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Abstract The purpose of this study is to investigate the effect
of urate-lowering therapies (ULTs) on renal uric acid excretion
in gout patients. This prospective observational study involved
106 primary gout patients and 51 healthy controls. Gout
patients received ULT with either xanthine oxidase inhibitors
or the uricosuric agent benzbromarone. Parameters such as 24-h
urinary uric acid, creatinine clearance, uric acid clearance,
glomerular filtration load of uric acid, fractional excretion of
uric acid, excretion of uric acid per volume of glomerular
filtration, and urinary uric acid to urinary creatinine ratio were
used to evaluate the pre- and post-treatment renal capacity for
uric acid clearance in gout patients and were compared with the
values in the healthy controls. Compared to healthy controls,
gout patients had higher glomerular filtration load of uric acid
and lower uric acid clearance, creatinine clearance, and frac-
tional uric acid excretion. After ULT, both the xanthine oxidase
inhibitor group and benzbromarone group patients showed
reduction in glomerular filtration load of uric acid. Creatinine
clearance was significantly improved in the xanthine oxidase
inhibitor group. Excretion function was remarkably enhanced
in patients who reached the treatment target (serum uric acid
<6 mg/dl). Changes in glomerular uric acid filtration load were
significantly correlated with changes in serum urate levels.
Gout patients have impaired renal uric acid excretion. ULTs
reduce renal urate load and enhance the renal capacity of uric
acid clearance. Xanthine oxidase inhibitors showed superiority
over benzbromarone in improving renal function.
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Abbreviations

GFR Glomerular filtration rate

ULT Urate-lowering therapy

XOI Xanthine oxidase inhibitors

Cer Clearance of creatinine

Cua Clearance of uric acid

FEua Fractional excretion of uric acid
FLua Glomerular filtration load of uric acid
Uua/Ucr  Urinary uric acid to Urinary creatinine ratio
ACR American College of Rheumatology
AKI Acute kidney injury

RAS Renin-angiotensin system

ARB Angiotensin receptor blockers

CKD Chronic kidney disease

Introduction

Although uric acid overproduction, renal uric acid under-
excretion, or both can contribute to the development of hy-
peruricemia and gout [1-3]; decreased renal excretion has
been demonstrated to be the principal mechanism [4]. Uric
acid is cleared through both renal and extra-renal pathways;
however, the renal pathway is dominant, excreting more than
two thirds of the uric acid produced in the body [5]. The
classical four-compartment model [6], though not validated
[71, helps to explain the renal excretion process. This model
indicates that nearly all the uric acid is filtered by the glomer-
uli; then, 99 % of the filtered uric acid is absorbed in the
proximal tubules (S1 segment). The proximal tubules secrete
45-50 % of the absorbed uric acid in the S1 and S2 segments,
followed by post-secretory reabsorption (4045 %) in the S3
segment. Thus, 5-10 % of the filtered uric acid is excreted
from the body [8]. It was previously thought that renal han-
dling of uric acid rested mainly on the secretion and
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reabsorption functions rather than on filtration [9]. However,
recent research [10] has demonstrated that glomerular filtra-
tion is a key factor in serum urate regulation. It is estimated
that only 2.9 % of gout patients have a normal glomerular
filtration rate (GFR), while 24 % have a GFR <60 ml/min/
1.73 m?. The majority of gout patients (73 %) have mild renal
dysfunction. Overall, inadequate renal uric acid clearance
caused by reduced glomerular filtration or tubular under-
excretion is responsible for the development of gout.

Hyperuricemia is the independent risk factor for chronic
kidney disease [11-13]. Uric acid, a pro-inflammatory and
anti-oxidant substance, acts on renal epithelial cells [14] and
causes tubular injury [5]. This raises the question of whether
urate-lowering therapy (ULT) can improve renal function and
uric acid handling, and if so, which type of ULT is optimal for
this purpose. The most frequently used pharmacological ULT
involves inhibition of uric acid synthesis by xanthine oxidase
inhibitors (XOIs) and enhancement of urate excretion by
uricosuric agents. In clinical practice, patients with low 24-h
urinary uric acid (Uua) output are administered uricosuric
therapy, while patients with normal or high 24-h urinary uric
acid output are suggested XOlIs. However, 24-h Uua output is
easily affected by many factors such as diet, alcohol intake,
urine volume, gender, height, weight, and serum uric acid
(Sua) and creatinine (Scr) levels, and fluctuates with season
and time [15]. Thus, it is not an effective indicator to guide
gout treatment. Other indicators, including creatinine clear-
ance (Ccr), uric acid clearance (Cua), fractional excretion of
uric acid (FEua), glomerular filtration load of uric acid (FLua),
excretion of uric acid per volume of glomerular filtration
(EuaGF), and Uua to urinary creatinine ratio (Uua/Ucr), are
less likely to be disturbed by physiological factors and the
quality of urinary specimens and can therefore better assess
renal excretion function. In this prospective observational
study, we used these parameters to evaluate the effects of
XOIs and a uricosuric agent on renal uric acid clearance and
assessed the results to determine which type of ULT strategy is
superior to improve renal uric acid excretion.

