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Abstract

Objectives. To compare the efficacy and safety of citrate mixture and sodium bicarbonate on urine alkalization in
gout patients under benzbromarone treatment.

Methods. A prospective, randomized, parallel controlled trial was conducted among 200 gout patients in the dedi-
cated gout clinic of the Affiliated Hospital of Qingdao University. The participants were randomly divided into two
groups (1:1), sodium bicarbonate group (3 g/day) and citrate mixture group (7 g/day). All patients were prescribed
with 25 mg/day benzbromarone at initiation and maintained at a dose of 50 mg/day. Clinical and biochemical data
were collected at each follow-up time point (baseline, weeks 2, 4, 8 and 12).

Results. A total of 182 patients completed the 12-week urine alkalization study. The urine pH value of both
groups increased significantly from the baseline to the final follow-up time point (sodium bicarbonate group, 5.50-
6.00, P < 0.05; citrate mixture group, 5.53-5.93, P < 0.05). While the comparisons regarding urine pH between treat-
ment groups showed no significant differences for each time point. The estimated glomerular filtration rate (eGFR)
dropped significantly after 12 weeks’ trial in the sodium bicarbonate group (P <0.01), while it was comparable be-
tween baseline and the last follow-up (P> 0.05) in the citrate mixture group. Results of urine analysis showed that
the incident rate of occult blood in the sodium bicarbonate group was higher than that in the citrate mixture group
(38 vs 24%, P <0.05), accompanied by a similar occurrence of kidney stones. After 12-week follow-up, the fre-
quency of twice gout flare in the citrate mixture group was significantly lower than that in sodium bicarbonate
group (4 vs 12%, P=0.037). No treatment-emergent adverse events occurred.

Conclusion. The efficacy of citrate mixture on urine alkalization is comparable to sodium bicarbonate under benz-
bromarone treatment without significant adverse events. Citrate mixture is superior to sodium bicarbonate in lower-
ing the incidence of urine occult blood and the frequency of gout attacks.

Trial registration. Registered with ChiCTR (http://www.chictr.org.cn), No. ChiCTR1800018518.
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Rheumatology key messages

o Citrate mixture shows similar efficacy to sodium bicarbonate in urine alkalization for gout patients.

o Citrate mixture is superior to sodium bicarbonate in lowering the incidence of urine occult blood and the frequency
of gout attacks.

o A standardized method of urine pH determination should be instituted.
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Introduction

In recent years, the incidence of renal calculus in
patients with gout has increased up to 33% [1]. Pure
urate stones are found in ~50% of patients with gout
[2]. Urate crystals are deposited in renal tubules and
interstitium, causing substantial renal damage, such as
inflammatory response and fibrosis. Low urine pH
(<5.5), low urine volume and high urine urate are con-
sidered as three main causes of urate renal calculus [3].
Although kidney damage in gout patients is mostly
linked to hyperuricaemia-led vascular damage [4] and
monosodium urate crystal deposition in the medulla [5],
renal damage caused by hyperuricaemia and urate crys-
tals is also closely related to urine pH as low urine pH
decreases the solubility of urate in the kidney [6]. In the
case of uricosurics, recent lesinurad trials support that
the combination of xanthine oxidase inhibitors and uri-
cosurics prevents the occurrence of stones [7]; however,
the increased risk of adverse events should not be
ignored [8]. Furthermore, Asplin and Goldfarb [9] demon-
strated that the use of xanthine oxidase inhibitors such
as allopurinol and febuxostat alone to prevent kidney
stones is far less effective than alkalizing urine drugs. A
lower urine pH determines the solubility of urate in urine
and promotes the autophosphorylation of Pyk2, gener-
ation of reactive oxygen species and damage of the tu-
bule interstitium, and causes proteinuria and kidney
damage [10]. Although urine alkalization in the manage-
ment gout patients has not been established, the urine
pH in gout patients, especially for uricosurics users,
needs appropriate attentions.

