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Abstract

Background: Cardiovascular disease (CVD) is the leading cause of death for men and women globally in both developed and de-
veloping countries, thus is a significant health problem. Obesity and overweightness (BMI = 25 kg/m?), occurring in 67% of the U.S.
population, and insulin insensitivity (pre-diabetes) are co-morbidities frequently occurring concomitantly with CVD. Accumulating

epidemiological evidence shows that polyphenol-rich diets rich in fruits can significantly reduce CVD risk.

Methods: In this randomized, placebo-controlled crossover pilot study, we recruited 10 participants (38.1 + 12.5 y; 9 females, 2
males) with BMI > 25.0 (32.2 *+ 4.6 kg/m? 5 obese, 5 overweight) to consume 8 fl oz. daily of either 100% tart cherry juice (TC]) or
an alternate placebo beverage, for 4 weeks each with a 2-week intervening washout period. Fasting blood samples were collected at

the beginning and end of each arm for measurement of biomarkers of dyslipidemia and glycemia.

Results: Total cholesterol (TC) was not different between treatments (p > 0.05) but plasma triglycerides (TG) and the CVD risk fac-
tor ratio TG/HDL-C were statistically decreased 10% and 17%, respectively (p < 0.05) after TC] consumption. A trend existed for
VLDL, which was reduced 15%. LDL-C and HDL-C were not different between treatments. Baseline fasting glucose (FG) and insulin
levels were 99 + 7 mg/dl and 12.8 + 5.8 ulU/ml, respectively, with half having FG > 100 mg/dL. HOMA, QUICKI, and McAuley indices
of insulin resistance were modulated suggesting pre-diabetes, but values were not significantly different between groups at study

completion.

Conclusion: Collectively, the data suggest that 100% TC] can reduce CVD risk by reducing plasma TG and some routinely used risk

factors. ratios
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Introduction

Cardiovascular disease (CVD) is the leading cause of death for
men and women globally in both developed and developing coun-
tries, thus is a significant health problem. Hyperlipidemia and dys-
glycemia are risk factors for CVD and collectively damage the en-
dothelium and contribute to atherogenesis and insulin resistance
[1]. Obesity and overweightness (BMI = 25 kg/m?), occurring in
approximately two thirds of the U.S. population, and insulin insen-
sitivity (pre-diabetes) are co-morbidities frequently occurring con-
comitantly with CVD and often with elaboration of the same under-
lying processes and subsequent damage to the endothelium. Those
with metabolic syndrome (MetS) are especially at significant, in-
creased risk of CVD related to plaque buildup in artery walls (e.g.,
stroke and peripheral vascular disease) and type-2 diabetes.

In the U.S,, it is estimated that over 50 million Americans have
metabolic syndrome, which has now is a global epidemic [2-3].
Metabolic syndrome, known also as syndrome X, is defined by
WHO and the American Heart Association as a pathologic condi-
tion characterized by three or more of the following conditions
including abdominal obesity (waist circumference > 40” in males
and > 35” in females), triglyceride level = 150 mg/dL), HDL choles-
terol < 40 mg/dL in males or < 50 mg/dL in females, systolic blood
pressure = 130 mmHg, or diastolic blood pressure = 85 mmHg, and
fasting glucose = 100 mg/dL. Current medical treatments often fail
to retard the progress of cardiovascular disturbances, and plant-
derived polyphenols are increasingly being investigated as a pos-

sible way to provide safe and effective complementary therapy [4].

Epidemiologic studies support that high dietary polyphenol
consumption from fruits and vegetables is inversely associated
with CVD risk [6-8]. Cherries are a nutritionally dense fruit that are
particularly high in polyphenols, specifically anthocyanins, thus
are potentially protective against dyslipidemia and dysglycemia
associated with CVD risk [9,11]. Several recent studies using hy-
perinsulinemic and hypercholesterolemic models supplemented
with tart cherry powder demonstrated significantly decreased to-
tal cholesterol, triglycerides, insulin, and fasting glucose levels [7].
Moreover, dietary tart cherry powder (up to 10% w/w) reduced
metabolic syndrome and oxidative stress, as well as triglyceride,
total cholesterol, insulin, and the oxidative stress biomarker 8-iso-
prostane, while improving HDL [6]. TC] also significantly increased
plasma antioxidant activity and reduced risk factors for CVD and

