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Abstract
Objective
The effect of coffee on serum uric acid (SUA) has shown conflicting results. This study was to determine the effects of
caffeinated coffee (CC) and decaffeinated coffee (DC) on SUA, serum xanthine oxidase activity (sXOA) and urine uric
acid clearance (UAC).

Methods
This was a prospective randomised within-subject experimental study design in 51 healthy male participants.
Each study period consistsed of 3 periods, including a control, an intervention, and washout period for 1, 3 and 1 week,
respectively. During the intervention period, the participants received 2, 4 or 6 gram/day of coffee, either CC or DC.

Results
For DC groups, SUA significantly decreased by 6.5 (£1.1) mg/dL to 6.2 (+1.1) mg/dL during the intervention
period (p=0.014). sXOA significantly increased by 0.05 (0.07) nmol/min/mL to 0.20 (+0.38) nmol/min/mL during
the intervention period (p=0.010) of CC. For UAC, there was no significant change with CC or DC. In hyperuricaemic
participants, SUA significantly decreased by 7.7 (+0.7) mg/dL to 7.2 (+0.7) mg/dL during the intervention period
(p=0.028) of DC. For non-hyperuricaemic, CC significantly increased SUA by 5.9 (+0.7) mg/dL to 6.2 (+0.9) mg/dL
during the intervention period (p=0.008) and significantly decreased SUA to 6.0 (+0.8) mg/dL (p=0.049) during the
withdrawal period. A significant increase of sXOA according with SUA in CC groups from 0.05 (£0.07) nmol/min/mL to
0.25 (20.44) nmol/min/mL during the intervention period (p=0.040) was presented in non-hyperuricaemic participants.

Conclusion
DC had a significant decrease of SUA during the intervention period. However, in non-HUS participants,
SUA significantly increased in CC.
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Introduction

Serum uric acid (SUA) level in the body
is determined by the balance between
its production either from purine intake
in diet or endogenous production and
its excretion mainly by the kidney (1).
Various food and substances, includ-
ing meat, alcohol, milk and coffee have
been associated with SUA levels (2-5).
Coffee is the major source of caffeine
that is a purine alkaloid in the diets
of adults (6). The major complex of
chemical compounds, including caf-
feine (1, 3, 7-trimethyl-xanthine) and
5-O- caffeoylquinic acids (chlorogenic
acid, 5-CQA) were found in coffee and
had many biological effects (6). Parax-
anthine, theobromine, and theophylline
that are performed by the cytochrome
P450 enzyme are the metabolites of
caffeine. Finally, they are oxidised to
3-methyuric acid by xanthine oxidase (7,
8). Although caffeine is the major chem-
ical component in coffee, one study has
shown that other unknown substances,
other than caffeine, might have an in-
verse association with SUA (9).

The relationship between coffee and
SUA has been presented in many
studies (4, 9-15). An inverse associa-
tion between coffee consumption and
SUA level was significantly observed
in Japanese men and women (10, 11).
According to the third National Health
and Nutrition Examination Survey in
the US (9) and the Nutrition and Health
Survey in Taiwan (13) increasing cof-
fee intake significantly decreased SUA,
and the frequency of consumption of
coffee was negatively associated with
hyperuricaemia (HUS), respectively.
In contrast, a study that was conducted
among participants from the Singapore
Chinese Health Study found that there
was no significant association between
consumption of coffee and SUA levels
(14). Furthermore, there was no sta-
tistical change of SUA levels for cof-
fee after adjustment for potential con-
founders among men and women (15).
Finally, the association between coffee
and SUA in a few recent meta-analysis
studies was conflicting (2-4).

Since there have been conflicting re-
sults for hypouricaemic effects with
both caffeinated coffee (CC) and de-
caffeinated coffee (DC), this study was

designed to evaluate the hypouricae-
mic effects, serum xanthine oxidase ac-
tivity (sXOA), and uric acid clearance
(UAC) of CC and DC in healthy male
participants.

Materials and methods

Participants

This is a controlled randomised within-
subject study. Volunteers were healthy
men, recruited from the health care staff
of Naresuan University Hospital. The
inclusion criteria were healthy men, age
20-60 years old, having a normal esti-
mated glomerular filtration rate (¢eGFR)
(=60 mL/min/1.73m?), normal serum
aspartate aminotransferase (AST) (=40
unit/L), serum alanine transaminase
(ALT) (=41unit/L), and normal serum
albumin (=3.5 mg/dL). The exclusion
criteria were eGFR of less than 60 mL/
min/1.73m?, abnormal AST and/or ALT,
or use of a nutritional supplement that
can interfere with SUA, such as vitamin
C. In addition, if participants who were
included and took coffee tablets had
any serious side effects, including se-
vere disturbed normal sleep pattern, se-
vere headache, blood pressure >140/90
mmHg, and heart rate =100 beat/min or
arrhythmia; the participants were with-
drawn from this protocol. Complete
blood count and EKG were evaluated.
All participants gave their written in-
formed consent prior to entering the
study. Hyperuricaemia was defined as
SUA higher than 6.8 mg/dL (16).

The study protocol was approved by
the Naresuan University Institutional
Review Board and Ethics Commit-
tee (IRB no. 1098/60) and registered
with the Thai Clinical Trials Regis-
try (TCTR). The TCTR identification
number is TCTR20190304003.

