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Abstract
Purpose The aim of the present study was to examine the acute and chronic effects of wild blueberry supplementation on 
mood, executive function, and serum biomarkers of neuroplasticity, inflammation, and oxidative stress in emerging adults 
with moderate-to-severe depressive symptoms.
Methods In this double-blind trial, 60 emerging adults (Mage = 20.0 years, 32% male) with self-reported depressive symptoms 
were randomly assigned to receive a single blueberry drink (acute phase), followed by 6 weeks of daily blueberry supple-
mentation (chronic phase), or a matched placebo drink. The primary outcome was Beck Depression Inventory-II (BDI-II) 
scores at 6-week follow-up. Further measures included momentary affect (PANAS-X) and accuracy on an executive function 
task. The data were analyzed using ANCOVAs adjusted for baseline values, sex, and habitual fruit and vegetable intake. 
Estimated marginal means were calculated to compare the treatment arms.
Results The blueberry drink significantly improved positive affect (p = 0.026) and executive function (p = 0.025) at 2 h post-
ingestion, with change scores being positively correlated in the blueberry group (r = 0.424, p = 0.017). However, after six 
weeks of supplementation the reduction in BDI-II scores was greater in the placebo group by 5.8 points (95% CI: 0.8–10.7, 
p = 0.023). Generalized anxiety and anhedonia also decreased significantly more in the placebo group. No significant differ-
ences were found for any of the biomarkers.
Conclusions Six weeks of wild blueberry supplementation were inferior to placebo in reducing depressive symptoms. Nev-
ertheless, the correlated improvements in positive affect and executive function after a single dose of blueberries point to 
a beneficial, albeit transient, psychological effect. These contrasting results suggest a biphasic, hormetic-like response that 
warrants further investigation.
Trial registration: NCT04647019, dated 30 November, 2020.

Keywords Blueberries · Anthocyanins · Depression · Executive function · Randomized controlled trial

Introduction

Depression encompasses a spectrum of chronic conditions 
characterized by prolonged periods of low mood and anhe-
donia—a loss of interest or pleasure in activities that were 
previously enjoyable. The most common types are major 
depressive disorder (MDD), persistent depressive disorder 
(also called dysthymia), and seasonal affective disorder [1]. 

These conditions impose huge costs to individuals and soci-
ety in terms of disability and mortality, healthcare costs, and 
economic and psychosocial losses. More than 280 million 
people suffer from depressive disorders worldwide, which 
makes them the leading contributor to chronic disease bur-
den [2]. In developed countries, the lifetime prevalence of 
MDD is estimated to be as high as 30.1% for women and 
17.4% for men [3]. Depression is also a major risk factor 
for suicide with more than half of suicide deaths occurring 
during a depressive episode [4]. Finally, depressive disorders 
are associated with an increased risk of developing various 
health conditions such as dementia and cardiovascular dis-
ease, thereby further increasing the burden of disease [5].
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Besides low mood and anhedonia, other key symptoms of 
depressive disorders include fatigue or low energy, distur-
bances in appetite and sleep, cognitive dysfunction, negative 
self-cognitions (e.g., feelings of worthlessness and guilt), 
and suicidal ideation [1]. On a biological level, depression is 
characterized by increased stress sensitivity, disrupted neu-
roplasticity, which manifests peripherally as abnormally low 
serum concentrations of brain-derived neurotrophic factor 
(BDNF), and elevated levels of pro-inflammatory and oxi-
dative stress markers, all of which are thought to play a role 
in the pathophysiology of the disease [5]. Psychologically, 
individuals with depression tend to interpret emotionally 
ambiguous information (including social information such 
as facial expressions) more negatively compared to healthy 
controls [6]. This “negative interpretation bias” correlates 
with depression severity, thus serving as an indirect marker 
of depressive symptomatology [7]. The management of 
depression includes pharmacotherapy (typically, monoam-
inergic antidepressants), psychotherapy, or a combination 
of both. However, poor response rates limit both treatment 
modalities [8, 9]. Moreover, antidepressants can cause seri-
ous side effects and withdrawal symptoms [10], whereas 
psychotherapy remains difficult to access for most patients 
for reasons of availability, affordability, or other barriers to 
getting care. Thus, there is a clear need to explore novel 
therapeutic approaches to alleviate the burden of depression.

Accumulating evidence suggests that dietary interven-
tions are safe and effective for the treatment of depression. 
Several recent randomized controlled trials (SMILES [11], 
HELFIMED [12], and AMMEND [13]) have demonstrated 
that a Mediterranean-style diet significantly improves mental 
health in individuals with clinical levels of depression. This 
dietary pattern emphasizes the consumption of plant-based 
whole foods (whole grains, fruit and vegetables, legumes, 
nuts, olive oil) while discouraging the consumption of ultra-
processed foods and red meat [14]. Among individual diet 
components, fruit and vegetables (FV) may be particularly 
important for mental health due to their high content of 
fibre, micronutrients, and beneficial phytochemicals. In the 
HELFIMED trial, the strongest correlation between reduced 
depression and changes in diet was observed for increased 
vegetable diversity, whereas greater fruit diversity had the 
strongest correlation with improvements in the qualify-of-
life domains “mental health” and “happiness” [12]. These 
results are in accordance with the substantial body of epide-
miological evidence associating FV consumption with bet-
ter mental health outcomes [15]. However, very few experi-
mental studies have specifically examined the effects of FV 
interventions on mental health. Conner et al. (2017) showed 
that young adults with a low FV intake (< 3 servings/day) 
who were provided with two additional daily servings of 
fresh FV over a two-week period experienced improvements 
in several aspects of psychological well-being (vitality, 

flourishing, and motivation) compared to a control group, 
but no changes in depression or anxiety symptoms were 
observed [16]. Moreover, mildly hypertensive middle-aged 
adults who consumed a high-polyphenol diet (5 servings 
of FV, one serving of berries, and 50 g dark chocolate/day) 
for eight weeks had significant improvements in depressive 
symptoms and quality of life compared to a control group 
consuming no more than two servings of FV per day [17]. 
These findings are promising, but more research is needed 
to develop and assess FV interventions, and understand their 
mechanisms of action, particularly in populations at high 
risk of mental ill-health and poor nutrition.

Among fruits and vegetables, berries seem to hold the 
greatest potential for improving mental health due to their 
exceptionally high content of polyphenols, particularly 
anthocyanins. Not only do these substances exert anti-
inflammatory [18] and anti-oxidative effects [19], but 
they may also regulate neurotransmitter metabolism and 
support neuroplasticity in ways that counteract the patho-
physiological processes of depression [20]. In addition, 
berries and other high-flavonoid foods have been shown 
to improve measures of cognitive performance [21] (such 
as executive function, which is often impaired in depres-
sion) and increase peripheral levels of BDNF with chronic 
administration [22]. In a cross-sectional study of 16,925 
US adults, berries had the strongest protective association 
with depression among 10 groups of fruit and vegetables 
that were examined. Individuals who consumed an average 
of at least 67 g berries a day were 52% less likely to report 
clinical levels of depression compared to non-consumers 
[23]. A couple of randomized controlled trials (RCTs) 
support the efficacy of blueberry interventions to reduce 
depressive symptoms [24, 25], and there is preliminary 
evidence that even a single administration of a blueberry 
drink can enhance positive affect [26]. However, these 
studies have been conducted in non-selected samples from 
the general population, so it remains unclear whether the 
benefits would extend to individuals with clinical levels 
of depression.

While depressive disorders affect people of all ages, 
there is a particularly high risk during emerging adulthood, 
a distinct developmental stage between the ages of 18 and 
25 years [27]. This vulnerability can be explained by a com-
bination of often-stressful life transitions, lack of appropriate 
coping skills, and continued neurodevelopmental changes 
[28]. At the same time, diet quality in emerging adulthood is 
typically worse compared to any other life stage [29], which 
might contribute to the high incidence of depressive disor-
ders [30]. Importantly, young adults have the lowest fruit and 
vegetable intakes of all age groups [31, 32]. These factors 
highlight the importance of developing nutritional interven-
tions that can prevent and/or treat mental health problems 
specifically in emerging adults.
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Considering the burden of depression and the potential 
of berries to improve mental health, the primary purpose 
of this RCT was to examine the antidepressant effects of 
6 weeks daily blueberry intervention in emerging adults 
with moderate-to-severe depression. The secondary objec-
tives included an assessment of the acute effects (2 h post-
ingestion) on mood and executive function as well as the 
chronic effects of blueberries on depression-related indices 
(e.g., anxiety, anhedonia, quality of life), social cognitive 
processing (as a marker of depression severity), and serum 
biomarkers of neuroplasticity, inflammation, and oxidative 
stress. We hypothesized that the intervention would improve 
mental health outcomes and increase peripheral concentra-
tions of BDNF while decreasing inflammation and oxidative 
stress. Furthermore, we expected an improvement in execu-
tive function following acute and chronic blueberry admin-
istration and a reduction of the negative interpretation bias 
of social information following chronic supplementation.

Methods

Study design

This study employed a randomized, double-blind, pla-
cebo-controlled design with both acute (2 h) and chronic 
(6 weeks) evaluations of a wild blueberry intervention on 
depressive symptoms and other health-related indices. It 
was registered prospectively (NCT04647019) and approved 
by the University of Reading Research Ethics Committee 
(UREC 20/13). All participants gave written informed con-
sent, and the trial was conducted in accordance with the ethi-
cal standards laid down in the 1964 Declaration of Helsinki 
and its later amendments. The compensation for completing 
the study was £120 or research participation credits.

Participants

A mixed-design ANOVA carried out on data from a pre-
vious study in adolescents demonstrated a medium effect 
size (partial η2 = 0.04) of a four-week blueberry interven-
tion on depressive symptoms [24]. An a priori analysis in 
G*Power with this effect size indicated that a sample of 60 
participants would be necessary to achieve a power level of 
0.80 at a significance level of 0.05. Emerging adults with 
self-reported symptoms of depression were recruited via 
departmental email lists, posters, and social media from the 
student community of the University of Reading, UK. The 
inclusion criteria comprised 18–24 years of age, presence 
of moderate-to-severe depressive symptoms, defined as a 
Patient Health Questionnaire-9 (PHQ-9) total score ≥ 10 and 
a score ≥ 2 on the sum of items 1 and 2 [33], and willing-
ness to provide venous blood samples. The exclusion criteria 

were any medically significant conditions (e.g., diabetes or 
gastrointestinal disorders), use of medication (excluding hor-
monal contraception, asthma and seasonal allergy drugs), 
history of mental illness other than anxiety and unipolar 
depressive disorders, receiving psychotherapy or counsel-
ling, and allergy to blueberries or any other Vaccinium fruits.