Methods
Study design and participant selection

We enrolled patients who met the 1977 American Rheuma-
tism Association (ARA) criteria [16] for the diagnosis of gout
and age-matched healthy individuals between May 26, 2010
and November 15, 2013. Normal liver function, estimated
glomerular filtration rate according to chronic kidney disease
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) formula >60 ml/min/1.73 m? and routine blood test
results were required in the patient group. The exclusion
criteria were secondary gout, use of ULT in the past 2 weeks,
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contraindications to ULT, use of drugs interfering with renal
uric acid handling (e.g., diuretics, aspirin, cyclosporine, nia-
cin, and calcineurin inhibitors), nephrolithiasis, gestation or
lactation, neoplasms, connective tissue diseases, and uncon-
trolled blood pressure (systolic, >160 mmHg and/or diastolic,
>100 mmHg). The patients’ general information, medical
history, and physical examination were recorded in detail. A
self-restricted diet (no excessive purine intake and no alcohol)
was recommended during treatment. Written informed con-
sent was obtained from each participant. Comprehensive eval-
uations were made after the first (baseline) blood and urine
analyses. All treatment decisions were made together by ex-
perienced rheumatologists and patients after excluding con-
traindications. An XOI (allopurinol, 300 mg/day or
febuxostat, 40 or 80 mg/day) or a uricosuric agent
(benzbromarone, 50 mg/day) was given to the gout patients.
The ethics committee of Zhongshan Hospital approved this
research.

Sample collection and laboratory tests

All the participants were given a three-liter plastic bottle
containing acid preservatives and standardized written instruc-
tions on 24-h urine collection. Eight questions were asked as
indicated by Wang et al. [17], and the 24-h Ucr excretion was
calculated to check if the samples were eligible [18]. After the
last urine voiding, concurrent fasting peripheral blood as well
as 24-h urine samples were immediately tested using an
autoanalyzer (Hitachi-7600, Tokyo, Japan). Scrand Ucr levels
were measured by the enzymatic method. Uric acid in blood
and urine was tested using the uricase method. After at least
two months urate-lowering therapy, a second blood and urine
measurement was performed in the same way as previously
described.

Parameter calculations

Ccr was estimated by the CKD-EPI formula [19]. The equa-
tions for Cua, FEua, FLua, and EuaGF were as follows [20]:

Cua (ml/min) = Uv % Uua/Sua

FLua (mg/min) = Cecr * Sua

FEur (%) = (Uua * Scr)/(Sua * Ucr) * 100

EuaGF (mg/dl) = Uua * Scr/Uca
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Uv is the urine volume (ml/min). Ccr, Cua, 24-h Uua,
FLua, and EuaGF were adjusted for a body surface area of
1.73 m?. After ULT, blood and urine tests were processed in
the same way. The endpoint Sua concentration <6 mg/dl was
considered the target of treatment [21].

Statistical analysis

All the data for the cases and controls were computerized, and
statistical analysis was performed using SPSS, version 20.0
(SPSS Inc., Chicago, USA). Descriptive data were expressed
as mean+SD. A ¢ test was used to estimate the difference
between groups at the baseline. Comparisons of data at the
baseline and after ULT were tested with a paired ¢ test. Logistic
regression analysis was conducted to find associations be-
tween changes in the tested variables, including Scr, Ccr,
Cua, FLua, FEua, EuaGF, and Uua/Ucr, as well as the associ-
ations of these changes with changes in the Sua level. Pearson
correlation was used to describe the correlations of pre-
treatment Sua with excretion indicators as well as the changes
of Sua with the changes of different variables. Statistical
significance was set at P<0.05.

