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Article 1 

Effects of Montmorency tart cherry and blueberry juice on car- 2 

diometabolic and other health related outcomes: a 3-arm pla- 3 

cebo randomized controlled trial. 4 
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Faculty of Allied Health and Wellbeing, University of Central Lancashire, Lancashire, UK. 7 

2. Centre for Research in Psychology and Sport Sciences, School of Life and Medical Sciences, University of 8 
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Abstract: The current study aimed to investigate the influence of tart cherry and blueberry juices on 11 
cardiometabolic and other health indices following a 20-day supplementation period. Forty-five 12 
adults were randomly assigned to receive tart cherry, blueberry, or a placebo; of which they drank 13 
60 mL per day for 20-days. The primary outcome; systolic blood pressure and secondary measures; 14 
anthropometric, energy expenditure, substrate oxidation, haematological, diastolic blood pres- 15 
sure/resting heart rate, psychological wellbeing and sleep efficacy were measured before and after 16 
the intervention. There were no statistically significant differences (P>0.05) for systolic blood pres- 17 
sure, however total and LDL cholesterol were significantly improved with blueberry intake (pre: 18 
total cholesterol=4.36mmol/L and LDL cholesterol=2.71mmol/L & post: total choles- 19 
terol=3.79mmol/L and LDL cholesterol=2.23mmol/L) compared to placebo (pre: total choles- 20 
terol=4.01mmol/L and LDL cholesterol=2.45mmol/L & post: total cholesterol=4.34mmol/L and LDL 21 
cholesterol=2.67mmol/L). Furthermore, psychological wellbeing indices measured using the Beck 22 
Depression Inventory, State Trait Anxiety Inventory and COOP WONCA improved statistically in 23 
the blueberry arm compared to placebo. Given the clear association between lipid concentrations 24 
and the risk of cardiovascular disease as well as the importance of psychological wellbeing to health- 25 
related quality of life, this investigation indicates that it could be a useful tool to help in managing 26 
cardiovascular diseases. 27 

Keywords: tart cherry; blueberry; cardiovascular disease; blood pressure; metabolic health 28 
 29 

 1. Introduction 30 

Cardiometabolic disease is now the principal cause of global mortality and 31 
healthcare expenditure [1]. Cardiometabolic syndrome itself is characterized by a range 32 
of symptoms including hypertension, insulin resistance, atherogenic dyslipidemia, low 33 
high-density lipoproteins, high triglycerides, high adiposity, high body mass index, large 34 
waist to hip ratio and poor glucose regulation [2, 3]. Within the epidemiological literature, 35 
distinct pathophysiological markers of oxidative stress, nitric oxide and inflammation 36 
have been cited as being the mechanistic indicators associated with the clinical presenta- 37 
tion of cardiometabolic disease [4, 5]. 38 

Pharmaceutical interventions represent the predominant treatment modalities for 39 
cardiometabolic conditions [6]. However, whilst these medications are efficacious in re- 40 
gards to the management of cardiometabolic disease, their cost-effectiveness remains am- 41 
biguous [7] and significant negative side-effects, remain common [8]. Globally, it has been 42 
documented that 84% of adults over the age of 57 are prescribed at least one medication 43 
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per day [9]. As such, it is clear that further natural and cost-effective remedies are required 44 
for cardiometabolic disease management and prevention [3]. 45 

Dietary practices are recognized as the most effective natural approach for the treat- 46 
ment of cardiometabolic disease, such that most national/ international medical organiza- 47 
tions advocate improved nutrition for the prevention and management of this condition 48 
[10]. There is therefore a clear rationale for the implementation of dietary over pharma- 49 
ceutical interventions; and in-deed Chiva-Blanch et al., [11] propose that such approaches 50 
are likely to be more cost-effective and safer for the treatment and prevention of the met- 51 
abolic diseases. Diets rich in fruits and vegetables have been shown to attenuate the risk 52 
from cardiometabolic disease [12], although maintaining such approaches over a sus- 53 
tained duration has been shown to be difficult to accomplish [13]. Therefore, dietary sup- 54 
plements represent a potentially more appealing treatment and prevention modality. 55 

Anthocyanins are abundant in dark coloured fruit and vegetable groups [14], and it 56 
is proposed that they may be able to confer significant improvements in cardiometabolic 57 
health [15]. Montmorency tart cherries, blueberries, strawberries, cranberries and black- 58 
currants [16] in particular have been shown to possess high levels of anthocyanins [17], 59 
although the majority of peer-reviewed literature has focused on tart cherries. Supple- 60 
mentation of anthocyanin rich tart cherries has been shown to improve oxidative stress 61 
[18, 19] and inflammation [19-21], and blackcurrant supplementation was also shown to 62 
enhance fat oxidation rates [22]. Improved fat oxidation during rest and physical activity 63 
is linked to long-term changes in body mass and composition allied to improvements in 64 
insulin sensitivity [23]. Therefore, an increased capacity to oxidize fat at rest and during 65 
moderate physical activity, initiated via anthocyanin rich supplementation, may be ad- 66 
vantageous for yielding improvements in body composition and insulin control, pertinent 67 
to cardiometabolic health. Importantly, the aforementioned anti-inflammatory, anti-oxi- 68 
dative and substrate trafficking effects, mediated through supplementation of anthocya- 69 
nin rich fruits, appear to conveniently target the underlying chronic low-grade inflamma- 70 
tion, pro-oxidant and lipid attenuating status that is central to cardiometabolic disease 71 
pathophysiology [24].  72 

However, the findings from parallel randomized controlled trials exploring the ef- 73 
fects of anthocyanin rich fruit supplementation on cardiometabolic outcomes have 74 
yielded equivocal findings. Some studies exploring the effects of Montmorency tart cherry 75 
juice supplementation have shown no effect on cardiometabolic indices of blood pressure, 76 
triglycerides, insulin tolerance or cholesterol [25-28] and some have revealed improve- 77 
ments in systolic blood pressure, total cholesterol and low-density lipoprotein (LDL) cho- 78 
lesterol [29-34]. Studies exploring the efficacy of other anthocyanin rich supplements pre- 79 
sent a similarly equivocal picture, with some demonstrating positive effects on cardiomet- 80 
abolic outcomes [35-39] and some showing no such effects [40-43].  81 

