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Abstract

Background Low urine pH, which may be mediated by metabolic syndrome (MetS), is common in gout. Tart cherries
are shown to improve MetS symptoms and possess anti-inflammatory properties. However, the efficacy of tart cherry
supplements on urine pH has yet to be studied.

Objectives This study aimed to investigate the efficacy and safety of tart cherry supplementary citrate (TaCCi) mix-
ture on urine pH, serum urate (sUA), C-reactive protein (CRP), and gout flares in gout patients initiating urate-lowering
therapy (ULT), in comparison to citrate mixture and sodium bicarbonate.

Methods A prospective, randomized (1:1:1), open-label, parallel-controlled trial was conducted among 282 men
with gout and fasting urine pH <6, who were initiating ULT with febuxostat (initially 20 mg daily, escalating to 40 mg
daily if serum urate = 360 umol/L). Participants were randomized to groups taking either sodium bicarbonate, citrate
mixture, or TaCCi mixture. All participants were followed every 4 weeks until week 12. Urine pH and sUA were co-
primary outcomes, with various biochemical and clinical secondary endpoints.

Results Urine pH increased to a similar extent in all three groups. SUA levels declined in all three groups as well,

with no significant differences observed between the groups. At week 12, the TaCCi mixture group exhibited a greater
reduction in the urine albumin/creatinine ratio (UACR) compared to the other two groups (p < 0.05). Participants
taking TaCCi mixture or citrate mixture experienced fewer gout flares than those in the sodium bicarbonate group
over the study period (p < 0.05). Additionally, the TaCCi mixture group had a lower CRP level at week 12 relative

to the other two groups (p < 0.01). Adverse events were similar across all three groups.

Conclusion The TaCCi mixture had similar efficacy and safety on urine alkalization and sUA-lowering as the citrate
mixture and sodium bicarbonate in patients with gout. However, the TaCCi mixture resulted in greater improvements
in UACR and CRP, which suggests that tart cherry supplements may provide additional benefits for renal protection
and reduce inflammation in gout, particularly when starting ULT.
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Trial registration This project was registered in ChiCTR (www.chictr.org.cn), with the registration number:

ChiCTR2100050749.
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Background

Gout is the most common inflammatory arthritis world-
wide, with a high prevalence of comorbidities including
metabolic syndrome (MetS) [1-3]. In addition to elevated
serum and urinary urate levels, low urine pH is very com-
mon among patients with gout and primary hyperurice-
mia [4, 5]. A previous cross-sectional study among 3565
primary gout patients in our institution found that 46.5%
had aciduria (pH<5.5), and low urine pH was indepen-
dently linked to diverse kidney injuries, including chronic
kidney disease (CKD), nephrolithiasis, renal cyst, traces
of hematuria and proteinuria [6]. The low urine pH in
gout may be mediated by MetS, which is associated with
impaired ammoniagenesis and citrate excretion of the
renal proximal tubules [7, 8].

There is growing interest in the role of tart cherries
as complementary supplements for gout management
[9]. Tart cherries contain high levels of anthocyanins,
which have potent anti-inflammatory and anti-oxidative
properties [10]. Previous studies suggest tart cherry sup-
plements may provide benefits for MetS. In one animal
study, a tart cherry-enriched diet decreased total choles-
terol (TC) and low-density lipoprotein cholesterol (LDL-
C) levels, while increasing the high-density lipoprotein
cholesterol (HDL-C) concentration [11]. In humans,
cherry juice supplementation was shown to attenu-
ate systolic blood pressure [12] and improve 24-h blood
pressure, fasting blood glucose (FBG) levels, TC, LDL-C,
and TC/HDL-C ratio [13]. Furthermore, some studies
found that cherries and cherry products lowered serum
urate (sUA) levels in healthy or obese individuals [14, 15],
though this effect has not been consistently observed[16].
Additionally, cherries and cherry products may benefit
gout patients, with research finding a 35% lower risk of
gout flares [17].

Urine alkalinization may help limit urolithiasis and
enhance the effectiveness of urate-lowering therapy
(ULT) [18]. However, recommendations regarding urine
alkalization in gout management guidelines have been
inconsistent due to insufficient evidence. Some guide-
lines have suggested considering urine alkalization in
limited clinical settings [19, 20], while the 2020 Ameri-
can College of Rheumatology (ACR) gout management
guideline recommended against urine alkalization [21].
Maintaining the sUA levels below target through ULT is
the key strategy for gout management. Xanthine oxidase
inhibitors (XOI), such as allopurinol and febuxostat, are

strongly recommended as the first-line ULT drugs [21,
22]. XOI treatment decreases the urinary urate concen-
tration and may reduce the formation of uric acid crystals
and stones, but this may not necessarily apply to patients
with aciduria.

