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Abstract
Background: Preoperative characteristics of living kidney donors are commonly considered during donor
selection and postoperative follow-up. However, the impact of preoperative uric acid (UA) levels is poorly
documented. The aim of this study was to evaluate the association between preoperative serum UA
levels and post-donation long-term events and renal function.

Methods: This was a single-center retrospective analysis of 183 living kidney donors. The donors were
divided into high (≥5.5 mg/dl) and low (<5.5 mg/dl) UA groups. We analyzed the relationship between
preoperative UA levels and postoperative estimated glomerular �ltration rate (eGFR), as well as adverse
events (cardiovascular events and additional prescriptions for hypertension, gout, dyslipidemia, and
diabetes mellitus), over 5 years after donation.

Results: In total, 44 donors experienced 52 adverse events over 5 years. The incidence of adverse events
within 5 years was signi�cantly higher in the high UA group than in the low UA group (50% vs. 24%, p =
0.003); this was true even after the exclusion of hyperuricemia-related events (p = 0.047). UA emerged as
an independent risk factor for adverse events (p = 0.012). Donors with higher UA levels had lower eGFRs
after donation, whereas body mass index, hemoglobin A1c, blood pressure, and low-density lipoprotein
cholesterol did not have any impact on the eGFR.

Conclusions: The �ndings suggest that preoperative UA levels should be considered during donor
selection and postoperative follow-up.

Introduction
Living donor kidney transplantation is one of the established treatment options for patients with end-
stage renal diseases (ESRDs).(1, 2) Given the projected lifetime risk of ESRD in living donors,(3-6) their
safety is of utmost importance, as highlighted in the existing guidelines.(7, 8)

Uric acid (UA) is known to induce endothelial dysfunction by reactive oxygen production,(9) in�ammation
and vasoconstriction by various mechanisms,(10, 11) and increased cyclooxygenase-2 expression.(12)
Through these mechanisms, hyperuricemia exacerbates vascular disorders,(13-16) renal arteriolar
damage,(17, 18) and glomerulosclerosis.(10) Furthermore, recent clinical studies revealed that
hyperuricemia was an independent risk factor for cardiovascular events and the progression of chronic
kidney diseases (CKD) in the general population,(19-22) which is also true for patients with CKD and
kidney transplant recipients.(23, 24)

The impact of serum UA levels on the residual kidney of living kidney donors has been an emerging topic
of interest. A large cohort study including 4650 living donors showed that donors with post-donation gout
had a higher risk of acute kidney failure and progression of CKD.(25) Other studies from Korea and
Turkey suggested that preoperative hyperuricemia predicted impaired postoperative renal functions at 6
and 12 months in living donors.(26-28) We have also reported that preoperative hyperuricemia was
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strongly associated with suboptimal renal compensatory hypertrophy at 12 months after renal donation.
(29)

Although no statement regarding hyperuricemia was included in the Amsterdam Forum on the Care of the
Live Kidney Donor published in 2005,(7) given these emerging studies on hyperuricemia for the general
population and living donors, the 2017 Kidney Disease Improving Global Outcomes Clinical Practice
Guideline on the Evaluation and Care of Living Kidney Donors referred to the potential impact of UA levels
on living donors.(8) However, the prognostic signi�cance of hyperuricemia in living donors remains
scarce so far. Therefore, in the present study, we hypothesized that preoperative serum UA levels would be
associated with post-donation long-term events and renal function.

Patients And Methods
Study population

This was a single-center, retrospective study. Between May 2011 and January 2020, a total of 187 living
kidney transplantations were performed at the Japanese Red Cross Kumamoto Hospital. Four cases were
excluded due to the unavailability of postoperative data. Finally, 183 patients were included in the study.
The follow-up rate at 5 years was 92.0%. Preoperative/postoperative clinical factors, postoperative
adverse events, and the estimated glomerular �ltration rate (eGFR) were analyzed. The main endpoint
was the occurrence of postoperative adverse events. Postoperative adverse events were de�ned as the
occurrence of clinical events including cardiovascular events, induction of dialysis, and de novo
prescriptions for hypertension, hyperuricemia, dyslipidemia, and diabetes mellitus. Donors were divided
into two groups based on their preoperative UA levels: the high UA group (n = 57, UA level ≥5.5 mg/dl)
and the low UA group (n = 126, UA level <5.5 mg/dl). The mean value of UA in the present study was 4.9
[4.2-5.7] mg/dl. The de�nitive cutoff value of serum UA level as the risk factor of metabolic syndrome or
CKD was still controversial (30-36). The cutoff value of 5.5 mg/dl was arbitrarily de�ned by the
distribution of all donors in this study.

All donors were selected with strict compliance with the Japanese donor selection criteria,(37) which
includes details about age (≤80), blood pressure (BP) (<140/90 mmHg or ≤130/80 with antihypertensive
medication), body mass index (BMI) (≤32 kg/m2), GFR (≥70 ml/min/1.73 m2), hemoglobin A1c (HbA1c)
(≤6.5 %), and no systemic or infectious disease. This investigation conformed with the principles
outlined in the Declaration of Helsinki of 1964 and the Declaration of Istanbul of 2018. The study was
approved by the Institutional Review Board of the Japanese Red Cross Kumamoto Hospital (study
approval number 432). The review board waived the requirement for informed consent for this research.
None of the transplant donors were from a vulnerable population and all donors or next of kin provided
freely given written informed consent.