1.1. Rationale 82 
At the current time, there has yet to be any randomized intervention studies, com- 83 

paratively examining the efficacy of different anthocyanin rich fruit supplements on car- 84 
diometabolic outcomes. With some food biochemical investigations showing that antho- 85 
cyanin contents in dark fruits such as blueberries are as high or even greater than in tart 86 
cherries [17], further such investigations may be of both practical and clinical relevance.   87 

1.2. Aim 88 

The aim of the current study was to investigate the influence of 20-days of twice daily 89 
Montmorency tart cherry or blueberry juice supplementation on cardiometabolic and 90 
other health related indices in healthy adults compared to placebo. The primary objective 91 
of this randomized trial is to examine the influence of the tart cherry and blueberry sup- 92 
plements on systolic blood pressure relative to placebo. Its secondary objectives are to 93 
assess if tart cherry juice and blueberry supplementation impacted on other risk factors 94 
associated with and as a function of cardiometabolic disease.  95 
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1.3. Hypotheses 96 

In relation to the primary outcome, it is expected that both Montmorency tart cherry 97 
and blueberry supplement groups will mediate significant reductions in systolic blood 98 
pressure compared to placebo, but no statistically significant differences will be observed 99 
between supplement groups. Furthermore, for the secondary outcomes, the Mont- 100 
morency tart cherry and blueberry groups will produce improvements in cardiometabolic 101 
other health related parameters compared to placebo, but there will be no statistically sig- 102 
nificant differences between the two supplement groups. 103 

2. Materials and Methods 104 

2.1. Study design 105 

This investigation represents a 20-day parallel, single-blind (blinded to participant) 106 
randomized placebo-controlled trial (Figure 1). The 20-day supplementation period was 107 
adopted in accordance with [28], and the protocol for this 3-arm randomized investigation 108 
has been previously published elsewhere [3] and is designed according to the updated 109 
guidelines for reporting parallel group randomized trials [44]. The study was registered 110 
prospectively (NCT04177238) and approved by an institutional ethical review board 111 
(HEALTH 0016). 112 

After screening for eligibility and enrolment, participants were then randomized by 113 
a computer program (Random Allocation Software) to either 1. Montmorency tart cherry, 114 
2. Blueberry or 3. placebo group. All experimental variables were assessed at a. baseline 115 
(pre) and b. after 20-days (post). In agreement with previous trials of cardiometabolic 116 
health, the primary outcome measure was the between-group difference in systolic blood 117 
pressure from baseline to post-intervention [27]. Secondary outcome measures were be- 118 
tween-group differences in anthropometric, energy expenditure and substrate oxidation 119 
(during rest and moderate intensity exercise), haematological, diastolic blood pressure/ 120 
resting heart rate, psychological wellbeing and sleep efficacy indices. All experimental 121 
testing took place in the morning in a ≥10-hour fasted state, with participants having 122 
avoided strenuous exercise, alcohol, and nutritional supplements for 24 h and caffeine for 123 
12 h prior to data collection [28].  124 

2.2. Inclusion criteria: 125 

  - 18 years of age and above 126 
  - Non-smoker 127 
  - BMI < 30 128 
  - Able to give informed consent 129 
Exclusion criteria: 130 
  - Pregnancy 131 
  - 65 years of age and above 132 
  - Diabetes or any other metabolic/ uncontrolled hypertensive conditions 133 
  - Food allergies to cherries or blueberries  134 
  - Habitual consumption of blueberries/ cherries and/or blueberry/ cherry products 135 
  - Not regularly taking medication or antioxidant supplements 136 

2.3. Participants 137 

Power calculations were performed for the primary outcome variable i.e. the between 138 
groups difference in systolic blood pressure. This showed that a total sample size of 45 139 
was necessary to provide 80% power to detect a minimally important clinical difference 140 
(MCID) of 6 mmHg between groups [45], with a projected standard deviation of 5.5 141 
mmHg in each group [46], accounting for a loss to follow up rate of 10%. Participants 142 
attended an eligibility, enrolment and familiarization session prior to the commencement 143 
of formal data collection at the University of Central Lancashire. All participants provided 144 
informed consent in written form and completed a Par-Q screening form before taking 145 
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part, in compliance with principles outlined in the declaration of Helsinki and the Oviedo 146 
Convention. 147 

2.4. Dietary intervention 148 

After the conclusion of their baseline data collection session, participants were pro- 149 
vided with either Montmorency tart cherry, blueberry or placebo concentrate. Participants 150 
were required to consume 30 mL of supplementation diluted in 100 mL of water twice 151 
daily: once in the morning and again in the evening [27]. All supplementation was kept 152 
refrigerated throughout the 20-days. According to the manufacturer (ActiveEdge, UK), a 153 
30 mL dose of Montmorency tart cherry concentrate (Energy: 102 Kcal, carbohydrates: 25 154 
g of which sugars: 18 g, protein: 1.10 g and fibre: 2.6 g) is equivalent to approximately 320 155 
mg of anthocyanins. Similarly, taking into account the manufacturers (ActiveEdge, UK) 156 
guidelines, a 30 mL dose of blueberry concentrate (Energy: 103 Kcal, carbohydrates: 22 g 157 
of which sugars: 22 g, protein: 0.2 g and fibre: 0.2 g) is equivalent to approximately 387 158 
mg of anthocyanins.  159 

