Am J Kidney Dis. 2018;72:400–410.

21. HuW,Wu XJ, Ni YJ, et al. Metabolic syndrome is independently

associated with a mildly reduced estimated glomerular filtration

rate: a cross-sectional study. BMC Nephrol. 2017;18:192.

22. Saito T, Mochizuki T, Uchida K, et al. Metabolic syndrome and

risk of progression of chronic kidney disease: a single-center

cohort study in Japan. Heart Vessels. 2013;28:323–329.

23. Cuevas-Ramos D, Almeda-Valdés P, Arvizu M, et al. Associ-

ation of the metabolic syndrome and long-term renal function

in kidney donors. Transplant Proc. 2011;43:1601–1606.

24. Okamoto M, Suzuki T, Fujiki M, et al. The consequences for

live kidney donors with preexisting glucose intolerance

without diabetic complication: analysis at a single Japanese

center. Transplantation. 2010;89:1391–1395.

25. Nogueira JM, Weir MR, Jacobs S, et al. A study of renal

outcomes in obese living kidney donors. Transplantation.

2010;90:993–999.

26. Bello RC, Bello VA, Rosa TT, et al. Male gender and body

mass index are associated with hypertension and reduced

kidney function 5 or more years after living kidney donation.

Transplant Proc. 2015;47:2816–2821.

27. Yamagata K, Ishida K, Sairenchi T, et al. Risk factors for

chronic kidney disease in a community-based population: a

10-year follow-up study. Kidney Int. 2007;71:159–166.

28. Ninomiya T, Kiyohara Y, Kubo M, et al. Metabolic syndrome

and CKD in a general Japanese population: The Hisayama

Study. Am J Kidney Dis. 2006;48:383–391.

29. Choi KH, Yang SC, Joo DJ, et al. Do the abnormal results of

an implantation renal biopsy affect the donor renal function?

Transplant Proc. 2014;46:359–362.

30. Rule AD, Semret MH, Amer H, et al. Association of kidney

function and metabolic risk factors with density of glomeruli
Kidney International Reports (2020) 5, 13–27

http://refhub.elsevier.com/S2468-0249(19)31507-4/sref1
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref1
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref2
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref2
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref3
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref3
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref3
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref4
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref4
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref4
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref4
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref5
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref5
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref5
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref5
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref6
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref6
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref6
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref7
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref7
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref7
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref7
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref8
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref8
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref8
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref9
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref9
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref9
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref10
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref10
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref10
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref10
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref11
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref11
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref11
http://www.asas.or.jp/jst/pdf/manual/008.pdf
http://www.asas.or.jp/jst/pdf/manual/008.pdf
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref13
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref13
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref13
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref14
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref14
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref14
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref14
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref15
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref15
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref15
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref15
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref15
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref16
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref16
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref16
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref17
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref17
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref17
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref17
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref18
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref18
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref18
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref19
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref19
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref19
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref20
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref20
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref21
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref21
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref21
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref22
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref22
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref22
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref23
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref23
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref23
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref24
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref24
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref24
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref24
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref25
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref25
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref25
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref26
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref26
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref26
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref26
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref27
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref27
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref27
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref28
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref28
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref28
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref29
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref29
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref29
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref30
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref30


T Hiramitsu et al.: Outcomes of Kidney Donors With Comorbidities CLINICAL RESEARCH
on renal biopsy samples from living donors. Mayo Clin Proc.

2011;86:282–290.

31. Pérez-Martínez P, Mikhailidis DP, Athyros VG, et al. Lifestyle

recommendations for the prevention and management of

metabolic syndrome: an international panel recommenda-

tion. Nutr Rev. 2017;75:307–326.

32. Bassi N, Karagodin I, Wang S, et al. Lifestyle modification for

metabolic syndrome: a systematic review. Am J Med.

2014;127:1242.e1–e10.
Kidney International Reports (2020) 5, 13–27
33. Yazawa M, Kido R, Shibagaki Y, et al. Kidney function,

albuminuria and cardiovascular risk factors in

post-operative living kidney donors: a single-center,

cross-sectional study. Clin Exp Nephrol. 2011;15:514–

521.

34. Maggiore U, Budde K, Heemann U, et al. Long-term risks of

kidney living donation: review and position paper by the

ERA-EDTA DESCARTES working group. Nephrol Dial Trans-

plant. 2017;32:216–223.
27

http://refhub.elsevier.com/S2468-0249(19)31507-4/sref30
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref30
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref31
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref31
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref31
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref31
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref32
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref32
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref32
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref33
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref33
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref33
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref33
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref33
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref34
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref34
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref34
http://refhub.elsevier.com/S2468-0249(19)31507-4/sref34

	Preoperative Comorbidities and Outcomes of Medically Complex Living Kidney Donors
	Methods
	Study Design
	Follow-up Assessments
	Participants
	Donor Selection
	Definition of Pathological Conditions From Baseline Biopsy
	Preoperative Comorbidities
	Statistical Analysis

	Results
	Study Population
	Follow-up Rate
	Descriptive Data
	Preoperative Morbidity Rates and Clinical Data
	Pathological Findings From Baseline Biopsies
	Preoperative and Postoperative Medication
	Postoperative Data Changes
	Postoperative Renal Function
	End-Stage Renal Disease
	Mortality
	Comparison Between HLDs and MCLDs With Hypertension and GI

	Discussion
	Disclosure
	Supplementary Material
	References