Thus far, there is still no standard treatment for alkali-
zation and pH measurement of urine. The commonly
used alkaline urine drugs are mainly sodium bicarbon-
ate, potassium citrate and citrate mixture. Sodium bicar-
bonate mainly regulates acid-base disorders in the body
by increasing serum bicarbonate ions. It is suitable for
patients with chronic kidney disease (CKD) and metabol-
ic acidosis [11]. Potassium citrate is the first choice to
dissolve and prevent urinary acid kidney stones in the
clinic [12]. Nevertheless, only 13% of patients who used
potassium citrate to treat kidney stones can maintain
long-term medication, because potassium citrate causes
adverse effects such as abdominal pain and diarrhoea
[13]. Citrate mixture has been reported to alkalize urine
as well as to improve renal function [14], with its high
water solubility and more acceptable taste. The meth-
ods used to monitor pH also seem to vary considerably,
with some studies using pooled 24-h urine for pH deter-
mination [15-17] and others using periodic measure-
ments [3, 18, 19]. Even if periodic measurements are
used to measure the pH value of urine, they are incon-
sistent in measurement interval, collection conditions
and analysis methods.

The indication of urine alkalinization in gout patients is
still debatable [14, 20]. The British Society for
Rheumatology Guideline for the Management of Gout
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and 2018 multidisciplinary consensus in Taiwan for gout
suggest that gout patients, especially those using urico-
suric agents and recurrent stone formers, should alkalize
urine [21, 22]. However, the 2020 ACR Gout Clinical
Practice Guidelines advise against alkalized urine for
gout patients due to the lack of evidence [20].

In order to provide gout patients with a more reliable
alkalized urine scheme and to provide evidence for the
guidelines, this study was conducted to compare the ef-
ficacy and safety of the citric mixture (50% citric acid,
10% sodium citrate, 10% potassium citrate and 20%
sodium carbonate) and sodium bicarbonate.

Methods
Study design and participants

The study was a prospective, randomized, parallel, con-
trolled clinical trial. This trial was approved by the Ethics
Committee of the Affiliated Hospital of Qingdao
University and registered at the China Clinical Trial
Registration Center (No. ChiCTR1800018518). Patients
with primary gout were recruited between July 2018 and
April 2019 from the dedicated gout clinic of the Affiliated
Hospital of Qingdao University. Written informed con-
sent was obtained from all patients before the initiation
of the trial.

Inclusion criteria were age between 18 and 70years
old, male, meeting the 2015 ACR/EULAR clinical diag-
nostic criteria for gout [23]. Exclusion criteria included
glomerular filtration rate (eGFR) <60ml/min/1.73 m?,
serum urate (SU) <420 pmol/l, transaminase >2-fold of
the upper limit of normal, urine pH (morning urine) >6,
combined with kidney stones or polycystic kidneys
detected by US before the enrolment, taking other drugs
affecting SU and/or urine pH (supplementary Table S1,
available at Rheumatology online).

Treatment and procedures

All participants included in the study underwent a 14-day
washout period with a low-purine diet and drug washout.
If a gout flare occurred during this period, patients were
given etoricoxib 120mg per day for 3-5days and
restarted the period. Patients were randomly assigned to
the sodium bicarbonate group or the citrate mixture
group (1:1) according to a random number generator.
Patients in both groups received urate-lowering treatment
and urine alkalization treatment (sodium bicarbonate 1g
three times a day, citrate mixture 3.5g twice a day) for
12 weeks. Benzbromarone was administrated at an initial
dose of 25mg/day and maintained at 50mg/day with
2000-2500ml water consumed daily. If the levels of
transaminase were higher than twice of the upper limit of
normal, polyene phosphatidylcholine would be given for
liver protection. Colchicine (0.5 mg/day) was taken during
the trial to prevent gout attacks that might be caused by
SU dropping, and the regimen for the acute attack of
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gout during treatment was 120 mg etoricoxib once a day
for 3-5days, while continuing to take urate-lowering ther-
apy and urine alkalization.