Results

The comparison of uric acid excretion function between gout
patients at baseline and healthy controls

This study involved 106 gout patients and 51 age-matched
healthy controls. All the subjects were male. Eighteen of 106
patients had tophus by physical examinations and imaging
tests. The mean disease duration was 23.4+6.8 months. The
mean age was 47.08+15.14 years in the control group and
49.81+13.11 years in the gout group. The median of 24 h Uua
was 379.31 mg/day/1.73 m* (range 132.65-924.10 mg/day/
1.73 m?). The group characteristics at the baseline are listed in
Table 1. The mean Sua level in gout patients was 9.56+
1.51 mg/dl. Compared to the controls, gout patients had lower
Cer (89.55+14.86 ml/min/1.73 m? vs. 103.78+19.03 ml/min/
1.73 m?, P<0.05) and higher Scr (0.99+0.13 mg/dl vs. 0.84+
0.18 mg/dl, P<0.05), suggesting mild renal dysfunction. Nei-
ther 24-h Uua amount nor 24-h Uua concentration differed
significantly between the groups. Gout patients had higher
FLua (8.42+2.30 mg/min/1.73 m? vs. 4.78+1.41 mg/min/
1.73 m?, P<0.05) and lower Cua (2.93+1.12 ml/min/
1.73 m? vs. 6.72+3.58 ml/min/1.73 m?, P<0.05). The mean
FEua was much lower in gout patients (5.01 %=+2.35 %) than
in control subjects (11.15 %=+6.42 %, P<0.05). Uua/Ucr was
also significantly lower in gout patients (0.46+0.20 vs. 0.58+
0.25, P<0.05). EuaGF was similar in healthy controls (0.27+
0.11 mg/dl/1.73 m?) and patients (0.28+0.14 mg/dl/1.73 m?;

Table 1 General characteristics of controls and patients at the baseline

Controls Gout patients

n=51 n=104
Age (years) 47.08+15.14 49.81+13.11
Sua (mg/dl) 4.64+1.17 936+1.51"
Ser (mg/dl) 0.84+0.18 0.99+0.13"
Uua (mg/dl) 39.96+19.89 35.41+£16.65
24-h Uua (mg/day/1.73 m?) 408.36+157.37 385.14+137.40
24-h Ucr (mg/dI) 713242831 80.82+36.35
Cer (ml/min/1.73 m?) 103.78+19.03 89.55+14.86"
FLua (mg/min/1.73 m?) 4.78+1.41 8.42+230"
Cua (ml/min/1.73 m?) 6.72+3.58 2.93+1.12"
FEua (%) 11.15+6.42 5.01+2.35"
EuaGF (mg/dl/1.73 m?) 0.27+0.11 0.28+0.14
Uua/Ucr 0.58+0.25 0.46+0.20"

Data are presented as mean+SD

Sua serum uric acid, Scr serum creatinine, Uua urinary uric acid, 24-h
Uua 24-h urinary uric acid, 24-h Ucr 24-h urinary creatinine, Ccr creat-
inine clearance, FLua glomerular uric acid filtered load, Cua uric acid
clearance, FEua fractional excretion of uric acid, EuaGF excretion of uric
acid per volume of glomerular filtration, Uua/Ucr urinary uric acid to
urinary creatinine ratio, n number

*P<0.05 compared with controls

P>0.05), indicating that the amount of uric acid excreted by
the effective renal mass was similar in both groups. The main
characteristics of gout patients were high glomerular filtration
load of uric acid and uric acid under-excretion.

The characteristics of renal uric acid excretion between gout
patients using anti-hypertensive drugs
and without hypertension

Of the 106 gout patients, 34 had hypertension under control
using anti-hypertensive drugs. The hypertensive drugs includ-
ed angiotensin converting enzyme inhibitors (6 patients), an-
giotensin receptor blockers (ARB) (13 patients), calcium
channel blockers (17 patients), and beta blocker (1 patient).
Sixty-seven gout patients had no history of hypertension. The
different characteristics of the renal clearance capacity of uric
acid between hypertensive gout patients receiving medication
and normotensive patients were displayed in Table 2. Patients
using hypotensive drugs were older with the mean age of
58.094+9.64 years in contrast to those without hypertension
(43.91+12.17 years, P<0.001) and had lower Ccr (83.95+
13.00 ml/min/1.73 m? vs. 93.32+14.59 ml/min/1.73 m?, P=
0.002). The anti-hypertensive patients had lower FLua due to
the reduced Cer (7.60+2.03 mg/min/1.73 m? vs. 9.01+
2.32 mg/min/1.73 m?, P=0.004) compared to the patients
without hypertension. The rest of five patients with elevated
blood pressure did not received anti-hypertensive medication.
Their mean age was 62.20+10.43 years, much older than the
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Table 2 Comparison of the characteristics of renal uric acid excretion
between gout patients using anti-hypertensive drugs and without
hypertension