Protocol

The study was designed to use commer-
cial CC in the first period and then use
commercial DC in the second period in
the same healthy male participants. The
study consisted of 3 periods including
control, intervention, and washout pe-
riod for a duration of 9 weeks. The first
week was the control period in which
participants underwent diet control and
received no other intervention. If par-
ticipants had 15% or more change in
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SUA during the control period (day O
to day 7), they were excluded. The fol-
lowing 3 weeks were the interventional
period in which participants consumed
2,4 or 6 g/day of CC, according to their
assigned experimental groups by sim-
ple randomisation. The last week was
the washout period after CC was dis-
continued, and this period was also the
control period of DC. After the washout
period, the same participants repeated
the protocol but consumed 2, 4 or 6
g/day of DC instead of CC and at the
same dosage. History taking, physical
examination, EKG and blood exami-
nation for AST, ALT, serum creatinine,
eGFR, SUA, UAC, and sXOA were
performed at the beginning and end of
each study period.

The participants were instructed to
consume coffee 2 times daily after
morning and lunch meals. The simple
randomisation was applied using lots
to make a draw for self-allocation by
each participant. Twenty labels of each
experimental coffee dosage were pre-
pared in a closed envelope. The partici-
pants opened 1:1 by themselves during
randomisation starting from CC and
DC, respectively, following the proto-
col (Supplementary Fig. S1).

During the study, the participants were
intensively followed-up by phone about
compliance to consume the coffee tab-
lets three times per week. Also, they
were asked to record their daily food
consumption, reminded about maintain-
ing constant dietary intake, and told to

avoid consuming foods that might affect
the SUA level, including all types of tea
and coffee products, alcoholic drinks,
and food supplements. The participants
were also required to return the coffee
bottle after the interventional period to
ensure their adherence to protocol.

The primary outcome of the study was
a change in the SUA level after either
CC or DC consumption. Secondary
outcomes included changes in sXOA
and UAC as well as adverse events
related to coffee consumption, and op-
timal dosage of coffee in lowering the
SUA level.

Coffee preparation

Tablets containing 500 mg of CC and
DC of the same commercial brand were
prepared by AT. The quality of the tab-
lets complied with the requirement of
the British Pharmacopoiea 2010 (17)
and were proved to be stable at least for
30 days at room temperature (Supple-
mentary Table S1). All participants re-
ceived coffee tablets of the same qual-
ity throughout the study, and these tab-
lets were checked for the exact number.

Serum xanthine oxidase activity assay

Blood was collected from each sub-
ject following the protocol. The serum
was obtained and stored at -20°C for
the sXOA assay. The assay was per-
formed according to the instructions
of the commercial assay kit (Xanthine
Oxidase Activity Assay Kit, MAKO7S,
Sigma-Aldrich.co, USA).

Blood chemistry determination

SUA, serum creatinine, eGFR, AST,
ALT and 24 hours urine creatinine and
urine uric acid (for UAC) that were im-
mediately analysed after blood or urine
collection in the morning at Naresuan
University hospital was measured using
an automate analyser, COBAS C 501®
(Roche Diagnostic Company, Switzer-
land). As for the reliability of the ma-
chine, the standard operating procedure
of the laboratory conformed to ISO
15189:2012 (18).

Statistical analysis

For descriptive statistics, data are pre-
sented as mean and SD for continuous
variables and frequency (percentage)
for categorical variables. Baseline char-
acteristics were compared using one-
way ANOVA and Chi-square statistics
for quantitative and qualitative vari-
ables, respectively. Comparisons be-
tween each period of intervention and
withdrawal in the CC and DC groups
were performed using the Wilcoxon
signed rank test. Differences were con-
sidered statistically significant at p-
value <0.05 with two-tailed tests. All
analyses were carried out using SPSS
statistics 17.0 for Windows (SPSS Inc.,
Chicago, IL).

Results

Baseline participant characteristics
Of the 75 participants enrolled in this
study, twenty participants were exclud-
ed by the study criteria (Suppl. Fig. S1).

Table 1. Data characteristics.

Characteristics Total (n=51) Amount of caffeinated and decaffeinated coffee p-value*
2 gram coffee 4 gram coffee 6 gram coffee

group group group

(n=16) (n=17) (n=18)
Age, years, mean (SD) 32.51 (8.20) 31.63 (9.17) 34.18 (7.60) 31.72 (8.05) 0.599
Systolic blood pressure, mmHg, mean (SD) 121 (10) 116 (12) 121 (8) 126 (7) 0.010
Pulse rate, beat/min, mean (SD) 80 (10) 82 (12) 81 (8) 77 (8) 0.387
Mean arterial blood pressure, mean (SD) 88.90 (7.77) 85.19 (8.89) 89.47 (5.42) 91.67 (7.65) 0.042
Body mass index, kg/m?, mean (SD) 24.05 (3.08) 2440 (2.85) 24.05 (3.66) 23.76 (2.80) 0.836
Estimated glomerular filtration rate, 87.39 (15.85) 101.84 (15.56) 96.28 (15.50) 93.59 (15.96) 0.226

ml/min/1.73m2, mean (SD)

Serum uric acid, mg/dL, mean (SD) 6.42 (1.05) 640 (1.27) 6.44 (0.90) 642 (1.02) 0.994
Hyperuricaemia®, n (%) 15 (294) 5 (31.3) 5 (294) 5 (27.8) 0976
24 hour urine uric acid, mg/24 hours, mean (SD) 512.63 (163.85) 413.50 (156.45) 498.15 (128.48) 614.42 (146.29) 0.001
24 hour urine creatinine, g/24 hours, mean (SD) 1.40 (0.42) 1.12 (0.40) 144 (041) 1.63 (0.31) 0.001

SHyperuricaemia was defined as SUA higher than 6.8 mg/dL.

