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Abstract

Diet has gained increasing attention for its crucial role in supporting mental health and overall
wellbeing. Among its many components, phytochemicals such as flavonoids have emerged as key
contributors to health, with growing evidence indicating their potential to reduce the prevalence of
mood disorders. The postpartum period is a particularly vulnerable time, marked by significant
changes in mood and cognition. Rates of mood disorders often rise within the first year after
childbirth, especially among mothers. Access to conventional treatments during this period may be
limited, highlighting the need for accessible, and cost-effective interventions such as dietary flavonoid
supplementation. Prior research has shown that dietary flavonoids can improve anxiety and quality of
life during the first postpartum year. However, it remains unclear if these benefits extend to fathers or
whether the timing of supplementation influences its effectiveness. Additionally, although flavonoids
have been linked to cognitive enhancements in various groups, it is unknown whether these effects
hold during the postpartum period, when the brain undergoes notable structural and functional
adaptations.

The current work aims to deepen understanding of dietary flavonoids’ effects in postpartum parents.
Following a 2-week flavonoid supplementation in mothers 0—6 months postpartum, reductions in
postpartum depression symptoms were observed, though fathers did not engage effectively. An earlier
postpartum intervention, starting within four days of delivery for 30-days was then investigated,
revealing improvements in executive function and fewer subjective cognitive complaints, while mood
outcomes showed no significant change. Furthermore, acute supplementation with anthocyanin-rich
wild blueberries in the 0—6 month postpartum period improved verbal and working memory in both
mothers and fathers, though without additional mood benefits. This work therefore provides novel
insights into the benefits of dietary flavonoid supplementation to this population, and evidence to
suggest ideal timepoints to supplementation, for a population who may uniquely benefit from a cost-
effective and accessible intervention.
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Chapter 1- An introduction to flavonoids and their mechanisms of action

1.1. General introduction

Diet has become a significantly important subject of interest in today’s society. A healthy, diverse diet
is deemed essential for human health and development, particularly when considering ways to
ameliorate risk factors for mood disorders throughout the lifespan (Firth et al., 2020). To date, a
considerable amount of research has investigated risk factors and preventative actions for mood
disorders in the postpartum, however the impact of diet during this time is often neglected by research
and in clinical practice. Evidence has shown that diets rich in flavonoids, a naturally occurring
polyphenolic compound, can reduce prevalences of mood disorders in healthy populations, and
contribute to symptom reduction in clinical groups (for review see Chapter 2). The broad aim of this
work is to review whether flavonoids can benefit mood and mental health in healthy populations and
to investigate whether dietary flavonoids can promote mood for parents during the critical period
following birth.

1.2. Flavonoid structure and sub-classes

Polyphenols are a large group of plant compounds abundant in many fruits, vegetables, and
beverages, and are known for their potential health benefits. These compounds can be divided into
several categories, one of the most notable being flavonoids. There are six subclasses of flavonoids;
flavonols, flavones, isoflavones, flavanones, flavanols, and anthocyanins, each comprised of two
aromatic carbon rings (benzopyran A and C rings) and benzene (B ring), though each subclass differs
according to the degree of oxidation in one of the benzopyran rings, the hydroxylation pattern of the
ring structure or substitution of the 3 position (Spencer, 2008).

R:
'{()m
R

OH
Flavonols Flavanones Flavanols

HO.

o 0

Ry
R,

HO o O HO. "
R, N
o) .

OoH O OH

Flavones Anthocyanins Isoflavones

Figure 1. The general flavonoid structure, containing a benzene ring (ring B) and a benzopyran ring
(rings A and C), in the centre with the six subclasses of flavonoids also shown, their structure differing
based on ring C alterations (Pandey & Rizvi, 2009)



1.3. Flavonoids in the diet

Major dietary sources of flavonoids include berry fruits (anthocyanins; pelargonidin, cyanidin,
malvidin). cocoa (flavanols; catechin, epicatechin, epigallocatechin, epigallocatechin gallate (EGCQ))
citrus fruits and juices (flavanones; hesperidin, naringenin), soy products (isoflavones; daidzein,
genistein), onions and broccoli (flavonols; kaempferol, quercetin), parsley and celery (flavones;
apigenin, luteolin) (Beking & Vieira, 2011; Vogiatzoglou et al., 2015).

Flavonoids have long been cited for their benefits to human health, with evidence supporting intake of
flavonoids within the diet supporting cardiovascular health (Micek et al., 2021; Rees et al., 2018),
reduced cancer risk (Grosso et al., 2017; Neuhouser, 2004), management of diabetes (Xiao, 2022),
and improved cognitive function (Cheng et al., 2022; Lamport & Williams, 2020). Investigating the
effects of foods rich in flavonoids are of public health benefit as simple dietary changes represent a
lifestyle intervention that is accessible, relatively cost effective and easy to implement into one’s life
to make considerable change. Interestingly, when considering flavonoids in the diet and its benefits
for public health, recent evidence highlights that consuming a diverse range of flavonoid-rich foods
may reduce risk of mortality (Bondonno et al., 2023). Specifically, Bondonno and colleagues included
55,786 females from the Nurses' Health Study and found that consuming three servings per day in the
'Flavodiet' score was associated with an 8% lower risk of mortality and a 13% lower risk of
neurological mortality. The Flavodiet score encompassed intakes of flavonoid-rich food/beverages
that contributed over 1% to the total flavonoid intakes in the cohort, including foods such as tea,
apples, oranges, grapefruits, blueberries, strawberries and red wine (servings/day). More recently,
Parmenter et al. (2025) expanded this evidence using data from 124,805 UK Biobank participants,
showing that both the quantity and diversity of flavonoid intake independently predicted a lower risk
of all-cause mortality and a range of chronic diseases, including cardiovascular disease, type 2
diabetes, cancer, respiratory disease and neurodegenerative disease. These findings suggest that
consuming several different daily servings of flavonoid-rich foods or beverages such as tea, berries,
apples, oranges or grapes may offer stronger long-term protection than focusing on quantity alone.
Furthermore, subsequent cross-sectional research highlights that plant diversity may also be key for
cognitive outcomes (Ye et al., 2013), whereby greater variety, but not quantity, of fruits and
vegetables lead to higher scores on the Mini Mental State Examination (MMSE), a tool for assessing
global cognitive function. Taken together, these studies suggest that consuming even moderate
amounts of diverse and flavonoid-rich foods may offer significant protective effects on long-term
health, particularly regarding mortality and neurological outcomes.

Research in support of plant diversity on health outcomes has further been shown in randomised
controlled trials (RCT). Del Bo et al. (2021) found changes in gut microbiota, following an 8-week
polyphenol rich, diverse dietary pattern, consisting of 3 small portions of either berries and related
products, blood orange and juice, pomegranate juice, green tea, Renetta apple and purée, and dark
chocolate (724 mg/day of polyphenols) compared to a control diet. These findings highlight health
benefits may be due to how these foods interact with the gut microbiome and that diversity of the
intervention may be a key factor to see improvements in outcomes. Much of the above evidence
focuses on habitual flavonoid consumption and associated health benefits. The benefits of consuming
foods rich in flavonoids in their whole form regularly may be due to the synergistic interactions
between flavonoids and other compounds such as fibre, vitamins and minerals. Whilst interactions
between flavonoids and other compounds within food matrices are still tentative (Kamiloglu et al.,
2021), Zhang et al. (2024) reports that lipids, protein, carbohydrates and minerals in the food matrix,
combined with flavonoids shaping gut microbiota, may improve flavonoid bioavailability and
subsequent outcomes (Manach et al., 2005). Further mechanisms of action for flavonoids and
behavioural outcomes will be discussed in Chapter 1.7, though overall highlights the complexity of
flavonoid bioavailability and its potential interaction with the gut microbiome, shedding light on
possible pathways through which flavonoids could influence cognition and mood regulation.

Flavonoid intake shows considerable variation across different countries, reflecting regional
disparities in dietary patterns. For instance, in the United Kingdom, men report an average intake of
548.8 mg/day, and women consume 501.7 mg/day (Zamora-Ros et al., 2012). Comparatively, in



Spain, the mean flavonoid intake is 313.26 mg/day (Zamora-Ros et al., 2010) and Australia estimates
a mean intake of 683 mg/day (Kent et al., 2018), indicating higher intake compared to certain
European populations. Dietary variations across regions were highlighted in Vogiatzoglou et al.
(2015). The UK intake in this study was much lower than reported in Zamora-Ros et al. (2012) at 352
mg/d. However one factor potentially driving this difference is the differences in ages between the
two studies, whereby Zamora-Ros et al. (2012) participants range from 35-74 and Vogiatzoglou et al.
(2015) included younger participants within an age range of 18-64. Dietary habits of young adults
often include less fruits and vegetables compared with the respective RDA’s (Guenther et al., 2006),
potentially due to time, food preferences, convenience, less knowledge around preparing and cooking
food and economic factors, therefore overall flavonoid intake is likely to be reduced in this cohort,
potentially skewing regional flavonoid intakes. In summary, both regional and demographic variations
appear to shape flavonoid intake, showing as an important consideration when evaluating their
potential role in health outcomes.

1.4. Flavonoids and mood

1.4.1. Epidemiological evidence

Evidence has shown that consuming a healthy diet, rich in a diverse array of fruits, vegetables,
legumes, nuts and wholegrains can result in a lower risk of mood disorders (Adan et al., 2019). This
effect is thought to be partly due to the presence of flavonoids in these foods, as supported by several
large cross-sectional studies. In example, Sun et al. (2021) found in 16,925 adults, consuming higher
proportions of dark green vegetables and berries were all inversely related to depressive symptoms.
This relationship was further elucidated by Godos et al. (2018) who assessed participants from
southern Italy (n=1572) with a food frequency questionnaire and the Centre for Epidemiologic Studies
(CES-D), finding that dietary intake of flavanones and anthocyanins showed significant inverse
association with depressive symptoms in a dose-response manner. In similar findings, Chang et al.
(2016) found increased consumption of total flavonoids, flavonols, anthocyanins, flavones and
flavanones were significantly inversely associated with depression risk, in a dose-response fashion.
Chang and colleagues found this association within the Nurses’ Health study, a sample of 82,463
women, highlighting the strength of the relationship between consumption of dietary flavonoids and
mood outcomes in a large population. Further to this, Radavelli-Bagatini et al. (2021) found at the 12
year timepoint in the Australian Diabetes, Obesity and Lifestyle Study cohort (n=4105), habitual fruit
and vegetable intake was linked to a lower likelihood of depressive symptoms, with yellow, orange,
red and leafy green vegetables driving the association. Interestingly, greater vegetable diversity (4—6
types per day) was also associated with fewer depressive symptoms, building on the evidence outlined
in section 1.3. regarding flavonoid diversity and highlighting the importance of quantity and diversity
for supporting mental health.

These findings suggest that not only total flavonoid intake, but also the specific food sources and
therefore the particular subclasses of flavonoids they provide, may play an important role in this
relationship. Recently, Ma et al. (2024) found higher consumption of flavanones and flavonols were
associated with positive mood, measured via the positive and negative affect schedule (PANAS). A
strength of this particular study comes from the collection of plasma, 24hr urinary polyphenol
metabolites alongside the EPIC Norfolk food frequency questionnaire (FFQ’s) to determine
polyphenol consumption. Discrepancies were seen here between FFQ reporting and metabolites,
whereby less negative mood was linked to higher urinary flavones, but not with FFQ-estimated
flavone intake. The authors commented that this may be due to the fact that the FFQ does not include
major flavone sources, such as soups which may be better captured in tools such as 7-day food diaries.
This stands out as a significant limitation of FFQs in this type of epidemiological research,
highlighting the FFQ may have limited ability to capture and discriminate food sources of flavonoids
due to the defined list of food items. Furthermore, as a self-report method, FFQs are subject to recall
and social desirability bias. Estimating flavonoid intake using FFQs also presents challenges, as
different reference databases (e.g., USDA vs. Phenol-Explorer) can yield varying estimates of
flavonoid content in foods. Although combining FFQs with physiological measures, such as plasma or
urinary phenolic metabolites, can strengthen dietary assessments, these approaches capture different



timeframes of intake. Metabolite levels reflect recent consumption (24—48 hours), whereas FFQs
represent habitual intake over the past year; consequently, discrepancies between these measures and
the limitations described above, may introduce variability into the results.

Despite limitations in estimating polyphenol intake, epidemiological research highlights that the
anthocyanin subclass of flavonoids seems to have a strong relationship with mood. Within the
National Health and Nutrition Examination Survey (NHANES) cohort, Chen and Zhao (2023) found
that those with high scores of depression had a significantly lower dietary intake of anthocyanins
compared to those without depression. In another sample of adults with depression, Mestrom et al.
(2024) found low consumption of dietary anthocyanins was evident in participants with major
depressive disorder. This finding is especially noteworthy due to the nature of the population studied.
Participants were divided into those with and without a diagnosis of major depressive disorder
(MDD), novelly highlighting the role of anthocyanins in mental wellbeing in clinical and non-clinical
populations. However, the authors comment that broader dietary patterns, such as adherence to a
Mediterranean diet, which is well established to support mood and wellbeing, were not considered in
their analysis (Lai et al., 2014). This omission highlights the need to account for overall dietary
context when interpreting the role of individual nutrients like anthocyanins in mental health. Global
dietary patterns may be especially important concerning those with MDD, whereby bidirectional
relationships are seen between food choices with depressive symptoms. On one hand, individuals with
depressive symptoms may be more likely to adopt poor dietary habits such as skipping meals,
consuming high-sugar or ultra-processed foods, and lacking dietary variety, due to low motivation,
fatigue, or altered appetite (Korczak et al., 2022; Ortega et al., 2022). On the other hand, these
suboptimal eating patterns may further exacerbate or sustain depressive symptoms by limiting the
intake of essential nutrients involved in brain function and mood regulation. Overall, outcomes from
Mestrom et al. (2024) combined with Chen and Zhao (2023) suggests that even in clinical samples,
the relationship between consumption of anthocyanins and depressive symptoms has significant
strength, though further investigation of this relationship is warranted in larger samples of both
depressed and non-depressed participants, considering the additional confounding variables such as
overall dietary patterns and lifestyle factors.

These studies focus on western populations, though it is worth noting that foods rich in flavonoids
come from different sources in other eastern populations. For example, Narita et al. (2022) found
individuals in the highest quintile of fruit consumption showed decreased odds of major depressive
disorder (MDD) in later life in the Japan Public Health Centre-based Prospective Study. However
specifically flavonoid-rich fruit and vegetables did not have association with decreased odds of MDD.
An interesting aspect to these findings were that food items that correlated with MDD were traditional
to Asian diets, such as mugwort and loofah, which are not typical in western diets. This raises the
possibility that associations observed in western samples may, in part, reflect the types of foods
captured by dietary assessment tools designed around western eating patterns. In other words,
relationships between flavonoid intake and mood may appear more robust in western contexts simply
because the tools used are better suited to detect western dietary sources of flavonoids. Supporting
this, increased consumption of non-fruit and vegetable foods like green and black tea, as well as soy
products, are associated with reduced odds of depression in Japan and China (Chen et al., 2022; Cui,
Huang, et al., 2020; Hozawa et al., 2009). Similarly, higher consumption of overall flavonoid
consumption and lower depressive symptoms in Korea (Park et al., 2022) support that though food
source may be an important factor, the relationship between flavonoid consumption and mood
outcomes remains stable in both western and eastern diets.