Recording and assessment of clinical data
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We retrospectively collected all clinical data including the serum UA levels from the medical records. Most
of the donors’ baseline BP readings were collected from 24-hour BP monitoring, and the average values
of the systolic BP recorded in the afternoon were adopted. HbA1c data collected at the time of initial
drawing (mainly three months before donor nephrectomy) were included. In 21 cases, HbA1c was
measured using the Japan Diabetes Society (JDS) methods, which were used until April 2012. Since then,
HbA1c has been measured by the National Glycohemoglobin Standardization Program (NGSP) method.
The HbA1c values measured by the JDS methods were converted into NGSP HbA1c values using the
following formula(38): NGSP value (%) = 1.02 × JDS value (%) + 0.25%. eGFR was calculated using the
formula recommended by the Japanese Society of Nephrology(39): eGFR (ml/min/1.73 m2) = 194 ×
creatinine (Cr)-1.094 × Age-0.28 in male donors and 194 × Cr-1.094 × Age-0.28 × 0.739 in female donors.
Creatinine clearance (CCr) was measured twice, and the average value was adopted.

Statistical analysis

All data were analyzed using SPSS (version 25, IBM Corp., Armonk, NY, USA). Age, height, weight, BMI, BP,
HbA1c, UA, low-density lipoprotein cholesterol (LDL-C), CCr, and eGFR were regarded as continuous data.
These data are expressed as medians and interquartile ranges and were compared between two groups
using the Mann-Whitney U test as the sample size of the study was small. The Chi-squared (χ2) test was
used for the analysis of categorical data such as sex and tobacco use. The hazard ratio (HR) for adverse
events was calculated by adjusting for preoperative factors including sex, age, BMI, BP, HbA1c, UA, and
LDL-C. The cumulative incidence rate of postoperative adverse events was analyzed using the Kaplan-
Meier method. Statistical signi�cance was calculated using the log-rank test for two groups and Cox
regression analysis for more segmentalized UA groups. The impact of BMI, HbA1c, BP, and LDL-C on
postoperative adverse events and eGFR was also analyzed. A post hoc power calculation was performed
to detect the statistical signi�cance of the UA levels. Post hoc Power Calculator
(https://clincalc.com/stats/Power.aspx) was used for the power calculation.

There were no missing data apart from those related to tobacco use. There were missing data regarding
tobacco use in 32 patients; thus, tobacco use was not included in the further multivariable analysis. A p-
value <0.05 was considered statistically signi�cant. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement guidelines for reporting of observational studies has been
followed in this study.(40)

Results
Donor characteristics

The donors’ characteristics are shown in Table 1. The median age of all donors was 58 years. Sixty-�ve
donors (35.3%) were male. UA levels were 6.4 [5.7–6.9] mg/dl in the high UA group and 4.5 [3.7–4.9]
mg/dl in the low UA group (p < 0.001). The proportion of male donors (high UA: 68.4% vs. low UA: 20.6%,
p < 0.001), values of BMI (high UA: 24.6 kg/m2 [21.9–27.0] vs. low UA: 22.1 kg/m2 [20.7–24.2], p <

https://clincalc.com/stats/Power.aspx
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0.001), and BP (high UA: 129 [119–142] mmHg vs. low UA: 122 [111–132], p = 0.003) were signi�cantly
different between the two groups. Preoperative eGFR was not signi�cantly different between the two
groups.

Changes in preoperative and postoperative UA levels

A signi�cant increase in UA levels (+0.9 [0.4–1.5] mg/dl, p < 0.001) was observed from preoperative (4.9
[4.2–5.7] mg/dl) to 1-year postoperative (5.8 [5.0–6.8] mg/dl) in all donors. The degree of increment was
similar in male (+1.0 [0.3–1.6] mg/dl from 5.9 [5.0–6.7] mg/dl to 6.8 [6.0–7.9] mg/dl, p < 0.001) and
female (+0.9 [0.4–1.4] mg/dl from 4.5 [3.8–5.1] mg/dl to 5.4 [4.6–6.3] mg/dl, p < 0.001) donors. In
addition, the degree of increment was similar in the high UA (+0.9 [0.1–1.4] mg/dl from 6.4 [5.7–6.9]
mg/dl to 7.2 [6.6–8.2] mg/dl, p < 0.001) and low UA groups (+0.9 [0.4–1.5] mg/dl from 4.5 [3.7–4.9]
mg/dl to 5.4 [4.5–6.2] mg/dl, p < 0.001).

Adverse events

A total of 44 (24%) donors experienced 52 adverse events in the 5 years after donation. Eight cases
experienced more than two adverse events. The observed adverse events were as follows: two cases with
myocardial infarction, one with cerebral infarction, one with the induction of hemodialysis due to de novo
IgA nephropathy, and 48 with de novo prescriptions (eight associated with hyperuricemia, 14 with
hypertension, 23 with dyslipidemia, and three with hyperglycemia). Xanthine oxidase inhibitors were
prescribed for all cases with hyperuricemia. Calcium blockers and angiotensin-converting enzyme
inhibitors were prescribed for eight and six cases with hypertension, respectively. In dyslipidemia, statins
were prescribed for 21 cases, whereas eicosatetraenoic acid and intestinal cholesterol transporter
inhibitor were prescribed for one case each. Biguanide antihyperglycemic agent and dipeptidyl peptidase-
4 inhibitors were prescribed for one and two cases of hyperglycemia, respectively. There was no mortality
in this cohort.

Cumulative incidence rate of adverse events

Figure 1 shows the analysis of the cumulative incidence of post-donation adverse events. The high UA
group showed a signi�cantly higher incidence of adverse events within 5 years after donation than the
low UA group (50% vs. 24%, p = 0.003, Figure 1a). The granular analysis of adverse events (cutoff UA ±
1.5 mg/dl) also showed a signi�cant gradual increment in the incidence with each UA level (p < 0.001,
Figure 1b). A considerable proportion of donors (77%) with very high preoperative UA levels (≥7.0 mg/dl)
experienced adverse events within 5 years after donation. Higher BMI, BP, and LDL-C were also
signi�cantly different between the two groups, whereas no signi�cant difference was found for HbA1c
(Figure 2). The cumulative incidence of adverse events, except for the prescription for hyperuricemia, was
also signi�cantly different between the two groups (p = 0.047, log-rank test).

