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Relationship Between Serum Uric Acid Levels
and Kidney Allograft Function Within the First
Year Post-Transplantation
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Division of Nephrology, Department of Internal Medicine, Rajavithi Hospital, Bangkok, Thailand

Abstract

Background: Hyperuricemia negatively impacts cardiovascular health in patients with chronic kidney disease and
kidney transplant recipients. Lowering serum uric acid has been associated with improved outcomes following
kidney transplantation. This study investigated the relationship between serum uric acid levels and kidney allograft
function in transplant recipients.

Methods: This retrospective, single-center cohort study included kidney transplant recipients within 12 months
post-transplantation. Hyperuricemia was defined as a serum uric acid level greater than 7 meg/dL. The primary
outcomes were the difference in allograft function between the hyperuricemia and normal uric acid group and
the correlation between serum uric acid levels and kidney allograft function, measured by estimated glomerular
filtration rate (eGFR) at 6 and 12 months post-transplant.

Results: A total of 134 patients were included in the study. By 6 months post-transplant, 50% of patients had
developed hyperuricemia, with the majority being male. Serum uric acid levels were significantly and inversely
correlated with eGFR at both 6 and 12 months. Although the hyperuricemia group showed a trend toward greater
eGFR decline compared to the normal uric acid group, the between-group differences did not reach statistical
significance. Nevertheless, eGFR values at both 6 and 12 months were substantially lower in the hyperuricemia group
Conclusions: The association between hyperuricemia and reduced kidney allograft function within the first year
after transplantation was suggested. Further research is needed to determine whether elevated uric acid directly

contributes to graft dysfunction or reflects declining kidney function.
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Introduction

The prevalence of hyperuricemia among kidney
allograft recipients has been reported to range from 19%
to 55%. Risk factors for hyperuricemia in this population
include decreased estimated glomerular filtration rate

(eGFR), use of diuretics, calcineurin= inhibitors—particularly

cyclosporine—obesity, and metabolic syndrome.’
Hyperuricemia contributes to the onset and progression
of cardiovascular diseases by influencing molecular
pathways involved in inflammation, oxidative stress,
insulin resistance and diabetes, endoplasmic reticulum

stress, and endothelial dysfunction.
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Several studies have demonstrated that elevated
serum uric acid levels are associated with overall and
death-censored graft failure.”® In addition, some
evidence suggests that hyperuricemia increases the risk
of developing new-onset diabetes mellitus after
transplantation in kidney transplant recipients.””
Hyperuricemia in kidney transplant recipients is linked
to metabolic syndrome and may contribute to reduced
graft function, thereby negatively affecting quality of
life and potentially decreasing allograft survival due to
related complications. The present study explored the
correlation between hyperuricemia and kidney allograft

function during the first year after transplantation.

Material and Methods
Study design and population

This retrospective, single-center cohort study

was conducted at Rajavithi Hospital in Bangkok, Thailand,
and included patients with end-stage kidney disease
(ESKD) who underwent kidney transplantation between
January 1997 and December 2022. Eligible participants
were 18 years or older and had received either a
living donor kidney transplant (LDKT) or a deceased
donor kidney transplant (DDKT) at least one year prior
to enrollment. All included patients had stable allograft
function at three months post-transplantation.

Patients were excluded if they experienced graft loss
or death during the study period, underwent multiple
organ transplantation, or had comorbid conditions
such as leukemia, psoriasis, or transfusion-dependent
thalassemia. The study protocol is illustrated in Figure
1. Ethical approval was granted by the Rajavithi Hospital
Ethics Committee (Approval No. 66207). Informed consent

was not required for this studly.

End-stage kidney disease patients who have received kidney transplantation
(KT) since January 1998 to December 2022 (n=347)

Available data at 1, 3, 6, and 12 months after KT

l_.

Exclusion (n=24)
« Death (n=19)
« Turn to dialysis during timing of the study (n=5)

Incomplete data for analysis (n=189)

Final population at 6 months after KT (n=134)

\

Serum uric acid > 7 mg/dl

Yes

Hyperuricemia (n=67)

No

Normouricemia (n=67)

Figure 1 The study flow diagram

Definition and Outcomes

Hyperuricemia was defined as a serum uric acid level
greater than 7.0 mg/dL. The primary outcomes were the
difference in allograft function between the hyperuricemia
and normal uric acid group and the correlation between

serum uric acid levels and kidney allograft function,

measured by estimated glomerular filtration rate (eGFR)
at 6 and 12 months post-transplant.