Though overall flavonoid intake and certain teas may show positive associations with mood, this may
not be the case for all flavonoid-rich foods. Rose et al. (2010) in example, examined the effects of
chocolate consumption on mood in healthy adults. Results showed that greater consumption of
chocolate was associated with higher depression scores on the CES-D, which was apparent in both
men and women (total sample n=931). However, an important limitation of this study is that it did not
account for the cocoa percentage in the chocolate consumed. Dark chocolate, which has a higher
percentage of cocoa and contains higher levels of polyphenols compared to milk or white chocolate,
may have a different impacts on mood. The failure to differentiate cocoa content could explain the



null results observed, as it’s possible that the varying polyphenol levels influenced the mood
outcomes. Indeed, research from Jackson et al. (2019) suggests a potential benefit of dark chocolate
on depressive symptoms in 13,626 US adults using data from the National Health and Nutrition
Examination Survey. While non-dark chocolate consumption was not associated with clinically
relevant depressive symptoms, dark chocolate consumption was linked to significantly lower odds of
depressive symptoms. Further, individuals in the highest quartile of chocolate consumption showed
57% lower odds of depressive symptoms compared to non-consumers. These findings suggest that
dark chocolate, specifically, may have a protective effect against depressive symptoms, highlighting
the importance of cocoa content in determining chocolate's impact on mood. It is also worth noting
that Jackson et al. (2019) had greater statistical power due to its much larger sample size of 13,626
participants, compared to the smaller sample in the first study, which may have contributed to more
robust and reliable findings.

It is important to highlight here that whilst large epidemiological trials highlight a relationship
between flavonoid intake and behavioural outcomes, causal effects cannot be determined and such
relationships may be subject to bidirectionality. As discussed, individuals experiencing depressive
symptoms may be less motivated to prepare or consume healthy foods, leading to reduced intake of
fruits, vegetables, and other flavonoid-rich foods (Korczak et al., 2022; Ortega et al., 2022). In turn,
this reduction in nutrient and phytochemical intake may further exacerbate depressive symptoms. This
bidirectional relationship complicates interpretation of cross-sectional findings, as it remains unclear
whether lower flavonoid intake precedes the development of depressive symptoms or arises as a
behavioural consequence of them. Therefore, while cross-sectional studies provide valuable
population-level insights, they cannot confirm causality. Longitudinal and intervention-based designs
are needed to disentangle directionality and clarify whether increasing flavonoid intake actively
contributes to improved mood outcomes, or simply reflects healthier overall lifestyle behaviours
commonly observed in individuals with better mental health.

In summary, consuming a diet rich in flavonoid containing foods such as fruits, vegetables, and cocoa
has been linked to a reduced risk of mood disorders, particularly depressive symptoms. Key flavonoid
subclasses, such as anthocyanins, flavanones, and flavonols, have shown a significant inverse
relationship with depressive symptoms, with stronger associations observed in large-scale studies.
However, the specific food sources and measurements may play a critical role in these outcomes.
Differences in study methodologies, including self-report dietary assessments, highlight the need for
more accurate and diverse measures of flavonoid intake to further clarify these relationships. Further
research, particularly in clinical populations, is needed to deepen understanding of how flavonoids
impact mental well-being.

1.4.2 Experimental evidence

It is clear that consuming larger quantities of flavonoids within the diet is likely to result in favourable
mood outcomes, with evidence suggesting consuming a diverse range of flavonoids and their
subclasses may result in desirable effects.

A key trial in the experimental literature within this field comes from Jacka et al. (2017), who
conducted a 12-week RCT where participants with major depression received either social support, or
nutritional counselling, focused on increasing fruits, vegetables, legumes and other items typically
included in a traditional Mediterranean diet. Here, results showed a significant reduction in depressive
symptoms (assessed with the Montgomery—Asberg Depression Rating Scale (MADRS)), as well as
remission in 32.3% of participants compared to those receiving social support. Following, Conner et
al. (2017) found improved psychological well-being with increased motivation, vitality and
flourishing compared to controls following consumption of two additional servings of fruits and
vegetables for 14-days in low fruit and vegetable consuming young adults. In a longer intervention
period, Kontogianni et al. (2020) found a decrease in depressive symptoms when participants were
asked to add six portions of fruits and vegetables into their diet for an 8-week period. Collectively,
these trials highlight the potential benefits of consuming diets, rich in plant diversity and flavonoids to
benefit mood outcomes across a range of clinical and non-clinical groups.



Previous reviews have summarised this relationship, highlighting flavonoids may be suitable
candidates for treatments of mood disorders (Ali et al., 2021; Ko et al., 2020; Pannu et al., 2021).
Recently, a systematic review and meta-analysis from Jia et al. (2023) highlighted flavonoids seem to
have an overall significant, beneficial impact on depression and anxiety, specifying that optimal doses
lay between 50-100 mg/day with a treatment duration of 8-weeks. Much of the experimental work
included in these reviews typically discuss only depression or anxiety as facets of mood. Sometimes
both conditions are explored as outcomes, though inclusion criteria for other facets of mood seem to
be restricted, for example in Jia et al. (2023), outcomes included in the review were listed as
‘depression, anxiety, or mixed anxiety-depressive symptoms’. It could be considered that these
outcomes may not encapsulate all changes in mood as a result of flavonoid interventions, such as
transient mood changes alongside persistent mood disturbances such as anxiety and depression.
Further, previous reviews have fewer restrictions on the source of flavonoid, leading to extracts as
well as whole foods included in reviews. While this broader approach is valuable for understanding
the overall impact of flavonoids on mood disorders, it can also introduce variability in the findings
and limit comparability across studies. In example, Bondonno et al. (2017) report evidence of a
synergistic relationship between the fibre and flavonoids in whole apples, likely mediated in part by
the gut microbiota, which may enhance cardioprotective effects. This underlines the importance of
studying flavonoids in the context of whole foods rather than in isolation. Focusing on whole food
sources may therefore offer a more ecologically valid and practical framework, particularly for public
health messaging, as it reflects real-world dietary habits and promotes easily administrable dietary
strategies for improving mental health. Given these considerations, it is challenging to summarise the
flavonoid and mood experimental literature from existing reviews. Subsequently, a more in-depth
exploration of dietary flavonoids from whole foods and their impact on mood in a systematic review
of the evidence will be provided in Chapter 2, where the specific evidence and potential therapeutic
implications will be discussed in greater detail.

1.5. Flavonoids and cognition

1.5.1. Epidemiological evidence

In addition to flavonoid-related mood effects, a large evidence base suggests that benefits also apply
to cognitive function. In example, Yeh et al. (2021) found a higher intake of total flavonoids was
associated with lower odds of subjective cognitive decline in a large sample of 49,493 women from
the Nurses' Health Study and 27,842 men from the Health Professionals Follow-Up Study.
Furthermore, this study showed that flavonoid-rich foods such as strawberries, citrus fruits, apples and
pears were also associated with lower odds of subjective cognitive decline, highlighting that specific
food sources and subclasses are associated with better cognitive outcomes. The findings from Yeh et
al. (2021) are particularly interesting as highlight subjective cognition as an outcome, though
objective measures of cognitive function are especially beneficial to explore cognitive outcomes
following flavonoids using standardised and precise measures of cognition. As such, objective
measures of cognition, such as the Mini-Mental State Examination, utilised in Letenneur et al. (2007),
who found that after adjusting for age, sex and education, flavonoid intake at baseline was associated
with better cognitive performance, as well as slower cognitive decline after a 10-year follow up
period. In similar findings, Devore et al. (2012) showed that greater dietary intakes of blueberries and
strawberries were associated with slowing cognitive decline, equivalent to delay cognitive aging by
2.5 years in their cohort of the Nurses’ Health Study. Objective measures of cognitive function utilised
in this cohort were the Mini-Mental State Examination; East Boston Memory Test: immediate and
delayed recalls; category fluency; delayed recall of the Telephone Interview of Cognitive Status 10-
word list; and digit span backward.

Wider evidence shows that larger intakes of flavonols within the diet are also associated with slower
cognitive decline (Holland et al., 2023; Kesse-Guyot et al., 2012), alongside flavones, flavanones and
anthocyanins (Samieri et al., 2014), highlighting that a range of subclasses and flavonoid-rich foods
may improve cognition and slow cognitive decline. Much of the evidence for dietary flavonoids and
cognition focuses on cognitive decline, particularly in aging populations. Here, there is greater scope
for change as a result of flavonoid supplementation, thus offering a potentially effective intervention



for slowing the progression of cognitive impairment in individuals at risk of age-related cognitive
decline. A recent systematic review and meta-analysis summarises this evidence, showing that
majority of observational studies in this field were conducted with anthocyanins, though significant
associations were also found for flavan-3-ols, flavonols and flavones, with higher intakes associated
with better cognitive function and reduced risk for cognitive decline and dementia onset (Godos et al.,
2024).

Though a range of subclasses seem to benefit cognitive function, one particular stand out subclass is
anthocyanins. As with mood, habitual consumption of anthocyanin rich foods seem to benefit
cognition over the lifespan. Recent data has elaborated on this relationship, whereby Lorzadeh et al.
(2024) collected baseline data from older adults with mild cognitive impairment, conducted repeated
24hr food recalls to estimate anthocyanin intake and a range of cognitive tasks. Associations were
found between high anthocyanin intake (>10 mg/day) and higher scores on delayed recall tasks
compared with low consumers. In addition to memory, higher intake of dietary anthocyanins have
been associated with improved executive functioning (EF) and faster reaction times. Further, MRI
imaging in monozygotic twins showed those with higher anthocyanin intake at baseline had
significantly larger hippocampal and para-hippocampal volumes after 12-years (Jennings et al., 2021).
These brain regions are essential for cognition (Aminoff et al., 2013; Jarrard, 1993; Treves & Rolls,
1994; Tulving & Markowitsch, 1998), suggesting potential structural brain specific mechanisms could
be a result of dietary anthocyanins. However, as stressed in section 1.4.1, causation cannot be inferred
from cross-sectional studies due to potential bidirectionality of outcomes. Nevertheless, this supports
that habitual intake of a range of flavonoid foods and subclasses, as well as specific subclasses, such
as anthocyanins and flavonols which may slow cognitive decline and improve global cognitive
function.

1.5.3. Chronic interventions

To date, there has been a significant number of experimental trials investigating the effects of
flavonoids on cognition, whereby daily supplementation is likely to promote cognitive function in
humans (Bell et al., 2015; Cheng et al., 2022; Lamport et al., 2012). Chronic interventions may
benefit mood over time via specific mechanisms of action, such as upregulation of brain derived
neurotropic factor (BDNF), or influencing the gut microbiome, though specific mechanisms are not
yet known. Whilst there is no conclusive evidence for a specific type of food that may confer most
benefit to cognition, it is thought that consuming foods for sustained periods such as cocoa, rich in
flavanols, and berry fruits, rich in anthocyanins, may lead to benefits in cognition.

1.5.3.1. Cocoa

Cocoa has been a popular food source to explore its effects on cognitive function. Sloan et al. (2021)
conducted a 12-week RCT with older adults, participants were randomised to 0, 260, 510, or 770 mg
of cocoa flavanols per day. Results showed a positive dose dependent effect compared with the
placebo on list learning memory. List learning performance was also associated with baseline diet
quality, where participants with poorer baseline diet quality performed worse on this task at baseline.
However their performance improved with flavonol intake, suggesting that an individual's starting
dietary habits may influence the cognitive benefits they experience from flavonoid supplementation.
Further analysis of these findings using voxel-based morphometry (VBM) with Magnetic Resonance
Imaging (MRI) indicated that cocoa flavanols specifically target the dentate gyrus. This is a region of
the hippocampus critical for memory formation and processing (Kesner, 2013), overall providing a
neurobiological basis for how cocoa flavanols may enhance memory performance as a potential
underlying mechanism for the cognitive benefits observed.

Benefits from flavanols in older adults can further be seen following an 8-week parallel groups
intervention of a drink containing 993 mg, 520 mg, or 48 mg cocoa flavonols. While no significant
changes were observed in global cognition, as measured by the Mini-Mental State Examination
(MMSE), notable improvements were found in specific cognitive tasks, such as the Trail Making Test
(TMT) and the Verbal Fluency test, for those consuming the higher flavanol doses (993 mg and 520
mg) (Mastroiacovo et al., 2015). The TMT is divided into two parts, A; which involves connecting
numbered circles on paper as quick as the participant can, evaluating their processing speed and visual
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scanning; and part B, which requires alternating between numbers and letters which demands not only
processing speed but also EF. Significant improvements in both parts of the TMT, particularly among
those who consumed higher flavanol doses, suggest that cocoa flavanols may enhance both processing
speed and cognitive flexibility in older adults, potentially improving EF. Moreover, the improvements
observed in these specific tests underscore the potential of cocoa flavanols to target more nuanced
aspects of cognitive function, such as those related to EF, which are often impaired with aging
(Salthouse et al., 2003; Tomaszewski Farias et al., 2009). Although no changes were seen in global
cognition, the significant performance improvements on tests assessing processing speed and
cognitive flexibility suggest that flavanols might have more targeted effects, especially on tasks that
challenge higher-order cognitive abilities

Scores in the TMT have also been improved in postmenopausal women following cocoa consumption,
whereby n=140 participants aged 50-64 were randomised to consume 10g chocolate (99% cocoa, 65.4
mg polyphenols) on top of their usual diet, or just stick to their normal diet in the control group for a
period of 6 months (Garcia-Yu et al., 2022). A range of cognitive domains such as EF (Trial Making
Test A-B (TMT-A, TMT-B)), verbal memory (Reys Auditory Verbal Learning Task (RAVLT)),
working memory (Wechsler Adults Intelligence Scale (WAIS) Digit Span Backward), phonological
fluency and category fluency, were taken. The findings of this trial showed a decrease of TMT-B time
following daily consumption of cocoa which was not seen in the control. It should be considered here
that only polyphenol consumption was recorded in this trial (65.4 mg/day), resulting in unknown
doses of flavonoids contributing to this change in cognition. Additionally, this is a rather low
polyphenol content compared with studies that show changes in mood and cognition, though
highlights that low doses of polyphenol, when consumed in a chronic fashion may be enough to result
in cognitive improvements.