General information including age, age of onset of
gout, smoking history, drinking history, comorbidities
and family history were collected. Laboratory indicators
including SU, alanine aminotransferase, aspartate ami-
notransferase, triglyceride, total cholesterol, blood urea
nitrogen, creatinine, glucose, and potassium (K*), so-
dium (Na™) and chloride (CI™) electrolytes in blood were
measured using an automatic biochemical analyser
(TBA-40FR, Toshiba Company, Tokyo, Japan). Urine
protein, urine leucocyte and urine erythrocyte were
measured using a urine automatic analyser (AX-4280,
ARKRAY Company, Kyoto, Japan). The results were
reported as positive when the concentration of protein
was >0.3g/l, blood cells or haemoglobin >0.6 mg/l and
white blood cells >25/pul in the urine sample. Laboratory
indicators were tested at baseline, weeks 2, 4, 8 and
12. The simplified Modification of Diet in Renal Disease
formula [186 x (serum creatinine/88.4)~ 154 x age 0208
for men] was used to calculate eGFR [24]. Patients were
instructed to collect clean mid-course urine in the morn-
ing, and urine pH was directly measured using a pre-
calibrated pH electrode (FE28-STANDARD, METTLER
Toledo Company, Zurich, Switzerland). Urine pH was
measured three times and the mean value was
recorded.

Outcomes

The primary outcomes were change and distribution of
urine pH. The comparison in urine pH distribution were
mainly observed in percentage of acidic urine (pH <5.5)
and normal pH urine (6.2 < pH < 6.9) in each group.
For the categorization (pH <5.5, 5.5-6.2, >6.2) of urine
pH, urine pH <5.5 referred as acidic urine [25], 6.2 <
pH < 6.9 was considered to be beneficial for urine urate
dissolution [26]. The secondary outcomes included
change of SU, eGFR and blood electrolytes. The inci-
dence of kidney stones, frequency of gout flare and
treatment-related adverse events were recorded.

Statistical analysis

The study was powered to detect a 0.225 difference in
urine pH between both alkalization strategies based on
our preliminary study in which the urine pH of the
patients taking sodium bicarbonate increased by 0.450
and (s.n.) was 0.420 while in the citrate mixture group
the urine pH increased by 0.675 (s.n. 0.450). Therefore,
to detect this 0.225 difference using a significance level
of «=0.05 and a power of 90%, 100 patients were
needed in each group with a 20% drop-out taken into
account.

SPSS v25.0 (IBM SPSS, Chicago, IL, USA) was used
for data analysis. Data were expressed as mean (s.D.),
median (interquartile range) or number (percentage).
Baseline comparisons were performed by independent
sample t-test or Mann-Whitney rank-sum test.
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Comparison of categorical data was made by the ¥2
test. Follow-up data used the repeated measurement
data model to analyse the change trend of the two
groups of data. The calculation method of the model
emphasized the comparison of the trends of eGFR,
serum creatinine, blood urea nitrogen, triglyceride and
other variables over time between the two groups. The
comparison of distribution of urine pH between the two
groups was calculated by y? with three subgroups (pH
> 6.2, 5.5-6.2, <5.5). P<0.05 was regarded as statis-
tically significant.

Results
Patients

A total of 538 gout patients was recruited from July
2018 to April 2019. Of these, 200 eligible patients were
randomly assigned to the sodium bicarbonate (n=100)
or citric acid mixture group (n=100). The other 338
patients were excluded because of the following rea-
sons: SU <420 umol/l (n=125), eGFR <60 ml/min/1.73
m? (n=86), kidney stones or polycystic kidney disease
(n=19), urine pH >6 (n=35), transaminase >2-fold the
upper limit of normal (n=38), using other drugs affecting
SU and/or urine pH (n=145). Finally, 182 patients (so-
dium bicarbonate group, n=90; citrate mixture group,
n=92) completed the 12-week follow-up study (Fig. 1).