inflammation in other phenotypes of the metabolic syndrome |[8-
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9]. In other studies, cherry-based diets reduced pro-inflammatory
cytokines IL-6 and TNF-alpha up to 50% and improved insulin
secretion in response to varying glucose loads and demonstrated
glucose-lowering effects [9-11]. Collectively, considerable evidence
suggests that TC] can be effective in reducing myriad parameters
associated with MetS such as dyslipidemia and dysglycemia. How-
ever, these results require additional clinical trials to corroborate

the results.

In this study, we conducted a 12-week randomized, 2 x 2 cross-
over, placebo-controlled dietary intervention using overweight
(25.0-29.9 kg/m?) and obese (= 30.0 kg/m?) participants. Study
participants were randomized to consume 8 fl oz daily of either
placebo (artificial cherry-flavored, anthocyanin-free beverage) or
100% tart cherry juice (TC]) for 4-wk, followed by a 2-wk washout
period, after which they consumed 8 fl 0z daily of the alternate bev-
erage for 4 wk. Biomarkers of dyslipidemia, CVD risk (using CVD
risk ratios), and glucose homeostasis (insulin sensitivity using in-
direct indices) were measured or calculated at the beginning and
end of both intervention phases to determine possible associations

between parameters in an at-risk cohort (Figure 1).
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Figure 1: Experimental design of current study.

Methods
Participants, study design, and intervention

This study was a 10-week 2 x 2 crossover, randomized, placebo-

controlled dietary intervention in overweight and obese partici-
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pants (BMI = 25.0 kg/m?). Participants that were > 18 years of age,
not pregnant, not diabetic, with no unresolved infections or dis-
eases (inflammation, diabetes, CVD, cancer and liver disease), and
nonsmokers were recruited for this study. 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. Informed consent was obtained from each respon-

dent for prior to screening and/or entering the study.

After enrollment, subjects were randomly assigned using an
online computer randomizer program to consume either 8 oz of
100% TC] (R.W. Knudsen, Chico, CA) or a generic anthocyanin-
free fruit punch for 4 wk. After a 2-wk washout period, subjects
were switched to the alternate beverage for an additional 4 wk.
Participants were instructed to refrain from consuming any other
anthocyanin-containing fruits and juices during the study period
and provided a list of products to avoid and/or minimize. Dietary,
medical, and physical activity questionnaires and records were col-
lected and analyzed using Food Processor Nutrition and Fitness
Software (ESHA, version 8.5; Salem OR) to determine any changes

in food or beverage consumption.

Biomedical analysis and anthropometric measurement

After a = 12-hour fast, fasting blood samples were drawn by
standard venipuncture protocols into each of 3 evacuated tubes
(Fisher Scientific, Hampton, NJ). Total, HDL-, and LDL-cholesterol,
and TG were measured directly using a blood chemistry analyzer
(Piccolo, Abaxis Inc., Union City, CA). VLDL-cholesterol was calcu-
lated as was the CVD risk ratios (i.e., TC/HDL, LDL/HDL). Plasma
was separated by centrifugation at 1,100 x g at 4°C for 20 min and
archived in 0.5 ml aliquots at -80°C until analysis.

Anthropometric measurements including body weight, height
and body composition (body fat percentage, fat mass, fat-free mass,
total body water, basal metabolic rate (BMR)) were measured at
each visit by bioelectrical impedance (TBF 300A Tanita Body Com-
position Analyzer, Tokyo, Japan). Dietary records and physical ac-

tivity questionnaires were collected and reviewed at each visit.