Procedures

To determine eligibility and allow prospective participants 
to get familiar with the testing protocol, we invited them to 
attend a screening visit prior to the commencement of formal 
data collection. Eligible participants were allocated in a 1:1 
ratio to either the blueberry condition or the placebo condi-
tion. A researcher not involved in recruitment or data col-
lection used blocked randomization with random permuted 
blocks of two and four individuals to form the allocation 
list for the two comparison groups. The allocation sequence 
was generated using the online randomization tool Sealed 
Envelope (v1.19.1) and was concealed to the researchers 
enrolling and assessing participants until all analyses were 
complete. The first testing day included the acute phase of 
the study, which also served as the baseline assessment for 
the chronic phase. Participants arrived at the laboratory after 
an overnight fast and were provided with standard break-
fast of 40 g porridge oats and 12 g stevia-sweetened vegan 
protein powder. After a short digestion break, participants 
completed the baseline task battery and mood questionnaire 
and had a venous blood sample taken. Then, they received 
a drink prepared by mixing 250 ml water with 22 g freeze-
dried wild lowbush blueberries (Vaccinium angustifolium) 
or a blueberry-flavoured placebo drink matched for carbohy-
drates and fibre (see [34] for detailed chemical composition 
of the placebo powder). The blueberry drink contained the 
equivalent of 1 cup or 150 g fresh fruit with 121 mg antho-
cyanins (mostly delphinidin) and 55 mg chlorogenic acid, 
as quantified by liquid chromatography–mass spectrometry 
(see Supplementary Materials for detailed analytical char-
acterization). The intervention drinks were prepared by a 
researcher not involved in the conduct of the trial and were 
administered in opaque shaker bottles. After a period of 2 h, 
the task battery and mood questionnaire were repeated, and 
participants were provided with a supply of 41 sealed sachets 
containing 22 g blueberry or placebo powder, which they 
were instructed to mix with water and consume every morn-
ing for 6 weeks. Participants were asked to write down the 
time when they consumed the intervention every day on a 
calendar designed for that purpose. Compliance was ≥ 88% 
in all participants and there was no evidence of differences 
between the groups. For the duration of the study, the sachets 
were stored in a freezer except during transportation. The 
final testing day included the standard breakfast, computer 
tasks, and blood sample. Thus, participants consumed the 
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last dose of the intervention about 24 h before the final test-
ing session.

Outcome measures

The primary outcome was severity of depressive symptoms 
following 6 weeks of blueberry supplementation as meas-
ured by the Beck Depression Inventory-II (BDI-II), a vali-
dated self-report measure on a continuous scale from 0 to 63 
points that covers a wide range of affective, cognitive, and 
somatic symptoms of depression [35]. The secondary meas-
ures that were assessed both acutely and at 6-week follow-
up were momentary affect (mood) and executive function. 
Mood was assessed with the Expanded Form of the Posi-
tive and Negative Affect Schedule (PANAS-X) [36], which 
requires participants to indicate to what extent they feel dif-
ferent affective states on a 5-point Likert scale ranging from 
“not at all” to “extremely”. The positive affect (PA) scale had 
22 items (e.g., happy, strong, motivated) and ranged from 0 
to 88. The negative affect (NA) scale had 25 items (e.g., 
afraid, sad, hostile) and ranged from 0 to 100, with greater 
scores indicating worse mood. The PA and NA scales had 
excellent internal consistency with Cronbach’s α coefficients 
of 0.920 and 0.933 and average corrected item–total cor-
relations of 0.572 and 0.580, respectively. Fatigue (4 items, 
range: 0–16) and calmness (3 items, range: 0–12) were also 
reported as exploratory outcomes.

Executive function was assessed with a modified version 
of a task-switching paradigm adapted by Miller et al. [37] 
to evaluate the performance costs that arise from switching 
between two predictable tasks. Participants viewed eight 
equally spaced segments of a circle divided in half by a 
bold white line (Fig. 1). A random stimulus digit from 1 to 
9 (excluding 5) appeared sequentially in each segment in a 
clockwise direction. Each digit was displayed for a dura-
tion of 850 ms with an inter-stimulus interval of 500 ms. 
When the digit appeared in the segments above the bold line, 
participants had to indicate whether it was odd or even by 
pressing the relevant response key. When the digit appeared 
below the bold line, participants had to indicate if it was 
greater or less than five. Thus, the task switches every four 
trials, and the trial following the switch (switch trial) is con-
sidered the most cognitively demanding with higher error 
rates and response times [38]. During each session, partici-
pants completed eight practice rotations of the circle with 
feedback when a mistake was made, followed by 48 rotations 
(including 96 switch trials) without feedback. The primary 
outcome was the mean accuracy on switch trials expressed 
as percent correct, but we also reported the mean accuracy 
on the remaining 288 non-switch trials. Mean reaction times 
(RTs) were calculated separately for switch trials and non-
switch trials, excluding values below 200 ms, which is con-
sidered the lower limit for a valid physiological response 

[39]. All participants completed a full practice session of 
the task during the screening visit to reduce the influence 
of practice effects.

Further secondary measures included the 9-item Patient 
Health Questionnaire (PHQ-9), which is based on the 
DSM-5 diagnostic criteria of major depressive disorder [33], 
the 7-item Generalized Anxiety Disorder Scale (GAD-7) 
[40], a modified version of the Snaith–Hamilton Pleasure 
Scale (SHAPS) with a total score ranging from 0 to 56 points 
and higher values corresponding to great levels of anhedonia 
[41], and the 10-item Perceived Stress Scale (PSS-10) [42]. 
Interpretation bias was assessed with an emotion categoriza-
tion task based on research by Neta et al. [43]. Participants 
were presented with a series of facial emotional expressions 
(72 surprised faces, 36 happy faces, and 36 angry faces) in 
random order and were asked to rate the displayed emotion 
as positive or negative using a two-alternative forced-choice 
button response. Each stimulus was presented for 500 ms, 
followed by an inter-stimulus interval of 500 ms. The faces 
were equally split between males and females for each emo-
tion and the response buttons were counterbalanced across 
participants. Since surprised expressions can be interpreted 
as either positive or negative, their rating offers a relevant 
model for examining interpretation bias. Thus, negative 
interpretation bias was operationalized as the percent of 
surprise trials rated as negative out of the total number of 
surprise trials excluding omissions. Accuracy on happy and 
angry faces was reported as a control measure.

For the assessment of biomarkers, venous blood samples 
were collected, left to coagulate for 30 min at room tem-
perature, and centrifuged at 3000 rpm for 15 min to separate 

Fig. 1  The task-switching test required participants to switch between 
two predictable tasks, which consisted of indicating whether random 
stimulus digits from 1 to 9 (excluding 5) displayed sequentially in a 
clockwise direction were odd or even (if shown above the bold line) 
or greater or less than 5 (if shown below the bold line)
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serum, which was then aliquoted and stored at − 80 °C until 
analysis. The serum concentrations of free BDNF and high-
sensitivity interleukin-6 (IL-6) were assayed in duplicate 
with ELISA kits following the manufacturer’s protocols 
(Quantikine kit, R&D Systems Europe Ltd., Abingdon, 
UK). Samples below or above the detection limits of the 
IL-6 assay (n = 5) were imputed with the minimum or maxi-
mum value obtained. The concentrations of high-sensitivity 
C-reactive protein (hs-CRP) and uric acid were determined 
with a RX Daytona Plus automated clinical chemistry ana-
lyser (Randox Laboratories Ltd., County Antrim, UK). Indi-
viduals with hs-CRP levels > 10 mg/L (n = 5) were excluded 
from the analyses due to the likely presence of acute infec-
tion. Serum superoxide dismutase (SOD) was measured with 
a Randox reagent kit and expressed as units per litre (U/L) 
where one unit is the amount of SOD that inhibits the rate 
of formazan dye formation by 50%. As a further indicator 
of oxidative stress, we measured thiobarbituric acid reactive 
substances (TBARS) spectrophotometrically. Since 19.3% 
of the samples were below the detection limit, those values 
were imputed with the lower limit of detection for the assay 
(48 mmol/L). Finally, we attempted to measured oxygen 
radical antioxidant capacity (ORAC), but most of the sam-
ples were below the detection limits of the assay, so these 
results were not reported.

Prognostic factors

A number of demographic, lifestyle and dietary variables 
relevant for the prognosis of depression were measured at 
baseline for the purpose of comparison between the two 
intervention arms. We assessed habitual diet using a modi-
fied version of the EPIC-Norfolk food frequency question-
naire [44], and reported daily energy intakes as well as the 
intakes of red and processed meat, fish and seafood, legumes 
and nuts, whole grains, fruit and vegetables, and berries. 
Hazardous alcohol use was measured with the 3-item Alco-
hol Use Disorders Identification Test (AUDIT-C) [45], and 
body mass index (BMI) was calculated by dividing weight 
(kg) by height squared  (m2). In addition, we measured 
physical activity using the International Physical Activity 
Questionnaire–Short Form (IPAQ-SF) [46] and created four 
activity levels based on cut-off values from WHO guide-
lines [47]. Parental educational attainment was recorded as 
a proxy of socioeconomic status following the approach by 
Pascarella et al. [48]. A value of 0 was assigned if neither 
parent had post-secondary education, 1 if only one did, and 
2 if both parents did.

Statistical analyses

Descriptive statistics, including means with standard devia-
tions (SD), medians for non-normally distributed variables, 

and frequencies for categorical variables, were reported for 
all prognostic factors and outcome measures. Baseline varia-
bles were compared between the two groups using independ-
ent samples t-tests, Mann–Whitney U-tests, and Chi-square 
tests, as appropriate. The effectiveness of the interven-
tion was analysed using an intention-to-treat approach. In 
accordance with the statistical analysis plan, we carried out 
a series of ANCOVAs, in which post-intervention scores 
were the dependent variable, baseline scores were a covari-
ate, and the independent variables were treatment (placebo 
vs. blueberry), sex (male vs. female), fruit and vegetable 
intake categorized as low (< 4 servings/day) vs. high (> 4 
servings/day), and the interactions “treatment*sex” and 
“treatment*FV intake”. This cut-off of four servings was 
chosen to ensure feasibility, allowing for sufficient alloca-
tion of participants to both groups, while falling close to the 
national UK recommendation of consuming 5 portions of 
fruit and vegetables a day [31]. Estimated marginal means 
(EMMs) were calculated and compared using post-hoc pair-
wise LSD tests. To investigate any potential speed-accuracy 
trade-off and determine whether acute changes in mood were 
associated with acute changes in cognitive function, we cal-
culated change scores by subtracting baseline values from 
the post-treatment values. Pearson's correlation analyses of 
these change scores were carried out separately in the two 
treatment groups and the corresponding correlation coeffi-
cients were compared using Fisher’s r-to-Z-transformation 
(two-tailed). Statistical outliers, defined as values beyond 1.5 
interquartile ranges (IQR) from the first and third quartiles, 
were excluded from the respective analysis. In addition, we 
excluded participants with subclinical baseline symptoms, 
defined as scores < 13 on the BDI-II, < 9 on the PHQ-9, < 4 
on the GAD-7, and < 8 on the SHAPS, from the respective 
chronic outcome analyses. The analyses were conducted 
with SPSS v28 (IBM Corp., Armonk, NY, USA) and statis-
tical significance was defined as p < 0.05.