Baseline characteristics

As shown in Table 1, the demographic and general vari-
ables at the baseline were comparable between the so-
dium bicarbonate group and the citrate mixture group.
The mean SU (s.p.) levels were 494.12 (51.26) pmol/I
and 507.18 (68.12) umol/l in the sodium bicarbonate
group and the citrate mixture group (P> 0.05), respect-
ively (Table 1). In the sodium bicarbonate group, the me-
dian (interquartile range) of urine pH was 5.50 (5.29,
5.75), similar to the citrate mixture group, pH 5.53 (5.26,
6.00) (Table 1). No significant differences of blood or
urine parameters were detected between the groups
(Table 1).

Primary outcomes

The urine pH value of both groups increased significant-
ly from the baseline to the final follow-up time point
(P<0.05, Fig. 2). The median urine pH was elevated
9.1% in the sodium bicarbonate group [from 5.50 (95%
Cl 5.43, 5.57) to 6.00 (95% CI 5.81, 6.05)] and 7.2% in
the citrate mixture group [from 5.53 (95% CI 5.48, 5.63)
to 5.93 (95% CI 5.80, 6.01)] (Fig. 2A). Comparisons
regarding urine pH between treatment groups for each
time point showed no significant difference (Fig. 2A). We
subgrouped the patients according to their pH values
(>6.2, 5.5-6.2, <5.5) and found no significant difference
of urine pH between the two groups either at baseline
(P> 0.05, Fig. 2B) or at week 12 (P> 0.05, Fig. 2C).
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Fic. 1 Flow chart of the study
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Secondary outcomes—changes of clinical parameter

Patients in both of the groups underwent a 12-week
urate-lowering and urine alkalization therapy. The mean
SU of the sodium bicarbonate group decreased from
494.12 (51.26) to 363.24 (82.94) umol/I (Table 2). In the cit-
rate mixture group, the mean SU dropped from 507.18
(68.12) to 372.65 (95.05) umol/l (Table 2). There was no
significant difference between the two groups in SU at
last visit (P> 0.05, Table 2). The mean eGFR value of the
two groups fluctuated during the study. It was 94.72
(17.63) mi/min/1.73 m? at week 12, showing a 4.92ml/
min/1.73 m? decrease in the sodium bicarbonate group
(P <0.01, Table 2). However, the eGFR in the citrate mix-
ture group was comparable between baseline and the last
follow-up (99.15 + 18.62 vs 96.40 *+ 20.47 ml/min/1.73 m?,
P> 0.05), while it increased to 102.31 = 19.03 ml/min/1.73
m? at week 2 (P < 0.01, Table 2). There was no significant
difference between the two groups in eGFR at week 12
(P>0.05, Table 2). During the trial, the average levels of
hepatic- and other renal-related parameters of the two
groups were both within the normal range (Table 2). No
significant changes were detected in glucose and lipid
metabolic indicators (Table 2).

Safety

Since sodium bicarbonate and citrate mixture may cause
changes in serum electrolytes, we measured patients’
serum K, Na™ and CI~ at the first and the last visit.
When comparing the levels of serum electrolytes be-
tween the two groups, neither K* (P> 0.05, Fig. 3A), Na*
(P>0.05, Fig. 3B) nor CI~ (P>0.05, Fig. 3C) displayed
significant differences. No significant changes of serum
electrolytes were found between baseline and final in the
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sodium bicarbonate group (P> 0.05, Fig. 3). Although the
mean (s.0.) Na' increased from 142.90 (2.58) to 144.02
(2.34) mmol/l (P<0.01, Fig. 3B) and CI™ increased from
102.87 (2.06) to 103.52 (2.36) mmol/l (P < 0.05, Fig. 3C) in
the citrate mixture group, the absolute levels of Na™ and
CI™ were within the reference range.

The incidence of kidney stones (7.0 vs 8.0%), urinary
protein (2.0 vs 1.0%) and urine leukocytes (4.0 vs 1.0%)
between the two groups of patients taking citrate mix-
ture and sodium bicarbonate urine showed no signifi-
cant differences (P> 0.05, Table 3). However, in terms
of the incidence of urine occult blood, there was a sig-
nificant difference between the two groups, with a lower
rate in the citrate mixture group than in the sodium bi-
carbonate group (24.0 vs 38.0%, P < 0.05, Table 3).