*p-value was compared in 2, 4, and 6 grams of coffee.
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Fifty-five participants were randomised
into groups based on grams of coffee.
Two participants each in the 2- and
4-gram groups discontinued due to loss
of contact. Two and one participant(s)
in the 2- and 4-gram groups, respective-
ly, were withdrawn due to abnormal liv-
er enzymes and their unwillingness to
participate in follow up investigations.
A participant was withdrawn from the
6-gram group because he was just di-
agnosed with type 2 diabetes melli-
tus in between an intervention period.
Therefore, a total of 51 participants,
including 15, 16 and 17 participants in
the 2,- 4 -and 6-gram groups for both
CC and DC, respectively, participated
in the study as per protocol. The base-
line characteristic data are presented in
Table I.

The primary end point

— Serum uric acid level

Overall, there was no significant change
of SUA between baseline date of the pro-
tocol that was before administration of
CC and DC (p=0.411) and the final date
of CC and DC administration (p=0.058),
respectively. Therefore, it could be as-
sumed that throughout the study period,
all participants had a constant dietary
intake. For the CC groups, irrespective
of the amount of CC, SUA increased
approximately 3% within the 3 weeks
and decreased to baseline during the
withdrawal, but there were no signifi-
cant differences. Regarding the amount
of CC, although SUA had increased in
each dosage during the intervention pe-
riod of CC, no significant change was
found. In the subgroup analysis, for non-
HUS, irrespective of the amount of CC
(n=36), SUA had significantly increased
(»=0.008) and decreased (p=0.049) in
the intervention period and withdrawal
period, respectively. However, SUA
had a marginally significant increase
(p=0.052) in the intervention period of
the 2-gram groups. In HUS participants,
the effects of CC on SUA are shown in
Figure 2 and Table II.

In the DC groups, a significant de-
crease of approximately 5% of SUA
within 3 weeks (p=0.014) was present-
ed irrespective of the amount of DC;
there was but no significant increase
to the baseline during the withdrawal
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Fig. 1. Changes in serum uric acid during the study period overall. The analysis was compared with
the previous value. Day 1, 21 and 28 represents the baseline, the intervention period, and the washout
period, respectively.

A: Caffeinated coffee overall. B: Decaffeinated coffee overall. *p<0.05 for all participants in decaf-
feinated coffee. * p<0.05 for 2 grams in the withdrawal period of decaffeinated coffee.
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Fig. 2. Changes in serum uric acid during the study period in non-hyperuricaemic and hyperuricaemic
participants. The analysis was compared with the previous value. A and C, Caffeinated coffee; B and
D, Decaffeinated coffee.

Day 1,21, and 28 represents the baseline, the intervention period, and the washout period, respectively.
A: Caffeinated coffee in non-hyperuricaemic participants. *p<0.05 for all non-hyperuricaemic par-
ticipants.

B: Decaffeinated coffee in non-hyperuricaemic participants. *p<0.05 for all non-hyperuricaemic par-
ticipants, ¥p<0.05 for all non-hyperuricaemic participants, p<0.05 in withdrawal period of 2 grams of
decaffeinated coffee in non-hyperuricaemic participants, p<0.05 in intervention period for all hyper-
uricaemic participants.
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Table II. The effect of caffeinated and decaffeinated coffee to serum uric acid level, serum xanthine oxidase activity, and uric acid clearance.