In the univariable analyses, preoperative UA levels (HR [per 1 mg/dl]: 1.643, 95% con�dence interval [CI]:
1.248–2.163, p < 0.001), BMI (HR [per 1 kg/m2]: 1.278, 95% CI: 1.131–1.445, p < 0.001), BP (HR [per 10
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mmHg]: 1.884, 95% CI: 1.447–2.454, p < 0.001), and LDL-C (HR [per 10 mg/dl]: 1.272, 95% CI: 1.127–
1.435, p < 0.001) were signi�cantly associated with a higher incidence of adverse events in the 5 years
after donation (Table 2). After the adjustment, UA (adjusted HR [per 1 mg/dl]: 1.759, 95% CI: 1.130–2.737,
p = 0.012), BP (adjusted HR [per 10 mmHg]: 1.895 95% CI: 1.395–2.574, p < 0.001), and LDL-C (adjusted
HR [per 10 mg/dl]: 1.357, 95% CI: 1.164–1.582, p < 0.001) levels emerged as independent risk factors for
the development of adverse events.

Transition of postoperative eGFR

Figure 3 demonstrates the postoperative transition of eGFR. The high UA group showed signi�cantly
lower postoperative eGFR than the low UA group from 1 to 4 years after donation (high vs. low UA group;
1 year: 47.0 ml/min/1.73 m2 [42.7–50.9] vs. 52.2 ml/min/1.73 m2 [45.6–59.0], p = 0.002; 2 years: 48.3
ml/min/1.73 m2 [41.9–52.4] vs. 53.0 ml/min/1.73 m2 [46.6–60.4], p = 0.006; 3 years: 48.0 ml/min/1.73
m2 [44.1–56.1] vs. 53.3 ml/min/1.73 m2 [47.7–60.1], p = 0.020; 4 years: 48.8 ml/min/1.73 m2 [44.0–
55.6] vs. 54.5 ml/min/1.73 m2 [48.3–61.2], p = 0.031; 5 years: 49.5 ml/min/1.73 m2 [44.9–57.5] vs. 54.7
ml/min/1.73 m2 [47.0–60.5], p = 0.081).

Post-hoc power calculation

A post-hoc power calculation was conducted to detect the signi�cance of UA levels. The incidence rate in
the two groups was used for the dichotomous endpoint, and the mean and standard deviation for the
continuous endpoint. An alpha error rate of 5% was set. This calculation revealed su�cient power of the
effects of UA on postoperative adverse events (93.2%) and the 1-year eGFR (90.7%).

Discussion
In the present study, we showed that higher UA levels may be associated with long-term post-donation
adverse events and negative effects on eGFR in living donors. There are only a few short-term studies
available that discuss the correlation between preoperative UA levels and postoperative renal function.
(26-28) Cho et al.(27) concluded that a 1 mg/dl increase in the preoperative UA level was associated with
a 1.7-fold higher risk of eGFR decline (>25%) at 6 months after donation in females. However, this trend
was not observed in males. Similarly, Bravo et al.(28) demonstrated the association of high UA levels
(>4.5 mg/dl) with the decrease in eGFR at 6 months and 1 year after donation in females only. However,
Kulah (26) showed that these associations were also applicable to males. This author found that UA
levels higher than 6 mg/dl in males and 5 mg/dl in females were associated with high Cr levels (>1.4
mg/dl in males and >1.3 mg/dl in females) at 6 months post-surgery. The present study corroborated
these prior studies and, furthermore, extended them by demonstrating the long-term impact of baseline
UA levels on adverse events related to the decline in renal function irrespective of sex.

Although higher UA had a negative impact on the postoperative eGFR recovery within the 5 years after
donation in the present study, other factors such as BMI, BP, HbA1c, and LDL-C were found to be



Page 8/20

unrelated to the poor recovery of renal function. Nevertheless, hypertension,(41-43) hyperglycemia,(44,
45) and dyslipidemia (46, 47) have been reported to be associated with a decline in renal function in the
general population. This discrepancy might be explained by the fact that a donor loses 50% of the renal
function immediately after the nephrectomy. This sudden decline in renal function could affect UA
excretion, which would certainly lead to higher UA levels.(48, 49) After living donation, UA levels increased
by 15% (4.6 mg/dl to 5.3 mg/dl) at 6 months in a prior multi-center study(50) and by 20% (from 4.9 mg/dl
to 5.8 mg/dl) at 1 year in the present study.

Based on the existing literature, we speculate that the sudden increase in UA after living donation might
result in the poor recovery of renal function through endothelial dysfunction,(9) in�ammation,
vasoconstriction,(10, 11) and increased COX-2 expression (12), which may eventually lead to
hypertension,(51, 52) hyperglycemia, and dyslipidemia.(53, 54) In fact, prior studies have suggested that
hyperuricemia is associated with the occurrence of hypertension(51, 52) and dyslipidemia(53, 54) in the
non-CKD population. In the CKD population, a randomized control study revealed that a 1 mg/dL increase
in the UA level was associated with a 17% increased risk of all-cause mortality (HR = 1.17) and a 16%
increased risk of cardiovascular disease mortality (HR = 1.16).(55) A meta-analysis suggested that a 1
mg/dl increase in UA level was correlated with the incidence of hypertension (relative risk  =  1.15).(56) In
addition, a Japanese cohort study showed that with every 1 mg/dL increase in the serum UA levels, there
was a 19% increased risk for developing hypertension (odds ratio = 1.19, 95% CI: 1.11–1.27).(57) The
present study also revealed that the cumulative incidence of adverse events, except for the prescription
for hyperuricemia, was signi�cantly different between the high and low UA groups (p = 0.047, log-rank
test). Although the population in the present study was different from the CKD population in previous
studies, we have provided new insight into the possible impact of an immediate increase in UA levels on
new-onset hypertension and hyperlipidemia after donation.

