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ABSTRACT
Background: Gout is a frequently occurring, complex rheumatologic form of inflammatory arthritis
caused by the accumulation of serum uric acid (sUA) and deposition of uric acid crystals in the
joints and tissues of the body. Hyperuricemia is also a significant independent risk factor for
all-cause and cardiovascular morbidity and mortality and is associated with hypertension,
diabetes, obesity, and osteoarthritis. However, patient adherence to prescribed urate-lowering
therapies ranges from 20% to 70%, suggesting that other additional strategies, such as dietary
intervention with specific, efficacious foods or beverages, may be necessary to mitigate the risk
of arthritis, as well as other comorbidities. Tart cherry juice (TCJ) has been used for decades by
some for gout based largely on anecdotal evidence of its efficacy and its antioxidant and
anti-inflammatory properties.

Objectives: We designed this study to test the effect of TCJ on uricemia, lipidemia, glycemia, and
inflammation in at-risk overweight and obese humans with a specific hypothesis that TCJ
consumption would reduce sUA concentrations.

Methods: In this randomized, placebo-controlled crossover study, we recruited overweight and
obese participants with body mass index (BMI) >25.0 kg/m2 (n = 26, 18 women/8 men, 41 ±
11 y; BMI 31.3 ± 6.0; 12 obese, 14 overweight) to consume 240 mL/d (8 oz/d) of either TCJ or
placebo beverage, for 4 wk each with a 4-wk intervening washout period followed by 4 wk of the
alternate beverage.

Results: TCJ significantly reduced sUA concentration by 19.2% (P < 0.05) and reduced by 19.4%
(P = 0.09) and 6.3% (P = 0.08) proinflammatory high-sensitivity C-reactive protein and monocyte
chemoattractant protein-1, respectively. The participants in this study displayed risk ratios
indicating increased cardiovascular disease risk and insulin resistance but no differences in the
pre- and postintervention groups of either placebo or TCJ groups.

Conclusion: Collectively, the data suggest that 100% TCJ reduces sUA concentrations, mitigating
hyperuricemia associated with gouty arthritis. This trial was registered at clinicaltrials.gov as
NCT03636529. Curr Dev Nutr 2019;3:nzz011.

Introduction

Gout is a frequently occurring, complex rheumatologic form of inflammatory arthritis caused
by the accumulation of serum uric acid (sUA) and deposition of uric acid crystals in the joints
and tissues of the body (1). This deposition leads to heat, redness, and swelling with considerable
accompanying tenderness and intense pain. Gout affects 8.3 million people in the United States
and occurs in ∼4% of the population, with the risk increasing to ∼10% with age (>80 y) (2).
Normally, uric acid produced via the metabolism of purines is solubilized in blood until renal
filtration and excretion via the urine. However, excessive production of uric acid due to high
dietary intake of purines or decreased renal elimination, or a combination of the two, results in
accumulation of sUA, a condition known as hyperuricemia, and in some individuals ultimately
precipitation of sharp, needlelike monosodium urate crystals and chronic tophi formation.
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Fortunately, efficacious pharmacologic treatments are available for
those with recurring gout (3–5). However, patient adherence to
prescribed urate-lowering therapies (ULTs) ranges from 20% to 70%,
suggesting that other additional strategies such as dietary intervention
with specific, efficacious foods or beverages, e.g., tart cherry juice (TCJ)
may be necessary to mitigate the risk of arthritis, as well as other
comorbidities (1).

Hyperuricemia is a significant independent risk factor for all-cause
and cardiovascular morbidity and mortality and is associated with
hypertension, diabetes, obesity, and osteoarthritis (2). In 2 studies, the
risk of diabetes among women and men in a population-based, BMI-
matched cohort study found gout to be independently associated with
an increased risk of diabetes, with the risk greater for women (6, 7). In
veterans (n = 1923), hyperuricemia was significantly associated with
diabetes risk and ∼1 in 11 (9%) of the new cases were strongly and
statistically attributed to hyperuricemia (8). The current epidemiology
of gouty arthritis indicates a rising prevalence worldwide, closely related
with the epidemics of obesity and metabolic syndrome (MetS). MetS
includes the occurrence of ≥3 of the following 5 risk factors: 1) waist
circumference (WC) >0.89 m (>35 in) for women and >1.02 m (>40
in) formen; 2) hypertriglyceridemia [>1.69mM (>150mg/dL)]; 3) low
HDL cholesterol [<1.29mM(<50mg/dL) forwomen,<1.03mM(<40
mg/dL) for men]; 4) hypertension (blood pressure >130/85 mm Hg);
and 5) hyperglycemia [>5.6 mM (>100 mg/dL)] (9).