A standout trial in cocoa flavanol supplementation is the COcoa Supplement and Multivitamins
Outcome Study (COSMOS), which explored the effects of a cocoa flavonol supplement versus
multivitamin over a range of outcomes. This randomised, double-blind, placebo-controlled trial
utilised four intervention arms; (1) active cocoa extract (containing 500 mg/d flavanols), and an active
daily multivitamin (Centrum Silver) (n = 5360); (2) active cocoa extract and multivitamin placebo
(n=5359); (3) active multivitamin and cocoa extract placebo (n = 5360); or (4) both placebos
(n=5363), with the primary aim to reduce the risk of cardiovascular disease (CVD) and cancer in
21,442 U.S older adults (>60years of age) (Rist et al., 2022). The trial was run as a hybrid trial,
whereby multiple large scale remote interventions were conducted including in-person visits
(COSMOS-Clinic, n=573), where physiological and neuropsychological measures could be taken,
and online visits, where cognitive tasks could be completed (COSMOS-Mind, n=2262; COSMOS-
Web, n=3960). This trial had few participants lost to follow up and high compliance, highlighting the
feasibility of such large scale interventions with long supplementation periods. Vyas et al. (2024)
explores the outcomes on cognition from the COSMOS-Clinic trial, where participants completed the
Modified Mini-Mental State, Consortium to Establish a Registry for Alzheimer’s Disease (CERAD),
immediate and delayed recall trials of the East Boston Memory Test (EBMT), category fluency
(naming animals and vegetables), Trail Making Test (TMT) and Digit Span Backward test. Outcomes
for the COSMOS-Clinic were taken at baseline and 2 years follow up. In this cohort, daily
supplementation with cocoa extract did not have any effect on global, or domain specific cognitive
function. These results from the COSMOS-Clinic trial oppose earlier findings for cocoa and cognition
(Garcia-Yu et al., 2022; Mastroiacovo et al., 2015; Sloan et al., 2021), however one key aspect of this
trial is the length of supplementation being 2-years, whereas the other trials longest duration was 6-
months (Garcia-Yu et al., 2022). This could be that the effects seen in these shorter trials are
dependent on different mechanisms and may not be sustained over longer periods of time.

Indeed, changes in blood flow have been seen following cocoa flavanols (Mastroiacovo et al., 2015;
Sorond et al., 2008). Specifically, Sorond et al. (2008) utilised transcranial doppler ultrasound in
healthy older adults (n=34) following flavanol rich cocoa (900 mg flavanols/day) consumption versus
flavanol poor cocoa (36 mg/day) for a two-week period. Here, blood flow velocity increased in the
middle cerebral artery following the flavanol rich cocoa supplement at 1-week and 2-weeks of
supplementation, showing cocoa supplementation can lead to significant improvements in cerebral



blood flow following even short supplementation periods as little as 1-week. Interestingly, one key
finding from the overall COSMOS trial, was that following an intervention phase (median treatment
length 3.6 years), participants randomised to the cocoa extract had reduced CVD death by 27%, but
no other significant reductions in cardiovascular events or cancers (Sesso et al., 2022). Again, this
underscores the potential cardiovascular benefits of cocoa, however as this was not coupled with
changes in cognition in the COSMOS-Clinic trial, highlights the need to investigate further
mechanisms associated with cognitive improvements following cocoa flavanol consumption,
especially over sustained periods of supplementation, as it may be that changes in blood flow as a
mechanism of action driving cognitive changes are limited to shorter supplement durations.

It is clear here that chronic cocoa flavanol supplementation studies have been conducted primarily in
older adult populations with mixed effects. Studies on younger populations are more limited, however
provide evidence that flavanols may provide benefits to cognition (Calderon-Garciduenas et al., 2013;
Sumiyoshi et al., 2019). Calderon-Garciduenas et al. (2013) supplemented 30g dark chocolate cocoa
(680 mg flavonoids) for 10 days to children (n=18, mean age 10 years old). A range of outcomes were
taken, including blood samples, Magnetic Spectroscopy Imaging (MRS), and cognition (Wechsler
Intelligence Scale for Children-Revised (WISC-R)). Results showed that 83% of the sample had
significant improvement in the short memory tasks as part of the WISC-R. The authors performed
binomial tests, enabling them to observe how many participants improved, however considering this
small sample size, this choice of test, could have led to loss of sensitivity to detect true effects. It is
also important to consider dosage for why these trials may have different outcomes, for cocoa
flavanols it seems higher doses, such as 770 mg, 993 mg, 680 mg (Calderon-Garciduenas et al., 2013;
Mastroiacovo et al., 2015; Sloan et al., 2021) may confer to improvements in cognitive function and
may also explain why the COSMOS-Clinic trial did not see effects following 500 mg cocoa flavanols.

1.5.3.2. Berry fruits

Another popular intervention food is berry fruits, which are rich in anthocyanins. These have also
risen in popularity in RCT’s where they have demonstrated to host several benefits to cognitive
function. Executive functioning (EF), for example, encompasses a range of cognitive processes which
are essential for goal-directed behaviour including planning and decision making. EF also includes
working memory (the ability to hold and manipulate information while performing a task); cognitive
flexibility (ability to switch between different goals or rules smoothly, important for adaptability and
task-switching) and inhibitory control (the ability to suppress or control automatic responses in favour
of more goal directed or appropriate behaviours) (Diamond, 2013). Following a 12-week RCT, of
either Wild Blueberry (WBB) (264 mg anthocyanins) versus a placebo matched control in n=61 65-80
year olds, Hein et al. (2021) found significant improvements in accuracy scores following WBB
treatment which was not evident in the placebo. This effect was also seen for episodic memory
(measured with the Rey’s Auditory Verbal Learning Test (RAVLT)), showing improvements in several
cognitive domains in this population following chronic WBB. In an additional older adult trial, Miller
et al. (2018) provided participants (n=37, aged 60-75) with WBB (24 g/day, equivalent to 1 cup of
fresh blueberries containing ~36 mg/g total phenolics and ~19.2 mg/g anthocyanins). Following
treatment, participants in the blueberry group had fewer errors in the California Verbal Learning test, a
measure of verbal memory and reduced switch cost on the task switching test, meaning that smaller
increases in reaction time were made when switching between rules of the cognitive task, indicating
better cognitive flexibility. Further EF and memory benefits have been seen in older adult populations
following WBB containing 302 mg anthocyanins (Wood et al., 2023) and following 3 months of a
purified extract at 100 mg (WBE111) (Whyte et al., 2018).

EF improvements have further been shown in 7-10 year olds, whereby 4-week WBB supplementation
(766 mg total polyphenols; 253 mg anthocyanins; equivalent to 240 g fresh blueberries per day) was
seen to maintain higher accuracy on incongruent trials of the Modified Attention Network Task
(MANT) (Barfoot et al., 2021). In this task, load and congruency are altered between trial types,
whereby high load and incongruent trials are more cognitively demanding, compared to low load and
congruent trials (for a more detailed task breakdown, see Chapter 5). This suggests that benefits of
anthocyanin rich interventions are seen on the harder aspects of a task, demonstrating its benefits to



EF. Further, chronic WBB consumption resulted in changes to different polyphenol metabolites over
the 4-weeks, though change in total polyphenols was non-significant. It is important to note, that this
RCT was a pilot study to explore underlying mechanisms of action and associated behavioural effects
in this cohort. Whilst changes in EF were seen, repeat testing in a larger sample of participants is
necessary. In another young sample, Velichkov et al. (2024) studied the effects of chronic WBB
supplementation in emerging adults (=60, mean age 20 years) with moderate to severe depressive
symptoms. Participants received either a 22g WBB drink containing the equivalent of 1 cup or 150 g
fresh fruit with 121 mg anthocyanins or a placebo matched control for 6-weeks. Following the
intervention, participants in the WBB group had significant improvement in EF, as measured by the
Task Switching Test (TST). Fossati et al. (2002) reports that EF is often worse in depressed subjects,
whereby EF may also predict poorer outcomes in depression. Therefore, finding EF improvements
following berry interventions in a range of different ages, and especially in a depressed cohort
highlights how influential diet, especially diets that are anthocyanin rich is to both cognitive function
and mood.

1.5.3.3. Soy

Soy supplementation is another popular food source to see changes in cognitive function. The
evidence here mostly focuses on postmenopausal women due to the role isoflavones in soy play as
agonists at oestrogen receptors, which may improve a range of physiological symptoms as well as
cognitive function. Duffy et al. (2003) supplemented postmenopausal women (n=33) who were not
receiving hormone replacement therapy, with a soy supplement containing 60 mg isoflavone
equivalents/day for 12-weeks. Participants completed a range of cognitive outcomes, on top of mood,
sleep and menopausal symptom questionnaires. Those receiving the isoflavone treatment showed an
improvement in sustained attention (Paced Auditory Serial Addition Test) and episodic memory
(Weschler Memory Scale). No changes were seen following treatment for mood or menopausal
symptoms, however this study suggests that cognition benefits can be observed following soy
supplementation, independent of changes in mood and wellbeing. Improvements following soy
supplementation have also been found for this population in tests of cognition such as category
fluency, verbal memory following a longer supplementation period of 6-months with 110 mg soy
isoflavones per day (Kritz-Silverstein et al., 2003).

It is not only postmenopausal women that see cognitive benefits from soy. In a 12-week double blind
crossover trial, healthy male participants 30-80y (n=34) received soy isoflavone capsules containing
116 mg isoflavones for 6 weeks in addition to a placebo matched control (Thorp et al., 2009).
Isoflavone supplementation significantly improved spatial working memory, though no other
cognitive outcomes, suggesting that soy isoflavones can be beneficial in improving cognition in
populations outside postmenopausal cohorts, however these findings may only be restricted to one
cognitive outcome. The authors commented that these effects may be explained by activation of
oestrogen [} receptors (ERP), which are abundant in brain regions such as the hippocampus (Courtney
et al., 1998). Since men also have circulating oestrogen, ER activation could still play a role in the
demonstrated improvements in cognitive function (Lee et al., 2004).Evidence also suggests that soy
may benefit a range of cognitive outcomes in young adults following either a high soy (100 mg/day
isoflavones) or low soy (0.5 mg soy isoflavones/day) diet for 10 weeks (File et al., 2001). In this trial,
participants had significant improvements in short term and long term memory in addition to mental
flexibility following the high soy diet, however only females had benefits from letter fluency tests
following the high soy diet. Overall, this stresses that soy benefits can extend to younger populations,
however female participants may benefit more from soy, potentially due to underlying mechanisms,
such as oestrogenic effects (Cui, Birru, et al., 2020). As such, due to these potential mechanisms of
action, this particular flavonoid-rich food may be of benefit towards certain populations such as
postmenopausal women, or during the postpartum where similar trajectories are seen for oestrogen
(Dukic & Ehlert, 2023; Dukic et al., 2024; Sherwin, 2000). There are few studies investigating the
effects soy products on mood and cognition in the postpartum. However, due to the unique
mechanism soy may act on these outcomes, warrants further investigation.
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On the other hand, not all studies show benefits for cognitive function following soy supplementation,
in example six months of 100 mg/day isoflavone treatment was not associated with any improvements
in cognition in patients with Alzheimer's disease (Gleason et al., 2015). Additionally, a number of
studies in postmenopausal women were not able to detect effects over a range of supplementation
periods (range 6-weeks to 12-months), receiving a range of doses (60 mg - 99 mg isoflavones) (File et
al., 2005; Ho et al., 2007; Howes et al., 2004; Kreijkamp-Kaspers et al., 2004), suggesting the
evidence based is mixed for this food source, and may be dependent on sex, dose, and cognitive
domain tested.

1.5.3.4. Other flavonoid sources

It is clear that cognitive benefits can be seen following a range of flavonoid-rich foods. Additional
benefits have been found following Gingko extract (Herrschaft et al., 2012; Ihl et al., 2011), tea (de la
Torre et al., 2016) and orange juice (Kean et al., 2015). Interestingly, (Kean et al., 2015), found
improvements in global cognition following consumption of high flavanone (305 mg) orange juice
compared with a placebo matched control (37 mg flavanone) in healthy older adults (#=37). This trial
was conducted with a crossover design, separated with a 4-week out. Results here showed that
improvements in cognitive function were maintained after the 4-week washout period, suggesting
potential carry over effects and that the benefits linked to the high flavonoid drink may have
continued into the second arm of the trial. Although this may be problematic due to potential residual
effects of the drink in the subsequent phase, the findings imply that the benefits of the intervention
could persist beyond the supplementation period. This has important implications for the potential
lasting effects of day-to-day flavanone consumption. Studies should therefore include follow-up visits
after a break from the intervention to assess whether any effects of flavonoids are sustained over
longer periods.

Finally, mixed flavonoid-rich food interventions have shown improved cognitive function.
Neshatdoust et al. (2016) recruited participants (26-70 years) who consumed an average of 3 portions
of fruit and vegetables per day at baseline. Participants were assigned to one of three groups: a high-
flavonoid (HF) fruit and vegetable group, a low-flavonoid group (LF), or a control group who
maintained their habitual diet. HF foods were defined as containing >15 mg/100 g of total flavonoids
and LF foods as containing <5 mg/100 g. Over the 18-week intervention, participants in the HF and
LF groups increased their fruit and vegetable intake by 2 portions every 6 weeks, resulting in total
flavonoid intakes of 49, 121, and 198 mg/day in the HF group, and 3, 6, and 7 mg/day in the LF
group. The results showed improvements in global cognition following the HF intervention, which
was comprised of EF and episodic memory and secondary measures of working memory, spatial
memory, implicit memory, attention and information processing and psychomotor speed. Mirroring
these results, increases in serum Brain Derived Neurotrophic Factor (BDNF), were found following
flavonoid consumption in the HF group only, BDNF is a key protein to learning and memory
(discussed in greater detail in 1.7.3), therefore, this increase signifies the importance of flavonoids for
brain health and cognition, though effect may only be apparent when high flavonoid foods are
consumed for a sustained period.

Not all flavonoid and cognition studies produce significant results’, Camfield et al. (2012) randomised
participants (n=63) to receive either a flavanol drink containing 250 mg or 500 mg cocoa flavanols
versus a placebo matched control for a period of 30-days. No changes were seen in spatial working
memory, however, significant changes were seen in Steady State Probe Topography, utilised to assess
neurocognitive changes. Authors found changes in amplitude and phase following the 30-day cocoa
intervention in regions linked with memory encoding, such as the posterior parietal and centro-frontal
sites. The lack of behavioural findings in this study may again be attributed to dose, whereby higher
cocoa flavanol doses, over 500 mg may be attributed to improved cognition, whereas Camfield et al.
(2012) highest dose was 500 mg. Though the changes in physiological measures following cocoa
intervention may suggest that flavonoids may lead to neurocognitive benefits, and underlying
mechanisms to support brain health in as little dose as 250 mg, though higher doses may be required
for observable behavioural changes. Similar findings were also found in Boespflug et al. (2018) who
did not find changes in cognitive function following daily blueberry supplementation on older adults
with mild cognitive impairment (MCI). In a double-blind, parallel groups design, participants
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consumed either blueberry intervention (269 mg anthocyanin/day) or placebo matched control for 16-
weeks. No significant differences between groups were found at follow up, though a marginally
significant trend was found where accuracy was higher in the blueberry group in the 1-back condition
of the N-Back, a working memory task, with 1-back being the least cognitively demanding trial. It
should be noted that this study had small sample sizes (=8 per group) which was sufficient for
neuroimaging analysis, though likely underpowered for detecting behavioural outcomes. As with
Camfield et al. (2012), though no behavioural outcomes were significantly different following the
intervention, physiological changes were seen. In Boespflug et al. (2018), Blood Oxygen Level
Dependent (BOLD) signal increased in the left pre-central, left middle frontal gyrus, and left inferior
parietal lobe following blueberry supplementation relative to pre intervention baseline. A further
explanation of blood flow in relation to cognitive changes can be seen in chapter 1.7.4, though overall
suggests that flavonoid compounds influence central signalling pathways, which play a role in
changes to neuro-vascular interactions, in regions supporting higher cognitive functioning and
attention (Boisgueheneuc et al., 2006; Singh-Curry & Husain, 2009). Other studies supplementing
older adults with early, or subjective memory complaints have however seen improvements following
chronic anthocyanin supplementation (Krikorian et al., 2010; McNamara et al., 2018). Interestingly,
McNamara et al. (2018) used the same dose as Boespflug et al. (2018) (269 mg anthocyanins), for 24-
weeks supplementation, finding improved cognition in the Hopkins Verbal Learning Task (HVLT)
recognition memory domain for the blueberry group which was not seen in the placebo, fish oil, or
combined blueberry and fish oil arms. This suggests that flavonoids, particularly anthocyanins may be
particularly beneficial for participants with cognitive impairments.