Variables Total (n=51) 2 grams of coffee (n=16) 4 grams of coffee (n=17) 6 grams of coffee (n=18)
Baseline Intervention Washout  p, P, Baseline Intervention Washout  p, P, Baseline Intervention Washout  p, p,  Baseline Intervention Washout — p, P,
value value value  value value value value value
Day*l  Day*21 Day*28 Day*1 Day*21 Day*28 Day*l Day*21 Day*28 Day*l  Day*21 Day*28
Mean Mean Mean Mean Mean Mean Mean  Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD) (SD)  (SD) (SD) (SD) (SD) (SD)
Overall
Caffeine
SUA, mg/dL 6.4 6.6 6.5 0.168  0.206 6.4 6.6 6.4 0.191  0.086 6.4 6.5 6.6 0.776  0.740 6.4 6.6 65 0485 0452
(1.0) (1.0) (1.1) (1.3) (1.1) (1.1) 0.9) (1.1) (1.1) (1.0) (1.0) (1.2)
sXOA, 0.05 0.20 0.17 0010 0261 0.05 0.19 022 0959 0.148 004 0.13 0.16  0.022 0435 0.06 0.28 0.13  0.020 0913
nmol/min/mL  (0.07) 0.38)  (0.17) 0.07) 0.48) (0.23) 0.06) (0.21) (0.16) (0.08) (0.42) 0.12)
UAC, 512.63 49647 540.06 0.183 0056 41350 383.17 49626 0438 0.007 498.15 580.07 599.79 0.554 0.163 61442 51822 52257 0.035 0.711
mg/24 hours  (163.85) (242.53) (238.65) (156.45) (176.38) (236.32) (128.48) (31329) (242.56) (146.29) (183.31) (239.07)
Decaffeinate
SUA, mg/dL 6.5 62 6.3 0.014 0375 6.4 6.2 6.5 0.196  0.024 6.6 62 6.1 0.083 0.856 6.5 6.2 62 0227 0.861
(1.1) (1.1 (1.0) (1.1 (1.3) (1.3) (1.1 (12) 0.8) 12) (1.0) (1.0)
sXOA, 0.17 0.16 009 0200 0.829 022 0.11 007 0035 0679 0.16 0.25 009 0795 0.113 0.3 0.12 0.12  0.687 0.306
nmol/min/mL  (0.17) (0.24) (0.08) (0.23) 0.18)  (0.04) 0.16)  (0.30) (0.06) (0.12) (0.20) (0.11)
UAC, 54006 47192 48632 0.068 0.603 49626 43909 39731 0535 0.187 599.79 46291 53020 0.022 0287 52257 509.61 52399 0.948 0.616
mg/24 hours  (238.65) (217.97) (211.82) (236.32) (231.96) (176.02) (242.56) (250.20) (233.91) (239.07) (175.34) (205.53)
Non HUS*
Caffeine (n=36) (n=11) (n=12) (n=13)
SUA, mg/dL 59 62 6.0 0.008 0.049 58 6.2 59 0.052 0.137 6.0 6.1 6.2 0475 0.753 59 6.3 59 0074 0.061
0.7) 0.9) 0.8) 0.9) (1.0) 0.9) (0.6) 0.9) 0.8) 0.4) 0.9) 0.8)
sXOA, 0.05 0.25 0.16  0.040 0.925 0.06 0.24 021 0929 059 002 0.13 0.15 0.158 0530 007 0.36 0.12  0.064 0.345
nmol/min/mL  (0.07) (0.44) (0.18) (0.08) 0.58)  (0.25) 0.02) (021 (0.16) 0.09) (0.47) 0.12)
UAC, 500.78  489.82  584.99 0405 0.012 42751 391.66 533.13 0477 0.010 481.68 500.74 633.65 0.754 0.041 58042 562778 58395 0.221 0.972
mg/24 hours  (151.07) (197.95) (247.92) (160.95) (212.20) (265.13) (136.64) (173.13) (255.57) (125.32) (185.92) (236.61)
Decaffeinate (n=33) (n=11) (n=10) (n=12)
SUA, mg/dL 58 56 58 0.173  0.032 59 56 59 0.138  0.044 59 55 56 0292 0.646 58 58 59 0969 0.127
0.7) 0.9) 0.8) 0.8) 0.9) 0.9) (0.6) (1.0) 0.5) 0.7) 0.8) 0.9)
sXOA, 0.17 0.14 008 0360 0.768  0.23 0.08 007 0.139 0328 0.17 0.25 009 0646 0.114 0.12 0.11 008 0.790 0.638
nmol/min/mL  (0.18) (0.20) (0.05) (0.24) (0.16) (0.05) (0.18)  (0.25) 0.07) 0.12) (0.18) (0.04)
UAC, 53585 476.15 47639 0.195 0816 504.83  463.68 403.15 0.657 0.120 560.09 434.03 476.14 0.169 0.508 54407 522.67 54375 0.754 0.480
mg/24 hours  (232.41) (238.29) (197.36) (253.69) (265.63) (186.35) (224.04) (257.15) (168.13) (236.61) (206.89) (219.79)
HUS*
Caffeine (n=15) (n=5) (n=5) (n=5)
SUA, mg/dL 7.7 74 75 0.146  0.528 78 7.6 74 0.498 0.461 75 74 75 0.683 0.892 78 72 78  0.138 0.104
0.7) (0.8) (1.0) 0.7) (0.6) 0.7) (0.6) 0.9) (1.1) 0.8) 0.9) (12)
sXOA, 0.05 0.09 021 0.140 0017 004 0.06 026 0686 0043 007 0.14 0.18 0.080 0.686 0.04 0.07 0.17  0.225 0.080
nmol/min/mL ~ (0.06)  (0.14) (0.15) (0.03) 0.09) (0.18) (0.10)  (0.23) (0.16) 0.01) 0.07) (0.11)
UAC, 54106 51244 43223 0281 0820 38268 36449 41515 0.893 0.500 537.69 77047 51853 0.686 0.686 702.82 40235 363.00 0.080 0.500
mg/24 hours  (193.91) (334.25) (179.14) (159.06)  (58.76) (147.43) (109.16) (495.95) (209.83) (174.11) (126.01) (175.76)
Decaffeinate (N=18) (n=5) (n=7) (n=6)
SUA, mg/dL 7.7 72 7.1 0.028 0.381 75 75 79 0.999 0.279 7.6 7.1 6.9 0.128 0.461 78 72 6.6 0.080 0.173
0.7) 0.7) 0.9) 0.7) 0.8) (1.0) 0.7) 0.8) 0.5) 0.8) 0.5) (1.0)
sXOA, 0.17 0.19 0.12 0306 0.983 0.21 0.16 006 0043 0500 0.15 0.25 009 0866 0612 0.16 0.13 020 0.753 0.345
nmol/min/mL  (0.15) (0.30) 0.11) 0.21) 0.23)  (0.03) 0.14)  (0.39) (0.04) (0.12) (0.26) (0.15)
UAC, 54778  464.17 50452 0.184 0.647 47740 38500 38448 0.686 0.893 656.50 504.16 60743 0.043 0499 479.58 48348 48449 0.753 0.753
mg/24 hours  (256.39) (181.00) (241.03) (218.84) (141.63) (170.52) (274.27) (253.72) (302.78) (260.45)  (95.58) (185.84)
SUA: Serum uric acid, sXOA: Serum xanthine oxidase activity, UAC: Uric acid clearance, HUS: Hyperuricaemia
p, value, the statistical analysis between the baseline and the intervention period of the protocol in caffeinated or decaffeinated coffee.
P, value, the statistical analysis between the intervention and the washout period of the protocol in caffeinated or decaffeinated coffee.
*Date of the protocol of each coffee type.
$ Hyperuricaemia (HUS) was defined as serum uric acid higher than 6.8 mg/dL.
Clinical and Experimental Rheumatology 2021 1007
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period. Regarding the dosage of DC,
SUA had no significant decrease in
each dosage during the intervention
period. However, SUA significantly
increased (p=0.024) after the 2 grams
withdrawal of DC. In the subgroup
analysis for non-HUS, irrespective of
the amount of DC (n=33), although
SUA had no significant decrease dur-
ing the intervention period, there was
a significant increase (p=0.032) dur-
ing the withdrawal period. In the with-
drawal period of 2 grams in non-HUS,
SUA significantly increased (p=0.044).
For HUS, during the intervention pe-
riod, the significant decrease of SUA
(p=0.028) was demonstrated irrespec-
tive of the amount of DC (n=18). In
HUS participants, the dependency on
the dosage of DC on SUA is shown in
Figure 2 and Table II.