We have previously reported that a citrate mixture
had comparable efficacy to sodium bicarbonate on urine
alkalization in patients with gout and was superior in
reducing hematuria as well as gout flares [23]. How-
ever, the 24-h urinary albumin/creatinine ratio (UACR)
was not measured in that study, nor were any improve-
ments found in MetS components [23]. Here we report
the results of a clinical trial testing the efficacy and safety
of tart cherry supplementary citrate (TaCCi) mixture in
gout patients with XOI febuxostat initiation and acidic
urine, compared to a citrate mixture and sodium bicar-
bonate. The study hypothesized that the tart cherry sup-
plement would have an additional beneficial effect on
urine pH and sUA through improvements in MetS.

Methods

Study design and participants

This was an open-labeled, prospective, randomized, par-
allel controlled trial, conducted between September 2021
and June 2022 at the Gout Clinic of the Affiliated Hos-
pital of Qingdao University. A totally of 354 participants
were recruited. The study was conducted in accordance
with the Declaration of Helsinki and Good Clinical Prac-
tice, and the protocol was reviewed and approved by the
Ethics Committee of the Affiliated Hospital of Qingdao
University.

The trial was registered in ChiCTR (www.chictr.org.
cn), with the registration number ChiCTR2100050749.
Eligible participants were male, aged between 18 and
70 years, met the 2015 ACR/EULAR classification cri-
teria for gout, and were about to initiate ULT [24], with
fasting urine pH<6. Due to the low prevalence of gout
in women [25] and to minimize the sex confounding
influences, only male participants were included in this
study. Exclusion criteria included: on ULT or experienced
gout flare within 14 days before recruitment; estimated
glomerular filtration rate (eGFR)<60 ml/min/1.73 m?
sUA <420 pmol/L or>600 pmol/L; transaminase >two
folds of the upper limit of normal (ULN); taking other
drugs affecting sUA and/or urine pH; allergic to any
drugs or ingredients involved in this trial; secondary gout
and secondary hypertension. All participants gave their
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written informed consents before screening for eligibility.
Eligible participants were 1:1:1 randomly assigned to the
sodium bicarbonate, citrate mixture, or TaCCi mixture

group.

Procedures
All participants were required to undergo a 14-day wash-
out period to withdraw any drug with urate-lowering
potential and follow a low-purine diet before baseline
data was collected. The random number creator was used
to generate a randomization list for those eligible partici-
pants, who were 1:1:1 randomly assigned to the sodium
bicarbonate group (sodium bicarbonate 1 g, three times
a day), the citrate mixture group (citrate mixture: citric
acid 50%, sodium citrate 10%, potassium citrate 10%,
sodium carbonate 20% and excipient 10%, 3.5 g, twice a
day) or the TaCCi mixture group (TaCCi mixture: tart
cherry powder 25%, citric acid 30%, sodium citrate 2%,
potassium citrate 2%, sodium carbonate 30% and excipi-
ent 11%, 3.5 g, twice a day). All participants started ULT
with febuxostat (initially 20 mg daily, escalating to 40 mg
daily if sUA >360 pmol/L at first follow-up). Colchicine
or other gout flare prophylaxis drugs were not eligible in
the trial protocol, while etoricoxib 120 mg once a day for
3-5 days would be prescribed for patients who experi-
enced gout flare during the study. Participants were fol-
lowed every 4 weeks at a face-to-face visit until week 12.
Demographic and medical history data were acquired
at the baseline visit, including age, nephrolithiasis,
tophi, smoking, and drinking history. Blood and urine
parameters including sUA, triglycerides (TG), TC, FBG,
homeostasis model assessment of insulin resistance
(HOMA-IR) [26], transaminase, blood urea nitrogen
(BUN), serum creatinine (CREA), eGFR, urine pH, urine
protein and hemoglobinuria as well as blood pressure
(BP) and body mass index (BMI) were obtained at every
visit. Other parameters were tested at baseline and week
12 including dual-energy CT (DECT) of affected joints,
kidney ultrasonography, 24-h UACR, C-reactive protein
(CRP), serum potassium (K*), serum sodium (Na‘*) and
serum chloride (Cl7). Proteinuria and hemoglobinu-
ria were reported as positive when the urinalysis urine
protein or hemoglobin reading of> +/—in the urine
sample. The pH of the fresh fasting urine samples was
determined using a pH electrode (FE28-STANDARD,
METTLER Toledo Company, Zurich, Switzerland); Kid-
ney ultrasonography examination was performed using
an ALOKA 70 machine (HITACHI, Tokyo, Japan); All
symptomatic joints were scanned on a dual x-ray tube
128-detector-row scanner (Somatom Definition Flash,
Siemens Healthcare, Forchheim, Germany), with tube
A 140kVp/55mAs and tube B 80kVp/255mAs, acquisi-
tion at 128 X0.6 mm, reconstruction at 0.6 mm. Urate
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volumes were automatically calculated by DECT Syngo
via the Gout program (Siemens Healthcare, Germany).