Patients using Patients without

anti-hypertensive drugs hypertension

n=34 n=67
Age (years) 58.09+9.64 43.91+12.17*
Sua (mg/dl) 8.98+1.47 9.64+1.85
Scr (mg/dl) 0.99+0.15 0.98+0.12
24-h Uua (mg/day/1.73 m?) 371.49+133.17 392.13+141.01
Cer (ml/min/1.73 m?) 83.95+13.00 93.32+14.59*
Cua (ml/min/1.73 m?) 2.98+1.30 2.89+1.06
FEua (%) 5.13+£1.95 4.96+2.60
EuaGF (mg/dl/1.73 m?) 0.28+0.11 0.29+0.16
FLua (mg/min/1.73 m?) 7.60+2.03 9.01+£2.32*
Uua/Ucr 0.46+0.14 0.47+0.23

Data are presented as mean+SD
See Table 1 for abbreviations
*P<0.05, using student ¢ test between groups

normotensive gout patients (P=0.002). Besides, their Ccr
(73.74+8.56 ml/min/1.73 m?) was also reduced compared to
the normotensive patients (P=0.002). The Sua, Scr, FEua,
EuaGF, Cua, and Uua/Ucr had no differences among these
three groups.

Effect of different ULT strategies on renal handling of uric
acid

Among the 106 gout patients, 88 received regular ULT with
XOlIs (62 patients) or benzbromarone (26 patients). In addition,
sodium bicarbonate (600 mg/day) was given to all patients to
alkalize the urine. Therapy in the XOI group lasted for 6 months
with regular follow-up visits, while the mean treatment time of
the benzbromarone group lasted for 4.87 months (95 % confi-
dence interval [CI]: 2.51-7.22 months). Parameters at the base-
line and after ULT are displayed in Table 3. At the observational
endpoint, the improvement in Sua was greater in the XOI group
(from 9.76+1.57 mg/dl to 5.76+1.93 mg/dl, P<0.05) than in the
benzbromarone group (from 8.03+0.77 mg/dl to 5.74+1.91 mg/
dl, P<0.05). With lowering of the Sua level, the FLua dropped in
both groups: from 8.76+2.39 mg/min/1.73 m* to 5.37+2.30 mg/
min/1.73 m? in the XOI group (P<0.05) and from 7.20+
1.93 mg/min/1.73 m? to 5.22+2.46 mg/min/1.73 m> (P<0.05)
in the benzbromarone group. Unlike the benzbromarone group in
which 24-h Uua increased from 368.57+134.76 mg/day/1.73 m?
to 437.22+164.65 mg/day/1.73 m> (P>0.05), the XOI group
showed a significant reduction in 24-h Uua (from 395.30+
145.08 mg/day/1.73 m* to 247.91+176.34 mg/day/1.73 m?,
P<0.05) paralleled by a decrease in FLua. The use of XOls also
improved renal function (Scr changed from 89.11+14.16 ml/
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min/1.73 m? to 92.33+14.87 ml/min/1.73 m?, P<0.05). Cua was
significantly higher than the baseline level in both groups (from
2.87+1.06 ml/min/1.73 m” to 3.09+2.34 ml/min/1.73 m” in the
XOI group, P<0.05; from 3.31+1.39 ml/min/1.73 m” to 5.77+
2.46 ml/min/1.73 m” in the benzbromarone group, P<0.05). In
the XOI group, FEua decreased to 4.54 %+2.77 % (P>0.05)
because Cer improved more than Cua. In contrast, FEua was
remarkably elevated in the benzbromarone group from 5.42 %=+
1.49 % to 8.93+4.16 % (P<0.05). EuaGF reduced markedly
from 0.29+0.16 mg/dl/1.73 m* to 0.14+0.08 mg/dl/1.73 m>
(P<0.05) in the XOI group but remained at a similar level in
the benzbromarone group. After achieving similar glomerular
filtration load of uric acid (XOls vs. benzbromarone: 5.37+
2.30 mg /min/1.73 m* vs. 5.22+1.77 mg/min/1.73 m?), XOls
produced a greater improvement in kidney function than did
benzbromarone.

