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Abstract

Background: Higher serum uric acid (UA) levels are associated with poorer renal prognosis. In kidney
transplantation, both donors and recipients are diagnosed as having chronic kidney diseases (CKD) based on renal
function; however, their UA levels slightly vary. Elucidating the differences in UA would help improve kidney
prognosis, especially for recipients. Therefore, we investigated UA levels in kidney transplant recipients by
comparing them to those in their donors.

Methods: In this retrospective cross-sectional survey, background information and blood examination results were
collected from the donors just before donation and after transplantation in the donors and recipients. Associations
between UA and sex estimated glomerular filtration rate (eGFR), and body mass index (BMI) were evaluated. Data
were assessed by the Wilcoxon rank-sum test for continuous variables and the chi-squared test for categorical
variables; multiple linear regression analyses were performed to determine which factors were associated with renal
function before and after transplantation.

Results: Participant characteristics were as follows. The mean donor age (n = 45, 16 men and 29 women) was 55 ±
11 years, and the mean recipient age (n = 45, 25 men and 20 women) was 46 ± 16 years. Sex-related differences
(UA levels in men were predominant) existed in the UA of donors before (P < 0.001) and after donation (P < 0.001).
Conversely, there were no significant sex-related differences in the UA of recipients (P = 0.51); the mean
standardized eGFRs were similar in donors and recipients after transplantation. Multivariate linear regression analysis
showed donor UA only correlated with donor sex before donation (P = 0.008). After donation, donor UA was
associated with donor sex (P = 0.006), eGFR (P < 0.001), and BMI (P = 0.02). Notably, the UA of recipients after
transplantation was only associated with eGFR (P = 0.003).

Conclusions: Sex has less impact on UA in recipients than in donors. UA has a greater impact on renal prognosis
in women than men, even at the same UA level. Therefore, attention should be given to UA levels in female
recipients. These findings can be useful for determining patient prognosis following kidney transplantation in both
donors and recipients.
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Background
Serum uric acid (UA) levels are affected by renal func-
tion and lifestyle factors, such as diet and body size [1].
Sex-related differences are also associated with serum
UA levels. It is well known that the UA levels of women
tend to be lower than those of men, especially in youn-
ger and healthier people. However, postmenopausal
women have elevated serum UA levels, which can be ex-
plained by higher levels of estrogenic compounds in the
serum [2]; estrogen promotes the excretion of UA from
the kidney [3]. In patients with chronic kidney disease
(CKD), elimination of UA is significantly affected by de-
teriorating renal function, and administration of drugs,
such as diuretics [4, 5].
Higher serum UA levels may be associated with poorer

renal prognosis and adequate intervention is often ne-
cessary, especially in CKD patients [4]. Multiple studies
have shown that UA levels are associated with the onset
and pathogenesis of renal diseases, such as benign
nephrosclerosis [1, 6]. Furthermore, higher UA levels in-
duce hypertension and cardiovascular diseases [1].
Therefore, urate-lowering drugs, such as xanthine oxi-
dase inhibitors (XO inhibitors), may be prescribed to
CKD patients to delay the progression of renal dysfunc-
tion in patients with hyperuricemia [7, 8].
In kidney transplantation, both donor and recipients

will be categorized as CKD patients after transplantation
due to their estimated glomerular filtration rate (eGFR)
[9]; their serum UA levels should also be considered in
order to improve renal prognosis. Previous reports have
shown that higher UA levels are associated with poor
prognosis following kidney transplantation [10–12]. Un-
like general CKD patients who are diagnosed with dia-
betic nephropathy or nephrosclerosis, the UA of kidney
transplant recipients might be modulated differently be-
cause more kidney transplant recipients tend to be on
polypharmacy, including immunosuppressants and corti-
costeroids. To compare kidney transplant recipients with
general CKD patients, patients who match for renal
function and other factors will be needed. Regarding kid-
ney transplant recipients and donors, the transplanted
kidney and contralateral kidney of the donor are sup-
posed to have similar function; donors do not have urin-
ary abnormalities both before and after donation, but
have slightly decreased eGFR, resembling symptoms of
nephrosclerosis patients.
Although almost all kidney transplant recipients are

diagnosed with CKD, there may be differences in UA
modulation between general CKD patients and kidney
transplant recipients. Few studies have investigated the
differences in UA modulation between CKD patients
and kidney transplant recipients.
To elucidate these differences, we compared kidney

transplant donors, whose eGFR would be classified as

CKD stage 3 after donation, and kidney transplant
recipients.