Since the 1950 article by Blau (10), there has been considerable,
growing interest in the use of anthocyanin-rich tart cherries as a
potentially effective option in the prevention and management of
hyperuricemia and resultant gout for those susceptible to crystal
deposition. This is particularly timely given the relatively low adherence
by patients to ULTs and the increasing occurrence of gout worldwide.
In a few published, small studies in healthy human subjects and
animals, investigators have demonstrated that cherry consumption can
significantly lower sUA concentrations (11, 12). We have also reported
reductions in sUA, although not statistically significant, in a small
(n = 10) study of overweight and obese adults (13). Others have
reported that cherry product–derived, polyphenolic anthocyanins pos-
sess and exert anti-inflammatory and antioxidant activities, which are
critical functions for interrupting cellular and tissue damage (14–18). In
human studies, consumption of cherries (227 g/d, 3 mo) significantly
reduced the occurrence of proinflammatory arthritis and in fasted
healthy women reduced, within hours, circulating proinflammatory
markers including high-sensitivity C-reactive protein (hsCRP) and NO
(10, 19). We have also noted in a small, preliminary pilot study (n= 10)
of overweight and obese adults (registered as NCT036038362), the
reduction, after TCJ consumption for 4 wk, of the proinflammatory
chemokinemonocyte chemoattractant protein-1 (MCP-1), TNF-α, and
a significant difference in erythrocyte sedimentation rate (ESR), a
marker of chronic inflammation, compared with the placebo arm as
well as a reduction in plasma TGs, VLDL, and TG/HDL cholesterol
(13, 18, 20). TCJ has also been shown to decrease oxidative stress and
inflammation induced by exercise in older individuals and marathon
runners as well as in younger college students postexercise (21, 22).
Collectively, data support the capacity of cherries, both sweet and tart,
to reduce oxidative stress and inflammation associated frequently with
the onset and elaboration of inflammation although additional studies
are needed, particularly in at-risk human populations.

Our initial results from the small pilot study (n = 10) of overweight
and obese adults discussed above provided the foundation for a larger
(n = 26), second study (registered as NCT03636529) further exploring
the effects of TCJ on lipidemia, glycemia, inflammation, and sUA.
Moreover, the pilot study provided information regarding experimental
design that permitted appropriate, necessary, modifications—e.g., new
placebo formulation, extended washout period (4 wk compared with
2 wk)—to illuminate and corroborate the beneficial effects of TCJ.
Thus, in this second study we recruited at-risk individuals who were
overweight (BMI 25.0–29.9 kg/m2) and obese (BMI ≥30.0) and likely
to exhibit ≥1 conditions associated with MetS. In this 12-wk placebo-
controlled 2 × 2 crossover dietary intervention, we randomly assigned
participants to consume 240 mL (8 oz) daily of either placebo (artificial
cherry-flavored, anthocyanin-free beverage) or TCJ (equivalent to ∼50
tart cherries) for 4 wk, followed by a 4-wk washout period, then
consumption of the alternate beverage for 4 wk. We subsequently
determined the effect of TCJ in at-risk participants on markers of
lipidemia, glycemia, inflammation, and uricemia.

Methods

Participants, study design, and intervention
This studywas a 12-wk 2× 2 crossover, randomized, placebo-controlled
dietary intervention in overweight and obese participants (BMI≥25.0).
Individuals were recruited from the Phoenix, AZ, metropolitan area
through the use of handbills, word-of-mouth notification, and poster
displays as reviewed and approved by the Institutional Review Board at
Arizona State University. Respondents were screened by telephone and
onsite interviews at the metabolic kitchen at the Polytechnic campus at
Arizona State University (Mesa, AZ) to assess general health; height and
weight were measured to determine BMI. Participants were aged≥18 y,
not pregnant, not diabetic, with no unresolved infections or diseases
(diabetes, cardiovascular disease, inflammatory bowel disease, cancer,
or liver disease), and nonsmokers. Histories of medication and dietary
supplement use were collected and those taking anti-inflammatory or
lipid-lowering medications were excluded. This study was approved
by the Institutional Review Board at Arizona State University and
informed consent was obtained from each respondent prior to entering
the study. This trial was registered at clinicaltrials.gov as NCT03636529.