The secondary end points

— Serum xanthine oxidase activity
Among the CC groups, irrespective of
the amount of CC, the sXOA significant-
ly increased in the intervention period
of CC (p=0.010). The sXOA including
in the intervention and withdrawal peri-
od was concordant with SUA. Respec-
tive to the amount of CC, the sXOA
significantly increased in the interven-
tion period of the 4-gram (p=0.022) and
the 6-gram (p=0.020) groups. Except
in the withdrawal period of 2 grams
of CC, the sXOA was concordant with
SUA. In the subgroup analysis, for non-
HUS participants, irrespective of the
amount of CC, the sXOA significantly
increased (p=0.040) in the intervention
period and decreased, but not signifi-
cantly, in the withdrawal period of CC.
Depending on the dosage of CC in non-
HUS, the results are presented in Table
II. Regardless of the amount of CC and
all the amounts of CC in the both peri-
ods of CC, the sXOA was concordant
with SUA. In HUS participants, irre-
spective of the amount of CC, sXOA
that accorded with SUA had a signifi-
cant increase during the withdrawal
period (p=0.017). The other results are
presented in Table II.

Among the DC groups, irrespective of
the amount of DC, there was no sig-
nificant change of the sXOA in the
both periods of DC. The sXOA was
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Table III. Adverse events of all participants.

Adverse events

Caffeinated coffee (n=53")

Decaffeinated coffee (n=51)

Intervention period”, Withdrawal period,
(n=51), n (%)

(n=53),n (%)

Withdrawal
period, n (%)

Intervention
period, n (%)

Palpitation 9 (17.0)
Insomnia 6 (11.3)
Constipation 4 (7.5)
Diuresis 2 (3.8)
Increase appetite 2 (3.8)
Dizziness 2 (3.8)
Light headache 1 (1.9
Nausea 1(1.9)
Drowsiness 0 (0)

Mild hepatitis 2 (3.8)

0 (0) 0 (0) 0 (0)
0 (0) 0 (0) 0 (0)
0 (0) 0 (0) 0 (0)
0 (0) 0 (0) 0 (0)
0 (0) 0 (0) 0 (0)
0 (0) 1(2.0) 0 (0)
4(18) 0 (0) 2 (3.9)
0 (0) 0 (0) 0 (0)
6 (11.8) 3(5.9) 5 (9.8)
0 (0) 0 (0) 0 (0)

*In total, fifty-three participants were included for analysis during the intervention period of caffein-
ated coffee for adverse events. However, two participants who had abnormal liver function tests and
refused follow up as to the cause were excluded from the study following the exclusion criteria of the

protocol.

concordant with SUA only during the
intervention period of DC. Depending
on the dosage for DC, a significant de-
crease of sXOA that was concordant
with SUA was demonstrated between
the intervention period of the 2-gram
(p=0.035) groups. Most of sXOA was
concordant with SUA in the DC groups.
In the subgroup analysis, for non-HUS
participants, irrespective of the amount
of DC, sXOA that accorded with SUA
in the intervention period but had no
significant decrease. With respective
to the amount of DC, there was no sig-
nificant change. In HUS participants,
sXOA is presented in Table II.

Uric acid clearance

For 24-hour urine creatinine, the mini-
mal mean (SD) of CC and DC were
1.07 (0.51) and 1.05 (0.51), respective-
ly. The results suggested that all partici-
pants completed collection for the 24-
hour urine volume (Table II).