Methods
Study design
This was a cross-sectional, single-center study. We ex-
amined both donors and recipients older than 18 years
of age who underwent living kidney transplantation at
Nagasaki University Hospital from January 2008 to De-
cember 2017. Exclusion criteria for this study included
age younger than 18 years and prescription of urate-
lowering drugs and/or diuretics to donors or recipients.
Patients who were excluded due to the use of urate-
lowering drugs were only included for investigating the
prevalence of hyperuricemia. Hyperuricemia of recipi-
ents was defined according to a previous report [12], as
follows: UA levels > 7 mg/dL in males and > 6mg/dL in
females, or the use of XO inhibitors.

Data collection
Patient information including age, sex, causes of renal dys-
function, and history of diabetes or hypertension was col-
lected along with donor background information and
blood examination results. Blood collection was per-
formed just before donation and the closest point 1 year
after donation (donor) and only 1 year after transplant-
ation (recipient). The data collection of recipients was per-
formed 1 year after transplantation because of the
hypothesized decline in native renal function of the recipi-
ent [13]. eGFR was calculated by using the formula of the
Japanese Society of Nephrology: eGFR = 194 × (serum
creatinine)−1.094 × (age)−0.287 × (0.739, if female) [14].

Statistical analyses
Statistical analyses were performed using JMP 13 soft-
ware (SAS Institute, Inc., NC, USA). Categorical vari-
ables were expressed as number (%), whereas
continuous values were expressed as mean ± standard
deviations (SD). If data were not normally distributed,
median values with interquartile range were shown. The
Wilcoxon rank-sum test was used for continuous vari-
ables, while the chi-squared test was used for categorical
variables. Multiple linear regression analyses were per-
formed in order to elucidate the factors which were as-
sociated with renal function before transplantation and 1
year after transplantation. P < 0.05 was considered statis-
tically significant. Considering the effect on serum UA
level and data availability, the constitutional parameters
were predetermined to be sex, eGFR, and body mass
index (BMI).

Results
The sample size of the donors and recipients was n = 45
for each group. The mean donor age was 55 ± 11 years
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and donors included 16 men and 29 women. The mean
recipient age was 46 ± 16 years, and recipients included
25 men and 20 women. Seventeen recipients and one
donor were excluded. One recipient (male) was pre-
scribed an XO inhibitor and diuretics, 15 recipients were
prescribed XO inhibitors (4 males, 11 females), and one
recipient (male) left our hospital 1 year after transplant-
ation. In the donor group, one donor was excluded due
to the use of an XO inhibitor before and after donation,
but his recipient was also prescribed an XO inhibitor 1
year after transplantation. The characteristics of the do-
nors and the recipients before transplantation are shown
in Table 1.
Figure 1 shows the correlations between donor UA

level and sex, eGFR, and BMI before donation. The UA
level of male donors (5.9 ± 1.1 mg/dL) was significantly

higher than that of female donors (4.3 ± 1.0 mg/dL; P <
0.001), and the UA level was correlated with BMI (r2 =
0.15, P = 0.01), but not with eGFR (r2 = 0.02, P = 0.33).
The systolic and diastolic blood pressure of donors be-
fore donation was 124 ± 16mmHg and 74 ± 10mmHg,
respectively, and there were no significant correlations
between blood pressures and UA levels (data not
shown). After donation, the UA level of male donors
(6.3 ± 1.3 mg/dL) was also significantly higher than that
of female donors (4.6 ± 1.0 mg/dL; P < 0.001), and the
UA level was weakly correlated with eGFR (r2 = 0.11, P
= 0.03) and BMI (r2 = 0.11, P = 0.02) (Fig. 2). The sys-
tolic and diastolic blood pressure of donors after dona-
tion was 120 ± 14mmHg and 74 ± 11 mmHg,
respectively. There were also no significant correlations
between blood pressures and UA levels after donation
(data not shown).
The UA level was 5.8 ± 1.3 mg/dL in male recipients