Adverse events were monitored and managed during
the study period. Gout flare was defined as a patient-
reported flare with pain VAS score >3 of 0-10 scale [27].
Newly-onset hypertension, which was defined as a sys-
tolic blood pressure > 140 mmHg and/or a diastolic blood
pressure >90 mmHg or under antihypertensive treat-
ment or diagnosed by a physician during the follow-up
[28]. Polyene phosphatidylcholine would be administered
if the transaminase increased to>2-folds of the ULN,
and etoricoxib 120 mg once a day for 3-5 days would be
administrated for gout flares.

Outcomes

The primary outcomes were changes in urine pH
and sUA level over 12 weeks. Gout-related outcomes
included changes of CRP level, gout flares and changes in
DECT-detected monosodium urate (MSU) volume. The
renal and metabolic outcomes included changes in eGFR,
UACR, and MetS components (including BP, BMI, FBG,
HOMA-IR, and blood lipids). Adverse events included
changes in serum electrolyte level, newly-onset hemoglo-
binuria, newly-onset nephrolithiasis/renal cyst examined
by kidney ultrasonography, newly-onset hypertension,
skin allergy, transaminase elevation, and other adverse
events that might lead to treatment interruption or
hospitalization.

Sample size

Sampling was based on the joint primary outcomes,
urine pH, and sUA. In a separate pilot study conducted
in our center, 60 participants were included under the
same inclusion/exclusion criteria, the mean change of
pH mean *standard derivation (S.D) was 0.40+0.517,
0.38+0.371, and 0.64+0.478 in the sodium bicarbo-
nate group, citrate mixture group and TaCCi mixture
group, respectively. To detect a 0.232 difference in
urine pH between sodium bicarbonate and TaCCi mix-
ture, 75 patients in each group provided>80% power at
a significance level of 0.05. In the pilot study, the mean
change of sUA (mean+S.D) was 134+93.5 umol/L,
137+80.6 umol/L, and 175+76.1 pmol/L in the sodium
bicarbonate group, citrate mixture group, and TaCCi
mixture group, respectively. To detect the 38.4 pumol/L
difference in sUA between the citrate mixture group and
TaCCi mixture group, 69 patients in each group were
required. Based on the urine pH and sUA data, 75 par-
ticipants in each group would provide >80% power at a
significance level of 0.05. Considering a drop-out rate of
20%, at least 281 participants were needed.
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Statistical analysis

Demographic and clinical features were displayed using
standard descriptive statistics including mean+S.D,
median (interquartile range), or number (percentage)
where appropriate. Repeated measures mixed models
were used for the urine pH and sUA analysis in the per-
protocol (PP) population. A Bonferroni correction was
used among 3 treatment comparisons at an alpha level
of 0.016. The comparison of response rates based on the
distribution of urine pH and sUA levels was calculated by
chi-square test among the three groups. The changes in
UACR were analyzed by a generalized estimation equa-
tion model with baseline values as covariates. Compari-
sons before and after treatment within the group were
made using paired T or rank sum tests. Gout flares were
compared by negative binomial regression following
the intent-to-treat (ITT: All randomized patients who
received >1 dose of randomized study medication were
included in the ITT population) principle, the same pop-
ulation also for adverse events assessments. The baseline
and 12 week’s follow-up analyses were performed by the
PP principle. SPSS 25.0 (IBM SPSS, Chicago, IL, USA)
and R version 4.2.1 (https://www.r-project.org) were
used for statistical analysis. All tests were two-sided, and
P<0.05 was regarded as statistically significant.

Results

Patients and baseline characteristics

As shown in Fig. 1, a total of 354 patients were screened;
72 patients were excluded for the following rea-
sons: gout flare (n=18), fasting urine pH>6 (n=42),
sUA <420 pmol/L (n=8), transaminase>two folds of
ULN (n=4); 282 participants were randomized into the
sodium bicarbonate, citrate mixture, or TaCCi mixture
group at 1:1:1 ratio; and finally, 254 participants com-
pleted the study (86 in sodium bicarbonate group, 86 in
citrate mixture group, and 82 in TaCCi mixture group).
The first study visit was September 2021 and the final
study visit was June 2022. Of the 282 participants, 9 with-
drew before receiving at least 1 dose of treatment medi-
cation, the remaining 273 participants were included in
the ITT analyses, and 254 participants who completed
the study were included in the PP analyses (Fig. 1).