Preparation of the placebo was undertaken in accordance with that outlined previ- 160 
ously within the literature; this method of placebo preparation has been shown by previ- 161 
ous intervention trials to provide an effective blinding strategy [47]. Placebo preparation 162 
involved mixing 100% un-flavoured maltodextrin carbs (MyProtein, UK) into drinking 163 
water using a magnetic stirrer (Stuart Scientific, UK) and stir bar (Fisher Scientific, USA). 164 
666g of maltodextrin was added to water to create a litre of placebo concentrate, working 165 
out as 20g of maltodextrin per 30 mL serving: closely matching the Montmorency tart 166 
cherry or blueberry supplementation. Even amounts of red and black food colouring were 167 
added to match the colour of the Montmorency tart cherry concentrate and even amounts 168 
of red, blue and black colouring were utilized to match the colour of the blueberry sup- 169 
plement. Either cherry or blueberry flavdrops (1 mL) (MyProtein, UK) were then added 170 
to match the required flavour. Irrespective of flavour, a 30 mL dose of placebo concentrate 171 
(100 Kcal, carbohydrates 25 g of which sugars: 0 g, protein: 0 g and Fibre 0g) contained 0 172 
mg of anthocyanins.  173 

Throughout the study, the participants were encouraged to maintain their habitual 174 
diet and exercise routines; and asked to refrain from consuming any multivitamin, or an- 175 
tioxidant supplements [25]. For their post-intervention data collection session, all partici- 176 
pants were asked to return any un-used supplementation to determine the actual amount 177 
of supplement/ placebo that was consumed (mL) and their % compliance. Furthermore, 178 
in order to explore the total quantity of supplementary ingested anthocyanins (mg), ex- 179 
perimental average daily energy intake (Kcal/day) and supplementary average daily sug- 180 
ars (g/day), the amount of supplementation that was consumed was multiplied by the 181 
anthocyanin, energy and sugar contents established by the manufacturer. Finally, in order 182 
to examine blinding efficacy, each participant was asked whether they felt that they had 183 
been allocated to the supplement or placebo group at the conclusion of their post-inter- 184 
vention data collection session. In all three trial arms, loss to follow up was monitored, as 185 
were any adverse events. 186 

2.5. Data collection 187 

Laboratory visit data 188 
All measurements were undertaken at the University of Central Lancashire’s physi- 189 

ology laboratory and undertaken in an identical manner on two occasions i.e. baseline and 190 
post-intervention. The laboratories housed by the University of Central Lancashire are 191 
fully accredited by the British Association for Sport & Exercise Sciences, illustrating that 192 
they have undergone meticulous inspection and evidenced that; all instrumentation is 193 
well maintained in terms of reliability, validity and routine servicing, staff have the ap- 194 
propriate professional and vocational qualifications and that the requisite operational pro- 195 
cedures for health and safety are met. 196 

Anthropometric measurements 197 
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Anthropometric measures of mass (kg) and stature (m) (without shoes) were used to 198 
calculate the body mass index (BMI) (kg/m2). Stature was measured using a stadiometer 199 
(Seca, Hamburg, Germany) and mass using weighing scales (Seca 875, Hamburg, Ger- 200 
many). In addition, body composition was examined using a phase-sensitive multifre- 201 
quency bioelectrical impedance analysis device (Seca mBCA 515, Hamburg, Germany) 202 
[48], allowing percentage body fat (%) and fat mass (kg) to be quantified. Finally, waist 203 
circumference was measured at the midway point between the inferior margin of the last 204 
rib and the iliac crest and hip circumference around the pelvis at the point of maximum 205 
protrusion of the buttocks, without compressing the soft tissues [49]; allowing the waist- 206 
to-hip ratio to be quantified. 207 

Energy expenditure and substrate oxidation 208 
Respiratory gases were collected using a gas analysis system (MetaLyser 3B system, 209 

Cortex Biophysic, Leipzig, Germany). The experimental laboratory was maintained using 210 
an air-conditioning system at a fixed ambient temperature of 20 °C. To quantify resting 211 
energy expenditure and substrate oxidation, participants laid supine for a period of 20 212 
minutes and data was extracted and averaged over the final 17 minutes [50]. Resting fat 213 
and carbohydrate oxidation rates (g/min) were quantified using the stoichiometric formu- 214 
lae outlined by Freyn, [51] (EQ1-2), assuming negligible protein utilization. To quantify 215 
resting metabolic rate (RMR) (kcal/day) the formula of Weir, [52] was adopted (EQ3). 216 

 217 
Carbohydrate (g/min) = (4.55 × VCO2) – (3.21 × VO2)   [EQ1] 218 
Fat (g/min) = (1.67 × VO2) – (1.67 × VCO2)    [EQ2] 219 
RMR (kcal/day) = [(3.941 × VO2) + (1.1106 × VCO2)] × 1440  [EQ3] 220 

 221 
In addition, carbohydrate and fat oxidation rates (g/min) and energy expenditure per 222 

minute (kcal/min) were also examined during moderate intensity physical activity. Par- 223 
ticipants walked on a treadmill (hp Cosmos Pulsar, Nussdorf Germany) at a velocity of 224 
4.5 km/h for a period of 6-minutes. This walking velocity has reliably been shown to cor- 225 
respond to moderate exercise intensities [53]. Data was averaged over the last minute of 226 
the 6-minute test. Fat and carbohydrate oxidation rates (g/min) as well as energy expendi- 227 
ture (kcal/min) during the exercise test were quantified using stoichiometric formulae out- 228 
lined by Jeukendrup & Wallis, [54] specifically developed for the exercise intensity exam- 229 
ined in this study (EQ4-6). 230 

 231 
Carbohydrate (g/min) = (4.21 × VCO2) – (2.962 × VO2)   [EQ4] 232 
Fat (g/min) = (1.695 × VO2) – (1.701 × VCO2)     [EQ5] 233 
Energy expenditure (kcal/min) = (0.550 x VCO2) – (4.471 * VO2)  [EQ6] 234 