Data Collection

Demographic and laboratory data were collected from
the electronic medical records at 1 month, 3 months,

6 months, and 12 months after transplantation.
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Sample Size Calculation

The sample size was calculated using the correlation
coefficient estimation formula by Demirci B. Gurlek (1995)°,
with an expected correlation coefficient (r) of 0.59. For
a significance level (a) of 0.05, the corresponding Z-score
is 1.96, and for a test power of 80%, the Z-score is 0.842.
Accounting for approximately eight potential confounding
factors in the analysis, the final calculated sample size
was 110 patients.

Statistical Analysis

Categorical baseline demographic data are presented
as frequencies and percentages. Continuous variables
are expressed as mean * standard deviation for
normally distributed data, and as median, minimum,
maximum, and interquartile range (IQR) for non-normally
distributed data. Differences in categorical variables were
analyzed using the Chi-square test, Fisher’s exact test, or
McNemar test, as appropriate. For continuous variables,
comparisons were made using the Student’s t-test when
the assumptions of normality and homogeneity of
variances were met; otherwise, the Mann-Whitney U
test was used. Correlation analyses included Pearson’s
correlation, linear regression, and repeated measures

ANOVA where applicable. A p-value of < 0.05 was

considered statistically significant. All analyses were
conducted using SPSS version 29.0.2.0.

Results

A total of 337 patients underwent kidney transplan-
tation between January 1997 and December 2022. Of
these, 24 were excluded due to return to dialysis or death,
and 189 were excluded due to insufficient data, leaving
134 patients for the final analysis. Baseline demographic
and laboratory data at 6 months post-transplant are
presented in Table 1.

Fifty percent of the patients had hyperuricemia.
The hyperuricemia group had a higher proportion of
male patients and a greater average height. There were
no significant differences between the hyperuricemia
and normouricemia groups in terms of blood pressure,
dialysis vintage, underlying cause of ESKD, donor type,
early post-transplant allograft function, immunosuppres-
sive regimen, or prior history of gout. However, at 6 months
post-transplant, the hyperuricemia group had significantly
lower eGFR and higher serum creatinine levels. No
significant differences were observed between the
groups in immunosuppressive drug levels, fasting plasma

glucose, or LDL cholesterol.

Table 1 Baseline demographics of all patients and laboratory data at 6 months after kidney transplantation

All patients

Hyperuricemia | Normal uric acid

Farameters (N =134) (N=6T) (N=6T7)
Age, years 42.7+£10.6 41.0+£10.7 44.3+10.4 0.072
Male (N/%) 75 (56) 46 (68.7) 29 (43.3) 0.005
Body weight, kg 65.5+20.6 67.0+18.8 63.9+22.2 0.122
Height, cm 162.6+11 165.4+10 160.0+12 <0.001
Body mass index, kg/m? 204.7+6.22 24.5+5.70 24.8+6.82 0.719
Systolic BP, mmHg 131+15 131+16 130+14 0.621
Diastolic BP, mmHg 7613 75+14 T7+11 0.334
Mode of dialysis (Hemodialysis, N/%) 121 (90.3) 62 (92.5) 59 (88.1) 0.562
Dialysis vintage, months 60 (5-300) 60 (11-300) 60 (5-204) 0.670
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Table 1 Baseline demographics of all patients and laboratory data at 6 months after kidney transplantation (continue)

Parameters

All patients

(N =134)

Hyperuricemia
(N=67)

Normal uric acid

(N=67)