After enrollment, subjects were randomly assigned to 1
of 2 arms by an automated online randomization program
(http://www.graphpad.com/quickcalcs/index.cfm) to consume daily
either 240 mL (8 oz) of TCJ diluted (1:6 v/v) from concentrate (Coloma
Frozen Foods) or a placebo beverage for 4 wk. The placebo was
prepared by combining 48.3 g each of dextrose and fructose (Batory
Foods), food-grade red and blue dyes (2.0 and 0.1 mL, respectively;
McCormick & Company, Inc.), lemon powder drink mix (0.8 g;
True Citrus), powdered black cherry drink mix (4.0 g; Kraft Foods
Group, Inc.), and filtered, bottled water (local supermarket) to produce
1 L of masked (color), carbohydrate- and calorie-matched placebo
beverage. Beverages were distributed weekly in plastic (polyethylene
terephthalate) bottles and labeled only as tart cherry juice study. After a
4-wk washout period, subjects were switched to the alternate beverage
for an additional 4 wk. At each visit, participants returned all beverage
bottles for inspection and count, as well as diet records, to ensure
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compliance. Participants were instructed to refrain from consuming
any other anthocyanin-containing fruits and juices during the study
period, including cherries, red grapes, pomegranates, berries, and
their juices, red wine, or dark chocolate. Respondents were provided
with oral or written instructions, or both, to assist entry of accurate,
relevant details for all foods and beverages consumed, including brand
name, preparation method, and location consumed. Portion size was
either estimated through the use of food models, pictures, or other
visual aids, or measured with a portable digital scale or graduated
container. Dietary, medical, and physical activity questionnaires and
records were collected and analyzed with Food Processor Nutrition and
Fitness Software version 8.5 (ESHA). Physical activity was calculated
as metabolic equivalent of task (MET)-min/wk.

Analysis of total polyphenols
Total polyphenols were quantified through the use of the Folin-
Ciocalteu method as described previously (23). Briefly, water (0.3 mL),
Folin-Ciocalteu reagent (0.2 mL), and 0.2 mL of diluted sample or
external standard (gallic acid) were added to test tubes and mixed
(3 s; low speed). Tubes were incubated at 25°C for 10 min followed by
addition of 0.6 mL of 20% (w/v) sodium carbonate. Tubes were then
incubated in a water bath at 40°C for 20min, cooled for 30min to 25°C,
and analyzed at 755 nm with purified gallic acid serving as the external
standard.

Biomedical analysis and anthropometric measurement
After a ≥12-h fast, fasting blood samples were drawn by standard
venipuncture protocols into evacuated vacutainer tubes (Fisher Scien-
tific). Plasma was separated by centrifugation at 1100 × g at 4°C for
20 min and archived in 0.5-mL aliquots at −80°C until analysis. ESRs
were determined immediately following each blood draw. Anthropo-
metric measurements, including weight, height, and body composition
(body fat percentage, fat mass, fat-free mass, total body water, and basal
metabolic rate), were measured at each visit by bioelectrical impedance
(TBF 300A Tanita Body Composition Analyzer). Dietary records
and physical activity questionnaires were collected and reviewed at
each visit. Blood pressure and pulse rate were determined with an
automated IntelliSense blood pressure monitor (Omron Healthcare,
Inc.).

Total cholesterol, TGs, LDL cholesterol, HDL cholesterol, fasting
glucose, and hsCRP were measured directly from plasma samples with
the use of aCOBASC111 blood chemistry analyzer (RocheDiagnostics)
and VLDL cholesterol was calculated as TG/5. Plasma insulin was
analyzed with an Immulite 1000 automated chemiluminescent blood
chemistry analyzer (Diagnostic Products Corp., Siemens). MCP-1
was analyzed by standard sandwich enzyme-linked immunosorbent
assay performed with single-analyte ELISArray kits (SABiosciences
Corp.).

Analysis and calculation of insulin sensitivity and resistance
Insulin sensitivity and resistance were calculated through the use of
a panel of indirect indices including the following: 1) the HOMA
index, calculated as glucose (mg/dL) × insulin (μU/mL)/22.5; 2) the
quantitative insulin-sensitivity check index (QUICKI), calculated as
1/[log(insulin in mU/L) + log(glucose in mg/dL)]; and 3) the McAuley
index, calculated as exp[2.63 – 0.28 ln(insulin inmU/L) – 0.31 ln(TGs in

mmol/L)]. The glucose/insulin ratio and 1/insulin reciprocal were also
calculated.

Measurement of serum uric acid
Archived plasma samples were thawed, warmed to 25°C, and aliquots
combined with assay buffer, uric acid probe, and enzymatic reaction
mix as part of a Uric Acid Assay kit and as directed by the
manufacturer (Sigma-Aldrich). Each master reaction mix was added
to the wells of a 96-well microplate and incubated for 30 min at 37°C
in the dark. Samples were then analyzed at 570 nm and quantified,
with purified uric acid serving as an external standard. The CV
was <6.6%.

Statistical analyses
The sample size for this study was based on a 15% reduction of serum
uric acid as shown in previous studies in healthy adults consuming
TCJ and similar experimental designs (24–26). Based on the SD of the
difference in sUA pre- and postintervention with TCJ, it was calculated
that with a sample of n = 25, a 15% reduction in sUA could be detected
with an α = 0.05 and power = 0.80.

Statistical analysis was conducted with SPSS version 18.0 (2010).
All values are expressed as means ± SDs. Differences were considered
significant at P < 0.05 and as trends (to significance) at P = 0.05–
0.10. A histogram and Shapiro-Wilk test were used to test variables
for normality, and data were logarithmically transformed to achieve
a normal distribution. Nonparametric data for BMI were inversely
transformed to achieve a normal distribution. Anthropometric, in-
flammatory, and plasma lipid values were subsequently analyzed with
2-factor repeated-measures ANOVA as well as by group (treatment)
and by time (pre/post) to determine interaction effects. Dietary and
physical activity data from individual treatment groups were compared
with respective controls through the use of paired t tests for the 2
experimental arms and data that were nonparametric were analyzed via
the Wilcoxon Signed Rank test.