The influence of treat to target on uric acid clearance

We divided the XOI group patients into two subgroups ac-
cording to their Sua levels at the observational endpoint.
Individuals with Sua <6 mg/dl were considered to have
reached the treatment target (n=38), and those with Sua
>6 mg/dl were categorized into the target-failure group (n=
24; Table 4). The baseline Sua was 9.38+1.10 mg/dl in the
target-achieved group and 10.29+2.02 mg/dl in the target-
failure group. After 6 months of standardized therapy, Sua
fell dramatically and was in the normal range (4.64+0.80 mg/
dl) in the target-achieved group. A reduction was also ob-
served in the target-failure group (7.61+1.61 mg/dl after
treatment, P<0.05). The 24-h Uua at the baseline (378.16+
139.52 mg/day/1.73 m* vs. 404.01+141.51 mg/day/1.73 m?;
P>0.05) and after ULT (234.68+165.42 mg/day/1.73 m” vs.
244.53+171.35 mg/day/1.73 m?; P>0.05) were similar in
both groups. However, a significant increase in Ccr was
noticed in the target-achieved group (88.54+11.62 ml/min/
1.73 m? vs. 93.98+13.77 ml/min/1.73 m?, P<0.05). In addi-
tion, these patients showed higher Cua and FEur after XOI
treatment than did the target-failure patients (Cua: 2.19+
1.28 ml/min/1.73 m* vs. 3.63+2.67 ml/min/1.73 m?,
P<0.05; FEur: 3.57 % +1.72 % vs. 5.12 %=£3.13 %,
P<0.05). FLua was consistent with Sua levels and fell drasti-
cally in the target-achieved group (8.33+1.58 mg/min/
1.73 m* vs. 4.38+1.10 mg/min/1.73 m?, P<0.05). EuaGF
and Uua/Ucr reduced in both groups (P<0.05).

Univariate and multivariate logistic regression analysis

for the relationship between treatment outcome (whether
reached the goal of treat to target, Sua<6 mg/dl)

and the changes of different uric acid excretion parameters

Uua, Ccr, FLua, Cua, FEua, EurGF, and Uua/Ucr were select-
ed as possible predictive factors. The univariate logistic
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Table 3 Effects of different drugs on uric acid excretion

XOlIs (n=62) Uricosuric agent (n=26)

Before treatment After treatment Before treatment After treatment
Sua (mg/dl) 9.76+1.57 5.76+£1.93* 8.03+0.77" 5.74+1.91*
Ser (mg/dl) 1.00+0.13 0.96+0.14* 0.96+0.12 0.96+0.13
24-h Uua (mg/day/1.73 m2) 395.30+145.08 238.37+166.18* 368.57+134.76 437.22+164.65"
Cer (ml/min/1.73 m2) 89.11+14.16 92.33+14.87* 89.81+16.63 91.00+16.72
FLua (mg /min/1.73 m2) 8.76+2.39 5.37+2.30% 7.20+1.93" 5.22+1.77*
Cua (ml/min/1.73 m2) 2.87+1.06 3.09+2.34* 331+1.39 5.77+£2.46*
FEua (%) 5.12+2.68 4.54+2.77 5.23+1.96 8.93+4.16*%
EuaGF (mg/dl/1.73 m2) 0.28+0.16 0.14£0.08* 0.32+0.14 0.3940.19"
Uua/Ucr 0.49+0.23 0.26+0.14* 0.43+0.14 0.49+0.18"

Data are presented as mean+=SD
XOlIs, xanthine oxidase inhibitors (refers to allopurinol or febuxostat)

Uricosuric agent refers to benzbromarone. See Table 1 for abbreviations

*P<0.05, using paired 7 test, between baseline values and those after XOI treatment; # P<0.05, using Student ¢ test, for pre- and post-treatment values

within different groups

regression analysis revealed that failure to reach the treatment
target was related with increase in FLua (odds ratio [OR]=
0.55, 95 % confidence interval [CI]: 0.413-0.736, P<0.05)
and decrease in Cua (OR=1.25, 95 % CI: 1.03-1.52,
P<0.05). In multivariate analysis, when adjusted with age,
body mass index, hypertension, and drug species, reduce in
FLua significantly associated with achieving Sua<6 mg/dl
(OR=0.56, 95 % CI: 0.39-0.81, P=0.002; Table 5).