Results

Baseline measures and acute results

The participant flowchart is presented in Fig. 2 and the char-
acteristics of participants who completed the chronic phase 
are shown in Table 1. There were no significant differences 
between the two intervention arms in terms of demographic, 
lifestyle or dietary factors. The duration of depressive symp-
toms was greater in the blueberry group (Mdn = 27 months) 
compared to the placebo group (Mdn = 19  months), 
but this difference fell short of statistical significance 
(Mann–Whitney U = 346, p = 0.122). Two-thirds of partici-
pants in the blueberry group had chronic depression, defined 
as an episode lasting ≥ 2 years [49], compared to half of the 
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participants in the placebo group, X2 (1) = 1.71, p = 0.19. 
In addition, parental educational attainment was lower in 
the blueberry group (Mann–Whitney U = 564, p = 0.073), 
suggesting the blueberry group had a lower socioeconomic 
status. The baseline and post-intervention means and SD of 
the acute outcomes are displayed in Table 2. In each of the 
analyses for PA, NA and reaction time, there was one sta-
tistical outlier belonging to the placebo group. There were 
no significant baseline differences between the intervention 
arms for any of the measures (all p-values > 0.20). Accu-
racy and reaction times were inversely correlated, mean-
ing that individuals with higher accuracy scores were also 
faster to respond. The correlations for switch trials and non-
switch trials at baseline were r(60) = –0.631, p < 0.001 and 
r(60) = –0.437, p ≤  0.001, respectively.

The ANCOVA analysis of PA revealed significant main 
effects of treatment: F(1,52) = 5.22, p = 0.026 and FV intake: 

F(1,52) = 4.18, p = 0.046. The baseline-adjusted mean PA 
of the placebo group was 20.6 (95% CI: 17.4–23.7) vs. 25.5 
(95% CI: 22.5–28.5) in the blueberry group. In low FV con-
sumers, baseline-adjusted PA was 20.9 (95% CI: 17.6–24.2) 
vs. 25.1 (95% CI: 22.5–27.7) in high FV consumers. There 
was no significant effect of sex: F(1,52) = 0.134, p = 0.72, 
but trends towards significance were found for the inter-
actions between treatment and FV intake: F(1,52) = 3.06, 
p = 0.086 and treatment and sex F(1,52) = 2.11, p = 0.153. 
As shown in Fig. 3, the blueberry intervention improved 
PA to a greater extent in individuals with a low FV intake 
compared to those with high intake and was more effec-
tive in males than in females. Treatment had no significant 
effect on NA: F(1,52) = 0.73, p = 0.40 with a baseline-
adjusted mean of 14.2 (95% CI: 11.3–17.2) in the placebo 
group and 16.0 (95% CI: 13.2–18.7) in the blueberry group. 
However, there was a borderline significant effect of sex on 

Fig. 2  Participant flowchart. After screening, participants were ran-
domly allocated to receive a single dose of either a blueberry drink or 
a placebo drink (acute phase) and were then provided with sachets of 

the respective intervention to consume at home for 6 weeks (chronic 
phase). The analyses followed an intention-to-treat approach
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NA: F(1,52) = 3.99, p = 0.051 with a mean of 17.1 (95% 
CI: 13.9–20.3) in males and 13.1 (95% CI: 10.8–15.5) in 
females. None of the included variables had significant 
effects on calmness or fatigue.

In terms of accuracy on switch trials, there was a sig-
nificant effect of treatment: F(1,53) = 5.36, p = 0.025 with 
a baseline-adjusted mean of 73.1 (95% CI: 70.4–75.8) in 
the placebo group compared to 77.4 (95% CI: 74.9–80.0) 
in the blueberry group. The effect of treatment*sex on 
switch trial accuracy was F(1,53) = 2.60, p = 0.113 and that 
of treatment*FV intake: F(1,53) = 1.59, p = 0.212. A simi-
lar pattern was observed for accuracy on non-switch trials, 

although the effect of treatment fell short of statistical sig-
nificance: F(1,53) = 3.47, p = 0.068. The baseline-adjusted 
mean accuracy on non-switch trials in the placebo group 
was 87.7 (95% CI: 85.9–89.6) vs. 90.1 (95% CI: 88.3–91.9) 
in the blueberry group. Trends towards significance were 
observed for the interactions treatment*sex: F(1,53) = 2.89, 
p = 0.095 and treatment*FV intake: F(1,53) = 3.23, 
p = 0.078. As shown in Fig. 4, the blueberry intervention 
increased accuracy to a greater extent in males compared to 
females and was also more effective in low FV consumers 
than in high FV consumers, with these differences being 
slightly greater on non-switch trials. Finally, the analysis of 

Table 1  Demographic, lifestyle 
and dietary characteristics of 
participants by intervention arm

Variable values are expressed frequencies (%), means and standard deviations (SD), or medians; * denotes 
p < 0.05
Unless otherwise indicated, p-values are based on chi-square tests for frequency variables, Mann–Whit-
ney U-tests for dietary intakes and depression duration, and independent samples t-tests for age, BMI, and 
energy intake
a Defined as neither parent holding a university degree; p-value based on Mann–Whitney U-test with con-
tinuous scores
b Defined as an AUDIT-C score ≥ 8 for men and ≥ 7 for women
c p-value based on Mann–Whitney U-test with four activity categories
d Beef, beef burgers, pork, lamb, bacon, ham, luncheon meats, sausages, savoury pies
e Oily fish, white fish, fish fingers, shellfish
f Baked beans, pulses (e.g., lentils, beans, chickpeas), nuts and peanuts, peanut butter
g Wholemeal bread, crispbread, oat porridge, wholegrain cereals, wholewheat pasta, brown rice and quinoa
h Apples, pears, banana, grapes, citrus fruits, melon, peaches and plums, pineapple, mango, strawberries/
raspberries, blueberries/blackberries, other fruit, carrots, broccoli, Brussels sprouts, green peas, green 
beans, courgette, cauliflower, parsnip/turnip, leek, onion, garlic, sweet peppers, green salad, spinach/kale 
(cooked), cucumber/celery, tomatoes, sweetcorn, beetroot, beansprouts, avocado, cabbage, mushrooms
i Strawberries/raspberries, blueberries/blackberries

Characteristics Placebo
(n = 30)

Blueberry
(n = 30)

p-Value

Age, years (SD) 20.1 (1.5) 19.9 (1.3) 0.65
Sex, % female 70 66.7 0.78
Duration of depressive episode, months (Mdn) 19 27 0.12
Ethnicity, % white 73.3 76.7 0.77
Low parental educational  attainmenta, % 26.7 46.7 0.07
Smoking, % occasional or daily 10 13.3 0.69
Hazardous alcohol  useb, % 36.7 36.7 1.0
Vitamin D or multivitamin use, % 16.7 30 0.22
Hormonal contraception use, % (women only) 38.1 40 0.90
Vegetarian or vegan, % 10 13.3 0.69
Body mass index, kg/m2 (SD) 23.7 (4.4) 22.8 (2.5) 0.32
High physical  activityc, % ≥ 35 MET-h/wk 36.7 30 0.71
Energy intake, kcal/d (SD) 1740 (638) 1723 (684) 0.92
Red and processed  meatd, servings/wk 2.9 3.9 0.69
Fish and  seafoode, servings/wk 0.9 1.2 0.60
Legumes and  nutsf, servings/wk 2.1 2.0 0.82
Whole  grainsg, servings/wk 3.7 2.4 0.50
Fruit and  vegetablesh, servings/d 4.4 4.8 0.39
Berriesi, servings/wk 0.9 0.9 0.79
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RT revealed a significant effect of treatment on switch trials: 
F(1,52) = 4.78, p = 0.033 and a borderline significant effect 
on non-switch trials: F(1,52) = 4.03, p = 0.050. The mean 
RT in the placebo group was 547 ms (95% CI: 535–558) on 
switch trials and 498 ms (95% CI: 489–508) on non-switch 
trials. In the blueberry group, these values were 564 ms 
(95% CI: 553–574) and 511 ms (95% CI: 502–520), respec-
tively. There were no other significant effects (see Appendix 
for details).

The correlations between change scores of positive affect, 
accuracy and reaction time for the two treatment groups are 
presented in Table 3. Changes in positive affect were signifi-
cantly correlated with changes in switching accuracy in the 
blueberry group: r(29) = 0.424, p = 0.017 (Fig. 5), but not 
in the placebo group: r(26) = 0.312, p = 0.106. However, the 
two correlations were not significantly different (z = −0.47, 
p = 0.638) according to Fisher’s z-method. Accuracy change 
scores were not correlated with RT change scores in either 
group, indicating the absence of a speed–accuracy trade-
off effect. None of the other correlations between changes 
scores were significantly different between the placebo 
group and the blueberry group.

Chronic measures

The baseline and follow-up means and SD of the chronic 
outcomes are shown in Table 3. There were no significant 
baseline differences between the two groups for any of the 
measures (all p-values > 0.10). Three participants from the 
placebo group were excluded from the analysis for the pri-
mary outcome (two with BDI-II scores < 13 at baseline and 
one with a score greater than 1.5 times the IQR above the 
third quartile at follow-up). Thus, the range of BDI-II scores 
at baseline was from 13 to 48. After 6 weeks of treatment, 

BDI-II scores decreased significantly in both groups—12.1 
points in the placebo group (95% CI: 8.0–16.3, p < 0.001) 
and 8.6 points in the blueberry group (95% CI: 5.2–11.9, 
p < 0.001). The ANCOVA showed a significant effect 
of treatment on depressive symptoms: F(1, 50) = 5.48, 
p = 0.023 with covariate-adjusted mean BDI-II of 13.2 
(95% CI: 9.5–16.9) in the placebo group and 19.0 (95% CI: 
15.6–22.3) in the blueberry group. There was also a sig-
nificant treatment*FV intake interaction: F(1, 50) = 4.82, 
p = 0.033, which was driven by a greater reduction of 
depressive symptoms in the placebo group among low FV 
consumers compared to high consumers. BDI-II scores also 
decreased more in the placebo group among male partici-
pants compared to female participants although the inter-
action sex*treatment was not significant: F(1, 50) = 1.80, 
p = 0.187 (Fig. 6). The results for PHQ-9, generalized anxi-
ety (GAD-7), and anhedonia (SHAPS) followed a similar 
pattern with significant effects of treatment favouring the 
placebo and interactions between FV intake and treatment 
on the PHQ-9 and SHAPS. There were no significant effects 
on perceived stress, momentary mood as measured by the 
PANAS-X, executive function or negative interpretation bias 
(see Appendix for detailed results).