At baseline, the demographic and clinical features
were comparable across these three groups. As shown
in Table 1, the median (interquartile range) baseline
urine pH levels were 5.56 (5.32-5.77) in the sodium
bicarbonate group, 5.42 (5.25-5.88) in the citrate mix-
ture group and 5.51 (5.34-5.72) in the TaCCi mixture
group. The mean+S.D of baseline sUA levels in these 3
groups were 538+ 68.3 umol/L, 533+59.3 pmol/L, and
524 +68.1 pmol/L respectively (Table 1).
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Primary outcomes

The urine pH increased in all groups at week 4 and
remained stable until week 12, median (interquartile
range) 5.56 (5.32-5.77) to 5.82 (5.47-6.40) in the sodium
bicarbonate group, 5.42 (5.25-5.88) to 6.02 (5.67—6.65)
in the citrate mixture group, and 5.51 (5.34—5.72) to 5.88
(5.55-6.28) in the TaCCi mixture group, respectively,
with no significant difference observed between groups
in pH level, nor in the proportion when sub-grouped
with pH (<5.5, 5.5-6.2, and >6.2) (Table 2, Fig. 2A, B),
and age did not change the treatment response of the 3
groups (Table S1).

The sUA level decreased significantly in all
groups (meanzS.D) 538+68.3 to 370+82.3 pmol/L
in the sodium bicarbonate group, 533+59.3 to
360+£64.6 pmol/L in the citrate mixture group, and
524+68.1 to 360+59.0 umol/L in the TaCCi mixture
group. There were no significant differences between
groups in sUA level, nor in the proportion achieving sUA
targets (sUA < 360 or <300 pmol/L) at each visit (Table 2),
and age didn’'t change the treatment response of the 3
groups (Table S1).

Gout-related outcomes

The incidence of gout flare in the intent-to-treat popu-
lation is shown in Table S2; the proportion of patients
with gout flares at weeks 4, 8, and 12 was 25 (27.2%), 28
(30.4%), and 19 (20.7%) in the sodium bicarbonate group;
16 (17.4%), 22 (23.9%), and 15 (16.3%) in the citrate mix-
ture group; and 18 (20.2%), 14 (15.7%), and 14 (15.7%)
in the TaCCi mixture group. Participants in the citrate
mixture group and the TaCCi mixture group experienced
fewer gout flares than participants in the sodium bicar-
bonate group during the study (0.58 +0.87 and 0.56 + 0.88
per participant versus 0.94+1.45 per participant,
p=0.033 and 0.024, respectively), with no difference
between the citrate mixture group and the TaCCi mix-
ture group (Table S2). For CRP there was no significant
difference between groups at baseline, while it was lower
in TaCCi mixture at week 12 when compared to the other
two groups (p<0.01) (Table 2).

The DECT detected urate volume (Ln transformed)
decreased significantly from baseline in all groups,
whereas no significant between-group difference was
observed at baseline or at week 12 (Fig. S1).

Renal and metabolic outcomes

No significant changes in eGFR were observed in the
groups over time, except for an increase at the week
8 time point in the TaCCi mixture group (Table 2).
The UACR improved from 3.01 (0.56-11.2) mg/g
to 1.72 (0.73-7.08) mg/g in the sodium bicarbo-
nate group (p=0.253), from 3.29 (0.44-10.3) mg/g
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Patients with gout eligibility screened
N=354
Excluded (N=72)
N=18, gout flare at the time of screening
N=42, urine pH>6
N=8, serum urate<420 pmol/L
N=4, Transaminase>2-fold ULN
Randomized into three groups
N=282
Assigned to Sb group Assigned to Citrate Assigned to TaCCi
N=94 mixture group mixture group
N=94 N=9%4
Excluded (N=2) Excluded (N=2) Excluded (N=5)
2 withdrew prior to receiving 2 withdrew prior to receiving 5 withdrew prior to receiving
randomized study medication randomized study medication randomized study medication
ITT Analysis with ITT Analysis with ITT Analysis with
Sb group Citrate mixture group TaCCi mixture group
N=92 N=92 N=89

Per protocol Excluded (N=6)

Per protocol Excluded (N=6)

Per protocol Excluded (N=7)

6 lost to follow-up 6 lost to follow-up 7 lost to follow-up
PP Analysis with Sb PP Analysis with Citrat PP Analysis with TaCCi
group mixture group mixture group
N=86 N=86 N=82

Fig. 1 Flow of study participants. Totally 354 participants were screened, and then 282 eligible patients were enrolled and randomized into sodium
bicarbonate, citrate mixture, and TaCCi mixture groups. Nine participants withdrew before receiving at least 1 dose of treatment medication

and were excluded from ITT analysis; furthermore, 19 participants were excluded from PP analysis for loss to follow-up. Sb, sodium bicarbonate;
TaCCi mixture, tart cherry supplementary citrate mixture, ITT, intention to treat; PP, per protocol

to 1.17 (0.71-4.14) mg/g in the citrate mixture group
(p=0.007) and from 7.42 (0.72-11.9) mg/g at baseline
to 0.89 (0.40-1.82) mg/g at week 12 in the TaCCi mix-
ture group (p<0.001) (Table 2). Notably, significant
differences in UACR were observed between groups
at week 12, of which the mean difference between
the sodium bicarbonate group and the TaCCi mix-
ture group was—4.40 mg/g (95% CI,—6.87 to—1.94,
p<0.001)), between the citrate mixture group and
the TaCCi mixture group was—1.51 mg/g (95%
CI,—2.94 to — 0.085, p=0.034) and between the sodium
bicarbonate group and the citrate mixture group
was—2.89 mg/g (95%CI,—546 to -0.81, p=0.021)
(Fig. 2C).