Similarly, in the CKD population, a sudden cessation of anti-hyperuricemia drugs (such as allopurinol) is
known to induce renal and endothelial dysfunction.(58) Furthermore, the withdrawal of anti-
hyperuricemia drugs in patients with mild hyperuricemia results in the worsening of hypertension and the
acceleration of the rate of kidney function loss.(52) As noted above, living donors face a similar situation
to patients with a sudden withdrawal of anti-hyperuricemia drugs through the sudden increase in the UA
levels. Given the difference in the baseline characteristics between living donors and the CKD population,
more studies are needed to �nd ways to mitigate the risk of adverse events for living donors after
donation.

We set the arbitrary cutoff value for the UA level according to the distribution in the present study. This
cutoff value (5.5 mg/dl) was slightly lower than the standard value for patients with asymptomatic
hyperuricemia. While the Japanese Society of Gout and Nucleic Acid Metabolism has suggested that the
cutoff value for serum UA be 7.0 mg/dl regardless of sex and age,(36) the American College of
Rheumatologists and the American College of Physicians did not provide any recommendation regarding
the cutoff and treatment.(31, 32, 34, 35) In recent years, asymptomatic hyperuricemia has also emerged
as a target for the treatment of various conditions. The optimal UA levels associated with the lowest
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development of cardiometabolic diseases were suggested as <5 mg/dL for men and 2–4 mg/dL for
women.(33) Also, in an Italian cohort study, patients with mild hyperuricemia (4.6–5.5 mg/dl) had higher
cardiovascular mortality (HR = 1.98, 95% CI: 1.22–3.23) than those with low UA levels (1.8–4.5 mg/dl).
(30) Given these emerging results, our cutoff of 5.5 mg/dl seemed reasonable. However, further large
randomized trials are warranted to elucidate the potential effect and treatment of asymptomatic
hyperuricemia in living donors.

HbA1c was not associated with either adverse events or reduced eGFR. Normal HbA1c may not affect
postoperative renal functions. A previous Japanese study at a single center reported that prediabetic
donors without diabetic complications who showed an abnormal pattern in the 75 g oral glucose
tolerance test did not develop ESRD after donation in the long-term.(59) Another study reported that
although donors with impaired fasting glucose (100–125 mg/dL) could preserve their renal functions, a
high proportion of them developed diabetes mellitus (15.56%) within 10 years after donation.(60) In our
study, while 97.8% (179/183) of donors had non-diabetic HbA1c (<6.5%), 61.2% (112/183) of the donors
had prediabetic HbA1c (5.6–6.5%). The postoperative eGFR did not differ between the normal and
prediabetic or diabetic HbA1c donors. Our study corroborated previous studies and suggested that, in
addition to the abnormal fasting glucose, prediabetic HbA1c may also not be associated with
postoperative renal functions at 5 years after donation.

Other clinical parameters, apart from HbA1c, were found to predict the postoperative incidence of adverse
events in the present study. Higher BMI (>22 or 25 kg/m2), higher BP (>130 mmHg), and higher LDL-C
levels (>120 mg/dl) were associated with a greater occurrence of adverse events. These thresholds can
be conceived as pre-disease status. The Japan Society for the Study of Obesity has de�ned obesity as a
BMI of >25 kg/m2.(61) A Japanese cohort study demonstrated a reverse-J pattern for all-cause mortality,
and the lowest risk of total mortality was observed in patients with a BMI of 21–27 kg/m2.(62) The
American Heart Association guidelines for hypertension (2017) has revised the de�nition of BP for
hypertension by lowering the threshold from 140/90 mmHg to 130/80 mmHg.(63) A randomized trial
showed that intensive systolic BP control (<120 mmHg) resulted in lower all-cause mortality (HR = 0.73;
95% CI: 0.60–0.90).(64) The Japan Atherosclerosis Society Guidelines for Prevention of Atherosclerotic
Cardiovascular Diseases 2017 suggested that patients with a high risk of diabetes mellitus, CKD, non-
cardiogenic cerebral infarction, or peripheral arterial disease should control LDL-C levels at <120 mg/dl as
the primary preventive measure for dyslipidemia.(65) These active interventions for pre-disease status
have become more important in recent years. The present study showed that this pre-disease status had
a negative impact on the incidence of lifestyle-related diseases after living donation, but not on the renal
function itself.

Most of the donors (92.0%) were comprehensively followed up for 5 years in the present study. The
Japanese Society for Clinical Renal Transplantation and the Japan Society for Transplantation reported
in a follow-up survey in 2018 that 20.9% of Japanese living kidney donors’ data could be aggregated by
web-based methods and 79.5% of them were properly followed up for 5 years after donation.(66) The
United Network for Organ Sharing and Organ Procurement and Transplantation Network mandates a 2-
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year follow-up after donation.(67) The study that used data from the Scienti�c Registry of Transplant
Recipients showed that only 43% of centers in the United States met the 6-month, 1-year, and 2-year living
donor follow-up criteria.(68) An additional clinical study on the safety of American living donors reported
that 85.3% of donors could not be properly assessed due to the cessation of follow-up or lack of data.
(69) This report also showed a high possibility that non-surgical adverse events occurred more than 2
years after donation.(69) Given the results of these studies, both the follow-up rate and period of the
present study were su�cient to show reliable results. Furthermore, the present study highlighted the
importance of long-term follow-up for the safety of living kidney donors.