The serum biomarker results showed no significant effect of 
treatment, but there was an interaction between treatment and 
FV intake on BDNF levels: F(1, 50) = 4.14, p = 0.047 as well 
as trends toward significance of treatment*FV intake on SOD 
levels: F(1, 50) = 4.02, p = 0.050 and TBARS: F(1, 47) = 2.87, 
p = 0.097 (Table 4). In low FV consumers, the blueberry treat-
ment resulted in higher BDNF levels relative to placebo and 
lower levels of SOD and TBARS, while the reverse direc-
tion was observed among high FV consumers (see Appendix 
for details). However, these results should be interpreted with 
caution due to baseline differences between low and high FV 

Table 2  Unadjusted acute 
measures stratified by 
intervention arm

p-Values refer to the effect of treatment in ANCOVAs adjusted for baseline, sex, FV intake, and the interac-
tions of treatment with sex and FV intake. One participant from the placebo group was excluded from the 
each of the analyses for PA, NA and reaction time due to being an outlier. † denotes p < 0.1 and * denotes 
p < 0.05

Placebo
(n = 29)

Blueberry
(n = 31)

p-Value

Baseline 2 h Baseline 2 h

Mean SD Mean SD Mean SD Mean SD

Positive affect (0–88) 22.5 10.7 23.0 11.2 19.8 9.7 24.2 11.5 0.026*
Negative affect (0–100) 20.2 13.3 14.1 11.9 19.4 12.8 15.3 12.4 0.40
Calmness (0–12) 5.1 2.5 5.4 2.4 4.6 2.1 5.6 1.9 0.49
Fatigue (0–16) 7.9 4.6 7.0 3.8 8.6 3.7 7.4 3.7 0.41
Accuracy on switch trials, % 71.5 13.5 72.7 13.4 74.0 12.0 77.5 11.2 0.025*
Accuracy on non-switch trials, % 87.0 7.9 87.8 6.9 88.0 7.5 89.5 7.3 0.068†
Reaction time on switch trials, ms 580 49 555 49 564 52 556 59 0.033*
Reaction time on non-switch task, ms 526 41 504 41 515 52 506 53 0.050*
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consumers. As shown in Table 5, low FV consumers had sig-
nificantly higher serum levels of BDNF and SOD but a lower 
level of uric acid compared to high FV consumers.

Discussion

Depressive and anxiety disorders are a leading cause of 
global disease burden, particularly among young people. 
Recent research has highlighted the potential of nutritional 

interventions to improve mental health outcomes, but few 
studies have investigated the effects of single foods. Thus, 
the current study aimed to investigate the acute and chronic 
effects of wild blueberry supplementation on mental health 
and cognitive function in emerging adults with depressive 
symptoms. Our results showed a biphasic response to the 
blueberry intervention with acute improvements in mood 
and executive function but a lower recovery rate from 
depression following 6 weeks of daily supplementation 

Fig. 3  Baseline-adjusted means 
of positive affect (PA) strati-
fied by treatment and sex (A) 
and treatment and fruit and 
vegetable (FV) intake (B). The 
pairwise tests showed sig-
nificant differences between the 
placebo and blueberry groups 
in males (p = 0.026) and low 
FV consumers (p = 0.013). 
The values are evaluated at a 
baseline PA of 21.1 Error bars 
represent standard error of the 
mean. EMM estimated marginal 
means. * denotes p < 0.05
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Fig. 4  Baseline-adjusted mean 
accuracy stratified by treatment, 
trial difficulty, and sex (A) and 
fruit and vegetable (FV) intake 
(B). The pairwise tests showed 
significant differences between 
the placebo and blueberry 
groups in males on both switch 
trials (p = 0.018) and non-switch 
trials (p = 0.031). In addi-
tion, accuracy was greater in 
low FV consumers on switch 
trials (p = 0.028) as well as 
non-switch trials (p = 0.025). 
The values are evaluated at 
a baseline accuracy of 72.8 
for switch trials and 87.5 for 
non-switch trials. Error bars 
represent standard error of the 
mean. EMM estimated marginal 
means * denotes p < 0.05

Table 3  Correlations between 
acute change scores in the two 
treatment groups

p-Values in the last column refer to the significance of the difference between two correlation coefficients 
using Fisher’s r-to-Z-transformations. One participant from the placebo group was excluded from the each 
of the analyses for PA and reaction time due to being an outlier
ACC  accuracy; PA positive affect; RT reaction time
* denotes p < 0.05

Placebo Blueberry z p-value

r n p-Value r n p-Value

ΔPA & ΔACC (switch) 0.312 28 0.106 0.424 31 0.017* −0.47 0.638
ΔPA & ΔACC (non-switch) 0.306 28 0.113 0.148 31 0.427 0.61 0.542
ΔPA & ΔRT (switch) −0.05 27 0.804 −0.107 31 0.565 0.21 0.834
ΔPA & ΔRT (non-switch) 0.087 27 0.667 0.073 31 0.698 0.05 0.960
ΔACC & ΔRT (switch) 0.214 28 0.275 −0.027 31 0.885 0.89 0.374
ΔACC & ΔRT (non-switch) −0.207 28 0.290 0.162 31 0.384 −1.36 0.174
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compared to placebo. Importantly, these effects were 
stronger in individuals with a lower FV intake.

The acute improvements in mood and executive function 
are in agreement with previous research in healthy individu-
als. For example, a single blueberry drink was shown to 
significantly increase positive affect in both children and 
emerging adults [26]. Similarly, young adults who consumed 
a mixed-berry smoothie experienced an improvement in 
positive affect after 2 h, although this difference fell short 
of statistical significance when compared to the placebo 
group [38]. In addition, a number of studies have reported 
beneficial acute effects of berries on different domains of 
cognition, including memory and executive function [38, 50, 
51]. Our finding that the blueberry drink caused a greater 
improvement in accuracy on cognitively demanding switch 
trials compared to non-switch trials is also consistent with 
previous findings in children [52]. Interestingly, we found 
a significant positive correlation between acute changes in 
momentary mood and changes in executive function in the 
blueberry group, but not in the placebo group. Thus, the 
positive correlation in the blueberry group suggests that 
the acute improvements in mood and cognition are driven 
by a common mechanism, such as modulation of cerebral 
blood flow or neurotransmitter activity. It has been dem-
onstrated that a single administration of berries and other 
high-flavonoid foods (e.g., cocoa) increases flow-mediated 

dilation [53] and cerebral perfusion [54, 55], thus improv-
ing peripheral and central vascular function. This results 
in better oxygen and nutrient delivery to key brain areas, 
which can manifest psychologically as improved cognitive 
performance and elevated mood [56]. Moreover, berry fla-
vonoids and their metabolites are capable of crossing the 
blood–brain barrier [57, 58] and modulating the metabolism 
of neurotransmitters within 1–2 h after ingestion. In particu-
lar, anthocyanins have been shown to inhibit the activity of 
monoamine oxidases (MAO)—the enzymes that break down 
serotonin, dopamine, and noradrenaline in the brain [59]. 
Several studies have replicated these effects in humans by 
demonstrating an inhibitory action of blackcurrant juice on 
MAO activity both peripherally and in the central nervous 
system (CNS) [51, 60]. Since monoamine neurotransmitters 
play a crucial role in the regulation of mood, alertness, moti-
vation, and cognition [61, 62], increasing their CNS levels is 
expected to produce the kind of acute improvements that we 
observed in the blueberry group. On the other hand, the find-
ing that reaction time decreased more in the placebo group at 
2 h post-ingestion compared to the blueberry group is some-
what unexpected, as a meta-analysis indicates that blueberry 
interventions tend to decrease reaction time [63]. The fact 
that improvements in accuracy and reaction time were not 
correlated in the blueberry group rules out the possibility 
that this effect is due to a speed–accuracy trade-off (i.e., 

Fig. 5  A scatterplot of positive affect change scores versus accuracy 
change scores on switch trials in participants who received the blue-
berry intervention (n = 31). Change scores were calculated by sub-

tracting baseline values from the post-treatment values. A significant 
positive correlation was observed (r = 0.424, p = 0.017)
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individuals taking longer to respond but achieving higher 
accuracy). A possible explanation is the difference in mean 
reaction times between placebo and blueberry at baseline 
(580 vs 564 ms), which could have given the placebo group 
greater room for improvement. Regardless, the baseline-
adjusted post-treatment difference of 17 ms between the two 
groups is unlikely to be of clinical significance, considering 
that the improvement in accuracy was 4.3%.

In terms of the chronic outcomes, we observed a con-
siderable reduction of depression symptoms in both treat-
ment arms, this reduction being significantly greater in par-
ticipants who received placebo than in those allocated to 
blueberry supplementation. The same pattern of results was 
found with respect to other depression-related mental health 
outcomes—diagnostic symptoms of depression (PHQ-9), 
generalized anxiety, and anhedonia. Several explanations 

Fig. 6  Baseline-adjusted means 
BDI-II scores stratified by 
treatment and sex (A) and treat-
ment and fruit and vegetable 
(FV) intake (B). The pairwise 
tests showed significant dif-
ferences between the placebo 
and blueberry groups in males 
(p = 0.031) and low FV consum-
ers (p = 0.007). The values are 
evaluated at a baseline BDI-II 
score of 26.8. Error bars repre-
sent standard error of the mean. 
* denotes p < 0.05
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might account for the considerable reduction of depression 
symptoms in both treatment arms. These include placebo 
response [64], spontaneous remission (including the impact 
of seasonal changes from winter to spring), regression 
toward the mean [65], the perceived demand characteristics 
of the study, and the Hawthorne effect, i.e., modifications 

of health behaviours in response to the awareness of being 
observed as part of a clinical trial [66]. For example, it is 
possible that participants improved their diet and physical 
activity, whether intentionally or not, which could have 
caused an improvement in mental health. While we assessed 
dietary intake and physical activity only at baseline, it would 

Table 4  Unadjusted chronic 
measurements stratified by 
intervention arm

p-Values refer to the effect of treatment in ANCOVAs adjusted for baseline, sex, FV intake, and the inter-
actions of treatment with sex and FV intake. Missing values and outliers are excluded from the analyses. 
*denotes p < 0.05
BDNF brain-derived neurotrophic factor; hs-CRP high-sensitivity C-reactive protein; IL-6 interleukin-6; 
TBARS thiobarbituric acid reactive substances

Placebo
(n = 30)