The relationship of Sua and indicators for excretion function
as well as the their changes

We used Pearson correlation analysis to determine whether
baseline level of Sua was related to the excretion function

indicators in patients who received ULT therapy (n=88). FLua
was positively correlated with Sua (#=0.72, P=0.001). Neg-
ative correlations were found between Sua and Cua (r=
—0.280, P=0.008), FEua (r=—0.458, P<0.001), and EuaGF
(r=—0.289, P=0.007). The changes in Sua level in the XOI
group were only correlated to the changes of FLua (r=0.912,
P<0.001) and showed no correlation with renal uric acid
excretion function (Cua: »r=—0.086, P=0.530; FEua: r=
—0.222, P=0.101; EuaGF: r=0.091, P=0.505). In the
benzbromarone group, the change of FLua was positively
correlated to changes in Sua levels (»=0.943, P<0.001),
which showed a significant negative correlation with the
changes of Cua (r=—0.565, P=0.004) and FEua (r=—0.650,
P=0.002). The p values were listed in Table 6.

Table 4 Patients who reached the treatment target (Sua<6 mg/dl) after XOI therapy compared with those who did not (Sua>6 mg/dl)

Target-achieved (n=38)

Target not achieved (n=24)

Before treatment After treatment Before treatment After treatment
Sua (mg/dl) 9.38+1.10% 4.64+0.80%% 10.29+2.02 7.61+1.61%
Scr (mg/dl) 1.00+0.13 0.94+0.14" 1.00+0.14 0.97+0.13
24-h Uua (mg/day/1.73 m2) 378.16+139.52 234.68+165.42" 404.01+141.51 244.53+171.35"
Cer (ml/min/1.73 m2) 88.54+11.62 93.98+13.77" 90.95+17.24 94.18+17.78
FLua (mg /min/1.73 m2) 8.33+1.58 438+1.10%% 9.50+3.27 7.28+2.57
Cua (ml/min/1.73 m2) 2.81+0.98 3.63+2.67* 2.85+1.19 2.19+1.28
FEua (%) 5.1442.35 5.12+3.13% 4424155 3.57+1.72%
EuaGF (mg/dl/1.73 m2) 0.27+0.11 0.13+0.08" 0.25+0.06 0.16+0.093"
Uua/Ucr 0.47+0.19 0.25+0.14% 0.44+0.11 0.27+0.14"

Data are presented as mean+SD

See Table 1 for abbreviations

#P<0.05, using Student ¢ test for between-group comparisons; ¥ P<0.05, using paired ¢ test for within-group comparisons
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Table 5 Univariate and multivariate logistic regression analysis for the relationship between changes in variates and treatment outcome (not achieving

treatment target, i.e., Sur>6 mg/dl)

Changes in variates OR 95 % CI for OR P value Adjusted OR 95% CI for adjusted OR P value
Uua 0.92 (0.76, 1.11) 0.373 1.08 (0.83,1.42) 0.558
Cer 1.03 (0.99, 1.08) 0.187 <0.01 (0.00, 13.36) 0.351
FLua 0.55 (0.41,0.74) <0.001 0.56 (0.39,0.81) 0.002
Cua 1.25 (1.03, 1.52) 0.026 1.39 (0.99, 1.94) 0.054
FEua 1.12 (0.99, 1.28) 0.079 1.11 (0.92,1.35) 0.227
EuaGF 0.32 (0.2, 6.08) 0.445 0.11 (0.00, 18.63) 0.402
Uua/Ucr 0.524 (0.08, 3.54) 0.508 0.42 (0.03, 6.22) 0.525

OR odds ratio, CI confidence interval
See Table 1 for abbreviations

Multivariate analysis was performed by adjusting age, BMI, hypertension, and drug species (xanthine oxidase inhibitors or benzbromarone)

Discussion

When prescribing a self-restricted diet to gout patients, a 24-h
Uua level of 800 mg/day is the most commonly used lower
limit for uric acid overproducers, although this limit varies
widely, ranging between 700 and 1000 mg/day. In Asians,
1000 mg/day has been suggested as the most appropriate
cutoff, as less than 10 % of Asian gout patients are estimated
to be overproducers [15]. In our study, only two patients had
an adjusted 24-h Uua>800 mg/day/1.73 m?, and the highest
24-h Uua was 859 mg/day/1.73 m? Patients with EuaGF>
0.7 mg/dl/1.73 m? [22] or Cua>6 ml/min/1.73 m* [23] are
classified as overexcretors. Only three of our patients were
overexcretors (Cua, 6.64 ml/min/1.73 m? in one patient;
EuaGF, >0.7 mg/dl in two patients). Therefore, most of our
patients were “underproducers” of uric acid. Compared to
normal controls, gout patients had higher renal uric acid loads
(FLua, 8.42 %+2.30 % vs. 4.78 %=+1.41 %) and diminished
renal Cua. This phenomenon has been previously demonstrat-
ed [24]. Perez-Ruiz et al. [20] reported a FLua of 5.58+
1.22 mg/min/1.73 m? in healthy controls and 9.73+2.02 mg/