Results

Determination of total polyphenols and anthocyanins in TCJ
Authentic TCJ concentrate (68 brix) was diluted 1:6 (v/v) with bottled
water by the investigators to obtain single-strength juice (11 brix;
industry range 11–16 brix; pH 3.2–3.6). Both beverages contained
96 g carbohydrate/L providing 23 g per 240 mL (8 oz), the volume
of the daily treatments. TCJ contained 65 mg anthocyanins/L (15.6
mg/240 mL) and 33.6 g total phenolics/L (993.6 mg/240 mL); no
concentrations in placebo beverage were detected. The CV for the
Folin-Ciocalteu method for total polyphenols was<9.8% for interassay
analysis.

Baseline characteristics, dietary intake, and physical activity
In this study, 34 participants were enrolled from 36 initial respondents
with 26 completing the study as shown inFigure 1 (27). The appropriate
reference ranges for gender and age were applied to determine if
clinical values were considered normal or abnormal (high or low) (28).
Anthropometricmeasurements were recorded at baseline and following
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FIGURE 1 Description of recruitment, enrollment, and completion of the tart cherry juice study.

weeks 4, 8, and 12. Mean age of participants (18 women and 8men) was
41 ± 11 y (range 22–61 y) and mean BMI was 31.3 ± 6.3 (range 25.1–
51.3) (Table 1). The percentage body fat was 37.1 ± 10.0%, exceeding
the healthy ranges for men (<25%) and women (<32%), and WC
was 1.0 ± 0.1 m (39.1 ± 5.5 in), indicating adiposity with 12 obese
and 14 overweight participants. As a cohort, the collective group of
participants displayed normal concentrations of total cholesterol (TC),
VLDL cholesterol,HDL cholesterol, andTGs.However, LDL cholesterol
was elevated, as were the lipid risk factor ratios TG/HDL cholesterol
and TC/HDL cholesterol. The CV for analysis of TC, HDL cholesterol,
LDL cholesterol, and TGs was 1.1–3.5%. Fasting glucose and insulin
were normal although the QUICKI, HOMA, and McAuley indices
approached values indicative of insulin resistance (29, 30). The CVs
for insulin and glucose analyses were <6.9% and <1.8%, respectively.
Regarding inflammation, hsCRP was elevated to 35.7 ± 38.0 nM
(3.7 ± 4.0 mg/L), indicating increased inflammation, but the ESR was
normal.We also determined the occurrence and frequency of abnormal

risk factors for MetS for each participant. Five participants displayed
no MetS risk factors (BMI = 27.2 ± 1.5) although were overweight.
For others, the numbers of risk factors and participants displaying each
were: 1 (n= 6), 2 (n= 5), 3 (n= 9), 4 (n= 0), and 1 individual displayed
abnormalities in all 5 risk factors (BMI= 40.3). There was considerable
variability and inconsistency in the occurrence and magnitude of risk
factors with increasing BMI.

Dietary records were collected and analyzed at each visit and, upon
analysis, indicated no significant differences in dietary intake patterns or
intakes ofmacronutrients, energy, or fatty acids, e.g.,ω-3 (n–3), between
arms (Table 2). Data expressed as a percentage of total caloric intake
(energy) further indicate that participants were consuming an average
51.3%, 16.5%, and 32.2% of kcal from carbohydrate, protein, and fat,
respectively, which were within the current acceptable macronutrient
distribution ranges of 45–65%, 10–35%, and 20–35%, respectively (31,
32). The amount and intensity of physical activity were not different
between placebo and TCJ arms with calculated values of 2193 ± 2024
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TABLE 1 Baseline characteristics of study participants1

Characteristics Mean Reference range

Sex (M, F) 8, 18
Age, y 41 ± 11
BMI, kg/m2 31.3 ± 6.0 <25.0
Body fat, % 37.1 ± 10.0 <25, <322

TC, mM 4.95 ± 1.04 <5.17
LDL cholesterol, mM 2.79 ± 0.77 <2.59
VLDL cholesterol, mM 0.32 ± 0.31 <0.34
HDL cholesterol, mM 1.09 ± 0.31 >1.03, > 1.293

TG, mM 1.62 ± 1.55 <1.69
TG/HDL risk ratio 4.25 ± 6.23 <3
TC/HDL risk ratio 4.97 ± 2.21 <4
LDL/HDL risk ratio 2.76 ± 1.1 <3
Glucose, mM 5.2 ± 0.4 <5.6
Insulin, µU/mL 12.95 ± 6.98 5.0–20.0
QUICKI 0.336 ± 0.040 >0.312
HOMA 2.99 ± 1.65 <4
hsCRP, nM 35.7 ± 38.0 <28.6
ESR, mm/h 18 ± 11 0–304