As for MetS components, in the TaCCi mixture group,
the SBP, DBP, and TC levels decreased significantly from
baseline to week 12, and the FBG level as well as HOMA-
IR decreased significantly from baseline at all visits
(p<0.05). In the sodium bicarbonate group, SBP and BMI
increased from baseline to week 12 (p<0.05) (Table 2).
However, no significant between-group differences were
observed at any visit (Table 2).

Adverse events

The serum electrolytes, Na't, K*, and Cl~, were simi-
lar between groups and over time (Fig. S2A-C). There
was no significant difference regarding adverse events
across the three groups: the incidence of newly-onset
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Table 1 Baseline demographics and clinical features of gout patients

Sodium bicarbonate

Citrate mixture (N=286) TaCCi mixture (N=82)

CRP, mg/L 3.30 (2.40-4.50)
Urine parameters

pH 5.56 (5.32-5.77)

Proteinuria, n (%) 8 (9.30%)

Hemoglobinuria, n (%) 3 (3.49%)

UACR, mg/g

3.01(0.56-11.2)

3.60 (2.65-4.15)

542 (5.25-5.88)
9(10.5%)
4 (4.65%)
3.29(0.44-10.3)

(N=86)
Age, years 42.0(35.0-55.5) 45,5 (35.0-55.5) 47,0 (34.8-57.0)
BMI, kg/m? 26.8 (24.8-29.0) 27.2(25.0-289) 274(253-29.1)
Systolic blood pressure, mmHg 135+£152 135+£155 140£17.2
Diastolic blood pressure, nmHg 86.8+10.9 87.9+10.8 89.1+£11.2
Nephrolithiasis, n (%) 9 (10.5%) 6 (6.98%) 3 (3.66%)
Renal cyst 24 (27.9%) 23 (26.7%) 23 (28.0%)
Tophi, n (%) 8(9.30%) 4 (4.65%) 3(3.66%)
Smoking, n (%) 42 (48.8%) 31 (36.0%) 38 (46.3%)
Drinking, n (%) 51(59.3%) 33 (384%) 41 (50.0%)
Blood laboratory parameters
Serum urate, umol/L 538+68.3 533+£593 524+68.1
Triglyceride, mmol/L 1.62(1.16-2.81) 1.76 (1.27-2.42) 1.76 (1.21-2.56)
Total Cholesterol, mmol/L 5284098 5.07+0.99 528+1.03
Fasting blood glucose, mmol/L 5.83(5.61-6.30) 5.89 (5.53-6.39) 5.87(5.57-6.18)
HOMA-IR 3.01(2.36-4.70) 4.19(2.26-6.21) 3.48(2.34-5.57)
ALT, U/L 24.0(18.0-38.0) 24.0 (18.0-40.0) 26.0(19.0-37.3)
AST, U/L 21.0(18.0-24.3) 21.0(18.0-27.0) 21.5(18.0-25.0)
Blood urea nitrogen, mmol/L 495 (4.28-5.90) 475 (4.18-5.90) 5.00 (4.30-5.90)
Serum creatinine, umol/L 81.5(73.8-92.3) 84.0 (76.0-90.0) 84.0 (78.0-93.0)
eGFR, mL/(min-1.73 m?) 946+16.7 93.5+16.1 915+152
Serum potassium, mmol/L 430 (4.10-4.53) 440 (4.10-4.50) 4.30 (4.20-4.50)
Serum sodium, mmol/L 143 (142-144) 142 (142-144) 142 (141-143)
Serum chlorine, mmol/L 102 (100-104) 102 (100-103) 103 (102-104)

3.50 (2.40-4.20)

5.51(5.34-5.72)
5 (6.10%)
3 (3.66%)
742(0.72-11.9)

Data were shown as mean + standard derivation (S.D), median (interquartile range), or number (percentage)

BMI body mass index, HOMA-IR homeostasis model assessment-insulin resistance, ALT alanine aminotransferase, AST aspartate aminotransferase, eGFR estimated
glomerular filtration rate, CRP C-reactive protein, UACR 24-h urinary albumin- creatinine ratio, TaCCi mixture, tart cherry supplementary citrate mixture

hemoglobinuria was 4 (4.35%), 2 (2.17%), and 3 (3.37%);
newly-onset nephrolithiasis was 1 (1.09%), 2 (2.17%)
and 1 (1.12%); newly-onset renal cyst was 6 (6.98%), 4
(4.65%), and 2 (2.44%); newly-onset hypertension was 3
(3.26%), 3 (3.26%), and 1 (1.12%) in sodium bicarbonate,
citrate mixture, and TaCCi mixture group, respectively
(Table 3). All three treatments were well tolerated, and no
other adverse events that might lead to treatment inter-
ruption or hospitalization occurred during this study.