Etiology of end-stage kidney disease (N/%) 0.765
Unknown 81 (60.45) 40 (59.70) 41 (61.19)
IgA nephropathy 16 (11.94) 8 (11.94) 8 (11.94)
Diabetes 11(8.21) 5(7.46) 6 (8.96)
Polycystic kidney disease 10 (7.46) 7 (10.45) 3 (4.48)
Others 16 (11.94) 7(10.45) 9 (13.43)
Deceased donor (N/%) 116 (86.6) 57 (85.1) 59 (88.1) 0.619
Graft function (N/%) 0.173
Immediate graft function 86 (64.2) 38 (56.7) 48 (71.6)
Slow graft function 27 (20.1) 15 (22.4) 12 (17.9)
Delayed graft function 21 (15.7) 14 (20.9) 7(10.4)
Immunosuppressive drugs (N/%) 0.590
Tacrolimus + prednisolone + mycophenolic acid 116 (86.6) 60 (89.6) 56 (83.6)
Cyclosporin prednisolone + mycophenolic acid 13(9.7) 6 (9) 7(10.4)
Tacrolimus + everolimus + prednisolone 4(3) 1(1.5) 3(4.5)
Uric acid-lowering agents (N/%) 0.205
Yes 9(6.7) 6(9) 3(4.5)
Allopurinol 3(2.2) 3(4.5) 0(0)
Febuxostat 6 (4.5) 3(4.5) 3(4.5)
Gout (N/%) 7(5.2) 3(22) 4(3.0) 1
Laboratory data (6 months after kidney transplantation)
Serum uric acid (mg/dl) 7.2+1.8 8.6+1.4 59+0.9 <0.001
Serum creatinine (mg/dl) 1.48+0.71 1.74+0.81 1.34+0.50 0.001
eGFR (ml/min/1.73m?) 51.25+19.50 4597+18.22 56.53+19.44 0.002
Drug levels
Tacrolimus (ng/ml) 6.8 (1.4-39.1) 6.8 (1.4-39.1) 6.7 (1.9-15.7) 0.779
(n=121) (n=61) (n=60)
Cyclosporin (ng/ml) 163.0+42.7 157.5+15.7 167.7+58.2 0.686
(n=13) (n=6) (n=7)
Fasting glucose (mg/dL) 100.4+26.9 97.1+22.3 103.7+30.6 0.155
LDL cholesterol (mg/dL) 118.6+£35.5 116.3+£36.8 120.8+34.4 0.469

eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein
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Serum uric acid and eGFR of all patients at 1, 3, 6,
and 12 months after kidney transplantation are shown

in Table 2 and Figure 2. During the 12-month follow-up,

serum uric acid increased significantly. There were no

significant changes in serum creatinine and eGFR.

Table 2 Serum uric acid and kidney allograft function during the first year after kidney transplantation

1 month 3 months 6 months 12 months P-value
Uric acid (mg/dl) 59+1.6 6.8+1.6 7.2+1.8 7.1+1.8 < 0.001
eGFR (m/min/1.73m?) 56.34+24.04 50.99+19.97 51.25+19.5 54.21+19.8 0.604
Creatinine (mg/dl) 1.43+0.92 1.69+0.69 1.48+0.71 1.58+0.60 0.113
eGFR, estimated glomerular filtration rate
Uric (mg/dl) eGFR (mV/min/1.73m?)
14.00 . 120.00 . : .
12.00 : : : 100.00 -
10.00 80.00
8.00 60.00
6.8 1.2 71 56.34 I 50.99 51.25 54.21
6.00 |55 40.00
4.00 20.00
2.00 " mo .00 mo.
1 3 6 12 1 5 6 12

Figure 2 Serum uric acid and kidney allograft function during the first year after kidney transplantation

eGFR, estimated glomerular filtration rate

The correlations between serum uric acid with allograft
function and other laboratory parameters are shown in
Table 3 and Figure 3. A negative correlation between

serum uric acid and eGFR and a positive correlation with

serum creatinine were observed at 6 months and 12
months after kidney transplantation. There were no cor-
relations between serum uric acid with fasting glucose,

LDL, tacrolimus, and cyclosporin levels at 6 months.

Table 3 Correlations between serum uric acid and other laboratory data

6 months 12 months
Parameters
eGFR -0.448 <0.001 -0.437 <0.001
Serum creatinine 0.564 <0.001 0.444 <0.001
Fasting slucose 0.026 0.776 - -
LDL -0.112 0.197 - -
Tacrolimus (N=121) -0.002 0.984 - -
Cyclosporin (N=13) -0.158 0.607 - -
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eGFR (mU/min/1.73m?) eGFR (mY/min/1.73m?
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Figure 3 Correlations between serum uric acid and allograft function at 6 (left) and 12 months (right)

Differences in eGFR between the hyperuricemia and  significance. However, eGFR values at 6 and 12 months
normal uric acid groups are presented in Table 4 and  were notably lower in the hyperuricemia group compared
Figure 4. Although the hyperuricemia group exhibited  to the normal uric acid group. Additionally, the decline
a trend toward a continued decline in eGFR, the in eGFR corresponded with an increase in serum uric

between-group differences did not reach statistical acid in the hyperuricemia group (Figure 5).

Table 4 Estimated glomerular filtration rate in the hyperuricemia and normal uric acid groups

Between-Group

1 month 3 months 6 months 12 months Changes Mean Difference
(95% ClI)
Hyperuricemia 53.48+21 48+19.68 | 4597+18.22 | 49.30+17.34 -4.18 (-8.52, 0.15)
Normal uric acid 59.21+24.74 | 53.99+19.95 | 56.52+19.44 | 59.13+20.98 -0.07 (-4.56, 4.41)
p-value 0.168 0.083 0.002 0.004 0.191

eGFR (mlY/min/1.73m?)