MCP-1, pg/mL 243 ± 161 163–438
1Values are means ± SDs. ESR, erythrocyte sedimentation rate; HOMA,
homeostatic model assessment; hsCRP, high-sensitivity C-reactive protein; MCP-1,
monocyte chemoattractant protein-1; QUICKI, quantitative insulin sensitivity check
index; TC, total cholesterol.
2Men: 18–25%; women: 25–31% (acceptable ranges).
3Men: >1.03 mM; women: >1.29 mM.
4Men: <50 y, 0–15 mm/h; >50 y, 0–20 mm/h; women: <50 y, 0–20 mm/h; >50 y,
0–30 mm/h.

MET-min/wk for placebo and 2256 ± 2497 MET-min/wk for the TCJ
arm.

Anthropometric measures
Over the course of the study, we noted no significant changes between
pre- and postintervention measures of anthropometric endpoints or
parameters of total daily energy expenditure (basal metabolic rate
and physical activity), fat and lean body mass, blood pressure, heart
rate, or percentage body fat in the placebo and TCJ arms (Table 3).
We observed a percentage fat mass and WC of 37.1 ± 10.0% and
0.99 ± 0.14 m (39.1 ± 5.5 in), respectively, for the cohort. When we
stratified by gender, women (n = 18) exhibited 42.4 ± 5.1% body fat
(reference range 25–31%) and men exhibited 26.8 ± 10.0% body fat

TABLE 2 Dietary intake during placebo and TCJ intervention1

Variable Placebo TCJ

Energy, kJ/d 8439 ± 1385 8585 ± 2305
Protein, g/d 83 ± 35 9 ± 40
Carbohydrate, g/d 258 ± 68 259 ± 69
Sugar, g/d 114 ± 51 107 ± 55

Total fat, g/d 72 ± 30 74 ± 24
MUFA, g/d 15.5 ± 7.4 17.9 ± 7.4
PUFA, g/d 10.6 ± 5.7 9.8 ± 6.5
Saturated, g/d 21.9 ± 12.3 24.7 ± 10.1
Trans, g/d 0.22 ± 0.38 0.47 ± 0.61

Total fiber, g/d 19.1 ± 7.5 19.4 ± 6.1
Soluble fiber, g/d 1.49 ± 0.84 1.69 ± 0.62
n–3 fatty acids, g/d 0.96 ± 0.67 0.88 ± 0.69
1Data were analyzed with paired t tests. Values are means ± SDs, n = 26. Data
were not statistically significant between placebo and TCJ arms. TCJ, tart cherry
juice.

(reference range 18–25%). WCs were 0.98 ± 0.13 m (38.5 ± 5.3 in)
and 1.01 ± 0.16 m (39.8 ± 6.3 in) for women and men, respectively.
These data indicate, that as a group, men were borderline overweight
and obese with mean BMI = 29.9 ± 6.01 (range 25.3–43.1).

Lipids
Therewere no significant differences between pre- and postintervention
values for either placebo or TCJ arms for plasma lipids. There
also were no differences between cardiovascular disease risk ratios
(Table 4). However, risk ratios, including TG/HDL cholesterol,
TC/HDL cholesterol, and LDL cholesterol/HDL cholesterol, were
elevated above the normal range, indicating increased relative risk for
cardiovascular and coronary heart diseases (33).

Measures of glycemia, insulin resistance, and inflammation
We noted no significant differences between fasting glucose or fasting
insulin concentrations between pre- and postintervention samples from
either the placebo or TCJ arms (Table 5). We also did not note
any effect (increase or decrease) of TCJ on parameters of insulin
resistance and sensitivity. However, we noted decreases of 19.2% and
6.3% between placebo and TCJ arms for proinflammatory hsCRP
and MCP-1, respectively. CVs for the colorimetric methods for hsCRP
and MCP-1 were <10% and <6.7%, respectively.

Plasma urate
Plasma urate decreased significantly after TCJ consumption for 4 wk.
Plasma urate decreased from 378.3 ± 11.3 to 320.8 ± 9.5 µM, a 19.2%
reduction (P < 0.05), compared with in increase from 382.05 ± 17.8 to
390.2 ± 22.0 µM for pre- and postintervention values for the placebo
arm (Figure 2). In this cohort, hyperuricemia occurred in 46.2% of
participants, with 37.5% (3/8) in men and 50.0% (9/18) in women, with
elevated sUA defined as >475.8 µM (>8.0 mg/dL) for men and >362.8
µM (>6.1 mg/dL) for women (28). As a collective cohort, the mean
sUA concentrations were 382.5 µM (6.4 mg/dL) and 375.9 µM (6.3
mg/dL) for placebo and TCJ arms, respectively. Four men exceeded
the normal reference range of 202.2–416.4 µM (3.4–7.0 mg/dL)
with the remaining 4 in the upper range of normal. Nine women
exceeded the reference range of 142.8–356.9 µM (2.4–6.0 mg/dL)
and 9 were within range. Based on these criteria, 12 of the 26 (46%)
participants displayed hyperuricemia.