and 5.5 ± 1.4 mg/dL in female recipients, and the differ-
ence between these levels was not significant (P = 0.51).
eGFR was correlated with the UA (r2 = 0.23, P = 0.001),
while BMI was not (r2 = 0.05, P = 0.13) (Fig. 3). The sys-
tolic and diastolic blood pressure of recipients after
transplantation was 122 ± 8mmHg and 75 ± 8mmHg,
respectively, and no significant correlations between
blood pressures and UA levels were observed (data not
shown).
The numbers of recipients who met the criteria for hy-

peruricemia are shown in Table 2.
There was a significant difference among males and fe-

males in the UA level of the donor before donation, but
there were no significant differences in the other param-
eters. Notably, when the recipients prescribed XO inhib-
itors were included in the analysis, the proportions of
individuals with hyperuricemia were the same for males
(17/37, 46%) and females (11/24, 46%).
Next, we performed multiple linear regression analysis

on the donor UA levels before and after donation and
the UA level of the recipients one year after transplant-
ation (Table 3). As shown in Table 3, the UA levels of
donors after donation were significantly correlated with
sex, eGFR, and BMI; however, the UA levels of recipi-
ents were only correlated with eGFR, suggesting that
there was no difference between males and females re-
garding the UA level in kidney transplant recipients.
There was no significant difference in standardized

eGFR values between the donors and the recipients 1
year after transplantation. Donor eGFR was 48.4 ± 7.6
mL/min/1.73 m2, while recipient eGFR was 49.8 ± 19.3
mL/min/1.73 m2. The UA level of the recipients did not
differ by donor sex (P = 0.59). The mean UA level of re-
cipients whose donors were men was 5.5 ± 1.5 mg/dL,
while that of recipients whose donors were women was
5.8 ± 1.2 mg/dL.

Table 1 Characteristics of donors and recipients

Donors Recipients

Age (years) 55 ± 11 46 ± 16

Sex ratio; male:female 16:29 25:20

Height (cm) 159 ± 8 163 ± 9

Body weight (kg) 57 ± 12 56 ± 12

Body mass index (kg/m2) 22.5 ± 3.6 21.0 ± 3.8

Complications

Hypertension 7 (16%) 31 (67%)

Hyperlipidemia 6 (13%) 23 (51%)

Diabetes 0 (0%) 14 (31%)

Blood relatives 27 (60%)

Dialysis vintage (months)a 23 (2–82)

Preemptive kidney transplantation 11 (24%)

Causes of renal failure

Chronic glomerulonephritis 24 (53%)

Diabetic nephropathy 4 (9%)

CAKUT 3 (7%)

ANCA associated vasculitis 3 (7%)

ADPKD 3 (7%)

Lupus nephritis 2 (4%)

Others and unknown 6 (13%)

Immunosuppressant

Mycophenolate mofetil 42 (93%)

Mizolibin 2 (4%)

Everolimus 22 (49%)

Tacrolimus 42 (93%)

Cyclosporin 3 (7%)

mPSL 45 (100%)

CAKUT, congenital anomalies of the kidney and urinary tract; ANCA, anti-
neutrophil cytoplasmic antibody; ADPKD, autosomal dominant polycystic
kidney disease; MMF, mycophenolate mofetil; mPSL, methylprednisolone
aMedian (interquartile range)

Kitamura et al. Renal Replacement Therapy            (2019) 5:47 Page 3 of 8



Fig. 1 Correlations between uric acid level and other factors in the donors before donation. a Serum uric acid (UA) levels based on sex. b Correlation
between serum UA level and estimated glomerular filtration rate (eGFR). c Correlation between serum UA level and body mass index (BMI)