120.00 ° 5
100.00 ° °
2
80.00
59.20 1
60.00 53.48 53.99 Y 56.52 e
: 48.00 41.53 I 49.30 ’
40.00

2.00

00 Hyperuricemia Normouricemia

1 3 6 12 1 3 6 12

Figure 4 The changes in estimated glomerular filtration rate in the hyperuricemia and normal uric acid groups
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Serum uric (mg/dl)

Figure 5 Serum uric acid and estimated glomerular filtration rate in the hyperuricemia group

Discussion

The present study observed a 50% prevalence of
hyperuricemia at 6 months after kidney transplantation.
The hyperuricemia group showed a higher proportion of
male patients with increased height. There was a negative
correlation between serum uric acid and kidney allograft
function at 6 and 12 months after kidney transplantation.
There were no correlations between serum uric acid
with fasting glucose, LDL, tacrolimus, and cyclosporin
levels at 6 months. Although the hyperuricemia group
exhibited a trend toward a continued decline in eGFR,
the between-group differences did not reach statistical
significance. However, eGFR values at 6 and 12 months
were notably lower in the hyperuricemia group compared
to the normal uric acid group.

The 50% incidence of hyperuricemia observed in
this study aligns with previously reported rates, though
prevalence varies across countries. For example,
Erkmen Uyar M et al. reported a prevalence of 37%’
while Clive, David M et al. noted rates as high as 55%."
In our cohort, hyperuricemia was more common in
males and associated with lower eGFR values. The lower
incidence in females may be hormonally mediated, as
estrogen is known to downregulate uric acid transporters,
reducing uric acid reabsorption."!

Hyperuricemia was more frequent among patients
with reduced eGFR, likely due to decreased renal clear-
ance of uric acid. Serum uric acid levels demonstrated a

moderate inverse correlation with allograft function at 6

and 12 months post-transplant. Additionally, serum uric
acid levels increased over time at 1, 3, and 6 months
post-transplant, while eGFR declined during the same
period. Similar trends have been reported in other
studies.>'* Several mechanisms may explain the
detrimental effects of uric acid on kidney allograft
outcomes. These include glomerular hypertrophy and
tubulointerstitial fibrosis due to hyperuricemia, as well
as altered renal plasma flow, arterial stiffness, and
endothelial dysfunction resulting from impaired nitric
oxide production in vascular endothelial cells.""*"

In this study, serum uric acid levels were not
significantly associated with fasting glucose or LDL
cholesterol, possibly due to the short follow-up period.
A longer-term study by Sotomayor CG et al. found that
hyperuricemia was associated with an increased risk
of post-transplant diabetes mellitus after 5.3 years of
follow-up.’

No correlation was observed between serum uric
acid levels and tacrolimus or cyclosporin levels in
this study. While no prior research has explored the
relationship between uric acid and tacrolimus, a study
by Einollahi B et al. found an association between
hyperuricemia and higher cyclosporin trough levels.”
Similarly, Marcén R et al. reported a higher prevalence
of hyperuricemia in patients receiving cyclosporin, with
a correlation to cyclosporin levels." This is likely due to
cyclosporin’s effect in reducing uric acid clearance.'®"

The absence of such a relationship in the current study
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may be attributable to the small number of patients
using cyclosporin.

The limitations of our study include its single-center
design, short follow-up period, and the small number of
patients receiving uric acid-lowering therapy. As a result,
the effectiveness of uric acid-lowering therapy in slowing
the decline of eGFR remains uncertain.

In conclusion, the association between hyperuricemia
and reduced kidney allograft function within the first year
after transplantation was suggested. However, whether
this association reflects a direct detrimental effect of
elevated uric acid on the allograft or is simply a
consequence of declining allograft function remains

unclear and warrants further investigation.

References

1. Mazali FC, Mazzali M. Uric acid and transplantation.
Semin Nephrol 2011;31(5):466-71. doi: 10.1016/j.sem-
nephrol.2011.08.012.

2. Braga F, Pasqualetti S, Ferraro S, Panteghini M. Hyperuricemia
as risk factor for coronary heart disease incidence and mortal-
ity in the general population: a systematic review and meta-
analysis. Clin Chem Lab Med 2016;54(1):7-15. doi: 10.1515/
cclm-2015-0523.