 235 
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 236 

Figure 1. Consort diagram showing the study design. 237 

Haematological testing 238 
Capillary blood samples were also collected via finger-prick using a disposable lancet 239 

after cleaning with a 70% ethanol wipe. Capillary triglyceride, total cholesterol and glu- 240 
cose levels (mmol/L) were immediately obtained using three handheld analyzers (Multi- 241 
careIn, Multicare Medical, USA) and capillary heamoglobin levels (g/L) using a single 242 
handheld analyzer (HemoCue, Ängelholm, Sweden). From these outcomes’ LDL choles- 243 
terol (mmol/L) was firstly quantified using the Anandaraja et al., [55] formula with total 244 
cholesterol and triglycerides as inputs. In addition, high-density lipoprotein (HDL) cho- 245 
lesterol (mmol/L) was also calculated by re-arranging the Chen et al., [56] equation to 246 
make HDL the product of the formulae. Both of these approaches have been shown to 247 
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have excellent similarity to their associated lipoprotein values examined using immuno- 248 
assay techniques r=0.948-0.970 [55, 56] The ratios between total and HDL cholesterol and 249 
between LDL and HDL cholesterol levels were also determined in accordance with Millán 250 
et al., [57].   251 

Blood pressure and resting heart rate 252 
Blood pressure (mmHg) and resting heart rate (beats.min-1) measurements were un- 253 

dertaken in an up-right seated position at the end of the above-described resting energy 254 
expenditure test. Both peripheral measures of systolic and diastolic blood pressure and 255 
resting heart rate were be measured via a non-invasive, automated blood pressure moni- 256 
tor (OMRON M2, Kyoto, Japan), adhering to the recommendations specified by the Euro- 257 
pean Society of Hypertension [58]. Three readings were undertaken, each separated by a 258 
period of 1 min [59], and the mean of the last 2 readings used for analysis. 259 

Questionnaires 260 
Sleep quality is diminished in patients with cardiometabolic disease [60] and intake 261 

of dietary polyphenols [61] and supplementation of Montmorency tart cherry has been 262 
demonstrated to enhance sleep quality and symptoms of insomnolence [62, 63]. Therefore, 263 
general sleep quality was examined using the Pittsburgh sleep quality index (PSQI) [64], 264 
daytime sleepiness using the Epworth Sleepiness Scale [65] and symptoms of insomno- 265 
lence via the Insomnia Severity Index [66]. These questionnaires were utilized co-opera- 266 
tively to provide a collective representation of sleep efficacy.   267 

Furthermore, psychological wellbeing is lower in those with cardiometabolic disease 268 
[67] and a high intake of dietary polyphenols has been shown to enhance indices of psy- 269 
chological wellbeing [68]. Therefore, general psychological wellbeing was examined using 270 
the COOP WONCA questionnaire [69], depressive symptoms using the Beck Depression 271 
Inventory [65] and state/ trait anxiety with the State Trait Anxiety Inventory (STAI) [70]. 272 
Once again, these scales were utilized conjunctively to provide a collective depiction of 273 
psychological wellbeing.   274 

2.6. Statistical analysis 275 

All continuous experimental variables are presented as mean and standard devia- 276 
tions. Comparisons between participant characteristics and all experimental variables 277 
were undertaken at baseline, as were the % compliance levels, experimental anthocyanins, 278 
experimental energy intake and experimental sugars (g/ day) between the groups using 279 
linear mixed models, with group modelled as a fixed factor and random intercepts by 280 
participants. All analyses of the intervention-based data were performed using on an in- 281 
tention to treat basis. To determine the effects of the intervention on all of the outcome 282 
measures, differences between the three groups were examined using linear mixed mod- 283 
els with group modelled as a fixed factor and random intercepts by participants adopted, 284 
adjusted for baseline values modelled as a continuous fixed covariate. For linear mixed 285 
models the mean difference (b), t-value and 95% confidence intervals of the difference are 286 
presented. Effects sizes for all statistically significant comparisons were quantified using 287 
partial eta squared (ηP2). Blinding efficacy was examined using a one-way chi-squared (Χ2) 288 
goodness of fit test. Finally, changes from baseline to 20-days in the experimental param- 289 
eters were used to create binary variables i.e. improve/ didn’t improve for each partici- 290 
pant. Pearson chi-square tests of independence were also used to undertake bivariate 291 
cross-tabulation comparisons between the three trial groups, specifically to test differ- 292 
ences in the number of participants who exhibited improvements in the experimental out- 293 
comes, the number lost to follow-up and the number of adverse outcomes in each group. 294 
Probability values for all chi-square analyses in this trial were calculated using Monte- 295 
Carlo simulation. All analyses were conducted using SPSS v27 (IBM, SPSS), and statistical 296 
significance for all analyses was accepted as the P≤0.05 level. In the interests of conciseness 297 
and clarity only experimental variables that presented with statistical significance as a 298 
function of the intervention are presented in the results section. 299 



Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 8 of 19 
 

 

3. Results 300 

3.1. Baseline characteristics 301 

All of the experimental measurements were contrasted at baseline for the participants 302 
who completed the trial, and no significant differences between groups were found 303 
(p=0.06-0.98 – Table 1). 304 

Table 1. Baseline characteristics of completed study participants. 305 

 All Placebo Cherry Blueberry 
 Mean SD Mean SD Mean SD Mean SD 

Age (years) 34.02 12.97 35.13 16.84 32.80 7.89 34.13 13.03 

Mass (kg) 68.41 10.74 67.62 10.47 69.44 11.38 68.17 9.43 

Stature (m) 1.68 0.09 1.67 0.10 1.69 0.10 1.68 0.08 

BMI (kg/m2) 24.26 2.90 23.82 2.98 24.90 2.35 24.07 3.10 

Sex (m/f) 24/ 20 8/ 7 7/ 7   9/ 6 

3.2. Loss to follow up, compliance, ingested anthocyanins & adverse events 306 

Total trial completion numbers in each group were cherry (n=14), placebo (n=15) and 307 
blueberry (n=15) and number of adverse effects were cherry (n=1), placebo (n=0) and blue- 308 
berry (n=0). The chi-squared tests were non-significant (X2 (2) = 2.05, p=0.36 & X2 (2) = 2.05, 309 
p=0.36) indicating that there were no statistically significant differences between trial arms 310 
in either loss to follow up or adverse events (Figure 2).  311 
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 312 