Blueberry
(n = 30)

p-Value

Baseline 6 weeks Baseline 6 weeks

Mean SD Mean SD Mean SD Mean SD

Beck Depression Inventory-II 27.0 9.1 14.9 9.0 26.6 8.3 18.0 9.0 0.023*
Patient Health Quiestionnaire-9 14.4 3.8 7.9 4.2 14.5 3.6 9.9 4.9 0.040*
Generalized anxiety (GAD-7) 10.1 4.2 5.4 2.9 10.5 3.9 7.5 3.8 0.026*
Anhedonia (SHAPS) 19.75 6.8 11.5 6.3 20.0 4.9 14.4 5.9 0.029*
Perceived stress (PSS-10) 27.0 5.2 21.6 6.5 26.1 4.1 22.0 6.4 0.49
Positive affect 22.3 10.9 28.6 10.2 19.9 10.4 29.4 11.1 0.90
Negative affect 20.4 13.1 13.8 13.2 19.1 13.1 15.7 13.9 0.33
Calmness 5.1 2.4 5.8 2.6 4.8 2.0 5.3 2.5 0.82
Fatigue 7.8 4.5 7.3 3.9 8.5 3.7 7.4 3.7 0.76
Accuracy on switch trials, % 71.4 13.4 74.0 13.4 73.9 12.2 76.2 10.9 0.99
Reaction time on switch trials, ms 584 51 575 54 562 52 570 53 0.11
Negative interpretation bias, % 72.0 15.3 65.7 19.2 71.1 13.9 66.7 16.7 0.70
Accuracy on happy faces, % 87.7 10.5 88.2 9.9 85.7 14.4 85.7 11.8 0.55
Accuracy on angry faces, % 93.8 5.4 91.1 8.2 92.6 9.4 91.6 7.2 0.41
BDNF, ng/mL 33.5 7.3 33.0 7.1 31.3 7.8 31.5 9.1 0.59
hs-CRP, mg/L 1.15 1.30 1.48 1.66 1.69 2.06 1.83 1.86 0.57
IL-6, pg/mL 0.98 0.71 1.15 1.15 0.94 0.61 1.13 0.68 0.68
Superoxide dismutase, U/L 352 149 347 188 319 109 313 49 0.30
TBARS, mmol/L 531 492 705 675 469 441 739 584 0.99
Uric acid, μmol/L 301 69 300 83 305 68 315 90 0.24

Table 5  Comparison of baseline 
serum biomarkers between low 
and high FV consumers

p-Values are derived from independent samples t-tests. Missing values and outliers are excluded from the 
analyses. The values in the brackets are SDs

Low FV consumers
(n = 23)

High FV consumers
(n = 39)

p-Value

BDI-II 25.9 (11.6) 26.7 (7.8) 0.75
Positive affect 20.0 (10.4) 22.6 (11.5) 0.37
BDNF, ng/mL 34.8 (8.9) 30.5 (6.0) 0.030*
hs-CRP, mg/L 1.46 (2.06) 1.48 (1.76) 0.97
IL-6, pg/mL 0.86 (0.62) 1.00 (0.67) 0.41
Superoxide dismutase, U/L 400 (178) 292 (50) 0.009*
TBARS, mmol/L 445 (464) 596 (496) 0.26
Uric acid, μmol/L 273 (61) 317 (69) 0.019*
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be worthwhile to repeat these assessments at follow-up in 
future studies.

The chronic results favouring the placebo are contrary 
to our hypothesis and to previous research suggesting that 
blueberry interventions might improve mental health. For 
example, Fisk et al. (2020) found that adolescents from the 
general population who consumed 13 g of freeze-dried blue-
berry powder for four weeks experienced a greater reduc-
tion in depressive symptoms compared to a placebo group 
[24]. Similarly, supplementation with blueberry juice for 
20 days significantly reduced depression and anxiety symp-
toms in healthy adults while no changes were observed in 
the placebo group [25]. Previous cross-sectional studies 
have shown that individuals with higher intakes of berries 
or dietary anthocyanins are less likely to report symptoms 
of depression [23, 67, 68]. Nevertheless, two intervention 
studies in non-depressed older adults found no changes in 
depression scores following long-term blueberry supplemen-
tation, but reported significant improvements in cognitive 
function [37, 69]. In addition, neither berries nor dietary 
anthocyanins were associated with a lower risk of depres-
sion in a large cohort of women without a previous history 
of depression at baseline [70]. The present study differs 
from previous research in that it represents the first RCT to 
explore the antidepressant effects of blueberries in a sample 
with clinical levels of depression.

The initial improvement in positive affect followed by 
a relative deterioration of depressive symptoms is indica-
tive of a biphasic, hormetic-like dose–response relationship. 
Hormesis is a phenomenon in which a chemical induces bio-
logically opposite effects at different doses, most commonly 
a stimulatory effect at low doses and an inhibitory effect at 
high doses [71]. For example, quercetin, the most abundant 
flavonol in blueberries, has been described as an “in vivo 
antioxidant with strong hormetic potential” [72]. In particu-
lar, C. elegans nematodes grown in 5 μg/mL anthocyanin-
rich bilberry extract showed improved resistance to thermal 
stress and lower accumulation of reactive oxygen species, 
but nematodes treated with 10 μg/mL extract had a higher 
mortality rate compared to controls, which was interpreted 
as a hormetic response [73]. On a cellular level, anthocya-
nins play an important role in the activation and release of 
nuclear factor erythroid 2 (Nrf2)—a key transcription fac-
tor that regulates the expression of a wide range of genes 
with cytoprotective functions [74]. It has been suggested that 
intermittent activation of Nrf2 produces beneficial physi-
ological effects, whereas excessive, long-term stimulation 
may lead to detrimental effects [75]. No previous research 
has demonstrated a neurohormetic response associated with 
blueberry phytochemicals in humans, but there has been evi-
dence that vitamin supplementation in certain populations 
might cause harmful health effects. In particular, smokers 
assigned to take β-carotene for a period of 5–8 years had 

a greater incidence of lung cancer and a higher mortality 
than individuals assigned to placebo [76]. Thus, the logic “if 
some is good, more is better” might not apply with regard 
to specific nutrients and patient populations. An important 
observation in the present study was that individuals with 
a lower FV intake (as well as male participants) were more 
responsive to both the beneficial acute effects of the blue-
berry intervention and to its detrimental chronic effects on 
depressive symptoms. It is possible that a high FV intake 
results in greater exposure to phytochemicals, which renders 
individuals less responsive to FV-based dietary interventions 
via habituation. Accordingly, previous studies that found 
positive changes on mood [16] or cognition [22] with a 
high-flavonoid diet recruited individuals with a low baseline 
FV intake. To maintain the acute improvements in mood in 
patients with depression and low FV consumption, an effec-
tive strategy could be to increase blueberry intake gradually 
to 2–3 servings a week and to incorporate them as part of a 
varied plant-centred diet rather than as monotherapy.

With regard to the changes in executive function fol-
lowing chronic (6 weeks) blueberry supplementation, our 
hypothesis that blueberry-treated individuals would improve 
more than the placebo group was not confirmed. Instead, 
the acute improvement in accuracy seen in the blueberry 
group was not maintained with chronic administration. It is 
possible that the acute cognitive enhancement was transient 
and repeated intake resulted in habituation. In comparison, 
a number of studies conducted in older adults have reported 
improvements in memory and/or executive function after 
long-term (12–24 weeks) interventions with blueberries 
[37, 69], strawberries [77], and cherries [78] (see [21] for 
a systematic review of RCTs). In line with this evidence, 
habitual intakes of berries and dietary anthocyanins have 
been associated with lower rates of cognitive decline in pro-
spective cohorts of older adults [79, 80]. Hence, emerging 
adults, who are at the peak of their cognitive functioning 
age-wise, might be less susceptible to the effects of blueber-
ries compared to older adults, whose cognitive capacities 
are in decline.

In addition to psychological outcomes, we studied the 
effects of chronic blueberry supplementation on serum 
biomarkers of neuroplasticity (BDNF), inflammation (hs-
CRP and IL-6), and oxidative stress (SOD and TBARS), 
but found no differences between the two treatment arms at 
follow-up. In a previous study, 12 weeks of blueberry sup-
plementation increased hippocampal BDNF levels in mice 
and improved spatial working memory [58]. Similarly, par-
ticipants who consumed a high-flavonoid diet rich in berries 
experienced an increase in serum BDNF after 6 weeks, with 
levels continuing to rise up to 18 weeks [22]. The present 
study differs in several important ways. First, we adminis-
tered a single food rather than providing participants with a 
range of different high-flavonoid fruits and vegetables. It is 
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possible that consuming berries as part of a varied diet rich 
in FV is more beneficial than solely consuming blueber-
ries without further diet changes. Second, participants in the 
previous study were much older (mean age of 51 years), had 
above-average risk of cardiovascular disease, and a low FV 
intake (< 4.4 portions/day). These factors could have made 
them more responsive to the high-flavonoid intervention. In 
terms of inflammation and oxidative stress, there is meta-
analytic evidence that dietary anthocyanins can significantly 
reduce levels of CRP and IL-6 [18] while increasing SOD 
and total antioxidative capacity [19]. Overall, these effects 
tended to be stronger in individuals with impaired health 
(e.g., metabolic syndrome, diabetes) and in studies with 
a duration ≥ 8 weeks. Importantly, previous research has 
focused almost exclusively on middle-aged and older indi-
viduals, so little is known on how berries or anthocyanins 
affect inflammatory and oxidative stress markers in emerg-
ing adults. Finally, the finding that low FV consumers had a 
better biomarker profile characterized by higher serum levels 
of BDNF and SOD but a lower level of uric acid is unex-
pected. As mentioned above, intake of high-flavonoid FV 
increases serum BDNF [22], although a small observational 
study found lower BDNF levels among individual consum-
ing ≥ 2 fruits a day [81]. In another study, FV consumption 
in men was positively associated with blood levels of SOD 
[82]. Thus, the present results warrant further investigation.

The principal strength of this study is its rigorous RCT 
design with both acute and chronic endpoints, combining a 
comprehensive set of self-reported measures, behavioural 
data, and biological markers. Some of the limitations include 
the short intervention length and the small sample, in which 
women were overrepresented. While some blueberry inter-
vention studies have found effects on mood after only 
3–4 weeks of supplementation [24, 25], it seems that longer 
periods are typically needed for detectable differences in 
cognition and biomarkers to appear. For instance, Siddarth 
et al. (2020) demonstrated that pomegranate juice improved 
visual memory performance in older adults after 12 months, 
but not 6 months, of supplementation [83]. Furthermore, our 
sample had a relatively high FV intake and high levels of 
physical activity compared to the national average for this 
age group [31], which can have implications for the gener-
alizability of our findings. Likewise, our decision to recruit 
individuals with moderate-to-severe depressive symptoms 
was based on the rationale that this population stands to ben-
efit most from the potential antidepressant effects of blue-
berries. However, it might be the case that berries are effec-
tive in the prevention of mental health disorders or during 
their subclinical stages (which would explain the protective 
effects in epidemiological studies) but perhaps counterpro-
ductive in the treatment of moderate to severe depression. 
Thus, in future studies, it might be worth focusing on indi-
viduals with mild/subclinical depression, as this population 

is also less likely to experience large changes in mood due 
to spontaneous remission or placebo response.

In conclusion, the present study found that 6-week pla-
cebo treatment outperformed wild blueberry supplementa-
tion in improving mental health indices in emerging adults 
with depressive symptoms. The intervention had no effect 
on serum biomarkers of neuroplasticity, inflammation or 
oxidative stress, and did not improve executive function. In 
contrast, the acute phase of the study showed that a single 
administration of blueberries improved positive affect and 
executive function, with those changes being positively cor-
related, which suggests the existence of a common mecha-
nism, such as modulation of cerebral blood flow or neu-
rotransmitter levels. Considering these conflicting results, 
further studies on the relationship between berry intake and 
mental health are warranted.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00394- 023- 03311-9.