There are some limitations to this study. First, this was a single-center retrospective study with a relatively
small sample size, and only 44 adverse events were observed. This limited number of events may not be
adequate to support meaningful multivariable analyses. In the present study, most of the living donors
were limited to Japanese living in a single prefecture. Analysis of multiethnic and heterogeneous
populations should be considered in further studies. Second, although de novo prescriptions are regarded
as hard outcomes, both the timing and indication of the prescriptions are dependent on individual
doctors. Living donors generally hesitate to take a new medication because they think they do not require
it. Therefore, it is likely that the incidence rate in the present study was underestimated.

Conclusion
In conclusion, we showed that high preoperative UA levels may have a negative impact on the incidence
of lifestyle-related adverse events and renal function in the long term after living kidney donation. Further
studies are warranted for mitigating the risk of morbidity and mortality in living donors.

Abbreviations
BMI, Body mass index

BP, Blood pressure

Cr, Creatinine

CCr, Creatinine clearance

CI, Con�dence interval

CKD, Chronic kidney disease

eGFR, Estimated glomerular �ltration rate

ESRD, End-stage renal disease

HbA1c, Hemoglobin A1c



Page 11/20

HR, Hazard ratio

JDS, Japan Diabetes Society

LDL-C, Low-density lipoprotein cholesterol

NGSP, National Glycohemoglobin Standardization Program

UA, Uric acid

Declarations
Ethics approval and consent to participate

The study was approved by the Institutional Review Board of the Japanese Red Cross Kumamoto
Hospital (study approval number 432). The review board waived the requirement for written informed
consent for this research because of the retrospective and noninvasive nature of this study.

Consent for publication

Not applicable

Availability of data and materials

The datasets used during the present study are available from the corresponding author on reasonable
request.

Competing interests

The authors declare no con�icts of interest.

Funding

The authors received no funding.

Authors’ contributions

KT and SY designed the study, wrote the paper, and analyzed the data. SY, YH, and KO prepared the
manuscript, collected data, and interpreted the results. MT collected and managed the preoperative data.
All other authors critically reviewed the manuscript. All authors approved the �nal version of the
manuscript.

Acknowledgments

Not applicable.



Page 12/20

References
1. Hart A, Smith JM, Skeans MA, Gustafson SK, Wilk AR, Castro S, et al. OPTN/SRTR 2018 Annual Data

Report: Kidney. Am J Transplant. 2020;20 Suppl s1:20-130.

2. Kramer A, Pippias M, Noordzij M, Stel VS, Andrusev AM, Aparicio-Madre MI, et al. The European Renal
Association - European Dialysis and Transplant Association (ERA-EDTA) Registry Annual Report
2016: a summary. Clin Kidney J. 2019;12(5):702-20.

3. Fahmy LM, Massie AB, Muzaale AD, Bagnasco SM, Orandi BJ, Alejo JL, et al. Long-term Renal
Function in Living Kidney Donors Who Had Histological Abnormalities at Donation. Transplantation.
2016;100(6):1294-8.

4. Grams ME, Sang Y, Levey AS, Matsushita K, Ballew S, Chang AR, et al. Kidney-Failure Risk Projection
for the Living Kidney-Donor Candidate. N Engl J Med. 2016;374(5):411-21.

5. Mjoen G, Hallan S, Hartmann A, Foss A, Midtvedt K, Oyen O, et al. Long-term risks for kidney donors.
Kidney Int. 2014;86(1):162-7.

�. Muzaale AD, Massie AB, Wang MC, Montgomery RA, McBride MA, Wainright JL, et al. Risk of end-
stage renal disease following live kidney donation. Jama. 2014;311(6):579-86.

7. Delmonico F. A Report of the Amsterdam Forum On the Care of the Live Kidney Donor: Data and
Medical Guidelines. Transplantation. 2005;79(6 Suppl):S53-66.

�. Lentine KL, Kasiske BL, Levey AS, Adams PL, Alberú J, Bakr MA, et al. KDIGO Clinical Practice
Guideline on the Evaluation and Care of Living Kidney Donors. Transplantation. 2017;101(8S Suppl
1):S1-s109.

9. Maruhashi T, Hisatome I, Kihara Y, Higashi Y. Hyperuricemia and endothelial function: From
molecular background to clinical perspectives. Atherosclerosis. 2018;278:226-31.

10. Romi MM, Ar�an N, Tranggono U, Setyaningsih WAW, Sari DCR. Uric acid causes kidney injury
through inducing �broblast expansion, Endothelin-1 expression, and in�ammation. BMC Nephrol.
2017;18(1):326.

11. Zhu DD, Wang YZ, Zou C, She XP, Zheng Z. The role of uric acid in the pathogenesis of diabetic
retinopathy based on Notch pathway. Biochem Biophys Res Commun. 2018;503(2):921-9.

12. Kang DH, Nakagawa T, Feng L, Watanabe S, Han L, Mazzali M, et al. A role for uric acid in the
progression of renal disease. J Am Soc Nephrol. 2002;13(12):2888-97.

13. Ho WJ, Tsai WP, Yu KH, Tsay PK, Wang CL, Hsu TS, et al. Association between endothelial
dysfunction and hyperuricaemia. Rheumatology (Oxford). 2010;49(10):1929-34.

14. Kato M, Hisatome I, Tomikura Y, Kotani K, Kinugawa T, Ogino K, et al. Status of endothelial dependent
vasodilation in patients with hyperuricemia. Am J Cardiol. 2005;96(11):1576-8.