Discussion

The aim of this study was to investigate the efficacy and
safety of a tart cherry supplementary citrate (TaCCi) mix-
ture on urine pH, sUA, and gout flares in gout patients
initiating ULT with XOI febuxostat. The hypothesis was

that tart cherry supplement could ameliorate acidic urine
by improving MetS components. Our findings indicate
that the TaCCi mixture had similar efficacy and safety to
sodium bicarbonate or citrate mixture for urine alkaliza-
tion. However, the TaCCi mixture group demonstrated
greater improvement in UACR and CRP compared to the
other two groups, and fewer gout flares than the sodium
bicarbonate group. No between-group differences were
observed for MetS components over the 12-week study
period.

Low urine pH is a major risk factor for renal system
uric acid crystallization formation and stone develop-
ment [29]. However, a prior study found that urine alkali-
zation with sodium bicarbonate for three months did
not retard the progress of kidney damage as assessed by



Wang et al. Arthritis Research & Therapy ~ (2023) 25:164 Page 7 of 11
Table 2 Effect of treatment on renal parameters and metabolic syndrome components in the per-protocol set
Baseline Week 4 Week 8 Week 12
Urine pH, median (IQR)
Sodium bicarbonate 5.56 (5.32-5.77) 5.76 (543-6.35) 5.80 (5.46-6.10) 5.82 (5.47-6.40)
Citrate mixture 542 (5.25-5.88) 6.04 (5.54-6.49) 5.89(5.51-6.38) 6.02 (5.67-6.65)
TaCCi mixture 551(534-5.72) 5.79 (546-6.25) 5.74 (5.50-6.32) 5.88 (5.55-6.28)
Serum urate, mean +S.D, umol/L
Sodium bicarbonate 538+683 380+£71.9% 358+61.5% 370+82.3*
Citrate mixture 533+593 371£67.1% 350+ 56.4* 360+ 64.6%
TaCCi mixture 524+68.1 369+68.7* 357+60.2% 360+ 59.0%
Serum urate <360 pmol/L, patients (%)
Sodium bicarbonate - 37 (43.0%) 45 (52.3%) 46 (53.5%)
Citrate mixture - 39 (45.4%) 53 (61.6%) 49 (57.0%)
TaCCi mixture - 40 (48.8%) 45 (54.9%) 45 (54.9%)
Serum urate <300 pmol/L, patients (%)
Sodium bicarbonate - 6 (7.00%) 12 (14.0%) 14 (16.3%)
Citrate mixture - 10 (11.6%) 10 (11.6%) 13 (15.1%)
TaCCi mixture - 9 (11.0%) 12 (14.6%) 14 (17.1%)

Body mass index, median (IQR), kg/m2

27.0(24.8-28.8)
27.2(253-289)
27.3(254-29.2)

135(124-148)
137 (124-145)
137 (126-147)

88.4+10.2
88.1+10.6
872+£11.2

5.65(5.32-6.19)
5.79 (5.39-6.25)*
5.69 (5.33-6.01)*

2.68(1.99-3.97)
3.22(237-5.12)
3.06 (1.92-4.63)*

1.84 (1.31-2.69)
1.68 (1.17-2.40)
1.82(1.23-2.34)

5.34(4.57-5.75)
4.86 (4.38-5.67)
5.24 (4.56-5.84)

5.00 (4.30-6.00)

Sodium bicarbonate 26.8 (24.8-29.0)
Citrate mixture 27.2 (25.0-28.9)
TaCCi mixture 27.4(25.3-29.1)
Systolic blood pressure, median (IQR), mmHg
Sodium bicarbonate 135 (124-148)
Citrate mixture 135(122-144)
TaCCi mixture 136 (128-149)
Diastolic blood pressure, mean+S.D, mmHg
Sodium bicarbonate 86.8+109
Citrate mixture 87.9+10.8
TaCCi mixture 89.1£11.2
Fasting blood glucose, median (IQR), mmol/L
Sodium bicarbonate 5.83(5.61-6.30)
Citrate mixture 5.89(5.53-6.39)
TaCCi mixture 5.87 (5.57-6.18)
Homeostasis model assessment-insulin resistance, median (IQR)
Sodium bicarbonate 3.01(2.36-4.70)
Citrate mixture 4,19 (2.26-6.21)
TaCCi mixture 348 (2.34-5.57)
Triglyceride, median (IQR), mmol/L
Sodium bicarbonate 162 (1.16-2.81)
Citrate mixture 1.76 (1.27-242)
TaCCi mixture 1.76 (1.21-2.56)
Total cholesterol, median (IQR), mmol/L
Sodium bicarbonate 523 (4.73-5.81)
Citrate mixture 507 (4.37-5.73)
TaCCi mixture 524 (4.71-5.94)
Blood urea nitrogen, median (IQR), mmol/L
Sodium bicarbonate 4.95 (4.28-5.90)
Citrate mixture 4.75 (4.18-5.90)