Acknowledgements This research was conducted as part of a PhD 
jointly funded by the Wild Blueberry Association of North America 
and the University of Reading. The funders had no role in the study 
design, data collection and analysis, decision to publish, or prepara-
tion of the manuscript. The authors have no other conflicts of interest 
to declare. We would like to thank Kim Jackson and Jessica Eastwood 
for providing assistance with the analysis of biomarkers.

Data availability The data that support the findings of this study are 
available from the authors upon reasonable request.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. American Psychiatric Association (2015) Depressive disorders: 
DSM-5® selections. American Psychiatric Publishing, Arlington, 
VA

 2. World Health Organization (2017) Depression and other common 
mental disorders: global health estimates. World Health Organiza-
tion, Geneva

 3. Tam J, Mezuk B, Zivin K, Meza R (2020) U.S. simulation of life-
time major depressive episode prevalence and recall error. Am J 
Prev Med 59(2):e39–e47. https:// doi. org/ 10. 1016/j. amepre. 2020. 
03. 021

 4. Bilsen J (2018) Suicide and youth: risk factors. Front Psychiatry. 
https:// doi. org/ 10. 3389/ fpsyt. 2018. 00540

https://doi.org/10.1007/s00394-023-03311-9
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.amepre.2020.03.021
https://doi.org/10.1016/j.amepre.2020.03.021
https://doi.org/10.3389/fpsyt.2018.00540


 European Journal of Nutrition

 5. Otte C, Gold SM, Penninx BW, Pariante CM, Etkin A, Fava M, 
Mohr DC, Schatzberg AF (2016) Major depressive disorder. Nat 
Rev Dis Primers 2(1):1–20. https:// doi. org/ 10. 1038/ nrdp. 2016. 65

 6. Weightman MJ, Air TM, Baune BT (2014) A review of the role 
of social cognition in major depressive disorder. Front Psychiatry. 
https:// doi. org/ 10. 3389/ fpsyt. 2014. 00179

 7. Lee J-S, Mathews A, Shergill S, Yiend J (2016) Magnitude of 
negative interpretation bias depends on severity of depression. 
Behav Res Ther 83:26–34. https:// doi. org/ 10. 1016/j. brat. 2016. 05. 
007

 8. Cuijpers P, Karyotaki E, Ciharova M, Miguel C, Noma H, Furu-
kawa TA (2021) The effects of psychotherapies for depression on 
response, remission, reliable change, and deterioration: a meta-
analysis. Acta Psychiatr Scand 144(3):288–299. https:// doi. org/ 
10. 1111/ acps. 13335

 9. Cipriani A, Salanti G, Furukawa TA, Egger M, Leucht S, Ruhe 
HG, Turner EH, Atkinson LZ, Chaimani A, Higgins JPT, Ogawa 
Y, Takeshima N, Hayasaka Y, Imai H, Shinohara K, Tajika A, 
Ioannidis JPA, Geddes JR (2018) Antidepressants might work for 
people with major depression: where do we go from here? Lancet 
Psychiatry 5(6):461–463. https:// doi. org/ 10. 1016/ S2215- 0366(18) 
30133-0

 10. Davies J, Read J (2019) A systematic review into the incidence, 
severity and duration of antidepressant withdrawal effects: are 
guidelines evidence-based? Addict Behav 97:111–121. https:// doi. 
org/ 10. 1016/j. addbeh. 2018. 08. 027

 11. Jacka FN, O’Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, 
Castle D, Dash S, Mihalopoulos C, Chatterton ML, Brazionis L, 
Dean OM, Hodge AM, Berk M (2017) A randomised controlled 
trial of dietary improvement for adults with major depression (the 
‘SMILES’ trial). BMC Med 15(1):23. https:// doi. org/ 10. 1186/ 
s12916- 017- 0791-y

 12. Parletta N, Zarnowiecki D, Cho J, Wilson A, Bogomolova S, Vil-
lani A, Itsiopoulos C, Niyonsenga T, Blunden S, Meyer B, Segal 
L, Baune BT, O’Dea K (2019) A Mediterranean-style dietary 
intervention supplemented with fish oil improves diet quality and 
mental health in people with depression: a randomized controlled 
trial (HELFIMED). Nutr Neurosci 22(7):474–487. https:// doi. org/ 
10. 1080/ 10284 15X. 2017. 14113 20

 13. Bayes J, Schloss J, Sibbritt D (2022) The effect of a Mediter-
ranean diet on the symptoms of depression in young males (the 
“AMMEND” study): a randomized control trial. Am J Clin Nutr 
116(2):572–580. https:// doi. org/ 10. 1093/ ajcn/ nqac1 06

 14. Cena H, Calder PC (2020) Defining a healthy diet: evidence for 
the role of contemporary dietary patterns in health and disease. 
Nutrients 12(2):334. https:// doi. org/ 10. 3390/ nu120 20334

 15. Glabska D, Guzek D, Groele B, Gutkowska K (2020) Fruit and 
vegetable intake and mental health in adults: a systematic review. 
Nutrients 12(1):115. https:// doi. org/ 10. 3390/ nu120 10115

 16. Conner TS, Brookie KL, Carr AC, Mainvil LA, Vissers MC 
(2017) Let them eat fruit! The effect of fruit and vegetable con-
sumption on psychological well-being in young adults: a rand-
omized controlled trial. PLoS ONE 12(2):e0171206. https:// doi. 
org/ 10. 1371/ journ al. pone. 01712 06

 17. Kontogianni MD, Vijayakumar A, Rooney C, Noad RL, Apple-
ton KM, McCarthy D, Donnelly M, Young IS, McKinley MC, 
McKeown PP, Woodside JV (2020) A high polyphenol diet 
improves psychological well-being: the polyphenol intervention 
trial (PPhIT). Nutrients 12(8):2445. https:// doi. org/ 10. 3390/ nu120 
82445

 18. Fallah AA, Sarmast E, Fatehi P, Jafari T (2020) Impact of dietary 
anthocyanins on systemic and vascular inflammation: systematic 
review and meta-analysis on randomised clinical trials. Food 
Chem Toxicol 135:110922. https:// doi. org/ 10. 1016/j. fct. 2019. 
110922

 19. Fallah AA, Sarmast E, Jafari T (2020) Effect of dietary anthocya-
nins on biomarkers of oxidative stress and antioxidative capacity: 
a systematic review and meta-analysis of randomized controlled 
trials. J Funct Foods 68:103912. https:// doi. org/ 10. 1016/j. jff. 2020. 
103912

 20. Fang J-L, Luo Y, Jin S-H, Yuan K, Guo Y (2020) Ameliorative 
effect of anthocyanin on depression mice by increasing monoam-
ine neurotransmitter and up-regulating BDNF expression. J Funct 
Foods 66:103757. https:// doi. org/ 10. 1016/j. jff. 2019. 103757

 21. Ahles S, Joris PJ, Plat J (2021) Effects of berry anthocyanins on 
cognitive performance, vascular function and cardiometabolic risk 
markers: a systematic review of randomized placebo-controlled 
intervention studies in humans. Int J Mol Sci 22(12):6482. https:// 
doi. org/ 10. 3390/ ijms2 21264 82

 22. Neshatdoust S, Saunders C, Castle SM, Vauzour D, Williams 
C, Butler L, Lovegrove JA, Spencer JPE (2016) High-flavonoid 
intake induces cognitive improvements linked to changes in serum 
brain-derived neurotrophic factor: Two randomised, controlled 
trials. Nutr Healthy Aging 4(1):81–93. https:// doi. org/ 10. 3233/ 
NHA- 1615

 23. Sun J, Li Z, Li Y, Zhang D (2021) Intakes of specific categories 
of vegetables and fruits are inversely associated with depressive 
symptoms among adults. J Epidemiol 31(3):210–219. https:// doi. 
org/ 10. 2188/ jea. JE202 00003

 24. Fisk J, Khalid S, Reynolds SA, Williams CM (2020) Effect of 
4 weeks daily wild blueberry supplementation on symptoms of 
depression in adolescents. Br J Nutr 124(2):181–188. https:// doi. 
org/ 10. 1017/ S0007 11452 00009 26

 25. Sinclair J, Bottoms L, Dillon S, Allan R, Shadwell G, Butters B 
(2022) Effects of montmorency tart cherry and blueberry juice 
on cardiometabolic and other health-related outcomes: a three-
arm placebo randomized controlled trial. Int J Environ Res Public 
Health 19(9):5317. https:// doi. org/ 10. 3390/ ijerp h1909 5317

 26. Khalid S, Barfoot KL, May G, Lamport DJ, Reynolds SA, Wil-
liams CM (2017) Effects of acute blueberry flavonoids on mood 
in children and young adults. Nutrients 9(2):158. https:// doi. org/ 
10. 3390/ nu902 0158

 27. Arnett JJ, Žukauskienė R, Sugimura K (2014) The new life stage 
of emerging adulthood at ages 18–29 years: implications for 
mental health. Lancet Psychiatry 1(7):569–576. https:// doi. org/ 
10. 1016/ S2215- 0366(14) 00080-7

 28. Taber-Thomas B, Pérez-Edgar K (2016) Emerging adulthood 
brain development. The Oxford handbook of emerging adulthood. 
Oxford University Press, Oxford, pp 126–141

 29. Nelson MC, Story M, Larson NI, Neumark-Sztainer D, Lytle 
LA (2008) Emerging adulthood and college-aged youth: an 
overlooked age for weight-related behavior change. Obesity 
16(10):2205–2211. https:// doi. org/ 10. 1038/ oby. 2008. 365

 30. Collins S, Dash S, Allender S, Jacka F, Hoare E (2022) Diet and 
mental health during emerging adulthood: a systematic review. 
Emerg Adulthood 10(3):645–659. https:// doi. org/ 10. 1177/ 21676 
96820 943028

 31. Scholes S, Gebert S (2019) Health survey for England 2018: 
adults’ health. Health and Social Care Information Centre

 32. Lee SH, Moore LV, Park S, Harris DM, Blanck HM (2022) Adults 
meeting fruit and vegetable intake recommendations—United 
States, 2019. Morb Mortal Wkly Rep 71(1):1–9. https:// doi. org/ 
10. 15585/ mmwr. mm710 1a1

 33. Kroenke K, Spitzer RL, Williams JBW (2001) The PHQ-9: 
validity of a brief depression severity measure. J Gen Intern Med 
16(9):606–613. https:// doi. org/ 10. 1046/j. 1525- 1497. 2001. 01600 
9606.x