It is therefore clear that chronic flavonoid supplementation, particularly with foods like cocoa and
berry fruits, shows potential benefits for cognitive function, especially in older adults. Daily intake of
cocoa flavanols and berry anthocyanins may improve cognitive performance in areas like EF,
memory, and mood. However, the evidence is mixed, possibly due to differences in supplementation
duration or dosage. The mechanisms behind these effects may involve changes in neurovascular
interactions, blood flow, and neural signalling, but further research is needed to better understand how
long-term flavonoid intake influences cognition.

1.5.2. Acute interventions

Given the promising effects of chronic flavonoid interventions on cognition, it is equally plausible
that acute mechanisms could play a role in cognitive enhancement as well. While chronic
supplementation may lead to longer term changes in brain function and mood, acute interventions,
exploring the effects of a single dose over a shorter period, may exert more immediate effects on
cognition and may be beneficial for situations that require mental performance over short timeframes,
such as high-stress environments or to optimise acute mood and cognitive function for a specific event
or performance over the course of the day.

As mentioned, it is clear that EF improvements are seen following chronic supplementation, however
this area of cognition has also been found to improve following single doses of flavonoids. A large
number of these trials have been conducted in young children (Barfoot et al., 2019; Whyte et al.,
2016; Whyte & Williams, 2012, 2015; Whyte et al., 2017), as this group is undergoing biological
changes in the brain, such as synaptic pruning and maturation of the prefrontal cortex (Best & Miller,
2010; Blakemore & Choudhury, 2006). Given this heightened neuroplasticity, there is significant
potential for flavonoids to support vascular function, enhance cerebral blood flow, and modulate
neurotrophic factors such as BDNF during this critical period, potentially leading to both immediate
cognitive benefits and longer-term developmental gains. Whyte et al. (2016) supplemented
participants (n = 21; 7-9 year olds) with a blueberry intervention containing either control, 126.5 mg
or 253 mg anthocyanins. Cognitive tasks were presented at 1.5, 3 and 6 hours following the
intervention, including an Auditory Verbal Learning Task (AVLT) and Flanker task to measure both
episodic memory and EF. Following the intervention, both the 126.5 mg and 253 mg anthocyanin
treatments produced better performance in delayed word recognition. Only the 253 mg anthocyanin
treatment however, produced improved accuracy on incongruent trials, with strongest effects 3 hours
post supplementation. Barfoot et al. (2019) also found improvements in a similar EF task, whereby
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quicker reaction times were seen in 7—10-year-old children 2 hours following consumption of 253 mg
anthocyanins in addition to improvements in the AVLT. Combined, these studies suggest that
blueberry drinks containing 253 mg anthocyanins are likely to elicit effects in cognition within this
cohort.

Typically, benefits following flavonoid consumption are seen in EF tasks during the more cognitively
demanding trials such as incongruent, high load and fast trials. This effect was seen in children in
Barfoot et al. (2019); Whyte et al. (2016) and Whyte et al. (2017). However, similar improvements are
also seen in reaction times and accuracy on congruent trials (Whyte et al., 2020), these trials are less
cognitively demanding compared with incongruent, therefore despite this opposing previous work,
does show the wider benefits of flavonoids for EF. Contrasting research further comes from Whyte
and Williams (2015) who conducted a crossover trial with children ages 8-10 (n=14) where
participants consumed a blueberry intervention or a matched placebo control. Outcomes were taken 2
hours following the intervention, with outcomes being the Go-NoGo (inhibitory response), RAVLT
(episodic memory), Stroop test (EF), Visuospatial N-Back (working memory), and Object location
task (spatial memory). In this study, no effects were seen for the Go-NoGo, Stroop, N-Back and
Object location task, however the RAVLT was found to be sensitive, whereby word recall improved
significantly following the blueberry treatment, but not the placebo. These results support the ongoing
evidence where episodic memory has shown to benefit following flavonoid consumption in both acute
and chronic interventions, however it is of interest that no effects were found in EF and inhibitory
response tasks, opposing the previous body of evidence. It could be suggested however that the dose
of 143 mg anthocyanins may have been too small to detect an effect for this region of cognitive
function, whereby in example Barfoot et al. (2019) and Whyte et al. (2020) utilised 253 mg
anthocyanins and found improvements in accuracy and reaction time in EF tasks. Additionally, the
intervention used in Whyte et al. (2016) combined 100ml semi-skimmed milk with both interventions,
however later research has since shown that milk may hinder the absorption of polyphenols (Yildirim-
Elikoglu & Erdem, 2018). As a result, the effects in other cognitive areas may not have been evident,
as the reduced uptake of blueberry polyphenols led to a dose that was insufficient to produce further
cognitive benefits. Overall, this may suggest that smaller doses of anthocyanins may elicit benefits to
episodic memory, though higher doses may be required for EF following acute supplementation,
highlighting a potential dose-dependent effect. It is clear here that again, anthocyanin rich and in
particular berry based interventions are key for changes in cognitive functioning, with a large focus on
children of school age, where brain plasticity is likely high.

Acute improvements have also been found in older populations, Scholey et al. (2010) found
improvements in the Serial 3’s following consumption of both 520 mg and 994 mg cocoa flavanols
which was not seen following consumption of a matched control drink. Interestingly, the higher cocoa
flavanol drink also resulted in quicker response times in the RVIP task, however this came at a cost to
accuracy. Additionally, Lamport et al. (2020) recruited healthy young adults 18-24 (n=98) who were
randomised to consume either a 35g dark chocolate bar or calorie matched, low flavonoid, 35g white
chocolate bar. Only episodic memory was tested for cognition (using the RAVLT) alongside mood
questionnaires (BL-VAS; PANAS). Participants allocated to the dark chocolate condition had
significantly better scores on the RAVLT, 2-hours following the intervention, indicating better
episodic memory performance following acute flavonoid consumption. One limitation of this study
and its findings, is that exact flavonoid content could not be ascertained, the authors did however use
polyphenol databases to estimate flavonoid in the chocolate bars, estimating content to be 83 mg in
the 35¢g dark chocolate bar. In the context of the literature above of acute doses on cognition this is not
a large dose of flavonoids, therefore shows that in doses as small as 83 mg can elicit effects. It is also
noteworthy that smaller doses, such as the 126.5 mg dose in Whyte et al. (2016) seem to lead to
changes in effects for the RAVLT, again showing that this measure of cognition seems to be
particularly sensitive to flavonoid interventions, even at low doses. In support of these cognitive
changes within the 2hr timeframe, acute physiological changes have been found following cocoa
flavanol supplementation. Increases in cerebral blood flow following the consumption of flavonoid-
rich cocoa, has been demonstrated using MRI arterial spin labelling. Studies have shown this effect in
healthy older adults after consuming a 493 mg flavanol cocoa drink (Lamport et al., 2015), as well as
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in healthy young females following a 519 mg flavanol drink (Francis et al., 2006), suggesting a
potential mechanism of action.

Anthocyanin rich interventions have further been conducted in populations outside of school children,
Whyte et al. (2021) found that 8 hours following a single dose of WBB (475 mg anthocyanins),
participants in the placebo group had a decline in RAVLT performance which was not seen in the
WBB intervention, suggesting WBB attenuated this decline. Fewer errors were also seen in an EF task
(Go/No-Go) with fewer errors on the cognitively demanding trial compared to placebo. Participants in
this trial were between 40-65 years old, indicating that acute flavonoid interventions may be able to
produce cognitive changes throughout the lifespan. However, this was a higher dose, at nearly double
seen in previous trials which typically served 253 mg anthocyanins, considering a dose response
relationship has been elicited in both epidemiological and chronic supplementation studies, which is
also mirrored by their mechanisms of action, potentially a higher dose may be necessary to lead to
effects in this population.

Comparatively, Keane et al. (2016a) did not find effects at 1, 2,3, and 5 hours following a 60ml dose
of Montmorency tart cherry concentrate in 45-60 year olds (#=30) on tasks measuring psychomotor
speed and attention (digit vigilance), working memory (Rapid Visual Information Processing (RVIP))
and EF (Stroop). However, Keane et al. (2016a) did find physiological effects, such as a reduction in
systolic blood pressure following the intervention, with peak reductions occurring around 3 hours post
intervention, suggesting anthocyanin effects on vascular function, but not cognition. One difference
between these two studies that may be driving the differences in effects is that Whyte et al. (2021)
took outcomes at 8 hours following a high dose of anthocyanin, whereas Keane et al. (2016a) tested at
latest 5 hours following supplementation with lower anthocyanin dose, estimated at 68.0 (SD 0.26)
mg cyanidin-3-glucoside/l, 160.75 (SD 0.55) mean gallic acid equivalent/l. It may be that higher
doses, with outcomes measured around 8 hours are likely to emit better outcomes for this specific
cohort. Another study that did not find effects following anthocyanin intake in this cohort comes from
Igwe et al. (2017), who provided participants with either (1) a single dose of 300 mL (369 mg total
anthocyanins) or (2) 3 x 100-mL servings (123 mg total anthocyanins/serving) of the same plum juice
at 0, 1, and 3 hours using a crossover design. Participants were two separate groups of 65+ (n=12)
and 18-45 year olds (n=12). Like in Keane et al (2016a), decreases in blood pressure were seen
following the intervention in both age groups, which was more pronounced following the single dose
of anthocyanins. However, no differences were seen following a broad range of cognitive outcomes,
such as EF and episodic memory. The lack of effects is noteworthy here, considering that the study
had a reasonable dose of anthocyanins, timing of outcome measures may be driving these lack of
effects, where outcomes in Igwe et al. were taken at 0 and 6 hours. It could therefore be that the
absence of a significant effect could be attributed to the timing of cognitive task administration,
missing the initial peak action time following anthocyanin consumption, by which the authors
comment could be driven by polyphenol reuptake in the colon (Wang et al., 2015).

It may however be the food source responsible for the lack of effects here, as attenuation in cognitive
decline was seen 6 hours following a mixed berry (blueberry, strawberry, raspberry and blackberry)
intervention (Whyte et al., 2019). This was conducted in young adults however, suggesting further
research may be required to investigate if berry based anthocyanins may have greater benefits to
cognition versus plums and cherries in both young and middle age adults. Outside of anthocyanin rich
foods, acute improvements on tests of EF and processing speed were found 6 hours following
flavonoid-rich orange juice consumption versus a low flavanone control (Alharbi et al., 2016),
supporting a range of food sources may support cognition.

Regarding older adults, there is also a larger scope for improvement for cognitive outcomes due to the
natural cognitive decline seen in this age group. As with school age children, improvement across a
range of cognitive domains have been seen following acute flavonoid consumption. Bell and Williams
(2019) found improved word recall 1.5 hours following 200 mg and 400 mg doses of Haskap berry
extract. To note, this intervention was extract based, rather than the whole food, which typically
provide much higher concentrations of flavonoids compared to the whole food, which may therefore
have different effects on cognitive function. This effect following polyphenol extracts has also been
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seen following a combination of grape and blueberry extracts (Philip et al., 2019), and wild blueberry
extracts on healthy older adults (Cheng et al., 2024) highlighting the potential of flavonoid extracts
also benefitting cognitive function alongside consumption of the whole food and freeze-dried
varieties.

It is clear that interventions using various food sources with different flavonoid sub-classes lead to
varied results, influenced by factors such as timing, dosages, and the specific traits of the populations
under study. For example, the positive effects of blueberries on cognition in older adults and children
seem to be primarily focused on episodic memory, while improvements in EF are more consistently
observed in young adults (Ahles et al., 2021). These differences in cognitive domains could reflect
age-related variations in the capacity for improvement in underlying neuronal structures. One key
takeaway from this literature is that anthocyanin rich interventions may benefit cognition over the
lifespan. Many reviews have summarised these effects, suggesting that beneficial cognitive effects are
apparent following anthocyanin rich intervention, with stronger effects found in attention and EF tasks
in acute studies, whereas memory outcomes may be improved following longer supplementation
periods, however population and dose also play a key role (Ahles et al., 2021; De Amicis et al., 2022).

Regarding acute effects of wider polyphenol intake, Hepsomali et al. (2021) observed acute
polyphenol consumption may improve processing speed in measures of attentional processes such as
the RVIP in a meta-analysis. The findings of improved cognition following polyphenols was further
supported in Cheng et al. (2022), who observed similar effects in their meta-analysis whilst
specifically focussing on flavonoid supplementation. Overall, Cheng and colleagues found largest
effects on cognition following cocoa interventions, though the authors highlighted cocoa studies were
the most commonly included studies with 56 out of 80 reviewed studies in the review. Results here
also reveal that chronic interventions seem to benefit cognition in their included studies. These
chronic flavonoid interventions had an overall small but significant benefit to cognition, whereas
acute interventions overall approached significance, opposing results following Ahles et al. (2021)
and Hepsomali et al. (2021). However, a caveat of these chronic interventions was that durations less
than 6-weeks did not produce significant effects, though durations for greater than 6-weeks produced
significant benefits for cognition, highlighting that longer supplementation periods may be key for
cognition, as with mood.

Regarding dose, Cheng et al. (2022) suggests low and medium doses may be optimal for cognitive
effects. This was quantified based on habitual dietary averages for flavonoid-rich foods, in example
berry and cocoa low doses ranged from 0-349 mg, and high doses were 700+ mg, comparatively and,
low doses of citrus were 0-74 mg and high doses were 150+ mg. This is in line with previous
systematic reviews, such as Ammar et al. (2020) who’s review of thirteen studies identified that larger
doses of polyphenols (>500 mg/day) can attenuate cognitive decline over 3-6 months, and smaller
doses may only be beneficial over a shorter timespan of 1 month. This signifies that though specific
dose ranges are important to observing changes for cognitive health, consideration of length of
supplementation is also important. Lamport and Williams (2020) provide an overview of published
systematic reviews and meta-analyses on polyphenol supplementation and cognitive function,
summarising seventeen reviews that span a broad evidence base. The authors concluded that due to
the significant heterogeneity in the data, no definitive conclusions could be drawn regarding factors
such as dose, duration, population sensitivity, or specific cognitive domains. While this review
primarily focuses on the broader effects of polyphenols rather than flavonoids specifically, which may
influence the overall conclusions, combining it with findings from Cheng et al. (2022) which adds a
more nuanced perspective, both overall suggest that flavonoids and the wider family of
phytochemicals are beneficial to both reducing cognitive decline and benefitting cognitive
performance, though specific aspects such as dose, duration and food type requires further
investigation.