3. Kushiyama A, Nakatsu Y, Matsunaga Y, Yamamotoya T,
Mori K, Ueda K, et al. Role of Uric Acid Metabolism-Related
Inflammation in the Pathogenesis of Metabolic Syndrome
Components Such as Atherosclerosis and Nonalcoholic
Steatohepatitis. Mediators Inflamm 2016;2016:8603164. doi:
10.1155/2016/8603164.

4. Yang H, Chen Q, Huang A, Yu X, Chen G, Hu X, et al. The
Impact of hyperuricemia on long-term clinical outcomes
of renal transplant recipients: a systematic review and
meta-analysis. J Pharm Pharm Sci 2021;24:292-307. doi:
10.18433/jpps31620.

5. Sotomayor CG, Oskooei SS, Bustos NI, Nolte IM, Gomes-
Neto AW, Erazo M, et al. Serum uric acid is associated with
increased risk of posttransplantation diabetes in kidney
transplant recipients: a prospective cohort study. Metabolism
2021;116:154465. doi: 10.1016/j.metabol.2020.154465.

6. Tanaka K, Sakai K, Kushiyama A, Hara S, Hattori M, Ohashi
Y, et al. Serum uric acid is an independent predictor of
new-onset diabetes after living-donor kidney transplanta-

tion. Renal Replacement Therapy 2018;4(1):28. doi: 10.1186/

10.

11.

12.

13.

14.

15.

16.

17.

s41100-018-0169-4.

. Barkas F, Elisaf M, Liberopoulos E, Kalaitzidis R, Liamis G.

Uric acid and incident chronic kidney disease in dyslipid-
emic individuals. Curr Med Res Opin 2018;34(7):1193-9. doi:
10.1080/03007995.2017.1372157.

. Demirci B. Gurlek SS, Oysur C, Bal Z, Tutal E, Haberal M.

Hyperuricemia Takes a Toll in Graft Function, Left Ventricular
Diameters and Arterial Stiffness in Renal Transplant Recipients.
Am J Transplant 2015;15.

Erkmen Uyar M, Sezer S, Bal Z, Guliyev O, Tutal E, Kulah
E, et al. Post-transplant Hyperuricemia as a Cardiovascular
Risk Factor. Transplant Proc 2015;47(4):1146-51. doi: 10.1016/.
transproceed.2015.03.004.

Clive DM. Renal transplant-associated hyperuricemia and gout.
JAm Soc Nephrol 2000;11(5):974-9. doi: 10.1681/asn.V115974.
Halperin Kuhns VL, Woodward OM. Sex Differences in
Urate Handling. Int J Mol Sci 2020;21(12). doi: 10.3390/
ijms21124269.

Cheng M, Pérez RE, Santiago JC, Galindo AC, Carrefio Rodriguez
YR, Guerrero Rosario AO, et al. Complications of Renal
Transplantation That Influence the Presence of Hyperuricemia
in Its First Year of Evolution. Transplant Proc 2020;52(4):1147-
51. doi: 10.1016/j.transproceed.2020.01.062.

Johnson RJ, Kivlighn SD, Kim YG, Suga S, Fogo AB. Reappraisal
of the pathogenesis and consequences of hyperuricemia
in hypertension, cardiovascular disease, and renal disease.
Am J Kidney Dis 1999;33(2):225-34. doi: 10.1016/50272-
6386(99)70295-7.

Kim DG, Kim BS, Choi HY, Lim BJ, Huh KH, Kim MS, et al.
Association between post-transplant uric acid level and
renal allograft fibrosis: Analysis using Banff pathologic scores
from renal biopsies. Sci Rep 2018;8(1):11601. doi: 10.1038/
s41598-018-29948-9.

Einollahi B, Einollahi H, Nafar M, Rostami Z. Prevalence
and risk factors of hyperuricemia among kidney transplant
recipients. Indian J Nephrol 2013;23(3):201-5. doi: 10.4103/
0971-4065.111849.

Marcén R, Gallego N, Orofino L, Gdmez C, Estepa MR, Sabater
J, et al. Impairment of tubular secretion of urate in renal
transplant patients on cyclosporine. Nephron 1995;70(3):307-
13. doi: 10.1159/000188609.

Steidel K, Brandis M, Kramer M, Leititis JU, Zimmerhackl
LB. Cyclosporine inhibits renal uric acid transport in renal
transplants not in children treated for nephrotic syndrome.

Ren Fail 1990;12(3):193-8. doi: 10.3109/08860229009065563.

https://he01.tci-thaijo.org/index.php/JNST/index

J Nephrol Soc Thail 2025; 31(2): 175-183 183