Discussion

In this 12-wk placebo-controlled crossover study, we have shown in
at-risk overweight and obese participants that daily consumption of
TCJ for 4 wk significantly reduced sUA concentrations by 19.2%. We
also observed 19.4% (P = 0.09) and 6.3% (P = 0.08) reductions in
proinflammatory hsCRP and MCP-1, respectively. The data indicate
that TCJ consumption can reduce sUA, i.e., hyperuricemia, which may
be applicable to those with gouty arthritis, as well as other chronic
inflammatory conditions, and can suppress proinflammatory markers
in at-risk humans.

In this study, 46% of the participants were hyperuricemic although
reporting no occurrences of gouty arthritis or other inflammatory
conditions. This is not surprising because only ∼5% of hyperuricemic
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TABLE 3 Anthropometric parameters of participants in the TCJ study1

Placebo TCJ

Variable2 Pre Post Pre Post

Age, y 43.8 ± 11.3 41.9 ± 11.1 42.2 ± 12.1 40.4 ± 11.7
BMI, kg/m2 32.1 ± 6.7 31.5 ± 6.5 29.7 ± 4.5 29.6 ± 3.8
Body fat, % 37.1 ± 9.7 37.6 ± 9.3 35.6 ± 10.9 35.9 ± 10.2
BMR, J/d 7184 ± 1006 7214 ± 1048 7042 ± 750 7146 ± 797
Fat mass, kg 34.6 ± 14.9 34.9 ± 13.8 31.7 ± 12.9 317 ± 11.4
FFM, kg 56.4 ± 9.2 55.8 ± 9.5 54.9 ± 8.4 55.6 ± 8.7
TBW, kg 40.4 ± 6.7 40.9 ± 6.9 40.3 ± 6.2 40.6 ± 6.5
WC, m 1.02 ± 0.12 0.99 ± 0.14 0.95 ± 0.10 0.96 ± 0.11
WC, in 40.1 ± 4.7 39 ± 5.5 37.5 ± 4.1 37.6 ± 4.1
BP systolic, mm Hg 127.6 ± 10.9 123.9 ± 10.1 123.4 ± 10.1 120.6 ± 9.9
BP diastolic, mm Hg 83.9 ± 9.8 79.6 ± 7.8 76.8 ± 5.7 77.6 ± 6.6
HR, bpm 71.1 ± 10.9 73.2 ± 14.2 73.6 ± 10.4 74.9 ± 10.2
ESR, mm/h 18.6 ± 12.3 21.9 ± 13.5 18.4 ± 11.2 22.4 ± 14.8
1Data were analyzed with 2-factor repeated-measures ANOVA. Values are means ± SDs, n = 26. No significant difference for interaction (time and treatment) or main
effect of treatment. BP, blood pressure; BMR, basal metabolic rate; ESR, erythrocyte sedimentation rate; FFM, fat-free mass; HR, heart rate; TBW, total body water; TCJ,
tart cherry juice; WC, waist circumference.
2Data were inversely transformed (1/variable) to achieve normality; values reported untransformed.

individuals will ultimately develop gout (34). To that end, in this study
9 out of 19 women and 3 out of 8 men were hyperuricemic (12
total), and hence 5% incidence would equate to 0.6 participants (<1
person). The occurrence of hyperuricemia, however, has substantially
increased over the past several decades and is calculated fromNHANES
data to be 15–23% up to age 60 y and up to 37% for individuals
after age 80 y (35). Given the disparity between our data and the
aforementioned, we collected dietary data and found no significant
differences in amounts or intake patterns, e.g., purine-rich foods
and beverages, or dietary intake of fructose, which can also increase
uric acid. Moreover, the carbohydrate and fructose concentrations
of the placebo and test beverages were matched to account for
this possibility. It is, however, possible that genetic, environmental,
dietary, or pathophysiologic influences, or combinations thereof, may
have contributed because 90% of gout cases are caused by renal
underexcretion and the remaining 10% by increased production of
uric acid (36). In men, sUA concentrations are typically higher than in
premenopausal women, but in postmenopausal women, concentrations
are similar to values for men (2). In this study, there were 18 women,

with 6 (33%) within the average age range or above for onset of
menopause (48–55 y) but only 2 of these 6 were hyperuricemic.