Analysis and calculation of insulin resistance

Fasting glucose and insulin were measured using COBAS (Roche

Diagnostics, North America, Indianapolis, IN) and Immulite (Sie-
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mens USA, Tarrytown, NY) automated chemiluminescent blood
chemistry analyzers. Insulin sensitivity was calculated using a
panel of indices including 1) the homeostatic model assessment
(HOMA) calculated as glucose (mg/dl) x insulin (uU/ml)/22.5, (2)
the quantitative insulin-sensitivity check index (QUICKI) calculat-
ed as 1/(log [insulin in mU/1] + log [glucose in mg/dl]) and (3) the
McAuley index calculated as exp[2.63 - 0.28 In (insulin in mU/L)
- 0.31 In (triglycerides in mmol/L). The glucose/insulin ratio and
1/insulin reciprocal were also calculated. The triglyceride and glu-
cose index (TyG index) has become a more frequently used option
for evaluating insulin sensitivity due to accessible, inexpensive bio-
chemical markers needed for its calculation. TgY index is calculated

as Ln ((fasting glucose [mg/dL] x triglycerides [mg/dL])/2).

Statistical Analysis

All data obtained during this study were analyzed using the Sta-
tistical Package for the Social Sciences (SPSS) version 17.0.2, 2009.
Values were expressed as means * standard deviation (SD). Differ-
ences in participant plasma lipid, insulin, markers of insulin sensi-
tivity, glucose, electrolyte and metabolite concentrations were con-
sidered significant at P < 0.05 and considered a trend at P0.1 < P >
0.05. Repeated measures and multiple paired-samples t-tests were
conducted. All data were tested for normality and transformed by

the Friedman Test and Wilcoxon Signed Ranked Test if required.

Results

Our initial screen of subjects in this study indicated the popu-
lation was overweight and obese (BMI = 32.2 kg/m2) thus more
likely to demonstrate dyslipidemia and insulin resistance (Table
1). The initial lipid panel suggested values were either within or
close to the normal range for each parameter. We also noted that
the average glucose concentration was 99 + 7 mg/dL and insulin
was 12.12 + 9.89 uU/mL indicating both analyte values were at
the upper ranges of the normal reference range suggesting move-
ment towards insulin resistance. In essence, this cohort displayed
existence of quasi-hyperlipidemia and quasi-hyperglycemia and
increased risk for chronic disease. We enrolled 10 subjects with
BMI > 25.0 mg/k? into the pilot study (mean * SD age: 38 + 12; 9:2
females: males). Fasting glucose was 99 + 7 with half displaying
values > 100 mg/dL indicative of glucose intolerance. LDL-C was
109 + 19 and TG was 153 = 58 mg/dL, respectively. There were no
differences in average macronutrient intake or energy consump-

tion between test groups (data not shown).
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Characteristics Baseline
n (male/female) 10 (2/8)

Age y 38 + 12

BMI kg/m? 32.2 * 4.6

Total cholesterol mg/dL 188 + 21
mM 4.86 + | 0.54

LDL Cholesterol mg/dL 109 + 19
mM 2.82 + | 049

HDL Cholesterol mg/dL 48 * 10
mM 1.24 + | 0.03

VLDL Cholesterol mg/dL 31 + 11
mM 0.81 + | 028
Non-HDL Cholesterol | mg/dL 140 + | 155
mM 3.62 * 0.4

Triglycerides mg/dL 153 * 58
mM 1.73 + | 0.65

Blood glucose mg/dL 99 + 7
mM 5.5 + 0.4
Insulin uU/mL 12.12 + | 9.89
pM 72.7 + | 593

Table 1: Baseline characteristics of study cohort.

We next explored whether lipid panels would differ between
pre and post samples when subjects consumed either the placebo

beverage or tart cherry juice. We noted no significant differences
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between the two or with time for any of the major cholesterol par-
ticles including HDL-C, LDL-C, and VLDL-C (Table 2). We did, how-
ever, observe a significant reduction of plasma triglycerides from
141.7 to 127.2 mg/dL, a significant 10.1%.

The relative contribution of specific lipid particles is important
in determining chronic disease risk. Thus, we next examined the
impact on well-recognized and used ratios of lipids to determine
if risk was present. There were no significant differences between
pre and post values in either the placebo or tart cherry juice group
and no differences between the two regarding a time effect (Table
3). However, we did observe that the TG/HDL was significantly
lower (p < 0.05) after tart cherry juice consumption and at the up-
per limit of optimal for total cholesterol/HDL ratio and TG/HDL.
The values for LDL/HDL and HDL/LDL were within normal range
for relative risk. The data suggest that triglycerides had a major im-
pact on triglyceride-dependent calculations. We noted a significant
reduction in serum triglycerides after consumption for 4 weeks of
tart cherry juice (147 + 5 versus 127 + 45) when compared to the
placebo group. We noted a trend (0.1 < p > 0.05) for VLDL. There
were no significant differences at the end of the study for TC, LDL-C
and HDL-C between either beverage group. We also noted a signifi-
cant reduction in the TG/HDL-C risk factor by 17% indicating a less
atherogenic lipid profile and subsequently decreased risk for the

development of coronary disease [10].