15. Tomiyama H, Higashi Y, Takase B, Node K, Sata M, Inoue T, et al. Relationships among
hyperuricemia, metabolic syndrome, and endothelial function. Am J Hypertens. 2011;24(7):770-4.

1�. Otani N, Toyoda S, Sakuma M, Hayashi K, Ouchi M, Fujita T, et al. Effects of uric acid on vascular
endothelial function from bedside to bench. Hypertens Res. 2018;41(11):923-31.



Page 13/20

17. Matsukuma Y, Masutani K, Tanaka S, Tsuchimoto A, Haruyama N, Okabe Y, et al. Association
between serum uric acid level and renal arteriolar hyalinization in individuals without chronic kidney
disease. Atherosclerosis. 2017;266:121-7.

1�. Kohagura K, Kochi M, Miyagi T, Kinjyo T, Maehara Y, Nagahama K, et al. An association between uric
acid levels and renal arteriolopathy in chronic kidney disease: a biopsy-based study. Hypertens Res.
2013;36(1):43-9.

19. Bose B, Badve SV, Hiremath SS, Boudville N, Brown FG, Cass A, et al. Effects of uric acid-lowering
therapy on renal outcomes: a systematic review and meta-analysis. Nephrol Dial Transplant.
2014;29(2):406-13.

20. Feig DI, Kang DH, Johnson RJ. Uric acid and cardiovascular risk. N Engl J Med. 2008;359(17):1811-
21.

21. Kim K, Go S, Son HE, Ryu JY, Lee H, Heo NJ, et al. Association between Serum Uric Acid Level and
ESRD or Death in a Korean Population. J Korean Med Sci. 2020;35(28):e254.

22. Zhang W, Iso H, Murakami Y, Miura K, Nagai M, Sugiyama D, et al. Serum Uric Acid and Mortality
Form Cardiovascular Disease: EPOCH-JAPAN Study. J Atheroscler Thromb. 2016;23(6):692-703.

23. Kanbay M, Yilmaz MI, Sonmez A, Turgut F, Saglam M, Cakir E, et al. Serum uric acid level and
endothelial dysfunction in patients with nondiabetic chronic kidney disease. Am J Nephrol.
2011;33(4):298-304.

24. Dahle DO, Jenssen T, Holdaas H, Asberg A, Soveri I, Holme I, et al. Uric acid and clinical correlates of
endothelial function in kidney transplant recipients. Clin Transplant. 2014;28(10):1167-76.

25. Lam NN, Garg AX, Segev DL, Schnitzler MA, Xiao H, Axelrod D, et al. Gout after living kidney donation:
correlations with demographic traits and renal complications. Am J Nephrol. 2015;41(3):231-40.

2�. Kulah E. Pretransplant uric acid levels may be predictive for prognosis of renal transplant donors.
Ren Fail. 2016;38(4):487-92.

27. Cho A, Lee JE, Jang HR, Huh W, Kim DJ, Oh HY, et al. Association between pre-donation serum uric
acid concentration and change in renal function after living kidney donation in women. Intern Med J.
2014;44(12a):1217-22.

2�. Bravo RC, Gamo MB, Lee HH, Yoon YE, Han WK. Investigating Serum Uric Acid as a Risk Factor in the
Development of Delayed Renal Recovery in Living Kidney Donors. Transplant Proc. 2017;49(5):930-4.

29. Nishida S, Hidaka Y, Toyoda M, Kinoshita K, Tanaka K, Kawabata C, et al. Factors related to
suboptimal recovery of renal function after living donor nephrectomy: a retrospective study. BMC
Nephrol. 2019;20(1):403.

30. Brombo G, Bonetti F, Volpato S, Morieri ML, Napoli E, Bandinelli S, et al. Uric acid within the "normal"
range predict 9-year cardiovascular mortality in older individuals. The InCHIANTI study. Nutr Metab
Cardiovasc Dis. 2019;29(10):1061-7.

31. Khanna D, Fitzgerald JD, Khanna PP, Bae S, Singh MK, Neogi T, et al. 2012 American College of
Rheumatology guidelines for management of gout. Part 1: systematic nonpharmacologic and



Page 14/20

pharmacologic therapeutic approaches to hyperuricemia. Arthritis Care Res (Hoboken).
2012;64(10):1431-46.

32. Khanna D, Khanna PP, Fitzgerald JD, Singh MK, Bae S, Neogi T, et al. 2012 American College of
Rheumatology guidelines for management of gout. Part 2: therapy and antiin�ammatory prophylaxis
of acute gouty arthritis. Arthritis Care Res (Hoboken). 2012;64(10):1447-61.

33. Kuwabara M, Hisatome I, Niwa K, Bjornstad P, Roncal-Jimenez CA, Andres-Hernando A, et al. The
Optimal Range of Serum Uric Acid for Cardiometabolic Diseases: A 5-Year Japanese Cohort Study. J
Clin Med. 2020;9(4).

34. Qaseem A, Harris RP, Forciea MA. Management of Acute and Recurrent Gout: A Clinical Practice
Guideline From the American College of Physicians. Ann Intern Med. 2017;166(1):58-68.

35. Qaseem A, McLean RM, Starkey M, Forciea MA. Diagnosis of Acute Gout: A Clinical Practice
Guideline From the American College of Physicians. Ann Intern Med. 2017;166(1):52-7.

3�. Yamanaka H. Japanese guideline for the management of hyperuricemia and gout: second edition.
Nucleosides Nucleotides Nucleic Acids. 2011;30(12):1018-29.

37. Morozumi K. Clinical practice guidelines for renal transplant donors and recipients in Japan.
Japanese Journal of Transplantation. 2014;49(6):410-6.