Table 6 Pearson correlation analysis of association between the changes
of Sua and changes of multiple variables

Change of variables ~ Change of Sua in Change of Sua in
XOlIs group (n=62)  Uricosuric group (n=26)

Uua 0.208 0.58
FLua 0.912%* 0.943%*
Cua —0.086 —0.565*
FEua —0.222 —0.650*
EuaGF 0.091 —0.047
Uua/Ucr 0.137 —-0.89

See Table 1 for abbreviations
*P<0.01; **P<0.001
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min/1.73 m? in gout patients (P<0.05). Moreover, their pa-
tients also showed impaired renal handling of uric acid com-
pared to the normal individuals, with a lower Cua (4.96+
1.30 mg/min/1.73 m? vs. 8.31+1.85 mg/min/1.73 m?,
P<0.05) and FEua (4.59+1.19 % vs. 7.57+1.85 %,
P<0.05). However, the exclusion criteria differed between
our study and their study. They chose subjects with normal
renal function as their target population (Ccr: 111+18 ml/min/
1.73 m? for healthy controls and 109+18 ml/min/1.73 m? for
gout patients), whereas our patients had mild renal dysfunc-
tion with a mean Ccr of 89.55 ml/min/1.73 m?. Our selection
criteria are in line with the real clinical situation, in that the
vast majority of gout patients have renal dysfunction [10].

Lines of evidence support that hypertension is commonly
associated with hyperuricemia. Almost 30 % of patients with
hyperuricemia or gout have hypertension [25]. An activation
of renin-angiotensin system (RAS) has been shown directly or
indirectly associated with hyperuricemia either in animal
models [26] or in patients [27]. However, one study reported
that RAS-blocking drugs did not bring the protective effect of
normalized Sua levels [28]. Therefore, whether and how
hypertension could affect the Sua and uric acid excretion are
still in debate. Another confounding factor is the anti-
hypertensive drugs, especially diuretics and ARBs, which
would act on uric acid excretion. In our study, ARBs were
prescribed in 13 patients, including valsartan (11 patients) and
candesartan (2 patients). Previous research has demonstrated
that Losartan has the uricosuric effect by inhibiting urate trans-
porter 1 (URAT-1) in the renal tubules [29]. Other ARBs like
candesartan, olmesartan, and valsartan had no effect or slightly
interfered with uric acid excretion [30]. Our data showed that
indicators reflecting uric acid excretion function had no differ-
ence among the patients using hypotensive drugs, patients free
of anti-hypertensive medication, and those without hyperten-
sion. The relationships between Sua and hypertension, as well
as Sua and anti-hypertensive drugs need to be verified.
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The renal handling of uric acid is regulated by glomerular
filtration and proximal tubular transportation (mainly trans-
porters for secretion and reabsorption). Uric acid causes the
damage to the kidney epithelial cells leading to the deteriora-
tion of kidney function, which further aggregates hyperurice-
mia. Numerous animal models have proved that hyperurice-
mia induces glomerular hypoxia and eventually accelerates
glomerulosclerosis [31]. In addition, impairment of proximal
tubules occurs in gout patients. Uric acid is involved in the
pathogenesis of acute kidney injury, chronic kidney disease,
and hypertension [1]. Likewise, a diminished GFR or a prox-
imal defect in clearing uric acid disrupts Sua homeostasis and
eventually aggravates hyperuricemia. ULT is useful to im-
prove the renal handling of uric acid. Obermayr et al. [32]
found that Sua levels of 7-8.9 mg/dl nearly doubled the risk
for a decline in renal function (OR=1.74, 95 % CI: 1.45-
2.09), while Sua levels >9.0 mg/dl tripled this risk (OR=3.12,
95 % CI: 2.29-4.25). A few clinical trials have investigated
the effect of ULTs on renal function. Feig et al. [33] reviewed
seven studies of uric acid and chronic kidney disease (chronic
kidney disease stage 2—4) published over the past 7 years; all
these studies demonstrated that Sua reduction (by allopurinol
100-300 mg/day) increased estimated GFR and delayed the
progression of chronic kidney disease. In our study, XOI
group patients showed an obvious elevation of GFR after
ULT, which supports the above results. FEua reflects tubular
uric acid clearance adjusted for GFR, canceling out the impact
of urinary volume. Our study showed that FEua was much
lower in gout patients than in healthy individuals. Statistics
have showed that this tubular defect has a genetic background,
and its heritability has been estimated to be as high as 87 %
[34]. After anti-hyperuricemia therapy with XOlIs, patients
who reached the treatment target had a higher FEua than the
target-failure patients. This suggests that ULT may better
preserve tubular uric acid excretion. However, this finding is
far from conclusive and should be confirmed in basic research
studies. Nevertheless, we can conclude that ULT promotes
renal uric acid clearance, by improving glomerular filtration
and/or increasing tubular excretion. Furthermore, the concept
of'treat to target is of great importance. Remarkable increase in
kidney function was witnessed in patients with post-treatment
Sua <6 mg/dl (Ccr increased from 88.54+11.62 ml/min/
1.73 m? at the baseline to 93.98+13.77 ml/min/1.73 m? after
treatment, P<0.05). These patients had a stronger ability to
clear uric acid, showing higher FEua and Cua than patients in
the target-failure group. Interestingly, in the target-failure
group, the Sua at the observational endpoint was ~7 mg/dl
(7.61+1.61 mg/dl), which is the upper limit for
normouricemia. This finding strongly supports that 6 mg/dl
is more appropriate cutoff for the treat to target strategy.