In the CC groups, regardless of the
amount of CC, there was a decrease of
UAC, but not significant, in interven-
tion period. However, UAC margin-
ally significantly increased in the with-
drawal period (p=0.056). UAC was
concordant with SUA, irrespective of
the amount of CC in the both periods.
With respective to the amount of CC,
in the withdrawal period of 2 grams
of CC, UAC significantly increased
(p=0.007). For the 6-gram groups of the
intervention period, UAC significantly
decreased (p=0.035). Particularly in
the 2-gram and 6-gram groups for the

both periods of CC, UAC was concord-
ant with SUA. In the subgroup analy-
sis, irrespective of the amount of CC in
non-HUS, UAC significantly increased
in the withdrawal period (p=0.012).
Moreover, UAC was concordant with
SUA in both periods. With respective
to the amount of CC in non-HUS, UAC
significantly increased in the withdraw-
al period of the 2-gram (p=0.010) and
4-gram (p=0.041) groups. Particularly
in the 2-gram and 6-gram groups of CC,
UAC was concordant with SUA. For
HUS, the results are showed in Table II.
Among the DC groups, irrespective of
the amount of DC, there was no signifi-
cant change for UAC. The significant
decrease (p=0.022) was presented in
the intervention period of the 4-gram
groups. However, irrespective of the
amount of DC, most UAC did not ac-
cord with SUA. In the subgroup analy-
sis, for non-HUS, the results are shown
in Table II. For HUS, UAC significant-
ly decreased in the intervention period
of 4 grams of DC (p=0.043).

Adverse events

All participants tolerated the side ef-
fects well. These side effects were less
common in 2 grams of coffee. All these
events were mild and did not require
any medication (Table III). Blood pres-
sure and pulse rate did not change sig-
nificantly throughout the study. Howev-
er, a mild elevation of AST or ALT was
found in two participants who received
2 grams of coffee in the latest date of the
intervention period of DC. The first par-
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ticipant who had mildly elevated ALT
administrated medications by himself
including a high dosage of ibruprofen
(2,400 mg/day) and sulfamethoxazole
(800 mg)-trimethoprim (160 mg) since
he had a toothache. His blood test im-
proved after withdrawal of these medi-
cations. The second participant who
had mildly elevated AST and ALT had
no medication or supplementary food.
The screening of viral hepatitis B and
C, antinuclear antibody, prothrombin
time, and serum ferritin was conducted
and these results showed normality.
AST and ALT returned to normal after
the withdrawal of the DC.

The optimal dosage of

coffee for lowering the SUA level

In our study, there was no association
between the dosage of CC and DC and
the change of SUA.

Discussion

This study has shown that DC had ap-
proximately a 5% hypouricaemic effect
within 3 weeks. For subgroup analysis,
CC had significantly increased SUA
in non-HUS participants. In HUS par-
ticipants, DC had a significant hypou-
ricaemic effect within 3 weeks. These
effects disappeared when coffee con-
sumption was stopped. The mechanism
of increasing SUA for CC was the in-
crease of endogenous uric acid produc-
tion by increasing sXOA and decreas-
ing uric acid excretion. No associations
between the dosage of these coffees
and the effect to SUA were found in the
study. Finally, the side effects of both
coffees were mild and no medical treat-
ment was required.

In adults, the average half-life of caf-
feine in plasma was between 2.5-5
hours (7). Therefore, the washout pe-
riod that was 7 days before beginning
DC in our study was adequate enough
to wash out the effect of caffeine. More-
over, the uricase method that was used
to determine serum and urine uric acid
in our study had high specificity and
catalysed only the oxidation of uric
acid, not 3-methyuric acid that was the
last metabolite of caffeine, to allantoin
(19-21).

The association between coffee and
SUA has been studied previously (3,

Clinical and Experimental Rheumatology 2021

4,9, 10, 12). Each study was differ-
ent in study design, population and
type or method of coffee. The result of
our study accorded with the prospec-
tive controlled study of Strandhagen et
al. which demonstrated that SUA had
significantly decreased and increased
when healthy participants abstained
and consumed filtered coffee, respec-
tively (12). Also, our result, only DC,
agreed with Choi et al. which present-
ed the association between decreasing
SUA and DC intake (22). However,
there was no experimental study in hu-
mans about the association between DC
and SUA other than the effect of CC on
SUA which was an experimental study
in men that demonstrated an increase
of SUA after ingestion of caffeine (23).
However, particularly in CC, our result
was different from previous studies (10,
11, 22). The difference in study design
might be responsible for the differences
in these results.

We hypothesised that firstly, the effect of
CC to increase SUA, especially signifi-
cantly in non-HUS, might be due to caf-
feine that was metabolited to theophyl-
line (7, 8). The increasing SUA induced
by theophylline that had an inhibitory
effect on the organic anion transporter
(OAT) family (24) has previously been
demonstrated (25, 26). Secondly, all
metabolites of caffeine were oxidised
to 3-methyuric acid by xanthine oxi-
dase (7, 8), accordingly with the change
of SUA in CC and sXOA in our study;
sXOA that was stimulated for the oxi-
dation process increased activity in the
body, and its effect also increased the
purine metabolism which finally in-
creased uric acid synthesis simultane-
ously. For DC, that had the significant
hypouricaemic effects during the inter-
vention period in our study particularly
in all participants and HUS, the cause
of this effect was unclear. However, we
theorised that 5-CQA, an antioxidant
compound found in coffee, played a
vital role to decrease SUA (27) since
5-CQA has significant hypouricaemic
effects, inhibiting xanthine oxidase ac-
tivity which has been demonstreated in
an animal model (27). However, roast-
ing conditions, country, and commercial
brand can affect the amount of 5-CQA
(28). For instant coffee, caffeoylquinic

acids including 5-CQA that was 37152
mg/serving has been reported (28).