3�. Kashiwagi A, Kasuga M, Araki E, Oka Y, Hanafusa T, Ito H, et al. International clinical harmonization
of glycated hemoglobin in Japan: From Japan Diabetes Society to National Glycohemoglobin
Standardization Program values. J Diabetes Investig. 2012;3(1):39-40.

39. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for estimated GFR
from serum creatinine in Japan. Am J Kidney Dis. 2009;53(6):982-92.

40. Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mulrow CD, Pocock SJ, et al. Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE): explanation and elaboration. Int J
Surg. 2014;12(12):1500-24.

41. Tozawa M, Iseki K, Iseki C, Kinjo K, Ikemiya Y, Takishita S. Blood pressure predicts risk of developing
end-stage renal disease in men and women. Hypertension. 2003;41(6):1341-5.

42. Vupputuri S, Batuman V, Muntner P, Bazzano LA, Lefante JJ, Whelton PK, et al. Effect of blood
pressure on early decline in kidney function among hypertensive men. Hypertension.
2003;42(6):1144-9.

43. Yamagata K, Ishida K, Sairenchi T, Takahashi H, Ohba S, Shiigai T, et al. Risk factors for chronic
kidney disease in a community-based population: a 10-year follow-up study. Kidney Int.
2007;71(2):159-66.

44. Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR. Development and progression of
nephropathy in type 2 diabetes: the United Kingdom Prospective Diabetes Study (UKPDS 64). Kidney
Int. 2003;63(1):225-32.

45. Gerstein HC, Mann JF, Yi Q, Zinman B, Dinneen SF, Hoogwerf B, et al. Albuminuria and risk of
cardiovascular events, death, and heart failure in diabetic and nondiabetic individuals. Jama.
2001;286(4):421-6.



Page 15/20

4�. Mänttäri M, Tiula E, Alikoski T, Manninen V. Effects of hypertension and dyslipidemia on the decline
in renal function. Hypertension. 1995;26(4):670-5.

47. Schaeffner ES, Kurth T, Curhan GC, Glynn RJ, Rexrode KM, Baigent C, et al. Cholesterol and the risk of
renal dysfunction in apparently healthy men. J Am Soc Nephrol. 2003;14(8):2084-91.

4�. Krishnan E. Reduced glomerular function and prevalence of gout: NHANES 2009-10. PLoS One.
2012;7(11):e50046.

49. Lipkowitz MS. Regulation of uric acid excretion by the kidney. Curr Rheumatol Rep. 2012;14(2):179-
88.

50. Kasiske BL, Anderson-Haag T, Ibrahim HN, Pesavento TE, Weir MR, Nogueira JM, et al. A prospective
controlled study of kidney donors: baseline and 6-month follow-up. Am J Kidney Dis. 2013;62(3):577-
86.

51. Grayson PC, Kim SY, LaValley M, Choi HK. Hyperuricemia and incident hypertension: a systematic
review and meta-analysis. Arthritis Care Res (Hoboken). 2011;63(1):102-10.

52. Talaat KM, el-Sheikh AR. The effect of mild hyperuricemia on urinary transforming growth factor
beta and the progression of chronic kidney disease. Am J Nephrol. 2007;27(5):435-40.

53. Giacomello A, Di Sciascio N, Quaratino CP. Relation between serum triglyceride level, serum urate
concentration, and fractional urate excretion. Metabolism. 1997;46(9):1085-9.

54. Chen S, Yang H, Chen Y, Wang J, Xu L, Miao M, et al. Association between serum uric acid levels and
dyslipidemia in Chinese adults: A cross-sectional study and further meta-analysis. Medicine
(Baltimore). 2020;99(11):e19088.

55. Madero M, Sarnak MJ, Wang X, Greene T, Beck GJ, Kusek JW, et al. Uric acid and long-term outcomes
in CKD. Am J Kidney Dis. 2009;53(5):796-803.

5�. Wang J, Qin T, Chen J, Li Y, Wang L, Huang H, et al. Hyperuricemia and Risk of Incident Hypertension:
A Systematic Review and Meta-Analysis of Observational Studies. PLOS ONE. 2014;9(12):e114259.

57. Kuwabara M, Kuwabara R, Hisatome I, Niwa K, Roncal-Jimenez CA, Bjornstad P, et al. "Metabolically
Healthy" Obesity and Hyperuricemia Increase Risk for Hypertension and Diabetes: 5-year Japanese
Cohort Study. Obesity (Silver Spring). 2017;25(11):1997-2008.

5�. Yelken B, Caliskan Y, Gorgulu N, Altun I, Yilmaz A, Yazici H, et al. Reduction of uric acid levels with
allopurinol treatment improves endothelial function in patients with chronic kidney disease. Clin
Nephrol. 2012;77(4):275-82.

59. Okamoto M, Suzuki T, Fujiki M, Nobori S, Ushigome H, Sakamoto S, et al. The consequences for live
kidney donors with preexisting glucose intolerance without diabetic complication: analysis at a
single Japanese center. Transplantation. 2010;89(11):1391-5.

�0. Chandran S, Masharani U, Webber AB, Wojciechowski DM. Prediabetic living kidney donors have
preserved kidney function at 10 years after donation. Transplantation. 2014;97(7):748-54.

�1. Chin R, Miyazaki S. [Criteria of obesity and obesity disease in Japan]. Nihon Rinsho. 2009;67(2):297-
300.



Page 16/20

�2. Sasazuki S, Inoue M, Tsuji I, Sugawara Y, Tamakoshi A, Matsuo K, et al. Body mass index and
mortality from all causes and major causes in Japanese: results of a pooled analysis of 7 large-scale
cohort studies. J Epidemiol. 2011;21(6):417-30.