Consumption of cherries has been shown to exert anti-inflammatory
activities that can alleviate gout. In 1950, Blau demonstrated that
fresh and canned cherries prevented arthritic attacks and reduced sUA
concentrations in patients (n = 12) with gout (10). Moreover, 33% of
the patients experienced a greater range of motion in their extremities.
In a case-crossover study, consumption of fresh cherries or cherry
extract (n = 633) over a 2-d period also significantly decreased by
35% the risk of gout attacks compared with no intake (37). Moreover,
when combining cherry intake with commonly prescribed allopurinol
(purine analog and xanthine oxidase inhibitor), the risk for gout
was reduced by 75% compared with periods without either exposure,
although sUA concentrations were not reported. In healthy women
(n= 10), who consumed 2 servings (280 g) of cherries after an overnight
fast, sUA was significantly reduced at 5 h postconsumption by 14%
from 214.1 μM (3.6 mg/dL) to 178.5 μM (3.0 mg/dL). There was also a
trend toward decreased inflammatory indices, namely, hsCRP and NO
(11). In the current study (n = 26), we observed similar results with

TABLE 4 Effect of placebo and TCJ on blood lipids and CVD risk ratios1

Placebo TCJ
Variable Pre Post Pre Post

TC 192 ± 44 196 ± 43 187 ± 33 196 ± 35
LDL cholesterol 111 ± 32 113 ± 31 112 ± 30 120 ± 31
VLDL cholesterol 28 ± 28 32 ± 43 26 ± 14 26 ± 15
HDL cholesterol 42 ± 10 42 ± 10 42 ± 8 43 ± 7
TG 140 ± 137 161 ± 216 129 ± 68 128 ± 74
TG/HDL 4.1 ± 6.3 5.1 ± 1.0 3.3 ± 2.2 3.2 ± 2.5
TC/HDL 4.8 ± 2.2 4.9 ± 2.4 4.5 ± 1.4 4.6 ± 1.4
LDL/HDL 2.7 ± 1.1 2.8 ± 1.1 2.7 ± 1.1 2.9 ± 1.2
1Data were analyzed with 2-factor-repeated measures ANOVA. Values are means ± SDs; n = 26. No significant difference for interaction (time and treatment) or main
effect of treatment. CVD, cardiovascular disease; TC, total cholesterol; TCJ, tart cherry juice.
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TABLE 5 Effect of placebo and TCJ on direct and indirect markers of glycemia and inflammation1

Placebo TCJ Reference range

Glucose, mM 5.2 ± 0.4 5.4 ± 0.6 5.1 ± 0.4 5.3 ± 0.6 <5.6
Insulin, pM 92.0 ± 67.7 108.6 ± 69.2 118.5 ± 87.6 136.9 ± 137.2 <173.6
HOMA 3.13 ± 2.44 3.91 ± 2.81 3.92 ± 2.76 4.96 ± 6.05 <2.5
QUICKI 0.34 ± 0.03 0.33 ± 0.04 0.33 ± 0.04 0.32 ± 0.03 ≥0.38
McAuley 6.84 ± 0.39 6.81 ± 0.42 0.33 ± 0.04 6.49 ± 0.35 <5.8
1/insulin 0.08 ± 0.10 0.06 ± 0.11 0.06 ± 0.34 0.05 ± 0.05 0.05 = IR
Glucose/insulin 7.06 ± 0.74 6.23 ± 1.08 6.55 ± 0.08 4.87 ± 0.56 >4.5
hsCRP, nM 38.5 ± 40.9 36.5 ± 37.1 46.9 ± 67.6 37.8 ± 38.8 <28.6
MCP-1, pg/mL 250 ± 164 276 ± 131 287 ± 216 269 ± 146
1Data were analyzed with 2-factor repeated-measures ANOVA. Values are means ± SDs, n= 26. No significant differences for the interaction (time and treatment) or main
effects of time and treatment. HOMA, homeostatic model assessment; hsCRP, high-sensitivity C-reactive protein; MCP-1, monocyte chemoattractant protein-1; QUICKI,
quantitative insulin sensitivity check index; TCJ, tart cherry juice.
2Data were logarithmically transformed (log variable) to achieve normality; values reported untransformed.

a significant 19.4% reduction in sUA and a 19.2% reduction, although
nonsignificant, in hsCRP, a well-recognized indicator of inflammation.
In our previous pilot study (registered as NCT03638362), we noted no
significant difference in hsCRP between the TCJ and placebo arms in 10
overweight and obese adults (18). We attribute the latter to sample size
and variation in hsCRP concentrations between participants observed
in this study. Interestingly, TCJ treatment significantly reduced sUA
concentrations of hyperuricemic, but not normouricemic, rodents in
a time-dependent manner (12). Collectively, evidence is accumulating

indicating the efficacy of tart cherry products to reduce sUA and inhibit
inflammatory processes via, in part, inhibition of enzymatic activities.