Figure 2. Consort diagram showing of participant flow throughout the study. 313 

There was no statistically significant difference in % compliance between the placebo 314 
and cherry (b = 1.47, (95% CI = -1.01 – 3.95), t = 1.21, p=0.24), placebo and blueberry (b = 0.80, (95% CI = 315 
-1.70 – 3.30), t = 0.66, p=0.52) or between cherry and blueberry groups (b = 0.67, (95% CI = -1.45 – 2.79), t 316 
= 0.64, p=0.53). For supplementary anthocyanins however there were significant differ- 317 
ences between the placebo and cherry (b = 6059.52, (95% CI = 5966.31 – 6152.73), t = 132.77, p<0.001, 318 
ηP2 = 0.98), placebo and blueberry (b = 14759.66, (95% CI = 14538.12 – 14981.21), t = 136.06, p<0.001, ηP2 319 
= 0.99) and between cherry and blueberry groups (b = 2640.62, (95% CI = 2351.08 – 2930.17), t = 18.63, 320 
p<0.001, ηP2 = 0.92). For supplementary daily sugars, there were significant differences be- 321 
tween the placebo and cherry (b = 17.04, (95% CI = 16.78 – 17.30), t = 132.66, p<0.001, ηP2 = 0.98), 322 
placebo and blueberry (b = 41.95, (95% CI = 41.32 – 42.58), t = 136.57, p<0.001, ηP2 = 0.99) and between 323 
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cherry and blueberry groups (b = 7.87, (95% CI = 7.05 – 8.69), t = 19.61, p<0.001, ηP2 = 0.93). Finally, 324 
for supplementary daily energy intake, there were significant differences between the pla- 325 
cebo and cherry (b = 2.69, (95% CI = 0.27 – 5.12), t = 2.27, p=0.031, ηP2 = 0.26), placebo and blueberry 326 
(b = 8.65, (95% CI = 3.82– 13.49), t = 3.66, p=0.001, ηP2 = 0.31), but no differences between cherry and 327 
blueberry groups (b = 3.27, (95% CI = -0.92 – 7.45), t = 1.59, p=0.121) (Table 2). 328 

Table 2. Supplementary compliance and consumption throughout the intervention. 329 

 Placebo Cherry Blueberry 
 Mean SD Mean SD Mean SD 

Amount consumed (mL) 1127 45 1136 34 1144 34 

Compliance (%) 94 4 95 3 95 3 

Experimental anthocyanins (mg) 0 8 12119 366 14760 435 

Experimental energy intake (Kcal/ day) 188 8 193 6 196 6 

Experimental sugars (g/ day) 0 0. 34 1 42 1 

 3.3 Blinding efficacy 330 

Of the 44 participants that completed the trial 52% (n=23) correctly identified their 331 
designated trial arm, the chi-squared test was non-significant (X2 (2) = 0.02, p=0.89) indicat- 332 
ing that an effective blinding strategy was adopted.  333 

3.4. Anthropometric measurements 334 

No statistically significant differences (p>0.05) in anthropometric parameters were 335 
found (Table 3). 336 

Table 3. Anthropometric measurements as a function of each trial arm. 337 

 Placebo Cherry Blueberry 
 Pre Post Pre Post Pre Post 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Mass (kg) 67.62 10.47 69.27 12.55 69.44 11.38 69.62 9.94 68.17 9.43 66.46 7.87 

Fat mass (kg) 15.55 5.07 16.61 6.07 17.97 6.18 17.85 5.36 17.02 5.18 15.83 4.11 

BMI (kg/m2) 23.82 2.98 24.46 3.25 24.90 2.35 24.69 2.23 24.07 3.10 23.80 2.89 

Body fat (%) 23.21 5.61 22.62 5.58 25.33 7.03 26.30 6.36 24.70 5.64 23.72 4.73 

Waist circumference (m) 0.79 0.08 0.80 0.10 0.80 0.07 0.79 0.06 0.79 0.08 0.78 0.09 

Waist: hip ratio 0.81 0.07 0.79 0.09 0.79 0.05 0.79 0.05 0.82 0.06 0.82 0.09 

3.5. Energy expenditure and substrate oxidation 338 

No statistically significant differences (p>0.05) in energy expenditure and substrate 339 
oxidation parameters were found (Table 4). 340 
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Table 4. Energy expenditure and substrate oxidation measurements as a function of each trial arm. 356 

 Placebo Cherry Blueberry 
 Pre Post Pre Post Pre Post 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
 Rest 

Carbohydrate oxidation (g/min) 0.23 0.06 0.29 0.11 0.23 0.05 0.24 0.05 0.21 0.06 0.21 0.08 

Fat oxidation (g/min) 0.04 0.03 0.03 0.03 0.02 0.01 0.03 0.02 0.04 0.03 0.03 0.02 

% Carbohydrate 69.24 16.23 70.26 17.82 71.01 8.67 69.66 12.63 68.65 18.15 68.55 21.53 

% Fat 30.76 16.23 29.74 17.82 28.99 8.67 30.34 12.63 31.35 18.15 31.45 21.53 

RMR (kcal/day) 1816.84 416.87 1797.67 580.28 1627.67 347.90 1683.43 306.60 1631.41 421.40 1638.71 388.42 
 Moderate intensity exercise 

Carbohydrate oxidation (g/min) 0.40 0.20 0.52 0.26 0.69 0.26 0.68 0.24 0.45 0.26 0.45 0.25 

Fat oxidation (g/min) 0.23 0.12 0.17 0.11 0.11 0.08 0.12 0.08 0.20 0.09 0.18 0.10 

% Carbohydrate 75.18 22.27 76.73 23.01 72.00 20.10 71.59 19.23 73.12 25.46 72.23 26.71 

% Fat 24.82 22.27 23.27 23.01 28.00 20.10 28.42 19.23 26.88 25.46 27.77 26.71 

Energy expenditure (kcal/min) 3.72 0.88 3.71 0.84 3.91 0.78 3.87 0.66 3.71 0.87 3.49 0.75 