The last issue that we tried to explore is which type of ULT
is superior. Many studies have reported that hyperuricemia
contributes to the development and progression of

cardiovascular and metabolic diseases and causes vital organ
damage [35-37]. Therefore, the necessity of standardized
ULT is compelling. The two conventional cornerstones of
ULT are XOlIs and uricosuric agents. In our study, the repre-
sentative XOlIs, allopurinol and febuxostat, were compared
with the classical uricosuric agent benzbromarone by observ-
ing the changes in renal urate excretion. XOIs were recom-
mended as first-line drugs for gout in the 2012 ACR guide-
lines. A uricosuric agent like probenecid was recommended as
an alternative first-line drug only in patients with contraindi-
cations or intolerance to XOls. Although benzbromarone was
withdrawn in 2003 in Europe and America due to serious
hepatotoxicity, the classical uricosuric agent still has a large
market in Asian countries, including China. There are two
reasons for the continued use of benzbromarone in China:
benzbromarone-related hepatotoxicity is rare in Asia, and
other uricosuric agents, like probenecid, are unavailable in
China. In addition, allopurinol-associated hypersensitivity
syndrome is of great concern, as this syndrome occurs more
frequently in Asian countries [38], including China, Japan,
and Korea. Owing to the above-mentioned reasons,
benzbromarone and XOlIs are of equivalent importance in
China. Pearson correlation analysis confirmed the different
pharmacological mechanisms of XOIs and uricosuric agents
on urate excretion. XOlIs reduce renal uric acid load mainly by
reducing uric acid production; they have no effect on tubular
excretion of uric acid. Benzbromarone increases Cua by not
only lightening uric acid load but also blocking uric acid
reabsorption. It is crucial that after the achievement of similar
uric acid loads, renal function was significantly improved in
the XOI group (Cer: from 94.06+15.30 ml/min/1.73 m? to
89.11+14.16 ml/min/1.73 m?, P<0.05) but not in the
benzbromarone group. Since there are no consistent and sys-
temic recommendations regarding specific ULTs in gout pa-
tients with renal impairment, we speculate that XOIs are
optimal in gout patients with mild renal dysfunction. As
observed in our study, Cua and FLua predict the effects of
ULT. They are good parameters for monitoring Sua levels and
evaluating the renal handling of uric acid.

A small sample size and short treatment duration are the
limitations of our study. This difference was probably attrib-
utable to the shorter mean treatment duration in the
benzbromarone group. We admit that further analyzing the
impact of different dose of febuxostat on renal handling of uric
acid will help us to compare different XOIs and the dose
effect. Besides, hypertension and anti-hypertensive drugs like
ARBEs also acted on renal uric acid excretion. This impact was
not eliminated in our study. In conclusion, gout patients show
higher uric acid loads than do healthy controls and impaired
renal handling of uric acid. ULTs can promote renal Cua by
improving glomerular and tubular function. XOlIs are superior
to uricosuric agents in lowering Sua in patients with renal
impairment.

@ Springer
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