The total frequency of gout flare was 32.0 and 28.0%
in the sodium bicarbonate group and the citrate mixture
group (P> 0.05, Table 3), while the frequency of patients
with two attacks in the citrate mixture group was signifi-
cantly lower than that in the sodium bicarbonate group
(4 vs 12%, P <0.05, Table 3). Given that benzbromarone
may lead to severe liver damage [27, 28], we monitored
transaminases in patients during the trial. The mean lev-
els of transaminase in both groups were within the nor-
mal range, and the transaminase at week 12 was close
to the baseline. Among the patients with elevated transa-
minases, only four patients’ transaminases were >2-fold
the upper normal limit. For these patients, we prescribed
hepatic-protective drugs, such as polyene phosphatidyl-
choline. Although the eGFR of the sodium bicarbonate
group decreased at week 12, there were no new-onset
patients with CKD in either group. No obvious adverse
reactions of digestion, respiration and cardiovascular
function occurred in these two groups (Table 3).

https://academic.oup.com/rheumatology
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TasLe 1 Baseline characteristics of the sodium bicarbonate and citrate mixture group

Sodium bicarbonate (n = 100)

Citrate mixture (n = 100) P-value

Demographic and general variables

Age (years), mean (s.n.) 44.34 (12.64) 41.83 (13.53) 0.177
BMI (kg/m?), mean (s.p.) 26.77 (2.98) 26.38 (4.08) 0.445
Systolic blood pressure (mmHg), mean (s.p.) 132.83 (13.04) 130.65 (14.98) 0.271
Diastolic blood pressure (mmHg), mean (s.p.) 82.87 (9.16) 81.01 (11.26) 0.199
Duration of gout (years), median (IQR) 3.00(1.00, 7.75) 3.00 (0.73, 6.00) 0.764
Family history of gout, n (%) 20.00 (20.00) 16.00 (16.00) 0.462
Smoking, n (%) 35.00 (35.00) 35.00 (35.00) 1.000
Drinking, n (%) 50.00 (50.00) 54.00 (54.00) 0.571
Under regularly urate-lowering therapy 10.00 (10.00) 16.00 (16.00) 0.207
Comorbidities
Hypertension, n (%) 23.00 (23.00) 19.00 (19.00) 0.487
Diabetes, n (%) 6.00 (6.00) 1.00 (1.00) 0.118
Fatty liver, n (%) 26.00 (26.00) 16.00 (16.00) 0.083
Tophi, n (%) 16.00 (16.00) 13.00 (13.00) 0.547
Blood chemistry parameters
ALT (U/l), median (IQR) 25.00 (19.08, 36.15) 26.00 (19.00, 35.30) 0.970
AST (U/l), median (IQR) 19.80 (16.93 23.60) 21.00 (17.00, 24.05) 0.386
Fasting glucose (mmol/l), median (IQR) 5.45(5.11,5.77) 5.43 (5.02, 5.74) 0.400
Triglyceride (mmol/l), median (IQR) 1.90 (1.12, 2.69) 1.84 (1.33, 2.59) 0.763
Cholesterol (mmol/l), mean (s.p.) 4.86 (0.82) 4.79 (0.84) 0.582
Blood urea nitrogen (mmol/l), median (IQR) 4.30 (3.60, 5.20) 4.40 (3.60, 5.16) 0.824
Serum creatinine (umol/l), mean (s.p.) 80.37 (12.18) 80.73 (12.67) 0.836
Serum urate (umol/l), mean (s.p.) 494.12 (51.26) 507.18 (68.12) 0.125
eGFR (ml/min/1.73 m?), mean (s.p.) 99.64 (19.51) 99.15 (18.62) 0.858
Serum sodium(mmol/l), mean (s.p.) 143.24 (2.18) 142.90 (2.58) 0.461
Serum potassium (mmol/l), mean (s.p.) 4.41 (0.31) 4.43 (0.27) 0.695
Blood chlorine (mmol/l), mean (s.p.) 103.19 (2.38) 102.87 (2.06) 0.455
Urine parameters
pH, median (IQR) 5.50 (5.29, 5.75) 5.53(5.26, 6.00) 0.294
Urine protein, n (%) 1.00 (1.00) 00 1.000
Haematuria, n (%) 5.00 (5.00) 9.00 (9.00) 0.268
Urine leucocyte, n (%) 2.00 (2.00) 0.497

