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Supplementation with anthocyanins, which are a type of flavonoids mainly found in various berries, is hypothesized
to be a promising approach to lower the risk of developing cognitive decline. The aim of this systematic review was
to provide a comprehensive overview of dietary intervention trials describing effects of berry anthocyanins on

cognitive performance in humans, while also addressing potential underlying mechanisms.

anthocyanins cognitive performance vascular function cardiometabolic risk markers

| 1. Introduction

Cognitive performance encompasses multiple mental abilities that can be categorized into various domains, such
as attention and psychomotor speed, memory, and executive function . From childhood, cognitive performance
quickly improves until young adulthood, after which it gradually starts declining 2. Therefore, it is becoming
increasingly relevant to focus on improving and/or maintaining cognitive performance to delay and prevent
cognitive decline, and ultimately the onset of dementia (. This could be achieved by targeting potential
mechanisms that drive cognitive performance 4,

An impaired vascular function is a common pathophysiological characteristic of multiple age-related conditions I,
Vascular function can be assessed by determining endothelial function with methods such as brachial artery flow-
mediated vasodilation (FMD) or the reactive hyperemia index (RHI) &l Previous research has already shown that
vascular health declines with age leading to an increased risk of cognitive impairment, which may partly be
explained by co-existing cardiometabolic risk factors, such as high blood pressure (BP) or a disturbed lipid profile
such as altered low-density lipoprotein cholesterol (LDL-C) or high-density lipoprotein cholesterol (HDL-C)
concentrations 2. Therefore, dietary interventions that target vascular function and/or cardiometabolic risk markers
may improve cognitive performance 19[11112],

Therefore, increasing dietary intake of anthocyanins through supplementation could be a useful strategy to lower
the risk of developing cognitive decline. A recent systematic review by Kent and colleagues 13 reported different
intervention studies with beneficial effects of food-derived anthocyanins on cognitive performance. However, a
systematic review designed to evaluate the effects of dietary anthocyanin interventions on cognitive performance
and underlying mechanisms (i.e., vascular function and cardiometabolic risk markers) in an integrated manner has
not been published yet. Therefore, the aim of this systematic literature review was to provide an overview of dietary
intervention trials describing effects of berry anthocyanins on cognitive performance, vascular function, and

cardiometabolic risk markers in humans.
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2. The Effect of Berry Anthocyanins on Cognitive
Performance

Of the eighteen studies that determined the effects of berry anthocyanins on cognitive performance outcomes,
fifteen used a blueberry intervention, while the other three studies used either a chokeberry extract, a blackcurrant
juice, or a blackcurrant extract. Results on cognitive performance were clustered based on the domains evaluated
in the studies, i.e., (i) attention and psychomotor speed domain, (ii) executive function domain, (iii) memory

domain, or (iv) other tests. Study results are shown in Table 1.

Table 1. The effect of berry anthocyanins on cognitive performance outcomes, compared to control.
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markgimof endothelial function, some of the studies also focused on arterial stiffness. In fact, for Alx, no significant
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older adults. However, it should be considered that the study duration was only 24 h for the healthy adult

population, which is too short to induce structural changes in artery walls that are addressed with cfPWV [68],

BP was lowered in several studies that included an adult population at cardiometabolic risk (e.g. (pre)hypertension,
MetS, obesity). Studies that were carried out with an older adult population (healthy or subjective MCI) all reported
beneficial effects on BP. In contrast, studies evaluating BP effects in healthy adults did not observe any changes.
This is in line with our earlier findings on cognitive performance, suggesting that dietary anthocyanins have the
most pronounced effects in populations with increased cardiometabolic risk, allowing for improvement by the

intervention.

Considering the effects of berry anthocyanins on vascular function and cardiometabolic risk profiles as summarized
in this review, the effect of intervention composition (i.e., powder, extract, or juice) and study duration is less clear
as compared to the observations for the cognitive domain. Six out of fourteen studies using an extract found
significant improvements in BP as compared with three out of ten studies using a powder, and one out of six juice
intervention studies. Similarly, all four studies using a powder as intervention reported increased FMD, compared to
two out of three studies using an extract. This pattern is also similar for the other parameters. All studies observing
a beneficial effect on BP had an intervention period of one to twenty-four weeks, while all four acute studies (<24 h)
did not report any significant changes, suggesting that a longer intervention is probably needed to induce effects on
BP following the intake of anthocyanins. Taken together, these data suggest that the effect of berry anthocyanins
on vascular function and cardiometabolic profiles is not only dependent on the population receiving the
intervention, but may also be related to other factors, such as the method of administration, and the duration of

intervention. Furthermore, physical activity could affect it.

A limitation of this review study is that the exact composition of the interventions was not always reported.

Moreover, the bioactivity of anthocyanins is known to be dependent on their chemical structure 4. Even though
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we were able to report the amount of anthocyanin for most of the studies, more specific components such as
anthocyanin subgroups (e.g. cyanidins, delphinidins, malvidins) were often not mentioned. Therefore, it was not
possible to compare effects of these anthocyanin subgroups. Besides these subgroups, specific biological effects
could also be the result of anthocyanin metabolization 819 Furthermore, only a limited amount of studies using
an extract provided information on the method of extraction, which could influence the bioactivity of the
anthocyanins 19, Consequently, we recommend future studies to report information on the chemical composition

and extraction methods of the study products.

In conclusion, this systematic review provides evidence for the beneficial effects of berry anthocyanins on cognitive
performance as memory was improved. Vascular endothelial function, as measured by FMD and BP were also
affected, and these effects may underlie the observed effects on memory. Future studies should focus on exploring
a potential causal link between the beneficial effects on cognitive performance and improvement in vascular

function and cardiometabolic risk markers.
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