 34. Nieman DC, Gillitt ND, Chen GY, Zhang Q, Sha W, Kay CD, 
Chandra P, Kay KL, Lila MA (2020) Blueberry and/or banana 
consumption mitigate arachidonic, cytochrome P450 oxylipin 

https://doi.org/10.1038/nrdp.2016.65
https://doi.org/10.3389/fpsyt.2014.00179
https://doi.org/10.1016/j.brat.2016.05.007
https://doi.org/10.1016/j.brat.2016.05.007
https://doi.org/10.1111/acps.13335
https://doi.org/10.1111/acps.13335
https://doi.org/10.1016/S2215-0366(18)30133-0
https://doi.org/10.1016/S2215-0366(18)30133-0
https://doi.org/10.1016/j.addbeh.2018.08.027
https://doi.org/10.1016/j.addbeh.2018.08.027
https://doi.org/10.1186/s12916-017-0791-y
https://doi.org/10.1186/s12916-017-0791-y
https://doi.org/10.1080/1028415X.2017.1411320
https://doi.org/10.1080/1028415X.2017.1411320
https://doi.org/10.1093/ajcn/nqac106
https://doi.org/10.3390/nu12020334
https://doi.org/10.3390/nu12010115
https://doi.org/10.1371/journal.pone.0171206
https://doi.org/10.1371/journal.pone.0171206
https://doi.org/10.3390/nu12082445
https://doi.org/10.3390/nu12082445
https://doi.org/10.1016/j.fct.2019.110922
https://doi.org/10.1016/j.fct.2019.110922
https://doi.org/10.1016/j.jff.2020.103912
https://doi.org/10.1016/j.jff.2020.103912
https://doi.org/10.1016/j.jff.2019.103757
https://doi.org/10.3390/ijms22126482
https://doi.org/10.3390/ijms22126482
https://doi.org/10.3233/NHA-1615
https://doi.org/10.3233/NHA-1615
https://doi.org/10.2188/jea.JE20200003
https://doi.org/10.2188/jea.JE20200003
https://doi.org/10.1017/S0007114520000926
https://doi.org/10.1017/S0007114520000926
https://doi.org/10.3390/ijerph19095317
https://doi.org/10.3390/nu9020158
https://doi.org/10.3390/nu9020158
https://doi.org/10.1016/S2215-0366(14)00080-7
https://doi.org/10.1016/S2215-0366(14)00080-7
https://doi.org/10.1038/oby.2008.365
https://doi.org/10.1177/2167696820943028
https://doi.org/10.1177/2167696820943028
https://doi.org/10.15585/mmwr.mm7101a1
https://doi.org/10.15585/mmwr.mm7101a1
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x


European Journal of Nutrition 

generation during recovery from 75-km cycling: a randomized 
trial. Front Nutr 7:121. https:// doi. org/ 10. 3389/ fnut. 2020. 00121

 35. Beck AT, Steer RA, Brown G (1996) Manual for the Beck depres-
sion inventory-II. Psychological Corporation, San Antonio, TX

 36. Watson D, Clark LA (1994) The PANAS-X: manual for the posi-
tive and negative affect schedule—expanded form. The University 
of Iowa, Iowa City

 37. Miller MG, Hamilton DA, Joseph JA, Shukitt-Hale B (2018) 
Dietary blueberry improves cognition among older adults in a 
randomized, double-blind, placebo-controlled trial. Eur J Nutr 
57(3):1169–1180. https:// doi. org/ 10. 1007/ s00394- 017- 1400-8

 38. Whyte AR, Cheng N, Butler LT, Lamport DJ, Williams CM 
(2019) Flavonoid-rich mixed berries maintain and improve cog-
nitive function over a 6 h period in young healthy adults. Nutrients 
11(11):2685. https:// doi. org/ 10. 3390/ nu111 12685

 39. Whelan R (2008) Effective analysis of reaction time data. Psychol 
Rec 58(3):475–482. https:// doi. org/ 10. 1007/ BF033 95630

 40. Spitzer RL, Kroenke K, Williams JBW, Löwe B (2006) A brief 
measure for assessing generalized anxiety disorder: the GAD-7. 
Arch Intern Med 166(10):1092–1097. https:// doi. org/ 10. 1001/ 
archi nte. 166. 10. 1092

 41. Snaith RP, Hamilton M, Morley S, Humayan A, Hargreaves D, 
Trigwell P (1995) A scale for the assessment of hedonic tone: the 
Snaith–Hamilton pleasure scale. Br J Psychiatry 167(1):99–103. 
https:// doi. org/ 10. 1192/ bjp. 167.1. 99

 42. Cohen S (1988) Perceived stress in a probability sample of the 
United States. In: Spacapan S, Oskamp S (eds) The social psy-
chology of health. Sage Publications, Newbury Park, CA, pp 
31–67

 43. Neta M, Tong TT, Henley DJ (2018) It’s a matter of time (perspec-
tives): shifting valence responses to emotional ambiguity. Motiv 
Emot 42(2):258–266. https:// doi. org/ 10. 1007/ s11031- 018- 9665-7

 44. Bingham SA, Welch AA, McTaggart A, Mulligan AA, Runswick 
SA, Luben R, Oakes S, Khaw KT, Wareham N, Day NE (2001) 
Nutritional methods in the European prospective investigation of 
cancer in Norfolk. Public Health Nutr 4(3):847–858. https:// doi. 
org/ 10. 1079/ PHN20 00102

 45. Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA, 
Project ftACQI (1998) The AUDIT alcohol consumption ques-
tions (AUDIT-C): an effective brief screening test for problem 
drinking. Arch Intern Med 158(16):1789–1795. https:// doi. org/ 
10. 1001/ archi nte. 158. 16. 1789

 46. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, 
Ainsworth BE, Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P 
(2003) International physical activity questionnaire: 12-country 
reliability and validity. Med Sci Sports Exerc 35(8):1381–1395. 
https:// doi. org/ 10. 1249/ 01. MSS. 00000 78924. 61453. FB

 47. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Car-
don G, Carty C, Chaput J-P, Chastin S, Chou R, Dempsey PC, 
DiPietro L, Ekelund U, Firth J, Friedenreich CM, Garcia L, Gichu 
M, Jago R, Katzmarzyk PT, Lambert E, Leitzmann M, Milton K, 
Ortega FB, Ranasinghe C, Stamatakis E, Tiedemann A, Troiano 
RP, van der Ploeg HP, Wari V, Willumsen JF (2020) World Health 
Organization 2020 guidelines on physical activity and sedentary 
behaviour. Br J Sports Med 54(24):1451–1462. https:// doi. org/ 10. 
1136/ bjspo rts- 2020- 102955

 48. Pascarella ET, Pierson CT, Wolniak GC, Terenzini PT (2004) 
First-generation college students: additional evidence on college 
experiences and outcomes. J Higher Educ 75(3):249–284

 49. Angst J, Gamma A, Rössler W, Ajdacic V, Klein DN (2009) Long-
term depression versus episodic major depression: results from the 
prospective Zurich study of a community sample. J Affect Disord 
115(1–2):112–121. https:// doi. org/ 10. 1016/j. jad. 2008. 09. 023

 50. Barfoot KL, May G, Lamport DJ, Ricketts J, Riddell PM, Williams 
CM (2019) The effects of acute wild blueberry supplementation 

on the cognition of 7–10-year-old school children. Eur J Nutr 
58(7):2911–2920. https:// doi. org/ 10. 1007/ s00394- 018- 1843-6

 51. Watson AW, Haskell-Ramsay CF, Kennedy DO, Cooney JM, 
Trower T, Scheepens A (2015) Acute supplementation with 
blackcurrant extracts modulates cognitive functioning and inhib-
its monoamine oxidase-B in healthy young adults. J Funct Foods 
17:524–539. https:// doi. org/ 10. 1016/j. jff. 2015. 06. 005

 52. Whyte AR, Schafer G, Williams CM (2017) The effect of cogni-
tive demand on performance of an executive function task follow-
ing wild blueberry supplementation in 7 to 10 years old children. 
Food Funct 8(11):4129–4138. https:// doi. org/ 10. 1039/ C7FO0 
0832E

 53. Rodriguez-Mateos A, Rendeiro C, Bergillos-Meca T, Tabata-
baee S, George TW, Heiss C, Spencer JP (2013) Intake and time 
dependence of blueberry flavonoid–induced improvements in vas-
cular function: a randomized, controlled, double-blind, crossover 
intervention study with mechanistic insights into biological activ-
ity. Am J Clin Nutr 98(5):1179–1191. https:// doi. org/ 10. 3945/ 
ajcn. 113. 066639

 54. Keane KM, Haskell-Ramsay CF, Veasey RC, Howatson G (2016) 
Montmorency Tart cherries (Prunus cerasus L.) modulate vascu-
lar function acutely, in the absence of improvement in cognitive 
performance. Br J Nutr 116(11):1935–1944. https:// doi. org/ 10. 
1017/ S0007 11451 60041 77

 55. Lamport DJ, Pal D, Moutsiana C, Field DT, Williams CM, 
Spencer JPE, Butler LT (2015) The effect of flavanol-rich cocoa 
on cerebral perfusion in healthy older adults during conscious 
resting state: a placebo controlled, crossover, acute trial. Psy-
chopharmacology 232(17):3227–3234. https:// doi. org/ 10. 1007/ 
s00213- 015- 3972-4

 56. Rendeiro C, Rhodes JS, Spencer JPE (2015) The mechanisms of 
action of flavonoids in the brain: direct versus indirect effects. 
Neurochem Int 89:126–139. https:// doi. org/ 10. 1016/j. neuint. 2015. 
08. 002

 57. Faria A, Meireles M, Fernandes I, Santos-Buelga C, Gonzalez-
Manzano S, Dueñas M, de Freitas V, Mateus N, Calhau C (2014) 
Flavonoid metabolites transport across a human BBB model. Food 
Chem 149:190–196. https:// doi. org/ 10. 1016/j. foodc hem. 2013. 10. 
095

 58. Williams CM, El Mohsen MA, Vauzour D, Rendeiro C, Butler LT, 
Ellis JA, Whiteman M, Spencer JPE (2008) Blueberry-induced 
changes in spatial working memory correlate with changes in hip-
pocampal CREB phosphorylation and brain-derived neurotrophic 
factor (BDNF) levels. Free Radic Biol Med 45(3):295–305. 
https:// doi. org/ 10. 1016/j. freer adbio med. 2008. 04. 008

 59. Dreiseitel A, Korte G, Schreier P, Oehme A, Locher S, Domani M, 
Hajak G, Sand PG (2009) Berry anthocyanins and their aglycons 
inhibit monoamine oxidases A and B. Pharmacol Res 59(5):306–
311. https:// doi. org/ 10. 1016/j. phrs. 2009. 01. 014

 60. Lomiwes D, Ha B, Ngametua N, Burr NS, Cooney JM, Trower 
TM, Sawyer G, Hedderley D, Hurst RD, Hurst SM (2019) Timed 
consumption of a New Zealand blackcurrant juice support posi-
tive affective responses during a self-motivated moderate walk-
ing exercise in healthy sedentary adults. J Int Soc Sports Nutr 
16(1):33. https:// doi. org/ 10. 1186/ s12970- 019- 0300-0