1.6. Summary of the effects of flavonoids on mood and cognitive function

Numerous studies suggest that a healthy diet rich in fruits, vegetables, legumes, nuts, and whole
grains can lower the risk of mood disorders, with flavonoids playing a key role. Flavonoid-rich foods
have been linked to reduced depressive symptoms in both Western and Eastern populations, though
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food sources vary by region. Specific subclasses of flavonoids, like anthocyanins, have shown strong
associations with better mood outcomes, with clinical studies suggesting a dietary deficit of
anthocyanins in individuals with depression.

Experimental research supports the potential of flavonoids to improve mood, with randomised
controlled trials indicating that flavonoids may be effective in treating mood disorders like depression
and anxiety. Optimal doses are typically between 50-100 mg/day for 8 weeks. Though many studies
focus on depression and anxiety, future research should explore broader mood changes and refine the
source and dosage of flavonoids.

Flavonoids also benefit cognition, particularly in young and aging populations. Higher intake of
flavonoids, especially from foods like berries, citrus, and apples, is associated with lower risk of
cognitive decline. Experimental evidence further supports flavonoid supplementation for cognitive
health, with studies showing improvements in EF, memory, and processing speed. Specific foods such
as blueberries have shown acute cognitive benefits in both children and older adults whist chronic
flavonoid supplementation (lasting over 6 weeks) also offers significant cognitive benefits, suggesting
that both short-term and long-term interventions can enhance cognitive function, though this effect
may be dependent on dose, length of intervention and cognitive domain.

1.7 Bioavailability and mechanisms of action

1.7.1. Bioavailability

Health benefits of flavonoids are dependent on bioavailability and metabolism in the body, which is
easily influenced by other compounds and nutrients consumed in the diet. Kamiloglu et al. (2021)
summarises this process, whereby it’s estimated that 5-10% of total flavonoid intake is absorbed in
the small intestine following deconjugation reactions. The remaining processing occurs in the large
intestine and liver, where flavonoids undergo further microbial metabolism, conjugation, and
modification, ultimately enhancing their bioavailability and bioactivity for absorption. However, it’s
important to note that when consumed with other foods, and as part of the food matrix, macro and
micro-nutrients are thought to have a significant effect on flavonoid bioavailability (Jakobek, 2015) as
they can either enhance or inhibit the absorption, metabolism, and overall bioactivity of flavonoids,
highlighting the complexity of flavonoid bioavailability.

1.7.2. Monoamine oxidase

A hypothesis for how flavonoids may benefit mood is via the mechanism of monoamine oxidase
(MAO). MAO metabolises monoamine neurotransmitters such as serotonin, dopamine and
norepinephrine in the brain, and subsequently elevated MAO levels have been associated with mood
disorders such as depression (Mulinari, 2012). Introduction of monoamine oxidase inhibitors have
further been found to have therapeutic benefits (Jenkins et al., 2016) where they are commonly used
in affective disorders to increase brain levels of dopamine, noradrenaline and serotonin (5-HT), thus
often resulting in improved mood (Youdim et al., 2006). The blood-brain barrier is a key feature of the
central nervous system microvasculature that controls the exchange of cells, molecules, and ions
between the bloodstream and the CNS (Daneman & Prat, 2015; Zlokovic, 2008). Polyphenols, have
been shown to cross the blood brain barrier (Vauzour, 2012), evidenced by localisation of flavonoids
within the brain in animal studies. In example, epicatechin was detected in rat brain tissue following
oral administration (100 mg/kg body w/day) for 1, 5 and 10 days (Abd El Mohsen et al., 2002). After
crossing the blood brain barrier, flavonoids have been reported to act as a MAO inhibitor (Meyer et
al., 2006; Youdim et al., 2004), which is likely to benefit mood and mental health (Dreiseitel et al.,
2009).

This theory also extends to improvements in cognition whereby acute supplementation with cold-
pressed blackcurrant juice found to inhibit MAO and improve cognition (Watson et al., 2015). An
interesting finding with this trial was that MAO was inhibited following consumption of the juice,
though not the freeze-dried blackcurrant powder, indicating that the way the intervention is prepared
may influence underlying mechanisms and cognitive outcomes. Few clinical studies measure MAO
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levels alongside cognitive and mood outcomes, however it is worth noting that in vitro and animal
studies have shown further MAO inhibition for a range of flavonoid subclasses, such as flavonols,
flavones, flavan-3-ols, often found in berries, leafy green vegetables and cocoa (Jiger & Saaby, 2011)
indicating this may be a key underlying mechanism following consumption of a range of flavonoid-
rich foods.

1.7.3. Neuroplasticity

There is also evidence that flavonoids may regulate mood via maintaining neuroplasticity. One key
study in this field includes work from Williams et al. (2008) whereby CREB (CAMP response
element-binding protein) and BDNF activity were assessed to determine the effects of chronic (12-
week) blueberry supplementation in aged animals. CREB, a transcription factor activated by
phosphorylation, plays a key role in regulating genes involved in memory and neuron survival,
including BDNF, which supports neuronal plasticity and survival (Bekinschtein et al., 2007). The
results showed that CREB phosphorylation in the hippocampus was significantly increased in aged
animals supplemented with blueberry, reaching levels similar to those in young control animals. In
contrast, CREB phosphorylation was significantly reduced in the brains of control-fed aged animals,
indicating increased neuronal degeneration in memory-related regions. Furthermore, BDNF levels
were also significantly increased in the blueberry-fed rats compared to control-fed rats, in addition to
the activation of Akt, mTOR, and increased levels of Arc/Arg3.1 in the hippocampus, suggesting the
involvement of pathways related to de novo protein synthesis. These mechanisms were correlated
with spatial working memory improvements, thus indicating the blueberry intervention may promote
neuron growth and survival in memory specific regions leading to significant behavioural changes. It
has also been established that those with mood disorders, such as anxiety and depression have a
reduction in circulating BDNF (Hashimoto et al., 2004; Lee & Kim, 2010). A review from German-
Ponciano et al. (2022) concluded that flavonoid supplementation in rodents has the ability to reverse
depressive behaviours via increasing BDNF levels, with evidence suggesting this can happen in as
little as 14-days with daily administration of flavones (baicalein at 10, 20, and 40 mg/kg via
intraperitoneal injection).

Regarding human trials, evidence from Neshatdoust et al. (2016) showed that higher baseline serum
BDNF levels were associated with better global cognition, showing that this relationship is prevalent
in humans as well as animal trials. Following their intervention (as described in 1.5.3) results showed
improvements in global cognition following the intervention which was in parallel with increases in
serum BDNF following both a high flavonoid diet as well as a shorter flavonol intervention. WBB has
also been shown to attenuate the decline in plasma BDNF concentrations compared to the control one
hour following WBB supplementation in older adults (n=18, 579 mg of anthocyanidins); although this
effect was not statistically significant, blood samples collected at this time point revealed a trend
towards higher plasma levels of brain-derived neurotrophic factor (BDNF) in the blueberry condition
(Dodd et al., 2019). However, cognition was not assessed at this time, making it impossible to
determine if the neurochemical changes are linked to cognitive outcomes in this short timespan,
though suggests that trend towards changes in physiology following flavonoids can be seen in within
this timeframe. Further, though these findings do not necessarily underpin the neuroplasticity
mechanism for mood outcomes, where cognitive improvements are observed, mood enhancements
may also occur, given the overlapping neural pathways involved in both functions (Price & Drevets,
2012).

1.7.4. Blood flow

Research has shown that flavonoid supplementation enhances blood flow, indicating a potential
additional mechanism by which these compounds may improve behavioural outcomes. Initial studies
have focused on the vasoactive effects of flavonoids, often assessing flow-mediated dilation (FMD) in
peripheral arteries, such as the brachial or carotid, as a key measure of vascular function. A review on
the effects of flavonoid supplementation on FMD responses from Kay et al. (2012) revealed
improvements both acutely and chronically following supplementation. Specifically, acute FMD
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responses ranged from 2.33% to 3.68%, while chronic responses were more modest, ranging from
0.17% to 1.30%, with subclasses such as epicatechin, catechin, and procyanidins producing more
significant acute FMD effects (ranging from 3.22% to 3.38%)).

This methodology was further elaborated in a trial by Rodriguez-Mateos et al. (2013), who observed
increases in flow-mediated dilation (FMD) at both 1-2 hours and 6 hours following the consumption
of three different doses of WBB (766 mg, 1278 mg, and 1791 mg total polyphenols), in line with
peaks in circulating metabolites. In a second arm of the study, the effects of the lowest dose were
evaluated 1-hour post-consumption, showing a dose-dependent increase in FMD up to 766 mg of total
polyphenols, beyond which the response plateaued. These results suggest that 766 mg may represent
an optimal dose as well as optimal timeframe to detect FMD responses from supplementation.
Moreover, in a later trial Hein et al. (2021) a lower dose of 260 mg was found to improve FMD
response by 0.86% following consumption of WBB for 12-weeks. This further shows the potential of
WBB to improve vascular function over longer timeframes at lower doses, however an interesting
finding of this trial was improvements in EF (measured by task switching) as well as short term
memory (measured by the RAVLT) following the intervention. Improvements in cognitive functioning
have been shown following chronic WBB supplementation in chapter 1.5.2, however, this study goes
further to suggest that FMD responses could serve as an underlying mechanism for cognitive
improvements.

An additional measure of this mechanism of action is via cerebral blood flow, often measured with
fMRI, which uses blood oxygenated level-dependant (BOLD) signals to reflect changes in blood
oxygenation in brain regions, giving an indirect measure of neural activity (Logothetis & Wandell,
2004). The mechanisms underlying these effects are thought to be similar to those in the periphery,
such as enhanced bioavailability of nitric oxide (NO), which supports optimal blood flow (Aliev et al.,
2009; Gladwin et al., 2004). As such, enhancements in blood flow have been found following citrus
and grape drinks in acute Lamport et al. (2016) and chronic study designs (Krikorian et al., 2012),
with a large evidence base following cocoa supplementation, highlighting this mechanism may be
optimal following this particular food (Brickman et al., 2014; Francis et al., 2006). Specifically,
Lamport et al. (2016) found improved cognitive function, measured using the Digit Symbol
Substitution Test at 2hr following consumption of orange juice containing 70.5 mg flavonoids in the
500ml drink. The flavonoid content here is considerably low compared to those of previous trials
(discussed in chapter 1.5.2), though clearly supports this underlying mechanism and associated
behavioural outcomes.

As mentioned, peripheral vasodilatory effects are thought to be due to nitric oxide bioavailability.
Specifically, flavanol-rich cocoa has been shown to improve endothelium dependent vasodilation via
acting on nitric oxide pathways (Fisher et al., 2003; Heiss et al., 2003). These responses have a clear
implication to the cardiovascular system, and as a result, flavonoids have been shown to lead to
improvements in blood pressure due to the improved endothelial function and increased vasodilation
(Bondonno et al., 2018; Hodgson & Croft, 2006; Parmenter et al., 2022). Indeed, Keane et al. (2016b)
found decreased systolic blood pressure 1-3 hours following cherry juice consumption, with no
changes to mood or cognition, followed by a later study which found similar blood pressure
reductions following chronic WBB extract supplementation for 3-months (Whyte et al., 2018), with
associated improvements in cognitive functioning. Decreases in blood pressure following acute
flavonoid-rich apple supplementation have also been found, concurrently with an acute increase in
nitric oxide status (Bondonno et al., 2014) although no corresponding improvements or declines in
cognitive function or mood were observed.

Subsequently, it could be considered that changes in blood flow, both cerebral and peripheral, are
likely to act via improving nitric oxide bioavailability. This mechanism may increase delivery of
oxygenated blood and therefore nutrients to the brain and therefore may be a plausible mechanism of
mood and cognition improvement following flavonoid interventions.
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1.7.5. Gut microbiome

As mentioned in section 1.3, flavonoids may influence the gut microbiome by acting as prebiotics, a
form of non-digestible fibre which has been shown to stimulate the growth of beneficial microbes
within the gut, promoting host health (Pandey et al., 2015). Through this interaction, the gut
microbiota can further impact the central nervous system, particularly through the production of
neurotransmitters such as y-amino butyric acid (GABA), which is synthesised by species like
Lactobacillus and Bifidobacterium (Yunes et al., 2016). Mithul Aravind et al. (2021) provides a
comprehensive review of the processes by which polyphenols may act upon the gut microbiota, such
as modification via prebiotic effects, influencing microbial metabolism and growth, and affecting the
cells lining the gastrointestinal tract, highlighting that these processes enable polyphenols to have a
wider systemic effect in the host. In example, Horasan Sagbasan et al. (2024) supplemented children
(n=13) with either WBB, inulin or a maltodextrin placebo, with outcome measures following 4-weeks
of supplementation measuring cognition and changes in the gut microbiome. Both inulin and WBB
lead to increases in short chain fatty acids (SCFAs), which coincided with improvements in executive
functioning and memory compared to the placebo. This suggests that changes in cognitive functioning
could be mediated by the gut microbiota via activating SCFA, a main metabolite produced in the
colon, which may exert effects in the brain via regulating central nervous system processes (Silva et
al., 2020).

In regards to mood, Shin et al. (2022a) supplemented participants with 30g of either 70% or 85%
cocoa chocolate for 3-weeks, finding a significant reduction in negative affect scores following
consumption of the 85% cocoa chocolate which was not seen in the control (no chocolate) or 70%
cocoa chocolate conditions. Alongside this, the authors found significant differences in gut microbiota
diversity between the control and 85% dark chocolate group, but not in the 70% dark chocolate group,
suggesting that the changes in the gut microbiota could be driving this effect. Interestingly, short term
dietary interventions such as this have been evidenced to show changes in gut microbial composition
(Leeming et al., 2019). Changes following dietary interventions have been seen in as little as 5 days
following either an animal-based or plant-based diet (Johnson et al., 2019). However, Leeming et al.
(2019) notes that in a number of studies, gut microbiota tends to revert back to its original state post
intervention, and that longer term dietary interventions may be necessary to make long lasting
changes to the microbiome composition and therefore wider behavioural outcomes, signifying a
potential area for future research to determine this sweet-spot. However, it is clear that emerging
research shows changes in diet can have significant and meaningful effects on the gut microbiota in a
short time span, which could drive changes in mood outcomes.

1.8. Thesis objectives and specific research questions

1.8.1. Objectives

It is clear that mood and cognitive benefits are evident following dietary flavonoid supplementation.
However, the literature to date requires an updated systematic overview on flavonoid food sources
that may be most optimal, or particular facets of mood and key objective measures that are utilised in
healthy populations throughout the lifespan. Postnatal literature (outlined in Chapter 3) highlights that
diet plays a significant role in the development of mood disorders throughout pregnancy and the
postpartum, though the role of flavonoids has yet to be extensively investigated in robust clinical
trials. As such, the objective of this PhD thesis is three-fold: firstly, to provide an updated systematic
review on the existing evidence for the effects of flavonoid-rich foods within the diet on mood and
mental health throughout the lifespan, secondly, to explore the effects of chronic flavonoid-rich food
supplementation on mood and cognition in the immediate and 6-months postpartum, and finally, to
investigate the acute effects of WBB on mood and cognition on parents in the 6-months postpartum.