TaCCi mixture 5.00 (4.30-5.90)

5.25 (4.60-6.28)
5.00 (4.45-5.90)

27.0(24.5-287)
27.3(25.0-289)
274 (25.6-29.0)

138 (126-149)*
137 (126-147)
136 (127-145)

89.2+10.1
88.0+10.5
87.7£104

5.69 (5.43-6.07)*
5.63 (542-6.07)*
5.63(5.28-5.97)*

2.73(2.13-3.66)
3.79(2.57-5.44)
2.74 (2.01-4.79)*

1.77 (1.30-2.50)
1.61(1.11-2.27)
1.97 (1.34-2.61)

5.21 (4.66-5.85)
4.96 (4.27-5.72)
5.17 (4.59-5.81)

5.10 (4.50-5.80)
5.70 (4.60-6.25)*
530 (4.63-5.90)

272 (24.8-28.9)*
27.3(25.1-28.9)
274 (25.5-29.1)

137 (130-151)*
139 (128-147)
133 (123-145)*

88.9+10.3
876+104
85.9+10.5%

5.86 (549-6.23)
5.84 (5.44-6.20)
567 (5.29-5.90)*

2.76 (1.83-4.15)
3.26(231-5.33)
3.00 (2.04-5.21)*

1.60 (1.21-2.50)
1.53(1.23-2.32)
1.77 (1.31-2.35)

5.28 (4.72-5.99)
5.00 (4.29-5.80)
5.14 (4.37-5.63)*

5.10 (4.20-5.90)
540 (4.58-6.23)
5.00 (4.30-6.00)
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Table 2 (continued)
Baseline Week 4 Week 8 Week 12
Serum creatinine, median (IQR), pmol/L
Sodium bicarbonate 81.5(73.8-92.3) 82.0 (75.8-95.0) 81.0 (74.0-91.0) 83.5(77.0-92.3)

Citrate mixture 84.0 (76.0-90.0)

TaCCi mixture 84.0 (78.0-93.0)

85.0 (76.0-92.0)
82.0(76.0-93.0)

Estimated glomerular filtration rate, mean +S.D, mL/min/1.73 m?

83.0(75.0-93.0)
81.0(73.3-89.8)*

85.5(79.0-93.3)
84.0 (77.0-91.0)

Sodium bicarbonate 94.6+16.7 943+182 95.0+17.1 92.7+17.0

Citrate mixture 935+ 16.1 93.0£15.8 945+£16.9 90.8+16.1

TaCCi mixture 91.5+152 93.1+164 97.1+£17.1% 9244150
C-reactive protein, median (IQR), mg/L

Sodium bicarbonate 3.30 (2.40-4.50) - - 3.30 (2.40-5.90)

Citrate mixture 360 (2.65-4.15) - - 3.25(2.90-4.53)

TaCCi mixture 3.50 (2.40-4.20) - - 2.00 (2.00-2.80)**##11
Urinary albumin-creatinine ratio, median (IQR), mg/g

Sodium bicarbonate 3.01(0.56-11.2) - - 1.72(0.73-7.08)

Citrate mixture 3.29(0.44-10.3) - - 117 (0.71-4.14)%*

TaCCi mixture 742(0.72-11.9) - - 0.89 (0.40-1.82)**#T
Patients with hemoglobinuria (n (%))

Sodium bicarbonate 3(3.49%) 2 (2.33%) 1(1.16%) 1(1.16%)

Citrate mixture 4 (4.65%) 3 (3.49%) 2 (2.33%) 3 (3.49%)

TaCCi mixture 3 (3.66%) 2 (244%) 1(1.22%) 1(1.22%)

Data were shown as mean +standard derivation (S.D) or median (interquartile range, IQR)

TaCCi mixture, tart cherry supplementary citrate mixture

*compared to baseline p <0.05, ** compared to baseline p <0.01; *compared to sodium bicarbonate p < 0.05, ¥compared to sodium bicarbonate p<0.01; t compared