�3. Whelton PK, Carey RM, Aronow WS, Casey DE, Jr., Collins KJ, Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report of the American
College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines.
Hypertension. 2018;71(6):e13-e115.

�4. Group TSR. A Randomized Trial of Intensive versus Standard Blood-Pressure Control. New England
Journal of Medicine. 2015;373(22):2103-16.

�5. Kinoshita M, Yokote K, Arai H, Iida M, Ishigaki Y, Ishibashi S, et al. Japan Atherosclerosis Society
(JAS) Guidelines for Prevention of Atherosclerotic Cardiovascular Diseases 2017. J Atheroscler
Thromb. 2018;25(9):846-984.

��. Transplantation JSfCRTTJSf. Annual Progress Report from the Japanese Renal Transplant Registry:
Number of Renal Transplantations in 2018 and Follow-up Survey. Japanese Journal of
Transplantation. 2019;54(2-3):61-80.

�7. Mandelbrot DA, Pavlakis M. Living donor practices in the United States. Adv Chronic Kidney Dis.
2012;19(4):212-9.

��. Henderson ML, Thomas AG, Shaffer A, Massie AB, Luo X, Holscher CM, et al. The National
Landscape of Living Kidney Donor Follow-Up in the United States. Am J Transplant.
2017;17(12):3131-40.

�9. Chen J, Bhattacharya S, Sirota M, Laiudompitak S, Schaefer H, Thomson E, et al. Assessment of
Postdonation Outcomes in US Living Kidney Donors Using Publicly Available Data Sets. JAMA Netw
Open. 2019;2(4):e191851.

Tables
Table 1 Baseline characteristics of living donors
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 All donors 
(n = 183)

High UA group
(n = 57)

Low UA group
(n = 126)

p-value

Sex: male (%) 65 (35.3) 39 (68.4) 26 (20.6) <0.001

Age, years 58 [51-65] 58 [52-63] 58 [49-65] 0.963

Tobacco use, n (%)    0.179

Non-smoker 102 (55.7) 27 (47.4) 75 (59.5)  

Current smoker 32 (17.5) 14 (24.6) 18 (14.3)  

Ex-smoker 17 (9.3) 5 (8.8) 12 (9.5)  

Height, cm 159 [154-166] 167 [160-173] 157 [153-161] <0.001

Weight, kg 59.0 [52.0-66.1] 65.0 [59.5-74.7] 54.1 [50.0-62.9] <0.001

BMI, kg/m2 22.9 [20.9-25.1] 24.6 [21.9-27.0] 22.1 [20.7-24.2] <0.001

Systolic BP, mmHg 124 [115-136] 129 [119-142] 122 [111-132] 0.003

HbA1c, % 5.6 [5.4-5.9] 5.6 [5.4-5.9] 5.6 [5.5-5.9] 0.59

UA, mg/dl 4.9 [4.2-5.7] 6.4 [5.7-6.9] 4.5 [3.7-4.9] <0.001

LDL-C, mg/dl 120 [102-138] 120 [106-144] 118 [100-137] 0.814

CCr, ml/min 106.5 [95.3-121.4] 105.4 [95.9-119.0] 107.8 [95.0-122.9] 0.39

preoperative eGFR, 
ml/min/1.73 m2

81.1 [73.0-91.8] 76.5 [72.2-87.0] 82.9 [74.1-92.7] 0.064

Values are expressed as median [interquartile range] otherwise noted. UA, uric acid; BMI body mass
index; BP, blood pressure; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; CCr,
creatinine clearance; eGFR, estimated glomerular �ltration.

Table 2 Cox regression analysis for adverse events



Page 18/20

 Univariable analysis Multivariable analysis

 HR [95% CI] p-value aHR [95% CI] p- value

Sex (ref. female) 0.738 [0.368-
1.480]

0.392 1.387 [0.465-
4.141]

0.557

Age (years, per 10) 1.145 [0.808-
1.622]

0.447 1.147 [0.671-
1.960]

0.617

BMI (kg/m2, per 1) 1.278 [1.131-
1.445]

<0.001 1.124 [0.963-
1.312]

0.140

BP (mmHg, per 10) 1.884 [1.447-
2.454]

<0.001 1.895 [1.395-
2.574]

<0.001

HbA1c (%, per 0.1) 1.056 [0.961-
1.160]

0.256 0.994 [0.875-
1.130]

0.930

UA (mg/dl, per 1) 1.643 [1.248-
2.163]

<0.001 1.759 [1.130-
2.737]

0.012

LDL-C (mg/dl, per 10) 1.272 [1.127-
1.435]

<0.001 1.357 [1.164-
1.582]

<0.001

preoperative eGFR
(ml/min/1.73m2, per 1)

0.997 [0.974-
1.021]

0.824 1.032 [0.997-
1.068]

0.075

BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin A1c; UA, uric acid; LDL-C, low-density
lipoprotein cholesterol; eGFR, estimated glomerular �ltration rate; HR, hazard ratio; aHR, adjusted
hazard ratio; CI con�dence interval.

Figures
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Figure 1

The cumulative incidence rate of adverse events for a) the high vs low UA groups and b) granular
analysis of UA levels divided by 1.5 mg/dl. UA uric acid

Figure 2

The analysis of adverse events for a) BMI, b) HbA1c, c) BP, and d) LDL-C. BMI, body mass index; BP, blood
pressure; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol
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Figure 3

Postoperative eGFR of a) UA, b) BMI, c) HbA1c, d) BP, and e) LDL-C. UA, uric acid; BMI, body mass index;
BP, blood pressure; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated
glomerular �ltration