In a previous study with 10 overweight and obese participants, we
did note a significant difference in ESR, a marker of inflammation,
between placebo and TCJ intervention groups, which appeared driven,
in large part, by a placebo-induced increase in ESR and a marginal
6% reduction in the TCJ group (manuscript under review). We
suggested that thismay have been due to the fructose (monosaccharide)
concentrations in the artificially flavored fruit drink with added sugars
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FIGURE 2 Effect of TCJ intervention on sUA concentrations compared with a placebo arm. Participants (n = 26) were randomly assigned
to either the TCJ or placebo arm and consumed 240 mL/d of test beverage for 4 wk. After a 4-wk washout, participants consumed the
alternate beverage for an additional 4 wk. Plasma samples were analyzed to determine percentage change from start and end of each
intervention arm through the use of a paired repeated-measures t test. The asterisk indicates a significant difference (P < 0.05) between
TCJ and placebo arms. sUA, serum uric acid; TCJ, tart cherry juice.
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purchased from a local supermarket, a strategy used often in placebo-
controlled beverage studies. To circumvent this potential occurrence
in this study, we prepared the placebo in our metabolic kitchen and
controlled for carbohydrate and total fructose concentrations, color, and
acidity. We noted no significant differences in ESR between arms in
this study, and thus we assume that our initial supposition was valid.
It is possible, however, that other factors could have contributed to this
result, including the TCJ formulation with lower total phenolics, which
was different than in our previous studies, the nature of the cohort
(incidence and severity of pathophysiology), or the experimental design
with longer washout period (4 compared with 2 wk), or a combination
of these factors.We can, however, glean from these data that when given
a dietary choice of beverages, i.e., artificially flavored with added sugars
or 100% authentic fruit juice, our results may be a consideration in this
choice.

As an acute-phase reactant, hsCRP is released during inflammation
and thus is a potential target for anti-inflammatory, bioactive agents
or mixtures such as tart cherries. In this study, the overall baseline
concentration of C-reactive protein in participants was elevated at
36.2 ± 38.1 nM (3.8 ± 4.0 mg/L) [range 12.4–225.7 nM (1.3–23.7
mg/L)]. The range for average risk is 9.5–28.6 nM (1.0–3.0 mg/L).
Two participants exhibited consistent values of ∼95.2 nM (>10 mg/L),
suggesting severe chronicmetabolic inflammation comparedwith other
participants, which is typical with some mild-to-moderate stressors
where C-reactive protein concentrations can increase to 476–952 nM
(50–100 mg/L) within a few hours. Our initial telephone interviews,
screening, and observation during laboratory visits indicated no overt
proinflammatory source, e.g., disease or anxiety, other than BMI >25.0
(overweight/obese), upon entry and participation in the study. Overall,
TCJ consumption reduced hsCRP concentrations by 19.4% (P = 0.09)
compared with the placebo arm, which is consistent with the results of
several studies. For example, in 1 study, men and women (n = 18) with
BMI 20–30 consumed pitted sweet cherries (280 g for 4 wk), which
significantly decreased numerous proinflammatory and associated
biomarkers, including hsCRP, by 20.1% (19). Others have also shown
significant reductions in serum hsCRP after TCJ consumption in 16
trained cyclists postexercise and in 12 healthy men and women 3 h
postconsumption (38, 39). Collectively, there are numerous studies
supporting marked reductions in hsCRP after consumption of cherries
(tart and sweet) but the data are inconsistent, with some results
displaying statistical significance whereas other results do not, even
when the magnitudes of change are similar. This suggests that more
attention should be given to specific inclusion and exclusion criteria, or
other aspects of the experimental study design, to ensure consistency of
results andminimize variability. This is a limitation of the current study
because participants displayed considerable variability in the presence
and combinations, or lack thereof, of risk factors for MetS, as well as in
the magnitudes of many criteria although meeting the BMI inclusion
criterion. This limitation could be overcome by selection of specific
combinations of risk factors for MetS (3 of 5), identification of a desired
analyte range, i.e., hsCRP 1–3,>3,>10 mg/L, etc., limiting the window
for BMI for participants, i.e., 30–35, 40–50, or ensuring the absence,
or presence, of inflammation, e.g., hsCRP, for all participants prior to
dietary intervention. Providingmore specific, pertinent, and responsive
endpoints, or combinations thereof, could potentially improve the
consistency of results between studies.

In conclusion, in this study we have shown in at-risk overweight
and obese participants that daily consumption of TCJ for 4 wk
significantly reduced sUA concentrations. We also observed reductions
in proinflammatory hsCRP and MCP-1, respectively; although not
statistically significant, these reductions are potentially biologically
relevant. The data indicate that TCJ consumption can reduce sUA, i.e.,
hyperuricemia, and may be useful in those individuals prone to gouty
arthritis or other proinflammatory conditions. Given the increasing
prevalence of hyperuricemia associated with the obesity and MetS
epidemics and the low adherence to ULTs, consumption of authentic
TCJmay be an efficacious dietary approach inmitigating the occurrence
and pathology of inflammatory conditions with particular application
to gouty arthritis.
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