Optimal Placebo TCJ]
Units Pre Post Pre Post
Total cholesterol mg/dL <200 188.1 | + | 21.0 | 1774 | = | 23.0 | 1859 | = | 25 188.0 | = | 25.6
mM <52 49 + 0.5 4.6 + 0.6 4.8 + | 0.6 49 + 0.7
LDL Cholesterol mg/dL <130 1093 | + | 19.1 | 103.7 | = | 21.5 | 1120 | £ | 23 1150 | = | 20.2
mM <3.36 2.8 + 0.5 2.7 + 0.6 2.9 + | 0.6 3.0 * 0.5
HDL Cholesterol mg/dL > 60 480 | £+ | 102 | 467 | £+ | 84 454 | £ | 95 43.2 + | 174
mM >1.55 1.2 + 0.3 1.2 + 0.2 1.2 + ] 0.2 1.1 + 0.4
VLDL Cholesterol mg/dL <30 306 | x| 11.7 | 273 |+ | 13.0 | 282 | + | 87 25.6 + 7.7
mM <0.78 0.8 + 0.3 0.7 + 0.3 0.7 + ] 0.2 0.7 + 0.2
Non-HDL-C mg/dL <130 140.1 | + | 10.8 | 130.7 | = | 146 | 1405 | £ | 15 1448 | 8.2
mM <3.37 3.6 + 0.3 3.4 + 0.4 3.6 +| 04 3.7 + 0.2
Triglycerides mg/dL <150 1534 | + | 584 | 1359 | + | 653 | 1417 | = | 43 1272 | = | 37.3*
mM <1.69 1.7 + 0.7 1.5 + 0.7 1.6 + | 05 1.4 + 0.4*
*p < 0.05

Table 2: Blood lipids of individuals cosuming placebo or tart cherry brverages for four weeks.
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Optimal Placebo TCJ
Ratio Pre Post Pre Post
TG to HDL <13 34 | £ | 15 3.1 + | 1.8 34 |+ | 16 2.8 + | 11
Total to HDL <3.0,35 40 | x| 08 39 +| 08 42 |+ | 08 4 £ 07
LDL to HDL <25 24 | £ | 06 2.6 + | 0.6 25 | x| 06 2.5 + |05
HDL to LDL >0.4 04 | +£| 05 0.5 +| 04 04 || 04 0.4 £ 09

Table 3: Calculated lipid ratios of individuals consuming placebo or tart cherry beverages for four weeks.

Glucose and insulin concentrations were at the upper level just
under the upper limit for the normal range suggesting that half of
participants were normoglycemic and half were hyperglycemic
(Table 4). HOMA, McAuley, and G/I were elevated and indicated
increased risk for chronic CVD risk. QUICKI, TyG index, and insu-
lin ratio were all within the normal range. We measured fasting
plasma insulin, glucose, and triglyceride concentrations and used
these values to calculate the QUICKI and HOMA scores, McAuley
index, and glucose/insulin and 1/insulin ratios to determined in-

sulin sensitivity. We noted that all subjects displayed a shift in val-

ues consistent with an increase in insulin insensitivity or glucose
intolerance. We calculated the McAuley index, which is dependent
on triglyceride levels, and found all participants to exhibit values
moving closer to the cutoff for insulin insensitivity. No significant
effects between test beverages were noted for any of the indirect
indices or plasma glucose and insulin. Glucose levels, however, did
decrease by > 10% after tart cherry juice consumption, but not
in the placebo group but fasting insulin did not change in either
group. The results suggest pre-diabetes in this cohort with some