For UAC, there were associations with
CC between UAC and SUA overall and
particularly in non-HUS where there
was a significant decrease and increase
in SUA and UAC, respectively, in our
study. These results demonstrated that
CC increased the uric acid excretion
in the kidney and resulted in a hypou-
ricaemic effect. A previous study had
demonstrated that many metabolites of
caffeine including methyxanthines and
methyuric acid were found in urine and
their clearance was greater than their
eGFR; the renal secretory mechanism
was purposed in this study (29). The
mechanism of uric acid excretion that
used a specific transporter, particularly
the OAT family in the kidney, was pre-
sented (30). Caffeine, theophylline, and
metabolites of caffeine including xan-
thine and uric acid related compounds
had a strong inhibitory effect on the
transport activity of OAT (24). There-
fore, the inhibitory effect of caffeine
and its metabolites on transport activity
of OAT was a cause of the decrease or
increase of UAC in the intervention and
withdrawal periods of CC and affected
SUA in our study.

The major strength of our study was the
use of a within-subject study design that
reduced the individual difference effect
between participants. The study had
prescribed the quantity in grams of both
coffees. Therefore, each participant re-
ceived a certain dosage of coffee each
day. Finally, tablets of CC and DC were
prepared in our study. The other ingre-
dients particularly any milk or fructose
that have a hypouricaemic effect (2)
were not added. Therefore, those con-
founding factors were controlled.

The limitations of this study should be
recognised. The pure substances espe-
cially 5-CQA or others in coffee that
have been reported as the hypouricae-
mic effect (27) were not evaluated. The
effect of coffee in SUA was evaluated
in only healthy male, not female, par-
ticipants and was not evaluated in gouty
patients. Although all participants were
directly called to control the normal
daily food pattern even the study, the
types of food that directly affect SUA
in each participant were different. Tim-
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ing of the blood test after the last tab-
let of coffee intake did not be limited.
Therefore, this study could not con-
clude about duration, including acute or
long-term effect to SUA. Only the caf-
feine substance was purposed to be the
cause for increasing SUA and sXOA in
our study with a significant difference
between CC and DC; however, other
substances particularly 5-CQA was in-
cluded in both types of coffee. Never-
theless, the proportion that had the ef-
fect on SUA including increasing and
decreasing of caffeine and 5-CQA, re-
spectively, was not tested in this study.
Finally, although the sample size was
calculated in our study, the small sam-
ple size especially in the subgroup anal-
ysis should be interpreted with caution
in its results. These limitations should
be considered in further research.

In conclusion, in healthy males, DC had
a significant hypouricaemic effect with-
in 3 weeks, particularly in HUS partici-
pants. Although CC had no significant
increase of SUA overall, a significant
increase of SUA was found, especially
in non-HUS participants. These effects
disappeared when CC and DC were
stopped. Dose-independence of both
coffees was found in our results. The
mechanism of change in SUA for CC
was the increase of endogenous uric
acid production by increasing sXOA
and decreasing UAC. For DC, 5-CQA
may be a key substance for the hypouri-
caemic effect. Caffeine and 5-CQA are
hypothesised to be responsible for the
increase and decrease of SUA, respec-
tively.

Acknowledgements

This study was supported in part by
the The Royal College of Physicians of
Thailand and also the Faculty of Medi-
cine, Naresuan University. The authors
thank all participants. The authors
would also like to thank Assoc. Prof.
Rattima Jeenapongsa and Mrs Anchu-
lee Thongngoen who was a coordina-
tor between investigators and devel-
oped the graphic designs, respectively.
Moreover, the authors thank Assoc.
Prof. Sutatip Pongcharoen, a lecturer
in the Faculty of Medicine, Naresuan
University, for suggestions regarding

1010

the text. Finally, the authors also thank
Mrs Kaewjai Tepsuthumarat and Miss
Kornthip Jeephet, statisticians in Khon
Kaen University and Naresuan Univer-
sity, respectively, for their assistance in
statistics.

References

1. MAIUOLO J, OPPEDISANO F, GRATTERI S,
MUSCOLI C, MOLLACE V: Regulation of uric
acid metabolism and excretion. Int J Cardiol
2016; 213: 8-14.

2. MAJOR TJ, TOPLESS RK, DALBETH N, MER-
RIMAN TR: Evaluation of the diet wide con-
tribution to serum urate levels: meta-analysis
of population based cohorts. BMJ 2018; 363:
k3951.

3. ZHANG Y, YANG T, ZENG C et al.: Is coffee
consumption associated with a lower risk
of hyperuricaemia or gout? A systematic re-
view and meta-analysis. BMJ Open 2016; 6:
€009809.

4. PARK KY, KIM HJ, AHN HS et al.: Effects
of coffee consumption on serum uric acid:
systematic review and meta-analysis. Semin
Arthritis Rheum 2016; 45: 580-6.

5. PUNZI L, SCANU A, SPINELLA P, GALOZZI P,
OLIVIERO F: One year in review 2018: gout.
Clin Exp Rheumatol 2019; 37: 1-11.