1.8.2. Research questions

The specific research questions addressed in this thesis are as follows:

1. What is the current evidence for dietary flavonoids on mood and mental health in healthy
populations throughout the lifespan (reported in Chapter 2)?
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Rationale and hypothesis: There has been a surge in the number of trials investigating the effects of
flavonoid-rich foods and their effects on mood and mental health. While there have been a number of
reviews looking at the relationship between flavonoids and an individual facet of mood, such as
depression, these reviews often include flavonoid extracts and foods not given in their whole form. By
addressing the literature with a “whole food’ approach, a larger evidence base can be systematically
observed, rather than solely extracting papers for flavonoids and flavonoid extracts. Furthermore,
from a public health perspective, considering the food in its whole form and its effects on mood and
mental health, compared with flavonoid extracts, could be more beneficial due to the accessibility and
synergistic nature of these beneficial phytochemicals within the whole food matrix and wider diet.
Reviewing the literature in this style would provide clarity on the extent to which flavonoids may
benefit outcomes, as well as identifying any favourable food source or outcome measure.
Additionally, reviewing the full scope of the literature allows for an evaluation of the research quality
and brings attention to any widespread limitations that could affect the ability to assess the
effectiveness of the compound on mood outcomes.

2. Can chronic dietary flavonoid supplementation benefit mood and cognition in the postpartum,
and are there specific timeframes of supplementation that may host greater benefits (reported
in Chapters 4 and 5)?

Rationale and hypothesis: The first 6-months postpartum are associated with psychological challenges
and subsequently, increased prevalences of mood disorders can occur between 1-6 months
postpartum. Additionally, cognitive changes are seen during this timeframe in areas such as working
memory, verbal memory, executive functioning and processing speed. Evidence highlights that
chronic supplementation of flavonoids may benefit mood in various populations, in addition to
cognitive function, where benefits of flavonoids are seen to overlap with areas of cognitive change
that is seen in the postpartum. Novel evidence has shown that 2-week flavonoid supplementation can
improve anxiety symptoms and aspects of quality of life (Barfoot. et al., 2021), though further
investigation is required to elucidate the relationship between flavonoid supplementation and mood
within this population. Furthermore, investigating the effect on fathers is also required as both parents
are almost equally affected by postnatal mood disorders, though investigation into paternal mental
health is rarely conducted. Finally, exploration into where the most optimal timeframe for
supplementation is necessary. The immediate postpartum hosts opportunity to provide parents with an
intervention that may benefit mood, due to mood being most labile in the first few weeks following
birth. However, it could be that nutritional interventions may provide greater benefit when provided in
the later postpartum, where mood is less labile, though risks for mood disorders are still high. It was
hypothesised that chronic flavonoid supplementation would lead to improvements in mood, cognitive
function and blood pressure for parents in the 6-month postpartum.

3. Can a single dose of WBB improve parent’s mood, cognitive function and blood pressure
(reported in Chapter 6)?

Rationale and hypothesis: Previous evidence shows that single doses of flavonoid-rich foods, such as
WBB have the potential to benefit mood and cognition to various healthy, as well as clinical
populations. This finding is evidenced between 1.5- 2-hours following supplementation, in line with
previous mechanism of actions, highlighting a peak in circulating metabolites, blood flow, alongside
cognitive and mood benefits between 2-6hr post WBB consumption. Given that flavonoids may
provide greater benefit to mood and cognition within the 6-months postpartum, the final chapter of
this thesis will therefore employ a placebo-controlled crossover trial to explore the effect of a single
dose of WBB on various mood outcomes, cognitive function and blood pressure in mothers and
fathers in the first 6-months postpartum. It was hypothesised that there will be an improvement in
mood, cognitive function and blood pressure 2-hours following consumption of WBB, compared with
a placebo matched control.
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Chapter 2: Effects of flavonoids from the diet on mood and mental health: A systematic review

This chapter has been accepted for publication in Nutrition Reviews as: Colombage, R. L., Barfoot, K.
L., & Lamport, D. J. (2025). Effects of flavonoids from the diet on mood and mental health: A
systematic review. Nutrition Reviews. (in press)

2.1. Introduction

Mental health problems have emerged as a pressing and increasingly prevalent concern worldwide
with depression and anxiety standing out as significant contributors to global health-related pressures.
Since the Covid-19 pandemic, it has been estimated that major depressive and anxiety disorders have
had an additional 53.2 million cases and 76.2 million cases respectively (Santomauro et al., 2021).
Psychotropic medications including antidepressants and anxiolytic medications are typically used in
treatments for mood disorders and are often used in conjunction with talking therapies (Otto et al.,
2006). However, there are limitations, such as delayed onset and side effects with this line of
treatment (Goethe et al., 2007; Masand & Gupta, 2002). Importantly, not all those diagnosed with
mood disorders have access to treatments, and 76.3% to 85.4% of those in less developed countries
don’t receive adequate treatment (Lépine & Briley, 2011). Moreover, even when availability is good,
Jorm et al. (2017) highlight challenges with implementation of these treatments, such as access to care
and individual variability and adherence to treatments. Collectively, this emphasises a need to further
explore adjunctive treatments which are better accessible and cost effective for all.

Chapter 1.4.1. of this thesis outlines evidence which suggests that lifestyle factors such as diet, in
particular diets abundant in fruits and vegetables, may play a mediating role in the treatment of mood
disorders. Recently, O’Neil et al. (2024) found that lifestyle interventions which targeted nutrition and
physical activity are effective when considering both clinical and cost-effective outcomes, suggesting
a suitable treatment alternative or addition to traditional therapies for mood disorders. It is clear that
flavonoids, when consumed as part of the diet may harbour benefits for mood. Reviewing the
experimental evidence for flavonoids and mood may further explore this relationship, whilst
controlling for aspects such as dose and duration which may modulate mood and wellbeing
differently. Previous reviews of flavonoids on mood (Ali et al., 2021; Jia et al., 2023; Pizarro
Melendez et al., 2024) suggest benefits for depression, anxiety and overall mood and wellbeing.
However, they also indicate that the evidence is hampered by methodological disparity and more
conclusive evidence for mechanistic pathways is needed. As discussed in Chapter 1.4.2. one important
factor when it comes to consideration of public health interventions is accessibility of these beneficial
phytochemicals and focussing on trials which aim investigate consumption of the food in its whole
form, or freeze-dried parts, may be hold benefits to public health due to accessibility, cost and
potential synergistic effects when consumed as part of the food matrix (Chapter 1.3.). Therefore, this
systematic review will focus solely on the benefits of flavonoids which can be consumed in the diet,
either from a food or drink in its natural state, or in a freeze-dried form. Additionally, this review did
not include studies examining cognitive outcomes, as the focus was specifically on mood and mental
health. Furthermore, recent systematic and meta-analytic reviews have already examined the effects
of flavonoids on cognitive function (Cheng et al., 2022; Lamport & Williams, 2020). Therefore, re-
evaluating cognitive outcomes here was unnecessary and would have shifted the focus away from
mood-related effects.

Therefore, the aim of this chapter is to conduct a systematic review of human experimental studies
investigating the efficacy of dietary flavonoids on mood and mental health in healthy populations
across the lifespan.

2.2. Methods

This review followed the PRISMA 2020 guidelines (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) and was registered in the International Prospective Register of
Systematic Reviews PROSPERO (no. CRD42021293040).
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2.2.1. Eligibility criteria

The eligibility criteria were defined according to the PICOS framework as shown in Table 1.
Experimental human trials with any age, gender or ethnicity were eligible for inclusion if they
supplemented with at least one flavonoid-rich food either as lyophilised powder or whole food and
measured at least one mood or mental health outcome. No restrictions were placed on interventions
with various types of flavonoid-rich food or length of supplementation. Additionally, no restrictions
were placed on participants with existing mood and mental health conditions, however studies were
excluded if participants had existing physical health or hormonal imbalance conditions in order to
assess outcomes in physically healthy populations. Additionally, papers exploring the effects of
flavonoids on mood for participants experiencing menopause were also excluded, due to the hormonal
influence on mood during the menopausal period which could confound the interpretation of results
for this population. The included experimental studies were required to have a well-matched (in terms
of composition), low flavonoid control group and to have controlled for caffeine intake either
methodologically or statistically. Foods were defined as flavonoid-rich following Neshatdoust et al.
(2016) who defined low flavonoid foods as those containing between 5-15 mg/100g total flavonoids, a
cutoff which has also been previously utilised in Chong et al. (2013) and Macready et al. (2014)
therefore, studies were excluded if they utilised foods or beverages that were <15 mg per 100g/ml of
flavonoid constituents. In order to be as inclusive as possible with regards to mood and mental health
outcomes, mood was defined as “a state of mind characterised by emotional and psychological
wellbeing. This includes any symptoms relating to mood disorders either at clinical or sub-clinical
levels. For the purpose of this research, items and data relating to social wellbeing, social belonging
and social engagement were excluded and items and data relating to mood evaluations of cognitive
performance or mental fatigue were excluded”. Studies were excluded if they did not assess mood or
mental health per this definition. Additionally, studies were excluded if they contained flavonoid
extracts or were experimental studies on red wine due to the confounding effects of alcohol on mood.

Table 1. PICOS framework

Population Human participants of any age, gender, or
ethnicity. Studies were included if participants
were physically healthy; those with existing
physical or hormonal health conditions were

excluded.

Intervention Experimental studies with flavonoid-rich foods
on mood and/or mental health

Comparator Experimental trials that have a well-matched,
low flavonoid control group.

Outcome Self-reported mood and mental health

Study design Randomised controlled studies regardless of

duration or blinding procedures

2.2.2. Search strategy:

The electronic databases PubMed, Web of Science and Scopus were searched with no restriction on
publication start date to March 2025 to identify peer-reviewed, English language publications that met
the eligibility criteria, reference lists of relevant studies, including review papers, were also manually
checked. Flavonoid-rich food items were identified using the USDA database for the flavonoid
content of selected foods (Bhagwat & Haytowitz, 2023). Each database was systematically searched
using the following terms:

Mood OR Positive mood OR Negative mood OR Affect OR Mental health OR Anxiety OR
Anxiousness OR Restlessness OR Nervousness OR Low mood OR Sadness OR Sad OR Depression
AND Polyphenols OR Flavonoids OR Apples OR Artichokes OR Cacao beans OR Dessert wine OR
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Celery seed OR Blackberries OR Radishes OR Cocoa powder OR Green tea OR Decaffeinated green
tea OR Thyme OR Blueberries OR Broad beans OR Dark chocolate OR Black tea OR Rosemary OR
Cherries OR Eggplant OR Soy yogurt OR Decaffeinated black tea OR Peppermint OR Cranberries
OR Red cabbage OR Milk chocolate OR Parsley OR Currants OR Peppers OR Red wine OR Organo
OR Elderberries OR Celery OR Natto OR Gooseberries OR Broccoli OR White tea OR Almonds OR
Lemons OR Capers OR Soy drink OR Hazelnuts OR Limes OR Pecans OR Oranges OR Asparagus
OR Oolong tea OR Pistachios OR Peaches OR Curly kale OR Walnuts OR Plums OR Watercress OR
Prune juice OR Chives OR Raspberries OR Green hot peppers OR Soy milk OR Soybeans OR
Strawberries OR Black bean OR Rhubarb OR Swiss chard OR Miso soup OR Rocket OR Tofu OR
Nectarines OR Shallot OR Prune juice OR Tempeh OR Red grapes OR Red onion OR Cow peas OR
Grapefruit OR Tasmanian pepper OR Acai OR Juniper berries OR Blackcurrant OR Apricots OR
Tangerine OR Pear OR Satsumas OR Gogi berries OR White grapes OR Black grapes OR Jostaberry
OR Rowanberries OR Jumbulberry OR Crowberries OR fruits OR vegetables OR superfoods
(including plurals or truncated forms).

In PubMed, the search was run through ‘all fields’ including title, abstract, keywords and Medical
Subject Headings (MeSH) using the advanced search feature. The advanced search feature was also
used for Scopus where the search was run through the ‘search within’ toolbar to include article title,
abstract and keywords. The Core Collection from Web of Science was used so that it did not return a
number of duplicate references from Medline, here each term was searched using the ‘topic’ search
fields, which included title, abstract and keywords. Full text, human and English filters were applied
to all searches to help refine the large volume of unrelated papers. The bibliographic data was
managed using EndNote X9.2 (Clarivate, Philadelphia, PA, USA). Initial searches, removal of
duplicates, and title and abstract screening were performed by RC followed by the included papers
independently verified by DL. Titles of the 15,398 records identified were manually screened using
EndNote by one reviewer (RC), followed by abstract review of eligible titles. Abstracts meeting the
criteria were then processed for full-text screening. A second reviewer (DL) independently verified
the included papers. Discrepancies were resolved through discussion with a third reviewer (KB). No
automated tools or software were used during the screening process.

Studies selected for inclusion were assessed using the Evidence Analysis Manual Quality Criteria
Checklist (QCC) from the Academy of Nutrition and Dietetics Evidence Analysis Library® for
quality of methodology and risk of bias. This tool was chosen as it is specifically designed to assess
nutrition and dietary intervention studies, allowing for a more targeted and relevant evaluation of the
included trials. Studies were assessed independently by RC and DL with disagreements resolved
using a third party. All papers were included regardless of methodological quality so that the current
limitations in the literature could be highlighted. Data extraction was conducted using the Academy of
Nutrition and Dietetics Evidence Analysis Library® Evidence Analysis Manual Data Extraction
Template extracting information on key information including study design, type of flavonoid-rich
food, treatment duration, participant characteristics, outcome measure and results. Many papers also
explored physical and biochemical outcome measures, however only data relevant to psychological
outcome measures were extracted. Studies selected for synthesis were presented in a table to display
individual study characteristics (Table 2).

2.3. Results

2.3.1. Study characteristics

The search identified 35 publications, however, the manuscript by Khalid et al. (2017) outcomes from
two studies alongside Velichkov et al. (2024) and Pase et al. (2013) who reported acute and chronic
outcomes (Figure 2). As such, 38 data sets are reported, of which 13 were acute and 25 were chronic
(Table 3). It is worth noting that for the age group sub-category, there is a total of 40 studies, as it was
intended to analyse each age category in Garrido et al. (2012) as separate studies. The review
inclusion and exclusion criteria reported in the study are reported in the PRISMA flow diagram: two
studies did not have psychometric outcomes (Achour et al., 2022; Weisenberg et al., 1993), one
intervention contained caffeine (Smit et al., 2004); three studies were on flavonoid extracts (Gibson et
al., 2020; Meyer et al., 2024; Scholey et al., 2012); three studies did not have an adequate low
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flavonoid control group (Evans et al., 2018; Macht & Dettmer, 2006; Unno et al., 2017); three studies
did not measure mood per the definition (Keane et al., 2016a; Nemoto et al., 2022; Watson et al.,
2019); two studies reported mood outcomes elsewhere (Barfoot et al., 2019; Pribis et al., 2012); one
study could not ascertain exact flavonoid content in the intervention (Chiochetta et al., 2018) and one
study focused on emotional eating (Macht & Mueller, 2007).