indirect indices being better than others in revealing this occur-

rence.
Optimal Placebo TCJ

Units Pre Post Pre Post
Glucose mg/dL <100 100.0 | £ | 103 | 101.0 | £+ | 9.6 | 1006 | =+ | 6.0 | 1012 | £+ | 7.0
mM 7.8-11.1 5.6 £ 06 5.6 |05 5.6 |03 5.6 +| 04
Insulin uU/mL 5-15 128 | £ | 58 132 |+ 68| 133 |+ |79 | 133 |+ | 58
pM 34.7-138.9 89.2 | | 40.6 | 920 | = | 47 925 | | 55 924 | = | 40.2
HOMA <1 3.2 | 17 3.3 + 19 3.3 | 21 3.3 +| 15
QUICKI >0.384 0.3 +| 0.0 0.3 +| 0 0.3 | 0 0.3 + | 0.0
McAuley >6.3 3.9 £| 05 3.7 + | 04 3.5 +| 04 39 +| 04
TyG index 4.55-4.78 49 £ 12 4.9 +| 14 5.0 ] 21 4.9 +| 11
1/insulin >0.2 0.1 +| 01 0.1 + 01 0.1 |07 0.1 +| 01
Glucose/insulin >16 9.5 +| 53 100 |+ |54 | 121 |+ |84 | 109 |+ | 57

Table 4: Plasma glucose and insulin concentrations and calculation of indirect indices of insulin resistance in individuals

consuming either placebo or tart cherry beverages for four weeks.

Discussion

We demonstrate in this study a significant reduction of serum
triglycerides in overweight and obese participants with impaired
insulin sensitivity and at increased risk for CVD. We also observed

a significant reduction in the TG/HDL-C risk ratio, an indicator of

risk for cardiovascular events and all-cause mortality. We noted no
significant changes in parameters of insulin sensitivity in a popula-
tion that displayed increasing insulin resistance as determined by
all six commonly used indirect indices. TG/HDL-C and total cho-

lesterol/HDL-C supported dyslipidemia and increased chronic dis-
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ease risk, whereas HDL-C/LDL-C and LDL-C/HDL-C ratios revealed
borderline values, which would seem to correlate with half of par-

ticipants being overweight and half being obese.

These data suggest that TC] may reduce serum triglycerides
and subsequently CVD risk in those persons already at increased
risk. Although seemingly marginal, the contribution of triglycer-
ide reduction to prophylaxis, in association with other dietary
and lifestyle changes, may exert a considerable impact on reduc-
ing the long-term risk for chronic disease. Numerous other stud-
ies have shown similar effects on triglycerides in rodent models.
Seymour, et al. showed a statistically significant 14% reduction in
serum triglycerides, as well as plasma cholesterol and LDL in Dahl
salt-sensitive rats after 90 days of freeze-dried cherries [8]. Whole
tart cherry powder also significantly lowered fasting glucose and
insulin, and a plasma marker of oxidative damage, while slightly
raising HDL and significantly elevating blood antioxidant capacity
[8]. The cherry-enriched diets also reduced the accumulation of
triglyceride and cholesterol in the liver. Cherry extracts have also
been shown to decrease hepatic triglycerides and cholesterol in nu-

merous other rodent models [8,10,13].

We recruited individuals that were overweight and obese, an
at-risk population, to test tart cherry juice. However, in two other
human studies specifically using cherry products, lipids were un-
altered after consumption of tart cherry juice supplement or Bing
sweet cherries [7,14]. In these studies, test subjects were healthy
adult male and females and perhaps not as amenable to the dietary
intervention as adults at-risk for or with MetS. However, in mice fed
a mixture of 25 polyphenol compounds from Aspalathus linearis,
the source of Rooibus tea, hyperlipidemic mice, but not normal
mice, displayed significant reductions in serum cholesterol, triglyc-
eride and free fatty acid concentrations, as well as reductions in
adipocyte size and number and dietary-induced hepatic steatosis
[15-16]. These observations support that dietary supplementation
may be effective in at-risk models but equivocal for healthy con-

trols.