Fig. 2 Correlations between uric acid level and other factors among donors after donation. a Serum uric acid (UA) levels based on sex. b
Correlation between serum UA level and estimated glomerular filtration rate (eGFR). c Correlation between serum UA level and body mass
index (BMI)
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Discussion
Although there were no significant differences in stan-
dardized eGFR between the donors and the recipients
after kidney transplantation in the present study, modu-
lating factors of serum UA levels might be different in
both groups. Even though the mean age of donors was
higher than that of recipients, male or female sex had a
significant effect on the donor UA level before donation.
In contrast, there was no significant effect of sex on the
recipient UA level.
A previous study of kidney transplantation recipients

showed that UA level was associated with male sex, in
addition to age and eGFR [12]. In this study, the differ-
ence in UA levels among male and female kidney recipi-
ents was not significant; this might be a type II error due
to the small sample size of this study and the difference
in patient characteristics. However, logistic analysis in a

previous study showed no sex-related difference in the
prevalence of hyperuricemia (defined as male UA > 7.0
mg/dL and female > 6.0 mg/dL) among kidney trans-
plant recipients [12]. This result suggests that differences
between males and females may have not a very strong
effect on UA levels when compared with ordinary CKD
patients. In the present study, the prevalence of hyper-
uricemia in kidney transplant recipients was similar in
both male and female recipients.
Iseki et al. [15] showed that the lower threshold of UA

> 6.0 mg/dL was appropriate for women, with regard to
an increased risk of end-stage kidney diseases among
these patients. A sex-based appropriate threshold for
cardiovascular disease or end-stage kidney disease in
kidney transplant recipients remains unknown, but a UA
level > 6.0 mg/dL should be avoided in female kidney
transplant recipients.

Fig. 3 Correlations between uric acid (UA) and other factors in recipients 1 year after kidney transplant. a Serum uric acid (UA) levels based on
sex. b Correlation between serum UA level and estimated glomerular filtration rate (eGFR). c Correlation between serum UA level and body mass
index (BMI)

Table 2 The prevalence of hyperuricemia among donors and recipients

Men Women P value

HU Not HU HU Not HU

Donors before donation 4 12 1 28 0.03*

Donors after donation 4 12 2 27 0.09

Recipients after Tx 5 20 7 13 0.26

Recipients after Tx, including those who were prescribed XO inhibitors 17 20 11 13 0.99

Tx, transplantation; XO, xanthine oxidase inhibitors; HU, hyperuricemia
*P < 0.05 denotes statistical significance
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There are several factors associated with increased
serum UA levels [1]. One is the intake of foods that
affect UA, such as meat, seafood, and fructose. Another
factor is the excretion of UA; the gut and kidney are im-
portant in the elimination of UA. In the case of CKD,
deteriorated kidney function also has a significant im-
pact on serum UA levels. Moreover, co-administration
of drugs may influence UA metabolism and excretion.
Because kidney transplant recipients tend to be on poly-
pharmacy, their serum UA level is affected by prescribed
drugs [1, 5, 16]. For example, calcineurin inhibitors, such
as tacrolimus, induce UA reabsorption and increase
serum UA levels. Mammalian targets of rapamycin
(mTOR) inhibitors have been used to spare doses of cal-
cineurin inhibitors and may have a positive effect on UA
metabolism. In this study, UA levels of recipients who
were administered everolimus (5.4 ± 1.5 mg/dL) were
lower than those of recipients who were not adminis-
tered this mTOR inhibitor (5.9 ± 1.1 mg/dL), but the dif-
ference was not significant (P = 0.08).
The differences in UA levels among males and females

can be explained, in part, by the difference in estrogen
levels because estrogen accelerates UA elimination from
the kidney [3]. Recently, mycophenolate mofetil (MMF)
has been widely prescribed to kidney transplant recipi-
ents because it improves prognosis after kidney trans-
plantation [17]. However, MMF has also been shown to
decrease serum estrogen levels [18], suggesting that the
administration of MMF may play a role in attenuating
the differences in UA metabolism among males and fe-
males. Since both glucocorticoids and estrogen regulate
the production of corticosteroid-binding globulin, an-
other possible explanation is the interaction between
corticosteroids and estrogen [19]. To elucidate the sex-

related differences in UA levels in kidney transplant pa-
tients, more studies focusing on molecular aspects are
necessary.
Meta-analysis showed that serum UA level was associ-