 357 

3.6. Haematological values 358 

Adjusted for baseline, total cholesterol (b = 0.72, (95% CI = 0.19 – 1.24), t = 2.79, p=0.009, ηP2 = 359 
0.21) and LDL cholesterol (b = 0.53, (95% CI = 0.09 – 0.97), t = 2.56, p=0.020, ηP2 = 0.17) were signifi- 360 
cantly reduced in the blueberry arm compared to placebo. Furthermore, adjusted for base- 361 
line glucose was significantly lower in the placebo (b = 0.61, (95% CI = 0.22 – 1.01), t = 3.18, p=0.003, 362 
ηP2 = 0.08) and cherry (b = 0.41, (95% CI = 0.10 – 0.72), t = 2.68, p=0.012, ηP2 = 0.11) arms compared to 363 
blueberry. Finally, adjusted for baseline haemoglobin was significantly reduced in the 364 
placebo (b = 10.96, (95% CI = 1.61 – 20.32), t = 2.39, p=0.023, ηP2 = 0.16) arm compared to blueberry 365 
(Table 5). 366 

For total cholesterol the chi-squared test was significant (X2 (2) = 8.92, p=0.012) and 367 
80%, 86.7% and 40% of participants exhibited improvements in the cherry, blueberry and 368 
placebo groups respectively. Similarly, for LDL cholesterol the chi-squared test was sig- 369 
nificant (X2 (2) = 8.89, p=0.011) and 60%, 86.7% and 33.3% of participants exhibited improve- 370 
ments in the cherry, blueberry and placebo groups respectively. Finally, for triglycerides 371 
the chi-squared test was also significant (X2 (2) = 6.01, p=0.049) and 80%, 73.3% and 40% of 372 
participants exhibited improvements in the cherry, blueberry and placebo groups respec- 373 
tively. 374 

Table 5. Haematological values as a function of each trial arm. 375 

 Placebo Cherry Blueberry 
 Pre Post Pre Post Pre Post 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Cholesterol (mmol/L) 4.01 0.68 4.34 0.90 4.04 0.70 4.10 0.64 4.36 0.50 3.79 A 0.58 

LDL (mmol/L) 2.45 0.56 2.67 0.75 2.47 0.72 2.55 0.59 2.71 0.48 2.23 A 0.45 

HDL (mmol/L) 1.19 0.10 1.25 0.19 1.18 0.15 1.17 0.10 1.23 0.15 1.19 0.20 

Total: HDL ratio 3.42 0.46 3.51 0.69 3.49 0.82 3.59 0.68 3.64 0.60 3.21 0.48 

LDL: HDL ratio 2.11 0.40 2.17 0.62 2.14 0.75 2.23 0.64 2.29 0.55 1.91 0.45 

Glucose (mmol/L) 4.71 0.80 4.36 0.64 4.60 0.60 4.54 0.42 4.55 0.56 4.93 A,B 0.48 

Triglycerides (mmol/L) 1.06 0.25 1.17 0.55 1.07 0.37 0.96 0.28 1.21 0.44 1.20 0.56 

Haemoglobin (g/L) 141.40 18.77 136.05 12.58 140.07 11.30 142.45 13.17 145.37 12.38 146.93 13.18 

Note: A = significant difference from baseline compared to placebo & B = significant difference from baseline compared 376 
to cherry. 377 

 378 
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3.7. Blood pressure and resting heart rate 379 

No statistical differences (P>0.05) in blood pressure or resting heart rate were found 380 
(Table 6). 381 

Table 6. Blood pressure and resting heart rate measurements as a function of each trial arm. 382 

 Placebo Cherry Blueberry 
 Pre Post Pre Post Pre Post 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Systolic blood pressure (mmHg) 123 20 120 16 118 9 119 9 120 12 122 14 

Diastolic blood pressure (mmHg) 82 9 80 11 74 7 78 7 80 8 80 8 

Resting heart rate (beats.min-1) 66 13 65 9 65 6 64 9 65 11 67 13 

3.8. Questionnaires 383 

Adjusted for baseline, Beck Depression Inventory (b = 1.90, (95% CI = 0.09 – 3.72), t = 2.14, 384 
p=0.041, ηP2 = 0.13), COOP WONCA (b = 0.31, (95% CI = 0.06 – 0.56), t = 2.49, p=0.019, ηP2 = 0.17), 385 
state (b = 5.76, (95% CI = 1.04 – 10.49), t = 2.49, p=0.018, ηP2 = 0.17) and trait (b = 7.18, (95% CI = 1.05 – 13.32), t 386 
= 2.39, p=0.023, ηP2 = 0.16) anxiety scores were significantly reduced in the blueberry arm 387 
compared to placebo. Furthermore, adjusted for baseline trait anxiety (b = 6.64, (95% CI = 0.40 – 388 
12.89), t = 2.17, p=0.038, ηP2 = 0.15) scores were significantly reduced in the blueberry arm 389 
compared to cherry (Table 7). 390 

Table 7. Questionnaire measurements as a function of each trial arm. 391 

 Placebo Cherry Blueberry 
 Pre Post Pre Post Pre Post 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Beck depression inventory 7.00 9.79 7.01 7.97 6.13 5.26 5.27 5.74 3.67 3.33 2.53 A 2.92 

COOP WONCA 1.95 0.58 2.06 0.45 1.92 0.55 1.93 0.54 1.88 0.36 1.71 A 0.38 

STAI state 32.60 10.76 35.87 11.10 33.47 7.68 32.73 8.39 30.67 9.55 28.87 6.83 

STAI trait 40.20 10.66 40.73 11.43 36.87 8.72 39.20 8.67 39.33 9.98 33.07 A 8.94 

PSQI 4.47 2.20 4.40 2.06 5.67 2.23 5.27 1.87 5.40 3.07 5.07 3.61 

Insomnia severity index 5.93 4.35 3.16 4.29 7.13 4.00 5.40 2.72 6.67 5.42 4.73 4.59 