The interventions included in the eligible studies consisted of wild blueberry (n=8), cocoa (n=9),
grape (n=2), berry (n=6), green tea (n=1), orange juice (n=3), soy (n=2), nuts (n=2), apples (n=1),
peppermint (n=1) and a range of flavonoid foods (n=2). The most commonly used intervention was
cocoa where flavonoid doses ranged from 16.72 mg (Marsh et al., 2017) to 994 mg (Scholey et al.,
2010). Where studies did not state the exact flavonoid content, databases were used 19.3.24
(http://phenol-explorer.eu/contents/food/439 and the USDA) to calculate flavonoid content based on
the weight of the intervention given (Abdelhalim, 2021; Marsh et al., 2017; Martin et al., 2012).
Twenty-one of 25 chronic studies and 4 of 13 acute studies were parallel groups. The duration of the
chronic studies ranged from 5 days to 12 months. Included studies were conducted in 1,972
participants; age ranging from 8 years (Khalid et al., 2017) to 69 years (Crews et al., 2005) with the
majority (n=17) of studies utilising young adult populations (aged 20-35). The most commonly used
measure in both acute and chronic designs was the Positive and Negative Affect Schedule (n=6 acute,
n=8§ chronic), followed by the Profile of mood states in chronic designs (»=5) and the Bond-Lader
Visual Analogue Scales in acute designs (n=4) (Table 4).

2.3.2. Methodological quality

Using the QCC, 8 studies recorded as a “positive’ rating, indicating less risk of bias (Barfoot. et al.,
2021; Boolani et al., 2017; Colombage et al., 2024; Crews et al., 2005; Haskell-Ramsay et al., 2017,
Kean et al., 2015; Lamport. et al., 2016; Marsh et al., 2017; Simpson et al., 2019; Velichkov et al.,
2024)a. Three studies were rated as ‘negative’ using the QCC criteria (Abdelhalim, 2021; Martin et
al., 2012; Park et al., 2020). often not reporting information regarding withdrawals or using
inappropriate blinding procedures. The remaining studies were regarded as ‘neutral’ using the
checklist, indicating a low risk of bias from sources of funding, outcome measures and regimen,
however randomisation of participants, reporting of withdrawals and stating clear research questions
presented a higher risk for bias.
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validation question: 1, yes; -1, no, 0, neutral.
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Table 3. Key characteristics of experimental trials

Food Trial Age Citation Design Sample Flavonoid Intervention details Duration  Outcomes  Findings
category type category source
Experimental Placebo
Berry fruits  Acute 7-18 Khalidetal  Crossover  Healthy WBB 30g freeze-dried Placebo 2hr PANAS-C  Significant
(2017) Study  (n=52) children WBB with 30ml drink interaction effect
2% (8.24 + orange squash and ~ matched for where there was a
UK 0.96) 170ml water (253 volume, significant increase
mg anthocyanins) taste, in PA after
appearance consuming the
and sugar WBB drink, not
content. seen in placebo. No
effect on NA.
Khalid etal.  Crossover  Healthy WBB 30g freeze-dried Placebo 2hr PANAS Significant
(2017) Study  (n=21) young WBB with 30ml drink interaction effect
1% adults orange squash and  matched for where there was a
UK (20.14 220ml water (253 volume, significant increase
1.01) mg anthocyanins) taste, in PA after
appearance consuming the
and sugar WBB drink, not
content. seen in placebo. No
effect on NA.
18-35 Velichkov et Parallel Emerging wWBB 22¢ freeze-dried Placebo 2hr PANAS-X  Significant effect of
al. (2024) groups adults with WBB mixed with drink treatment, where
acute data (n=60) self- water (121 mg matched for PA scores are
UK® reported anthocyanins) volume, higher post
symptoms taste, intervention in low
of appearance consumers of fruit
depression and sugar and vegetables
(20 £ 1.4) content.
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Chronic

Haskell- Crossover Healthy Purple 200ml 200ml 20 mins Bond- Main effect of
Ramsay et al. (n=20) young grape juice  commercially commercial Lader treatment found for
(2017)* adults available purple ly available VAS calm ratings, where
UK (21.05 % grape juice plus white grape higher calm scores
0.89) 30ml blackcurrant  juice plus were found
flavour cordial 10ml following
(138.3 mg/L blackcurran consumption of
anthocyanins) t flavour purple grape
cordial and compared to
20ml cold placebo.
water.
Whyte etal.  Parallel Healthy Mixed 400 mL ‘smoothie’  Placebo 2,4,6hr  PANAS- No effect of
(2019)" groups young berry consistingof 75 g drink NOW intervention on PA
UK (n=40) adults (22.8 each of whole matched for or NA.
+2.63) strawberries, volume,
blueberries, taste,
blackberries, and appearance
raspberries, and sugar
blended with 100 content.
mL water and
containing 569.7
estimated flavonoid
content.

7-18 Barfoot et al.  Parallel Healthy Wild WBB drink Placebo 4- weeks  PANAS-C  PAlower at4
(2021)a* groups children blueberry containing 253 mg  beveragem (witha 2 weeks compared to
UK (n=15) (7-10-year- (WBB) anthocyanins atched for ~ week 2 weeks, no

olds), (8.38 and was prepared sugar conte  visit) significant effect of
+0.93) by mixing 170 ml nt taste intervention drinks
water, 13.3 g of and colour on PA or NA.

freeze- dried WBB
and 30 ml of low-
flavonoid Rocks
Orange Squash.
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Fisk et al. Parallel Healthy WBB 13 g of freeze-dried Placebo 4- weeks, MFQ, MFQ scores were
(2020)% groups adolescents WBB powder beverage 2-week RCADS, significantly lower
UK (n=64) (14.20 + (containing about matched for checkpoin PANAS- at 4 weeks when
1.71) 253 mg sugar t where NOW consuming WBB
anthocyanins) content, PANAS- compared to
taste and NOwW placebo. No effect
colour. completed on RCADS or
PANAS at 2 and 4
weeks.
18-35 Velichkov et Parallel Emerging WBB 229 freeze-dried Placebo 6-weeks BDI, No effects of
al. (2024) ®  groups adults with WBB mixed with  drink PANAS-X, intervention
chronic data  (n=60) self- water (121 mg matched for PHQ-9,
UK reported anthocyanins) volume, GAD-7,
symptoms taste, SHAPS,
of appearance PSS-10
depression and sugar
(20 £ 1.4) content.
Sinclair et al.  Parallel Healthy Blueberry (1) 60 mL Placebo 20 days BDI-II, Significant
(2022)™ groups adults (34 + and cherry  blueberry beverage m STAI interaction effect
UK (n=44) 13) concentrate diluted  atched for where depression
in water (774 mg sugar conte and anxiety scores
anthocyanins) (2) nt, flavour significantly
60 mL tart cherry and colour reduced following
concentrate diluted blueberry treatment
in water (640 mg compared to
anthocyanins) placebo. Anxiety
scores also reduced
significantly in
blueberry arm
compared to
cherry.
35-65 Lamport et Crossover  Healthy Concord 355 mL Concord Placebo 12- Bond- No significant
al. (2016)*° (n=19) mothers of  grape juice  grape beverage m  weeks Lader interaction effects
UK preteen juice/day (777 mg  atched for VAS, of treatment, some
children polyphenolicsasa  sugar conte STAI-6 treatment and study
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(42.8 = gallic acid nt, taste phase interactions
0.7) equivalent/355-mL  and colour seen for Bond-
daily serving (167 Lader scores
mg anthocyanins as
malvidin equivalent
and 334 mg
proanthocyanidins
as catechin
equivalent).
Kimble etal. Parallel Non- Montmoren  30ml cherry juice Placebo 3-months  Bond- Main effect of
(2022)%® groups smoking cy cherries  found to contain beverage m Lader treatment where
UK (n=50) adults, low 370-2 (sd: 112-2) atched for VAS alertness was
consumers mg/l of cyanidin-3-  sugar conte higher in the
of fruit and glucoside nt, taste intervention group.
vegetables, equivalents and and colour Post
low levels 3259:0 (sd: 218-9) supplementation,
of physical mg/I gallic acid mental fatigue was
activity equivalents diluted lower in the
with a risk in ~240ml water. intervention group.
factor for
type Il
diabetes
(48 £ 6)
Krikorianet  Parallel Middle wWBB 12 g freeze-dried Placebo 12 weeks  BDI-II No significant
al. (2022)" groups aged blueberries/day mix powder mat effect of
USA (n=27) overweight ed with water, ched for Intervention
adults (56.4 flavonoid content sugar conte
1 ns) not reported nt, flavour
and colour
Garridoetal. Crossover  Healthy Jerte Valley 27.85g cherry Commercia 5 days STAI Significant main
(2012)® (n=30) volunteers,  cherry product consisting | cherry (consume effect of
Spain mixed age of 18.85¢ pitted flavoured d twice a intervention on
range 20- freeze-dried softdrink.  day) state anxiety for
30, 35-55, cherries (equivalent middle-aged and
65-85 to 141g fresh elderly participants
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cherries) plus 7.5 g
maltodextrin and
1.5 g ascorbic acid
dried to a powder
then diluted in
water producing
125ml cherry based
product per dose.
One dose of the
product provided
roughly 1580 mg
phenolic
compounds
(expressed as gallic
acid equivalents),
30 mg
anthocyanins
(calculated as
malvidin
equivalents)

compared to
baseline. Effect was
maintained 1-day
after the
intervention was
discontinued. A
significant decrease
in trait anxiety in
middle-aged and
elderly, compared
to baseline, effect
also maintained 1-
day post-trial. No
changes found as a
result of consuming
placebo.

65+

Miller et al. Parallel Healthy wWBB 24 g freeze-dried Placebo 3 months  GDS, No significant
(2018)™ groups older adults blueberries/day mix powder mat POMS effect of
USA (n=37) (67.6 + ed with water (461  ched for intervention on
4.7) mg anthocyanins) sugar conte mood outcomes
nt, flavour
and aroma
Miller et al. Parallel Healthy Strawberrie 24 g freeze-dried Placebo 3 months  GDS, No significant
(2021)" groups older adults s strawberries/day mi  powder mat POMS effect of
USA (n=37) (67.6 4.3 xed with water, 114 ched for intervention.
years) mg flavonoids sugar conte
(Rutledge et al., nt, flavour
2019) and aroma
Crewsetal.  Parallel Healthy Cranberry  Low calorie Placebo 6-weeks Followup  No significant
(2005)> groups older adults  juice cranberry juice beverage m self-report  effects of treatment.
USA (n=50) product containing  atched for guestionnai
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Cocoa

(69.28 + 27% juice/volume,  sugar conte re
6.45) flavonoid content nt, taste measuring
not reported and colour perceptions
of
participants
moods
Acute 18-35 Lamportet  Parallel Healthy Cocoa 35g commercially  35g 2hr PANAS, No effects of
al., 2020)**  groups (»=  young available dark commercial Bond- treatment for any
UK 98) adults, chocolate bar (70% ly available Lader outcomes.
(20.65 + cocoa) 83 mg white VAS
0.18) flavonoids. chocolate
bar
Boolani etal. Crossover Low Cocoa 473ml cocoa drink  473ml 22-48 POMS No effects of
(2017)% (n=23) polyphenol 499 mg flavanols placebo mins, 60- treatment for any
USA consumers drink 86 mins, outcomes.
without matched for 98-124
elevated volume, mins
feelings of taste,
energy appearance
(20.25 + and sugar
2.23) content.
Scholey etal. Crossover  Healthy Cocoa Two doses of cocoa Cocoa 90 min STAI No effect of
(2010)%* (n=30) student powder mixed with  powder intervention on
UK volunteers 200ml hot water. containing STAI.
(219 Powders contained 46 mg CF
0.61) either 520 mg mixed with
cocoa flavanols or ~ 200ml hot
994 mg cocoa water.
flavanols.
Martinetal.  Parallel Healthy Cocoa 20g dark chocolate 2 crackers 60 min STAI High trait anxiety
(2012)%° groups participants (75%) 25¢g milk and 159 individuals had
The (n=90) , divided chocolate KitKat, cheese higher state anxiety
Netherlands into high flavonoid content spread 60 mins after eating
and low not reported the milk chocolate
anxiety, bar The cheese and
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Chronic

according

cracker group had

to baseline lower state anxiety

STAI at 60 mins and no

scores changes were found

(22.8 = in the dark

3.6) chocolate group or
for the low trait
anxiety group for
any product.

35-65 Pase et al. Parallel Healthy Cocoa 20g dark chocolate  20g dark 1,25, Bond- No effect of
(2013)® groups middle- drink mix chocolate  4hr Lader intervention on any
(acute data)  (n=71) aged adults containing either drink mix VAS outcomes.
Australia (52.37 £ 250 mg or 500 mg  containing

7.72) cocoa flavonolsin 0
200ml water polyphenol
s in 200ml
water
Marshetal.  Crossover  Healthy Cocoa 84 g of a high 85gofa 30, 90 POMS-A No effect of
(2017)¥ (n=14) postmenop concentration cocoa cocoa mins intervention
Australia ausal (80%) ‘dark’ butter
women chocolate (395 mg  ‘white’
(576 = polyphenols), or chocolate
4.8) 87 g of a lower (0% cocoa
concentration cocoa  solids) (35
(35%) ‘milk’ mg
chocolate (200 mg  polyphenol
polyphenols) S)

18-35 Shin et al. Parallel Healthy Cocoa 10g of 1. 85% Not 3 weeks PANAS Significant effect of
(2022)" groups adults cocoa chocolate 2. supplied treatment where
South Korea  (n=48) (23.95 + 70% cocoa any negative affect

3.05) chocolate three chocolate scores were

times a day,
flavonoid content
not reported

significantly
reduced following
consumption of
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Orange
juice