6. HIGDON ]V, FREI B: Coffee and health: a
review of recent human research. Crit Rev
Food Sci Nutr 2006; 46: 101-23.

7. DEPAULA J, FARAH A: Caffeine consump-
tion through coffee: content in the beverage,
metabolism, health benefits and risks. Bever-
ages 2019; 5: 37.

8. NEHLIG A: Interindividual differences in caf-
feine metabolism and factors driving caffeine
consumption. Pharmacol Rev 2018; 70: 384-
411.

9. CHOI HK, CURHAN G: Coffee, tea, and caf-
feine consumption and serum uric acid level:
the third national health and nutrition exami-
nation survey. Arthritis Rheum 2007; 57: 816-
21.

10. KIYOHARA C, KONO S, HONJO S et al.:
Inverse association between coffee drinking
and serum uric acid concentrations in middle-
aged Japanese males. Br J Nutr 1999; 82:
125-30.

11. PHAM NM, YOSHIDA D, MORITA M et al.:
The relation of coffee consumption to se-
rum uric Acid in Japanese men and women
aged 49-76 years. J Nutr Metab 2010; 2010:
930757.

12. STRANDHAGEN E, THELLE DS: Filtered cof-
fee raises serum cholesterol: results from a
controlled study. Eur J Clin Nutr 2003; 57:
1164-68.

13. CHUANG SY, LEE SC, HSIEH YT, PAN WH:
Trends in hyperuricemia and gout preva-
lence: Nutrition and Health Survey in Tai-
wan from 1993-1996 to 2005-2008. Asia Pac
J Clin Nutr 2011; 20: 301-8.

14. TENG GG, TAN CS, SANTOSA A, SAAG KG,
YUAN JM, KOH WP: Serum urate levels and
consumption of common beverages and al-
cohol among Chinese in Singapore. Arthritis

Care Res 2013; 65: 1432-40.

15. BAE J, PARK PS, CHUN BY et al.: The effect
of coffee, tea, and caffeine consumption on
serum uric acid and the risk of hyperuricemia
in Korean Multi-Rural Communities Cohort.
Rheumatol Int 2015; 35: 327-36.

16. RUOFF G, EDWARDS NL: Overview of serum
uric acid treatment targets in gout: why less
than 6 mg/dL? Postgrad Med 2016; 128:
706-15.

17. THE BRITISH PHARMACOPOEIA C: British
pharmacopoeia 2010. London: Medicines
and Healthcare products Regulatory Agency
(MHRA); 2010.

18. PEREIRA P: ISO series update, Part 2 - ISO
15189:2012 Medical laboratories - Require-
ments for quality and competence. Westgard
QC 2017.

19. BUCHANAN OM, BLOCK WD, CHRISTMAN
AA: The metabolism of the methylated puri-
ties. 1. The enzymatic determination of uri-
nary uric acid. J Biol Chem 1945; 157: 181-7.

20. KEILIN D, HARTREE EF: Uricase, amino acid
oxidase, and xanthine oxidase. Proc R Soc
Lond [Biol] 1936; 119: 114-40.

21. WOLFSON WQ, HUDDLESTUN B, LEVINE R:
The transport and excretion of uric acid in
man. ii. the endogenous uric acid-like chro-
mogen of biological fluids. J Clin Investig
1947; 26: 995-1001.

22. CHOI HK, WILLETT W, CURHAN G: Coffee
consumption and risk of incident gout in
men: a prospective study. Arthritis Rheum
2007; 56: 2049-55.

23. CLARK GW, LORIMIER AA: The effects of
caffeine and theobromine upon the forma-
tion and excretion of uric acid. Am J Physiol
1926; 77: 491-502.

24. SUGAWARA M, MOCHIZUKI T, TAKEKUMA
Y, MIYAZAKI K: Structure-affinity relation-
ship in the interactions of human organic an-
ion transporter 1 with caffeine, theophylline,
theobromine and their metabolites. Biochim
Biophys Acta 2005; 1714: 85-92.

25. MORITA Y, NISHIDA Y, KAMATANI N, MIY-
AMOTO T: Theophylline increases serum uric
acid levels. J Allergy Clin Immunol 1984; 74:
707-12.

26. YAMAMOTO T, MORIWAKI Y, SUDA M,
TAKAHASHI S, HIROISHI K, HIGASHINO K:
Theophylline-induced increase in plasma uric
acid--purine catabolism increased by theo-
phylline. Int J Clin Pharmacol Ther Toxicol
1991;29: 257-61.

27. MENG ZQ, TANG ZH, YAN YX et al.: Study
on the anti-gout activity of chlorogenic acid:
improvement on hyperuricemia and gouty in-
flammation. Am J Chin Med 2014; 42: 1471-
83.

28. LUDWIG IA, MENA P, CALANI L et al.:
Variations in caffeine and chlorogenic acid
contents of coffees: what are we drinking?
Food Funct 2014; 5: 1718-26.

29. TANG-LIU DD, WILLIAMS RL, RIEGELMAN S:
Disposition of caffeine and its metabolites in
man.J Pharmacol Exp Ther 1983; 224: 180-5.

30. TAI V, MERRIMAN TR, DALBETH N: Genetic
advances in gout: potential applications in
clinical practice. Curr Opin Rheumatol 2019;
31: 144-51.

Clinical and Experimental Rheumatology 2021