to citrate mixture p <0.05; Tt compared to citrate mixture p <0.01

eGFR and hematuria in patients with gout, though citrate
mixture lowered hematuria at comparable urine pH lev-
els [23]. In our study, both the TaCCi mixture and citrate
mixture significantly reduced the UACR after 12 weeks,
with UACR being lower in the TaCCi mixture group than
in the citrate mixture or the sodium bicarbonate groups
at week 12. UACR is a sensitive and reliable index for
glomeruli injury and a key criterion in CKD classifica-
tion as recommended by the KDIGO guidelines [30]. The
improvement of UACR may partly reflect citrate-induced
resolution of uric acid crystal in renal tubules relieving
pressure in the Bowman’s capsule of glomerulus, as sug-
gested by our prior study [23]. The greater reductions
of UACR in the TaCCi mixture group align with antho-
cyanins from tart cherry lowering UACR in high-fat diet
mice [31]. Anthocyanins and metabolites possess potent
anti-oxidative and anti-inflammatory properties, and
may attenuate renal injury in mice through reduced oxi-
dative stress and protected mitochondrial function [32].
Uric acid crystals can induce renal inflammatory, pro-
liferative and maladaptive changes, manifesting as renal
cysts, nephrolithiasis, and eventual CKD, while soluble
urate may similarly impact glomeruli in a manner unaf-
fected by urine pH [33]. Oxidative stress and activation of
the NLRP3 inflammasome in kidney cells correlate with

these changes [33]. Taken together, the TaCCi mixture
may provide extra renal protection, though the mecha-
nism requires further study.

Observational studies have suggested that tart cherry
intake may reduce gout flare frequency [17, 34]. Addi-
tionally, in vitro studies showed tart cherry inhibits IL-1p
secretion, closely linked to gout flare initiation [34]. The
urate-lowering effects of tart cherry are controversial,
with variable results reported [16, 17, 34, 35]. The current
data did not find greater serum urate-lowering among
study participants all initiating febuxostat during the
study period. In addition, the incidence of gout flare was
lower in both the TaCCi mixture and the citrate mixture
groups versus the sodium bicarbonate group. Decreased
gout flares with the citrate mixture agree with prior work
[23]. Citrate participates in the tricarboxylic acid cycle
and other multiple metabolic pathways [36]. During
inflammation, citrate withdraws from the Krebs cycle and
exports to the cytosol, where it is cleaved and exerts anti-
inflammatory function [36]. Lower gout flare incidence
with citrate and TaCCi mixture may relate to their cit-
rate component. CRP levels were similar at baseline, but
decreased more in the TaCCi mixture group compared
with the other two groups at week 12. CRP elevation
reflects inflammation from potentially diverse sources
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Table 3 Incidence of adverse events (intention to treat analysis)

Sodium bicarbonate Citrate mixture (N=92) TaCCi mixture P
(N=92) (N=89)
Patients (%) Patients (%) Patients (%)
Newly-onset hemoglobinuria 4 (4.35%) 2 (2.17%) 3(3.37%) 0.710
Newly-onset nephrolithiasis 1(1.09%) 2(2.17%) 1(1.12%) 0.710
Newly-onset renal cyst 6 (6.98%) 4 (4.65%) 2 (2.44%) 0.383
Newly-onset hypertension 3(3.26%) 3(3.26%) 1(1.12%) 0.785
Skin allergy 0 (0.00%) 1(1.09%) 0 (0.00%) 0.578
ALT
1-2x ULN 14 (15.2%) 12 (13.0%) 16 (18.0%) 0373
2-3xULN 1(1.09%) 0 (0.00%) 2 (2.25%) 0.654
>3xULN 0 (0.00%) 1(1.09%) 0 (0.00%) 0.350
AST 0373
1-2xULN 4 (4.35%) 7(7.61%) 10 (11.2%) 0.220
2-3xULN 0 (0.00%) 0 (0.00%) 0 (0.00%) 1.00
>3xULN 1 (1.09%) 0 (0.00%) 0 (0.00%) 0373

ALT alanine aminotransferase, AST aspartate aminotransferase, ULN upper limit of normal, TaCCi mixture tart cherry supplementary citrate mixture

of gout. These data suggested that tart cherry supple- The study had several limitations. Firstly, it was con-
ment lowered systemic inflammation in gout patients at  ducted at a single clinical center and was open label. Sec-
12 weeks, although gout flares were similar between the  ondly, only male patients with eGFR >60 ml/min/1.73m?
TaCCi and the citrate mixture groups. were enrolled. Thirdly, as a short-term study, long-term
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efficacy, safety, and impacts on other conditions of the
mixtures remain unclear. Thus, a double-blind, placebo-
controlled study of varied patients over longer follow-up
is needed to better evaluate the role of urine alkaliniza-
tion in gout management and confirm these results.

Conclusions

This study demonstrated that tart cherry supplemen-
tary citrate mixture has similar efficacy on urine pH in
gout patients initiating XOI therapy when compared
to a citrate mixture and sodium bicarbonate. The tart
cherry mixture also showed similar safety. However, the
tart cherry mixture resulted in greater improvements in
UACR and CRP levels, which suggests that tart cherry
supplements might offer extra therapeutic value beyond
just urine alkalization.
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CKD Chronic kidney disease
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LDL-C Low-density lipoprotein cholesterol

HDL-C High-density lipoprotein cholesterol
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sUA Serum urate

ACR American College of Rheumatology

uLT Urate-lowing therapy

XOlI Xanthine oxidase inhibitors
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TG Triglycerides
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