ated with prognosis after kidney transplant [10]. The
precise mechanisms defining how UA levels cause a de-
terioration in renal function in kidney transplant recipi-
ents remains unknown, but several possible mechanisms
have been noted. Some of these mechanisms include (1)
endothelial dysfunction and vascular smooth muscle
proliferation, (2) increased inflammation and oxidative
stress, and (3) activation of the renin-angiotensin system
[1, 20]. From this perspective, XO inhibitors may be
considered for kidney transplant recipients to improve
renal prognosis. For a long time, allopurinol was the
only urate-lowering drug prescribed to patients with
renal dysfunction; however, new and safer urate-
lowering drugs, such as febuxostat, have recently been
prescribed to kidney transplant patients [21].
Our study showed that differences in sex had less ef-

fects on serum UA levels in kidney transplant patients.
In the general population, UA levels will be higher in
male patients and urate-lowering drugs will be pre-
scribed to male patients with hyperuricemia. On the
other hand, the prescription rate of urate-lowering drugs
in female patients is lower in the general population
[22], and this may affect the prescription of urate-
lowering drugs in female kidney recipients. In other
words, it may be easier to overlook hyperuricemia in fe-
male kidney transplant recipients. In addition, many pa-
tients with lupus nephritis tend to be women and these
patients are prescribed MMF and corticosteroids for
their condition [23]. Patients with these conditions
greatly resemble kidney transplant recipients. Therefore,
the result of this study seems to be suggestive in consid-
ering UA levels in female patients with lupus nephritis.
This study has several limitations. First, the numbers

of recipients and donors were small and the sex ratio
(male:female) differed between donors and recipients.
Although the recipients who were prescribed XO inhibi-
tors were included as patients with hyperuricemia, we
had to exclude them from this investigation because of
the significant modification of UA levels by XO inhibi-
tors. Moreover, we used a very simple model and could
adjust only three parameters in the multiple linear re-
gression analyses. To elucidate the association between
sex and UA levels in kidney transplant recipients, larger
studies are necessary. Second, since this is a cross-
sectional study in a small, single center, the results may
not be applicable to other patient groups. Third, as pre-
viously mentioned, this study was based on the concept
that standardized eGFR was almost the same between
donors and recipients. The calculated eGFR was stan-
dardized by body surface area [14], and we also adjusted

Table 3 Multiple linear regression analysis models for serum UA
levels in donors and recipients

SE 95% CI P value r2

Pre-transplant donors 0.44

Sex (female) − 0.51 0.168 − 1.039–− 0.362 < 0.001*

eGFR − 0.17 0.013 − 0.043–0.008 0.17

BMI 0.27 0.046 0.006–0.191 0.04*

Post-transplant donors 0.52

Sex (female) − 0.53 0.163 − 1.088–− 0.429 < 0.001*

eGFR − 0.39 0.020 − 0.113–− 0.031 0.001*

BMI 0.25 0.044 0.006–0.186 0.02*

Post-transplant recipients 0.26

Sex (if female) − 0.08 0.180 − 0.473–0.253 0.54

eGFR − 0.45 0.009 − 0.050–− 0.012 0.002*

BMI 0.15 0.047 − 0.044–0.147 0.28

UA, uric acid; eGFR, estimated glomerular filtration rate; BMI, body mass index;
SE, standard error; 95% CI, 95% confidence interval
*P < 0.05 denotes statistical significance
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body size by using BMI; however, differences in body
size between donors and recipients could not be ad-
justed well. Fourth, we included the cases that experi-
enced rejection, such as antibody-mediated rejection and
T cell–mediated rejection, which may alter renal func-
tion. Fifth, we did not exclude patients who were admin-
istered losartan, which accelerates the elimination of UA
from the kidney. No donors were prescribed losartan,
but 2 male and 2 female recipients were prescribed
losartan. We believe that the sex-related differences had
minimal effects on UA levels, but the UA levels of recip-
ients might be affected by losartan.

Conclusions
Transplanted kidneys and contralateral donor kidneys
have the same function, at least based on standardized
eGFR measurements. According to multivariate regres-
sion models, the recipient serum UA levels were only af-
fected by eGFR, but the donor serum UA levels were
affected by differences in sex, eGFR, and BMI. Recently,
UA has been an area of focus because urate-lowering
therapy may have a favorable effect on transplanted kid-
ney prognosis. Female recipients experience an increased
serum UA level as well as male recipients; therefore, it is
critical to pay attention to the UA levels of female recip-
ients in daily clinical practice.
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