There is sufficient evidence to suggest that bioactive polyphe-
nols, and anthocyanins, major components of tart cherry juice,
might lower blood lipids such as serum triglycerides [13]. For ex-
ample, a polyphenol-rich extract (2.5% in water) from flowers fed

to rats for 9 weeks decreased body weight, size of epididymal fat,
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serum triglycerides, and atherogenic index and hepatic lipids with
reduced pancreatic lipase activity [14]. Male Wistar rats fed a high-
fructose (65%) diet to induce metabolic syndrome and treated for
2 weeks with an ethyl acetate extract of amla (Indian gooseberry)
displayed significant, reduced hypertriglyceridemia and hypercho-
lesterolemia [15]. In mice fed a high-fat diet supplemented with
5% (w/w) polyphenol-rich black tea extract (BTPE) for 8 wk, BTPE
inhibited pancreatic lipase activity in vitro, suppressed increases in
body weight, parametrial adipose tissue mass, and liver lipid con-
tent. BTPE also suppressed increases in plasma triglyceride levels
in a dose-dependent manner after oral administration of a lipid
emulsion [16]. Polyphenol-rich pomegranate juice and one of its
bioactive agents, viz., punicalagin, significantly and dose-depend-
ently decreased triglyceride biosynthesis rate and content in mac-
rophages by 30%, which appeared due to inhibition diacylglycerol
acyltransferase, the rate-limiting enzyme in triglyceride biosynthe-
sis [17]. In mice fed a high-fat diet (60% energy as fat), supple-
mented with dietary polyphenol (3.2 g/kg diet) for 16 wk, results
showed reduced body weight gain, percent body fat, steatosis, he-
patic stored triglycerides, and visceral fat weight compared with
mice without treatment. EGCG, the most abundant polyphenolic
flavonoid in tea, also reduced insulin resistance, blood glucose,
and plasma cholesterol [18]. In a randomized crossover study of
12 normal weight men aged 22 + 3, antioxidant capacity and post-
prandial triglycerides were significantly lower after Montmorency
cherries compared to placebo [19]. Thus, there is mechanistic and
biological evidence to support the observed effects of tart cherry

juice.

We did not note changes in other lipids including LDL-C, HDL-
C, and TC. This agrees with the results of two other human stud-
ies showing no effect on plasma lipids in healthy humans. In these
studies, consumption of sweet cherries or tart cherry concentrate
did not change triglycerides, LDL-C, or VLDL-C concentrations,
HDL-C, total cholesterol, lipoprotein particles, or lipoprotein size
in healthy adults [7]. Several studies have demonstrated the ability
of tart cherry juice to reduce various lipids including LDL-choles-
terol and total cholesterol but the inconsistencies in observations

among studies requires further elucidation [20-22].

In this study, we noted that all 10 participants displayed signs of
insulin insensitivity using routinely employed indirect measures of

insulin resistance. While the euglycemic hyperinsulinemic clamp
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technique is the gold standard for determining insulin insensitiv-
ity, HOMA and QUICKI are the most widely used indirect indices
for assessing insulin insensitivity with HOMA reportedly being less
reproducible than QUICKI [23,24]. We used the McAuley index be-
cause it relies on serum triglycerides and insulin (versus glucose
and insulin) for calculation and is argued to be the most sensitive
and specific indirect method in subjects with normal glucose me-
tabolism and reported to be predictive in those with hypertension
and diabetes [22-24]. Subjects were normoinsulinemic but values
for QUICKI, HOMA. 1/I and G/I were moving away from normal
and towards insulin resistance. The most compelling marker was
the McCauley index, which indicated a substantial degree of insu-
lin insensitivity with all participants’ values ranging from 4.8-4.9,
which is considerably less than the 6.3 minimum value indicating
normal insulin function. Fasting plasma glucose ranged from 88-
117 mg/dL with 50% exhibiting values > 100 mg/dL, which meets
the definition of impaired fasting glucose. In this study, we did not
observe any changes in glycemia, either beneficial or detrimental,
as reported by others after subjects consumed tart cherry juice,
which may support the inclusion of tart cherry juice as a healthy
dietary choice for those managing blood glucose [7,25]. Conversely,
cherry extract fed to high fat diets in rodents suppressed circulat-
ing glucose, insulin, and hepatic triglycerides compared to control
groups [8,11,26]. Bozzetto,, et al. report that polyphenol-rich diets
improved glucose metabolism by reducing plasma glucose AUC, in-
creased early insulin secretion, and improved post-challenge oral
glucose insulin sensitivity in people at high cardiometabolic risk
in a controlled, randomized intervention trial [4]. In the current
study, test subjects were at-risk with metabolic values in the high
end of the normal range of values (with some participants exceed-
ing the range), but not “high” risk as stated by Bozzetto., et al. for
their cohort as a result, the latter may have been more amenable to
intervention with perhaps more robust responses than the former

cohort.