Data are presented as the mean (s.p.), median (interquartile range) or number (proportion). ALT: alanine aminotransferase;
AST: aspartate aminotransferase; eGFR: estimated glomerular filtration rate; IQR: interquartile range; 1 mmHg=0.133 kPa.
P-values refer to comparison between the sodium bicarbonate group and the citrate mixture group.

Discussion

In this study, the effects of a fixed oral dose of urine
alkalization agents (citrate mixture and sodium bicarbon-
ate) were investigated. After 12 weeks of treatment, the
urinary pH increased with a similar scale in the citrate
mixture group and sodium bicarbonate group. The
results indicate that citrate mixture shows a similar effi-
cacy to sodium bicarbonate in urine alkalization for gout
patients.

The necessity of urine alkalization has been men-
tioned repeatedly in the gout and hyperuricaemia guide-
lines. The 2012 ACR gout guidelines considered urine
alkalization with monitoring of urine pH as a risk man-
agement strategy for urolithiasis [29]. In addition, the
2018 Taiwan gout guidelines insisted on the institution
of urine alkalization in gout treatment [22]. The 2017
British gout guidelines emphasized that alkalization of
the urine with potassium citrate should be considered in
recurrent stone formers [30]. However, the 2020 ACR

https://academic.oup.com/rheumatology

Gout Clinical Practice Guidelines advise against alkal-
ized urine for gout patients due to the lack of clinical
evidence [15]. The unstandardized detection methods
for urine pH and the underemphasis on the benefits of
urine alkalization in gout patients hinder the clinical ap-
plication of urine pH detection. Our evidence-based
study supports the use of urine alkalization in gout
patients and is expected to provide some evidence for
the development of guidelines.

Gout increases the risk of CKD, which has become a
major public health problem endangering human health
[31, 32]. Gouty nephropathy is manifested by intermit-
tent proteinuria, microscopic haematuria, impaired renal
concentration function, increased nocturia and uremia
[33]. The formation of urate crystals needs a specific pH
and ionic environment. In the treatment of gout, it is
reported that maintaining the pH of urine at 6.2-6.9 can
dissolve urate crystals [26]. When the urine pH is >6.5
the nucleation of crystals will be inhibited and the excre-
tion of urate will be promoted [34]. The mechanism of
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Fic. 2 The trend and distribution of urine pH
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tribution at baseline (B) and at the end of trial (C); data are expressed with proportions.

urine alkalization can be explained by reduction of the
generation of oxygen free radicals, and thus reducing
oxidative damage to the kidneys [10]. Gout guidelines
indicate that alkalizing urine prevents the incidence of
urinary stones in gout patients [21, 22], with a minimized
incidence of CKD.

The primary outcome of this study showed that the ef-
fect of citrate mixture on alkalizing urine was similar to
sodium bicarbonate. Our results were consistent with a
previous trial of sodium bicarbonate and potassium cit-
rate in homozygous cystinuria, showing citrate and so-
dium bicarbonate were equally effective in the
alkalization of urine [35].
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Compared with the sodium bicarbonate group, the in-
cidence of urinary occult blood was lower in the citrate
mixture group. It is well known that citrate ions can
combine with calcium ions in the kidney to form soluble
calcium citrate, which prevents the formation of urolithic
calcium [36]. Also, potassium intake can also prevent
the formation of kidney stones (odds ratio = 0.44, 95%
Cl 0.36, 0.53) [37]. The lower incidence of occult blood
in the citrate group can reflect the role of potassium cit-
rate in dissolving existing stones and preventing new
stones. Citric acid can not only dissolve the stone to
make it smaller, but can also weaken the edge angle of
the stone, so as to avoid scratching the urethra and

https://academic.oup.com/rheumatology
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Effects of urine alkalization in gout patients
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Fic. 3 Serum electrolyte changes in the two groups
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Serum potassium (A), serum sodium (B) and serum chlorine (C) levels. Data are expressed as mean (s.p.).