Epworth sleepiness scale 5.47 3.50 5.73 3.10 5.80 4.23 6.07 3.59 6.67 5.00 5.67 4.30 

Note: A = significant difference from baseline compared to placebo 392 

4. Discussion 393 

The current study aimed to investigate the influence of 20-days of twice daily Mont- 394 
morency tart cherry or blueberry juice supplementation on cardiometabolic and other 395 
health related indices in healthy adults compared to placebo. To date this represents the 396 
first investigation to explore the effects of these supplementary interventions in a 3-arm 397 
parallel placebo-controlled trial. The primary aim was to determine whether systolic 398 
blood pressure was improved as a function of these supplements whereas the secondary 399 
aim(s) were to explore the effects of supplementation on other risk factors for cardiomet- 400 
abolic disease.  401 

In relation to the primary outcome, the current investigation does not support our 402 
hypothesis in that there were significant reductions in systolic blood pressure in either the 403 
cherry of blueberry supplementation groups compared to placebo (Table 6). This result is 404 
in line with those of Lynn et al., [25], Desai et al., [28] and Kimble et al., [27] who showed 405 
that tart cherry supplementation had no effect on systolic blood pressure in healthy pa- 406 
tients, whilst the current investigation also confirms a similar lack of efficacy for supple- 407 
mental blueberry ingestion. It could therefore be speculated that in healthy individuals, 408 
arterial stiffness which governs systolic blood pressure is less responsive to short-term 409 
increases in anthocyanin intake via both tart cherry and blueberry supplementation. How- 410 
ever, in healthy patients Chai et al., [33] and Kent et al., [34] observed significantly lower 411 



Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 13 of 19 
 

 

systolic blood pressure in the first 3 hours after ingestion, as did Desai et al., [30] and 412 
Keane et al., [29] in those with metabolic syndrome and early onset hypertension. Notably, 413 
Keane et al., [31] showed that plasma anthocyanin metabolites peak in the first two hours 414 
following ingestion with rapid clearance and return to basal within 4 hours. This coincides 415 
with the aforementioned previously observed statistical reductions in postprandial blood 416 
pressure and suggests that the current and previous analyses adopting longitudinal rather 417 
than acute study designs may have missed the peak effects of tart cherry and blueberry 418 
supplementation. Importantly, as no statistically significant differences in blood pressure 419 
were observed, the current investigation lends further support to the concept that antho- 420 
cyanin rich supplementation mediates a transient rather than sustained attenuation of sys- 421 
tolic blood pressure. Although physiologically important, the associated long-term clini- 422 
cal benefits of an acute reduction in blood pressure from both prophylactic and treatment 423 
standpoints has not yet been explored. Therefore, future analyses should seek to establish 424 
the enduring clinical efficacy of transient reductions in systolic blood pressure mediated 425 
through anthocyanin rich supplementation.   426 

Although no statistically significant differences in the primary outcome were evi- 427 
dent, linear mixed model and chi-square analyses support our hypothesis in that both 428 
total and LDL cholesterol were significantly improved in the blueberry arm compared to 429 
placebo (Table 5), and a larger number of participants experienced reductions in triglyc- 430 
erides in the cherry and blueberry groups. As no changes in HDL cholesterol were evi- 431 
dent, it is clear that reductions in total cholesterol were mediated as a function of the cor- 432 
responding attenuation in LDL values. Previous trials have shown that consuming tart 433 
cherry mediated statistical reductions in both total and LDL cholesterol in older patients 434 
[32] and those with metabolic syndrome [33]; although this is the first investigation to 435 
show similar effects in healthy participants ingesting blueberry supplementation. It is pro- 436 
posed that the reductions in cholesterol mediated via the blueberry trial arm are a reflec- 437 
tion of the statistically greater anthocyanin concentrations in this supplement (Table 2), 438 
lending support to the concept of a dose response to supplementary anthocyanins in car- 439 
diometabolic disease [72]. In relation to triglycerides, our observations concur with those 440 
in pathological patients [33] and the current investigation notably shows similar effects in 441 
healthy participants and efficacy also those ingesting blueberry supplementation. Owing 442 
to the greater anthocyanin content in the blueberry supplement, it is proposed that the 443 
reductions in LDL cholesterol in this condition, were mediated via the inhibition of 444 
plasma cholesteryl ester transfer protein (CETP). Several studies have indicated that CETP 445 
inhibition is a crucial mechanism for the attenuation of LDL cholesterol [73, 74] and both 446 
human and animal analyses have shown that anthocyanins decrease plasma CETP activ- 447 
ity [73, 75]. Taking into account the long-standing and well-established association be- 448 
tween lipid concentrations and the risk of cardiovascular disease [76], these observations 449 
may have considerable clinical relevance. Whilst lipid lowering pharmaceutics have been 450 
shown to exhibit a high level of efficacy, they are associated with significant side-effects 451 
[7], impose significant monetary restrictions on healthcare budgets and contribute to the 452 
worldwide overreliance on prescription medications [8]. Therefore, the findings from the 453 
current trial lend support the concept that in particular blueberry supplementation may 454 
be important in the management of cardiometabolic disease.  455 

Further to the improvements in total and LDL cholesterol shown in the blueberry 456 
trial arm, the current investigation also importantly showed that this supplemental con- 457 
dition was able to mediate statistical improvements in all indices of psychological wellbe- 458 
ing compared to placebo. This observation concurs with those of Khalid et al., [77] who 459 
showed improvements in mood state in both children and young adults ingesting a blue- 460 
berry concentrate compared to placebo. Previous analyses have linked cardiometabolic 461 
disease to reduced levels of psychological wellbeing [67], so taking into account the afore- 462 
mentioned improvements noted in the blueberry trial arm, this observation makes intui- 463 
tive sense. The mechanism responsible for the improvements in psychological wellbeing 464 
is not currently known and requires further consideration given the global incidence of 465 
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depression and other psychological disorders [78]. There are several conceivable mecha- 466 
nisms which may explain our findings, including increased cerebral blood flow where 467 
cognitive and emotional control is located [79] and reduced Monoamine Oxidase activity 468 
causing increasing levels circulating monoamines, some of which are neurotransmitters 469 
associated with mood regulation [80]. Regardless, the observations from the current trial 470 
lend further support to the concept that blueberry supplementation may be important in 471 
the management of psychological disorders.   472 