Triglyceride glucose (TyG) index is a novel inexpensive clinical
surrogate marker for insulin resistance, which has been demon-
strated to have high sensitivity and specificity in identifying met-
abolic syndrome [27,28]. Previous studies have shown that TyG
index is associated with carotid atherosclerosis, coronary artery
calcification and high risk of CVD [24]. Although TyG could poten-
tially serve as a marker of insulin resistance (IR), epidemiological

evidence on its relationship with the risk of atherosclerotic cardio-
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vascular disease and long-term risk of mortality is limited [23]. In
this study, we noted no differences between pre and post beverage
consumption nor did we observe a difference between placebo ad
TC]J groups. All means were within the normal range suggested for

TyG suggesting this small cohort is not insulin resistant.

Tart cherry juice may contribute to euglycemia and minimize
potential side effects of hyperglycemia. In vitro, anthocyanin ex-
tracts from tart cherries stimulated production of insulin by mu-
rine pancreatic cells by 50% compared to control cells [11]. In fact,
a single dose of anthocyanins decreased fasting blood glucose lev-
els by 19 percent and improved glucose tolerance by 29 percent
[25]. Furthermore, fasting blood glucose levels had dropped by
50% compared to baseline and glucose tolerance had improved
significantly after 12 weeks of flavonoid-rich green tea supplemen-
tation, rats displayed lower fasting plasma levels of glucose, insu-
lin, triglyceride, and free fatty acid than the control rats consuming
water. Insulin-stimulated glucose uptake of, and insulin binding to,
adipocytes were increased as was basal and insulin-stimulated glu-
cose uptake of adipocytes. Results demonstrated that polyphenol-
rich green tea increased insulin sensitivity in rats [26-28]. In our
study, we noted a directional, although non-significant, decrease in
fasting glucose by 10.1% after consumption of tart cherry juice but
no significant change in plasma insulin suggesting that tart cherry
juice may have been decreasing fasting glucose, but was not yet at

a level of significance.

In this study, we have shown a significant reduction in serum tri-
glycerides and the CVD risk ratio TG/HDL in overweight and obese
subjects who consumed anthocyanin-rich tart cherry juice, This
agrees with the observations of Desai., et al. (2021) who showed
that cherry juice consumption significantly improved blood pres-
sure, fasting glucose, total cholesterol, and the total cholesterol:
HDL ratio [29]. Results from numerous human, animal, and cell cul-
ture studies suggest that anthocyanins, a major component of tart
cherries, may decrease blood glucose by slowing glucose produc-
tion from complex carbohydrates, hepatic glucose output, decreas-
ing production of glucagon by pancreas, and increasing hepatic
glucose uptake and production of insulin by the pancreas [30]. The
anthocyanin concentration may have been too low in juices to elicit
a response or the time of consumption may have been too short
in duration. Additionally, participants in this trial were displaying

signs of developing insulin resistance but may not have progressed
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far enough pathologically for the dietary intervention to exert ben-
eficial effects in the four weeks of the intervention. Collectively,
however, evidence exists suggesting that cherry consumption may
promote healthy glucose regulation, but future studies are needed
to confirm whether these findings translate to a reduced risk for
diabetes.

Conclusions

We demonstrate in this study the significant 10% reduction
of serum triglycerides in overweight and obese participates with
impaired insulin sensitivity and at increased risk for CVD. We also
observed a significant reduction in the TG/HDL-C risk ratio, an in-
dicator of risk for cardiovascular events and all-cause mortality. We
noted no significant changes in parameters of insulin sensitivity in
a population that was progressing towards insulin resistance as
determined by several commonly used indirect indices. These data
suggest that TC] may reduce serum triglycerides and subsequently

CVD risk in those persons already at increased risk.
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