TaBLE 3 Adverse events

Sodium bicarbonate (n = 100) Citrate mixture (n =100) P-value

Renal calculus, n (%) 8(8) 7(7) 0.788
Urinary protein 1(1) 22 1.000
Urine leukocytes 1(1) 4 (4) 0.369

Urine occult blood, n (%) 38 (38) 24 (24) 0.032

Gout flare, n (%) 32 (32) 28 (28) 0.537
Once 20 (20) 24 (24) 0.495
Twice 12(12) 4 (4) 0.037

Transaminase elevation from normal, n (%) 31(31) 27 (27) 0.533
1-2 x ULN 28 (28) 26 (26) 0.750
2-3 x ULN 31 1(1) 0.621
>3 x ULN 00 00 1.000

New-onset CKD based on eGFR, n (%) 00 1(1) 1.000
eGFR <60 ml/min/1.73 m? 00 1(1) 1.000
eGFR <45 ml/min/1.73 m? 00 00 1.000

Gastrointestinal disorders, n (%) 3@ 5(5) 0.721

Cardiovascular events, n (%) 00 2(2) 0.497

Skin and subcutaneous tissue disorders, n (%) 1(1) 1(1) 1.000

Respiratory, thoracic and mediastinal disorders, n (%) 3@ 1(1) 0.621

Other adverse events, n (%) 00 00 1.000

ULN: upper limit of normal; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate.
causing haematuria when the stone is discharged. the eGFR of the citrate mixture group did not change sig-

Furthermore, we also found that the eGFR of the sodium nificantly. The reduction of eGFR in the sodium bicarbon-
bicarbonate group was lower than before treatment, while ate group may be related to the metabolic acidosis of the
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kidneys, which produces more renal endothelin and in
turn damages the renal tubules [38]. Our study suggested
lower incidence of urine occult blood in the citrate mix-
ture group, indicating a renal protection function.

To some extent, both citric mixture and sodium bicar-
bonate would cause the change of body electrolytes.
Although the serum sodium and chloride increased in
the citrate mixture group after 12 weeks of treatment,
the levels of sodium and chloride ions were still within
the normal range. No significant difference of serum po-
tassium was found in the citrate mixture group.

Decreasing gout flare is the primary goal of urate-
lowering treatment in patients with gout. Previous stud-
ies have shown that the frequency of gout flare of early
urate-lowering treatment combined with colchicine was
20-30% [39], which is similar to the results of our trial. It
is noted that the frequency of gout flare was lower in
the citrate mixture group than in the sodium bicarbonate
group. We suppose that the low proportion of patients
with two gout flares in the citrate mixture group may be
explained by the inhibition of monosodium urate crystal
formation in joints by citrate.

Urine pH is affected by many factors, such as SU
[40], components of metabolic syndrome [41] and the
method of urine pH measurement. In this study, we
adjusted the dosage of benzbromarone according to the
SU to make comparable SU levels of the two groups.
The components of the metabolic syndrome had no dif-
ference between the two groups. Although some studies
used pooled 24-h urine for pH determination [16, 42],
we measured urine pH directly after urinating in the
morning given that 24-h urine could easily be polluted
and prone to alkalization for bacterial growth and urea
decomposition [43]. Our study used pH electrode rather
than pH paper to determine urine pH, allowing for a
greater accuracy [3].

Two limitations of the study should be acknowledged.
First, the generalizability of the sample population is lim-
ited as this study was a single clinical centre ftrial.
Second, there was a lack of detailed research on urine
components, especially citrate ions.

In summary, our clinical trial emphasized the import-
ance of urine alkalization in gout patients and that citrate
mixture is superior to sodium bicarbonate for lowering
the incidence of urine occult blood and the frequency of
gout attacks, though with a similar role in urine alkaliza-
tion. A standarized method of urine pH determination
should be instituted in the monitoring procedure.
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