 61. Ranjbar-Slamloo Y, Fazlali Z (2020) Dopamine and noradrena-
line in the brain; overlapping or dissociate functions? Front Mol 
Neurosci. https:// doi. org/ 10. 3389/ fnmol. 2019. 00334

 62. Jenkins TA, Nguyen JC, Polglaze KE, Bertrand PP (2016) Influ-
ence of tryptophan and serotonin on mood and cognition with a 
possible role of the gut-brain axis. Nutrients 8(1):56. https:// doi. 
org/ 10. 3390/ nu801 0056

 63. Cheng N, Bell L, Lamport DJ, Williams CM (2022) Dietary flavo-
noids and human cognition: a meta-analysis. Mol Nutr Food Res 
66(21):2100976. https:// doi. org/ 10. 1002/ mnfr. 20210 0976

https://doi.org/10.3389/fnut.2020.00121
https://doi.org/10.1007/s00394-017-1400-8
https://doi.org/10.3390/nu11112685
https://doi.org/10.1007/BF03395630
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1192/bjp.167.1.99
https://doi.org/10.1007/s11031-018-9665-7
https://doi.org/10.1079/PHN2000102
https://doi.org/10.1079/PHN2000102
https://doi.org/10.1001/archinte.158.16.1789
https://doi.org/10.1001/archinte.158.16.1789
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1016/j.jad.2008.09.023
https://doi.org/10.1007/s00394-018-1843-6
https://doi.org/10.1016/j.jff.2015.06.005
https://doi.org/10.1039/C7FO00832E
https://doi.org/10.1039/C7FO00832E
https://doi.org/10.3945/ajcn.113.066639
https://doi.org/10.3945/ajcn.113.066639
https://doi.org/10.1017/S0007114516004177
https://doi.org/10.1017/S0007114516004177
https://doi.org/10.1007/s00213-015-3972-4
https://doi.org/10.1007/s00213-015-3972-4
https://doi.org/10.1016/j.neuint.2015.08.002
https://doi.org/10.1016/j.neuint.2015.08.002
https://doi.org/10.1016/j.foodchem.2013.10.095
https://doi.org/10.1016/j.foodchem.2013.10.095
https://doi.org/10.1016/j.freeradbiomed.2008.04.008
https://doi.org/10.1016/j.phrs.2009.01.014
https://doi.org/10.1186/s12970-019-0300-0
https://doi.org/10.3389/fnmol.2019.00334
https://doi.org/10.3390/nu8010056
https://doi.org/10.3390/nu8010056
https://doi.org/10.1002/mnfr.202100976


 European Journal of Nutrition

 64. Jones BDM, Razza LB, Weissman CR, Karbi J, Vine T, Mul-
sant LS, Brunoni AR, Husain MI, Mulsant BH, Blumberger DM, 
Daskalakis ZJ (2021) Magnitude of the placebo response across 
treatment modalities used for treatment-resistant depression in 
adults: a systematic review and meta-analysis. JAMA Network 
Open 4(9):e2125531. https:// doi. org/ 10. 1001/ jaman etwor kopen. 
2021. 25531

 65. Hengartner MP (2020) Is there a genuine placebo effect in acute 
depression treatments? A reassessment of regression to the mean 
and spontaneous remission. BMJ Evid Based Med 25(2):46–48. 
https:// doi. org/ 10. 1136/ bmjebm- 2019- 111161

 66. McCambridge J, Witton J, Elbourne DR (2014) Systematic 
review of the Hawthorne effect: new concepts are needed to study 
research participation effects. J Clin Epidemiol 67(3):267–277. 
https:// doi. org/ 10. 1016/j. jclin epi. 2013. 08. 015

 67. Godos J, Castellano S, Ray S, Grosso G, Galvano F (2018) Dietary 
polyphenol intake and depression: results from the Mediterra-
nean healthy eating, lifestyle and aging (MEAL) study. Molecules 
23(5):999. https:// doi. org/ 10. 3390/ molec ules2 30509 99

 68. Park S-J, Jaiswal V, Lee H-J (2021) Dietary intake of flavonoids 
and carotenoids is associated with anti-depressive symptoms: 
epidemiological study and in silico—mechanism analysis. Anti-
oxidants 11(1):53. https:// doi. org/ 10. 3390/ antio x1101 0053

 69. McNamara RK, Kalt W, Shidler MD, McDonald J, Summer SS, 
Stein AL, Stover AN, Krikorian R (2018) Cognitive response to 
fish oil, blueberry, and combined supplementation in older adults 
with subjective cognitive impairment. Neurobiol Aging 64:147–
156. https:// doi. org/ 10. 1016/j. neuro biola ging. 2017. 12. 003

 70. Chang SC, Cassidy A, Willett WC, Rimm EB, O’Reilly EJ, 
Okereke OI (2016) Dietary flavonoid intake and risk of inci-
dent depression in midlife and older women. Am J Clin Nutr 
104(3):704–714. https:// doi. org/ 10. 3945/ ajcn. 115. 124545

 71. Jodynis-Liebert J, Kujawska M (2020) Biphasic dose–response 
induced by phytochemicals: experimental evidence. J Clin Med 
9(3):718. https:// doi. org/ 10. 3390/ jcm90 30718

 72. Pietsch K, Saul N, Chakrabarti S, Stürzenbaum SR, Menzel R, 
Steinberg CEW (2011) Hormetins, antioxidants and prooxidants: 
defining quercetin-, caffeic acid- and rosmarinic acid-mediated 
life extension in C. elegans. Biogerontology 12(4):329–347. 
https:// doi. org/ 10. 1007/ s10522- 011- 9334-7

 73. González-Paramás AM, Brighenti V, Bertoni L, Marcelloni L, 
Ayuda-Durán B, González-Manzano S, Pellati F, Santos-Buelga 
C (2020) Assessment of the In vivo antioxidant activity of an 
anthocyanin-rich bilberry extract using the Caenorhabditis ele-
gans model. Antioxidants (Basel) 9(6):509. https:// doi. org/ 10. 
3390/ antio x9060 509

 74. Herrera-Bravo J, Beltrán JF, Huard N, Saavedra K, Saavedra N, 
Alvear M, Lanas F, Salazar LA (2022) Anthocyanins found in 
pinot noir waste induce target genes related to the Nrf2 signalling 
in endothelial cells. Antioxidants (Basel) 11(7):1239. https:// doi. 
org/ 10. 3390/ antio x1107 1239

 75. Martucci M, Ostan R, Biondi F, Bellavista E, Fabbri C, Bertarelli 
C, Salvioli S, Capri M, Franceschi C, Santoro A (2017) Mediter-
ranean diet and inflammaging within the hormesis paradigm. Nutr 
Rev 75(6):442–455. https:// doi. org/ 10. 1093/ nutrit/ nux013

 76. Alpha-Tocopherol Beta-Carotene Cancer Prevention Study Group 
(1994) The effect of vitamin E and beta carotene on the incidence 
of lung cancer and other cancers in male smokers. N Engl J Med 
330(15):1029–1035. https:// doi. org/ 10. 1056/ NEJM1 99404 14330 
1501

 77. Miller MG, Thangthaeng N, Rutledge GA, Scott TM, Shukitt-Hale 
B (2021) Dietary strawberry improves cognition in a randomised, 
double-blind, placebo-controlled trial in older adults. Br J Nutr 
126(2):253–263. https:// doi. org/ 10. 1017/ S0007 11452 10002 22

 78. Kent K, Charlton K, Roodenrys S, Batterham M, Potter J, Traynor 
V, Gilbert H, Morgan O, Richards R (2017) Consumption of 
anthocyanin-rich cherry juice for 12 weeks improves memory and 
cognition in older adults with mild-to-moderate dementia. Eur J 
Nutr 56(1):333–341. https:// doi. org/ 10. 1007/ s00394- 015- 1083-y

 79. Devore EE, Kang JH, Breteler MM, Grodstein F (2012) Dietary 
intakes of berries and flavonoids in relation to cognitive decline. 
Ann Neurol 72(1):135–143. https:// doi. org/ 10. 1002/ ana. 23594

 80. Yeh TS, Yuan C, Ascherio A, Rosner BA, Willett WC, Blacker D 
(2021) Long-term dietary flavonoid intake and subjective cogni-
tive decline in US men and women. Neurology 97(10):e1041–
e1056. https:// doi. org/ 10. 1212/ WNL. 00000 00000 012454

 81. Chan KL, Tong KY, Yip SP (2008) Relationship of serum brain-
derived neurotrophic factor (BDNF) and health-related lifestyle 
in healthy human subjects. Neurosci Lett 447(2):124–128. https:// 
doi. org/ 10. 1016/j. neulet. 2008. 10. 013

 82. Madej D, Granda D, Sicinska E, Kaluza J (2021) Influence of 
fruit and vegetable consumption on antioxidant status and semen 
quality: a cross-sectional study in adult men. Front Nutr 8:753843. 
https:// doi. org/ 10. 3389/ fnut. 2021. 753843

 83. Siddarth P, Li Z, Miller KJ, Ercoli LM, Merril DA, Henning SM, 
Heber D, Small GW (2019) Randomized placebo-controlled study 
of the memory effects of pomegranate juice in middle-aged and 
older adults. Am J Clin Nutr 111(1):170–177. https:// doi. org/ 10. 
1093/ ajcn/ nqz241

https://doi.org/10.1001/jamanetworkopen.2021.25531
https://doi.org/10.1001/jamanetworkopen.2021.25531
https://doi.org/10.1136/bmjebm-2019-111161
https://doi.org/10.1016/j.jclinepi.2013.08.015
https://doi.org/10.3390/molecules23050999
https://doi.org/10.3390/antiox11010053
https://doi.org/10.1016/j.neurobiolaging.2017.12.003
https://doi.org/10.3945/ajcn.115.124545
https://doi.org/10.3390/jcm9030718
https://doi.org/10.1007/s10522-011-9334-7
https://doi.org/10.3390/antiox9060509
https://doi.org/10.3390/antiox9060509
https://doi.org/10.3390/antiox11071239
https://doi.org/10.3390/antiox11071239
https://doi.org/10.1093/nutrit/nux013
https://doi.org/10.1056/NEJM199404143301501
https://doi.org/10.1056/NEJM199404143301501
https://doi.org/10.1017/S0007114521000222
https://doi.org/10.1007/s00394-015-1083-y
https://doi.org/10.1002/ana.23594
https://doi.org/10.1212/WNL.0000000000012454
https://doi.org/10.1016/j.neulet.2008.10.013
https://doi.org/10.1016/j.neulet.2008.10.013
https://doi.org/10.3389/fnut.2021.753843
https://doi.org/10.1093/ajcn/nqz241
https://doi.org/10.1093/ajcn/nqz241

	A biphasic response to blueberry supplementation on depressive symptoms in emerging adults: a double-blind randomized controlled trial
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Participants
	Procedures
	Outcome measures
	Prognostic factors
	Statistical analyses

	Results
	Baseline measures and acute results
	Chronic measures

	Discussion
	Acknowledgements 
	References