However, it is important to also acknowledge that despite the potentially exciting 473 
improvements in blood lipid and psychological wellbeing profiles in the blueberry trial 474 
arm, this supplement was associated with increased resting glucose values in relation to 475 
both the placebo and cherry trial arms (Table 5). It is apparent that this observation was 476 
caused by the increased sugar content (Table 3) in the blueberry supplement, and the sta- 477 
tistically greater daily sugar intakes in this arm compared to the others. This finding allied 478 
with the previously outlined reductions in blood lipids, concurs with those of Chai et al., 479 
[32] with tart cherries. This observation is biologically interesting as typically increased 480 
blood glucose is met with corresponding increases in LDL cholesterol [81]. It is not with 481 
in the scope of the biological measurements examined in this trial to accurately determine 482 
the mechanisms responsible for this finding. However, it can be speculated that the 483 
unique nature of the anthocyanin rich blueberry supplementation may be responsible. 484 
Firstly, through the aforementioned CETP inhibition pathway, as although potentially re- 485 
sponsible for the attenuation of LDL cholesterol, animal models have shown strong cor- 486 
relations between CETP expression and bile acid signaling that may result in increased 487 
glucose disposal [82]. In addition, new information has shown that the influence of antho- 488 
cyanins themselves on glucose and lipid metabolism in humans may be affected by their 489 
distinct chemical composition [83]. Blueberries are characterized by a greater number of 490 
hydroxyl groups [84] and belong to the malvidin variety of anthocyanins [85]. The mal- 491 
vidin group is associated with greater antioxidant capacity, which may explain their 492 
greater potential for improvements in dyslipidemia [86], though there is insufficient evi- 493 
dence concerning the effects of different anthocyanin compositions on blood glucose reg- 494 
ulation. As such it is important for further investigation to be conducted into the biological 495 
influence of anthocyanin chemical composition. Nonetheless, it is important to note that 496 
the mean fasting blood glucose values remained within normal ranges [87], and the long- 497 
term effects of elevated blood glucose levels remain unknown in healthy individuals. 498 
However, in patients with cardiometabolic conditions or diabetes mellitus characterized 499 
by poor glucose control, the findings from the current investigation do not currently sup- 500 
port habitual utilization of this supplement, despite the improvements in blood lipids. 501 
Therefore, it is important for future analyses to examine the longer-term effects of blue- 502 
berry supplementation and to explore continuous blood glucose control, as well as insulin 503 
and haemoglobin A1c indices in both healthy and pathological populations.  504 

Overall, the current investigation exhibited a very effective level of blinding efficacy, 505 
a low number of adverse incidences, a high retention rate, very good compliance levels as 506 
well as improvements in blood lipids and psychological wellbeing, predominantly in the 507 
blueberry trial arm. However, owing to the statistically greater mean daily sugar and as- 508 
sociated kilocalorie intake (Table 3) in comparison to the cherry and placebo groups; in 509 
agreement with Kimble et al., [27], those seeking to utilize blueberry juice as a dietary 510 
supplement should utilize caution and seek to modify their daily dietary intake to account 511 
for the increase in daily Kcal. Furthermore, recent analyses have shown that some fruit 512 
phenolics constrain the formation of advanced glycation end products (AGE) [88], and 513 
thus mediate cellular and tissue impairment by damaging protein function and clearance 514 
[89]. Therefore, to better understand it potential biological effects, further exploration of 515 
the effects of blueberry juice should seek to examine the effects of this supplement on AGE 516 
formation. As with all research, this trial is not without limitations. Firstly, the experi- 517 
mental anthocyanin, energy and sugar contents were reported according to the manufac- 518 
turer’s guidelines, which for anthocyanins in particular have been shown to exhibit 519 
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variability from sample to sample owing to differences in growing conditions [27]. Whilst 520 
the current investigation observed positive effects of blueberry supplementation on car- 521 
diometabolic and psychological wellbeing indices, the mechanistic bases for these im- 522 
provements was not elucidated. Therefore, future investigations should seek to explore 523 
and perhaps better utilize and exploit the mechanistic pathways of blueberry supplemen- 524 
tation in order to improve health related outcomes. Furthermore, as participants were 525 
randomized into their designated trial arms without consideration for their previous an- 526 
thocyanin intake, a stratified random sampling approach should be adopted for future 527 
interventions exploring the effects of anthocyanin rich fruits on cardiometabolic health 528 
indices. Finally, as many of the experimental variables are positively influence by exercise, 529 
that physical activity was not monitored may serve as a limitation to this trial. Therefore, 530 
subsequent randomized interventions may seek to quantify physical activity throughout 531 
the intervention period via continuous actigraphy. 532 

5. Conclusions 533 

The current study aimed to investigate the influence of Montmorency tart cherry or 534 
blueberry juice supplementation on cardiometabolic, and other health related indices 535 
compared to placebo. The current study did not support the primary hypothesis in that 536 
neither cherry or blueberry supplementation improved systolic blood pressure compared 537 
to placebo. However, the secondary hypothesis was supported in that 20-days of blue- 538 
berry supplementation was able to mediate improvements in blood lipid concentrations 539 
and psychological wellbeing indices in relation to placebo. Given the clear and long-stand- 540 
ing association between lipid concentrations and the risk of cardiovascular disease and 541 
the paramount importance of psychological wellbeing to health-related quality of life, the 542 
current investigation indicates that blueberry juice could represent a useful means to en- 543 
hance cardiometabolic and psychological health. Future intervention trials and studies 544 
should consider exploring the longer-term effects of blueberry juice, the effects of in- 545 
creased supplemental sugar intake as well as its efficacy in populations with cardiometa- 546 
bolic abnormalities at baseline. 547 
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