Acute

85% dark

chocolate
35-65 Tsang et al. Parallel Healthy Cocoa 25 g serving of Similar 4-weeks PANAS No significant
(2019)" groups adults (38.8 high polyphenol serving of interaction effect
UK (n=26) +11.1) dark chocolate low for PA or NA.
(HPDC) which polyphenol Within groups
contained 500 mg dark treatment effect
flavonoids chocolate was seen where a
(LPDC) co significant main
ntaining effect of time and
negligible treatment on NA
flavonoids. scores following
high polyphenol
dark chocolate, not
seen in low
polyphenol group.
Pase et al. Parallel Healthy Cocoa 20g dark chocolate  20g dark 30-days Bond- Significant effect of
(2013)2° groups middle- drink mix chocolate Lader treatment for Calm
(chronic (n=71) aged adults containing either 1)  drink mix VAS and Content VAS.
data) (52.37 + 250 mg or 2) 500 containing Significant increase
Australia 7.72) mg cocoa flavonols 0 found for calmness
in 200ml water polyphenol and contentedness
s in 200ml in high polyphenol
water group but not for
low or placebo.
35-65 Alharbietal. Crossover  Healthy Orange 240-ml flavonoid- ~ 240-ml Acute 2,6 PANAS Main effect of
(2016)%2 UK (n=24) males (51 juice rich orange juice placebo hours drink for ‘alertness’
6.6) (272 mg drink subscale, no other
flavonoids). matched for significant main
volume, effects or
taste, interactions.
appearance,
energy and
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sugar

content.
Chronic  18-35 Park et al. Parallel Young Orange 300ml Orange juice  300ml 8 weeks CES-D Significant
(2020)*° groups adults juice (600 mg matched reduction in CES-D
South Korea  (n=40) (21.83+2.4 flavonoids) placebo scores in
3) intervention group
not seen in
placebo.
65+ Keanetal., Crossover  Healthy Orange 500ml serving of 500ml 8 weeks PANAS No significant
2015)% (n=37) older adults juice orange juice matched effect of
UK (66.7 + containing 305 mg  placebo intervention
5.3) flavanones drink
containing
37 mg
flavanones
Green tea Chronic  18-35 Zhang etal.  Parallel Healthy Green tea 400 mg three times  Cellulose 5 weeks MADRS, Significant
(2013)" groups participants a day three times HRSD-17  decrease in scores
China (n=46) (25.67 + a day for MADRS and
4.61) HRSD-17 in green
tea group, not
observed in
placebo
Soy Chronic  35-55 Simpson et Parallel Postmenop  Soy 1. Medium (35 Low dose 12 weeks  PANAS Significant
al. (2019)* groups ausal mg/350 mL), 2. or isoflavones difference between
UK (n=101) women high (60 mg/600 within a doses but no
(53.75 mL) dose of soy significant
3.87) isoflavones drink (10 interaction for PA
contained within mg/100 or NA.
a soy drink mL)
65+ Kok et al. Parallel Postmenop  Soy 36.59 of powder Placebo 12 SF-36 No significant
(2005)% groups ausal containing 25.6 g powder months mental interaction for any
The (n=202) women (66. soy protein matched for health mood outcome
Netherlands 7+ 4.75) containing 52 mg taste and dimension,
genistein, 41 mg GDS
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daidzein, and 6 mg  appearance.
glycitein aglycone
weights as a
powder.
Tree nuts Chronic  18-35 Pribis Crossover  Young Walnuts 60g English Banana POMS No significant
(2016)* (n=64) adults walnuts in banana  bread effect of
USA (20.65+2.0 bread, flavonoid without intervention.
5) content not walnuts
reported
Herselman et Parallel Healthy Walnuts 569 walnuts per Continue DASS21, Trend for
al. (2022)%”  groups undergradu day, flavonoid normall MHC, improvement in
Australia (n=60) ate content not diet, avoid POMS depressive
university reported nuts or symptoms on the
students fatty fish DASS21 in walnut
during for study group where
examinatio duration. participants did not
n period have an increase in
(22.0 £ ns) depression over
exam period as
seen in control
group, though not a
significant
interaction. Similar
results observed in
the Psychological
well-being
65+ Coates etal.  Parallel Postmenop  Almonds Based on Carbohydra 6 days per Bond- No significant
(2020)% groups ausal participants terich Lader effects of treatment
Australia (n=128) women (65 individual snack foods VAS, for any mood
+ 8) estimated energy (The POMS outcome.
requirements Original
(EER), participants  Scotch
were provided with  Finger,
a portion of snack  Arnott’s
foods equivalent to  Biscuits,
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10 min in hot
water) 30 min
before bedtime
daily for 30-days,

~15% of their North
EER. Strathfield,
Australia
and No
Added Salt
Potato
Chips,
Freedom
Foods,
Taren
Point,
Australia).
Bondonno et  Crossover  Healthy Prepared by Apple flesh No significant
al. (2014)*  (n=30) middle- homogenising only (less effect of treatment
Australia aged adults Cripps Pink apple  than 5 mg found.
(47.3x skin (80 g) and of total
13.6) apple flesh (120 g), quercetin
where, half of each  glycosides
dose was provided  and (—)-
raw and the other epicatechin
half was provided ).
cooked (184 mg of
total quercetin
glycosides and 180
mg of (—)-
epicatechin).

Peppermint Abdelhalim  Parallel Healthy Peppermint  Infusion of 250 Asked not Significant
(2021)* groups young mg fresh aerial to drink reduction in STAI
Saudi (n=124) adults parts of peppermint scores in
Arabia (21.96 + the peppermint or any intervention group.

1.7) plant (infused for other herbs
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flavonoid content
not reported

Mixed
foods

Chronic

18-35

Barfoot etal.  Parallel Postnatal Mixed Added one high Continue 14-days STAI, Significant
(2021)b* groups mothers (1 flavonoid food item  normal PHQ-8, interaction effect
UK (n=38) year), per day to current diet PANAS , for state anxiety
(29.21 + diet including WHOQOL- where mothers in
5.67) ‘berry fruits (~120 BREF the experimental
) e.g. blueberries, group reported
raspberries, lower state anxiety
strawberries, after the
blackberries, intervention
blackcurrants, compared to
mixed berries’, 2 controls.
large squares of
(min. 70% cocoa)
dark chocolate’, ‘4—
5 cups of
black/green tea or
caffeinated/decaffei
nated coffee’, ‘1
large glass of red
wine (250 mL)’, ‘1
portion of leafy
green vegetables
such as spinach or
cabbage (~70 g)’
and ‘1 glass (250
mL) of fresh orange
or grapefruit juice
(not from
concentrate)’.
Colombage Parallel Postnatal Mixed Added two high Continue 14-days STAI, Significant
et al. groups mothers (6 flavonoid food item  normal EPDS, interaction effect
(2024)%® (n=38) months), per day to current diet PANAS, for postnatal
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UK

(35.11 %
3.77)

diet including
‘berry fruits (~120
) e.g. blueberries,
raspberries,
strawberries,
blackberries,
blackcurrants,
mixed berries’, ‘2
large squares of
(min. 70% cocoa)
dark chocolate’, ‘4—
5 cups of
black/green tea or
caffeinated/decaffei
nated coffee’, ‘1
large glass of red
wine (250 mL)’, ‘1
portion of leafy
green vegetables
such as spinach or
cabbage (~70 g)’
and ‘1 glass (250
mL) of fresh orange
or grapefruit juice
(not from
concentrate)’.

WHOQOL-
BREF,
PSAS-
RSF-C

depression and
positive affect,
where participants
in the experimental
condition reported
lower EPDS scores
and higher PA
scores following
the intervention. *

WBB (Wild Blueberry); BDI (Beck Depression Inventory); BL-VAS (Bond-Lader Visual Analogue Scales); CES-D (Centre for Epidemiologic Studies Depression Scale);
DASS (Depression, Anxiety, and Stress Scales); GDS (Geriatric Depression Scale); HRSD-17 (Hamilton Rating Scale for Depression, 17-item); MADRS (Montgomery-
Asberg Depression Rating Scale); MFQ (Mood and Feelings Questionnaire); MHC-SF (Mental Health Continuum -short form); PANAS (Positive and Negative Affect
Schedule); PHQ (Patient Health Questionnaire); POMS (Profile of Mood States; RCADS (Revised Child Anxiety and Depression Scale); SF-36 (Short Form Health Survey,
36 items); STAI (State-Trait Anxiety Inventory); GAD-7 (Generalised Anxiety Disorder 7-item scale); SHAPS (Snaith-Hamilton Pleasure Scale); EPDS (Edinburgh Postnatal
Depression Scale); PSAS-RSF-C (Postnatal Specific Anxiety Scale Research Short Form for global Crisis); WHOQOL-BREF (World Health Organisation Quality Of Life
Brief Version)
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Table 4: Number of studies reporting positive effect of a flavonoid-rich food intervention versus control (effect/no effect) on mood outcomes

Measure Outcome Effect/no effect Citation

BDI Depression 1/2 Krikorian et al. (2022); Sinclair et al. (2022), Velichkov et al. (2024) chronic data

BL-VAS Transient affective state 3/5 Bondonno et al. (2014); Haskell-Ramsay et al. (2017); Lamport et al. (2020); Pase et al.
(2013) (acute and chronic data); Coates et al. (2020); Kimble et al. (2022); Lamport et al.
(2016)

CES-D Depression 1/1 Park et al. (2020)

DASS Depression & anxiety 1/1 Herselman et al. (2022)

GDS Depression 0/3 Miller et al. (2018); Miller et al. (2021); Kok et al., (2005)

HRSD-17 Depression 11 Zhang et al. (2013)

MADRS Depression 11 Zhang et al. (2013)

MFQ Depression 11 Fisk et al. (2020)

MHC-SF General mental health and 1/1 Herselman et al. (2022)

wellbeing

PANAS Transient affective state 717 Alharbi et al. (2016); Khalid et al (2017) Study 1; Khalid et al (2017) Study 2; Lamport et
al. (2020); Whyte et al. (2019); Barfoot et al. (2021) a; Barfoot et al. (2021) b; Fisk et al.
(2020); Kean et al. (2015); Shin et al. (2022); Simpson et al. (2019); Tsang et al. (2019);
Velichkov et al. (2024) acute data; Colombage et al. (2024)

PHQ Depression 0/2 Barfoot et al. (2021) b; Velichkov et al. (2024) chronic data

POMS Transient affective state 0/7 Boolani et al. (2017); Marsh et al. (2017); Coates et al. (2020); Pribis. (2016); Herselman
et al. (2022); Miller et al. (2018); Miller et al. (2021)

RCADS Depression & anxiety 0/1 Fisk et al. (2020)

SF-36 General mental health and 0/1 Kok et al. (2005)

wellbeing

STAI Anxiety 4/4 Martin et al. (2012); Scholey et al. (2010); Abdelhalim (2021); Barfoot et al. (2021) b;
Garrido et al. (2012); Lamport et al. (2016); Sinclair et al. (2022); Colombage et al. (2024)

GAD-7 Anxiety 0/1 Velichkov et al. (2024) chronic data

SHAPS Depression 0/1 Velichkov et al. (2024) chronic data

EPDS Depression (postpartum) 1/0 Colombage et al. (2024)

PSAS-RSF-C Anxiety (postpartum) 0/1 Colombage et al. (2024)
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WHOQOL- General mental health and 1/1 Barfoot et al. (2021)b; Colombage et al. (2024)
BREF wellbeing

BDI (Beck Depression Inventory); BL-VAS (Bond-Lader Visual Analogue Scales); CES-D (Centre for Epidemiologic Studies Depression Scale); DASS (Depression,
Anxiety, and Stress Scales); GDS (Geriatric Depression Scale); HRSD-17 (Hamilton Rating Scale for Depression, 17-item); MADRS (Montgomery-Asberg Depression
Rating Scale); MFQ (Mood and Feelings Questionnaire); MHC-SF (Mental Health Continuum -short form); PANAS (Positive and Negative Affect Schedule); PHQ (Patient
Health Questionnaire); POMS (Profile of Mood States; RCADS (Revised Child Anxiety and Depression Scale); SF-36 (Short Form Health Survey, 36 items); STAI (State-
Trait Anxiety Inventory); GAD-7 (Generalised Anxiety Disorder 7-item scale); SHAPS (Snaith-Hamilton Pleasure Scale); EPDS (Edinburgh Postnatal Depression Scale);
PSAS-RSF-C (Postnatal Specific Anxiety Scale Research Short Form for global Crisis); WHOQOL-BREF (World Health Organisation Quality Of Life Brief Version)
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

Identification
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A

Figure 2. PRISMA flow diagram for the identification of studies included in the review

2.3.3. Findings from acute studies

Of the 13 studies included, five studies (38%) found evidence that acute flavonoid supplementation
with anthocyanin-rich foods held benefits for mood. Khalid et al. (2017) (studies 1 and 2) found
improved mood, measured by the PANAS in both children and young adult populations 2 hours
following a WBB intervention (253 mg anthocyanins). Additionally, Haskell-Ramsay et al. (2017)
found an improvement in calm ratings using the Bond-Lader VAS 20 minutes following a purple
grape juice intervention (138.3 mg/L anthocyanins) in healthy young adults. Finally, Velichkov et al.
(2024) found a main effect of treatment for WBB, whereby positive affect increased in the
experimental condition 2 hours post consumption in those with low fruit and vegetable intake.

Considering the acute literature, it is worth noting that in the Haskell-Ramsay et al. (2017) trial, 20
minutes may be too short a period to elicit the benefits of flavonoids, given that circulating
anthocyanin metabolites peak between 1-2 and 6 hours (Rodriguez-Mateos et al., 2013). Therefore,
where effects are observed in a timeframe <1 hour, it is important to consider non-flavonoid related
mechanisms when interpreting findings. On the other hand, cocoa was used as an intervention vehicle
for 50% of the included acute studies, none of which found positive effects on mood. However,
improvements in alertness were also found 2-hours following flavonoid-rich orange juice, supporting
that orange juice may also support mood acutely (Alharbi et al. 2016). Overall, this suggests that
anthocyanin-based interventions, with doses between 183-253 mg anthocyanins in addition to 272 mg
flavonoids in orange juice, with outcomes measured around 2 hours following the intervention may be
an optimal dose and timepoint for observing acute benefits of flavonoids on mood, though other
flavonoid-rich foods may be less promising for acute effects on mood.
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2. 3. 4. Findings from chronic studies

Of the 25 chronic studies included, 12 (48%) found a significant effect of flavonoids on mood and/or
mental health. Due to the diversity of the interventions used, there wasn’t clear evidence for any
singular food being most likely to confer benefits if consumed over a sustained period. However, 3
out of 4 studies that utilised the State Trait Anxiety Inventory (STAI) found benefits of flavonoids on
anxiety symptoms, highlighting a potentially sensitive measure to detect mood changes in chronic
interventions. For example, Garrido et al. (2012) conducted a crossover study utilising Jerte Valley
cherries over a period of 5 days and found significant improvements in anxiety using the STAI. This
finding was also reported by Sinclair et al. (2022) and Barfoot et al. (2021b) who found improvements
in anxiety symptoms (STAI) following a flavonoid intervention in blueberries over 20 days and mixed
flavonoid-rich foods over 14 days respectively. Furthermore, 9 of the included studies that did not find
effects were conducted in middle-age and older adults which could indicate that this population are
less likely to benefit from flavonoid interventions, particularly with chronic study designs.

2. 3. 5. Flavonoid Food Source

2. 3. 5. 1. Blueberry

Seven studies used a wild blueberry intervention, four (57%) of these found benefits of flavonoids.
Here, Khalid et al. (2017) found a significant increase in positive affect following a Wild Blueberry
(WBB) intervention at 2 hours post consumption in both children and young adult populations. Fisk et
al. (2020) also found benefits to mood where healthy adolescents had a significant decrease in scores
on the Mood and Feelings Questionnaire following a 4-week WBB intervention, representing a
reduction in depression symptoms in this cohort. These three data sets all used a 253 mg dose of
anthocyanin (equivalent to 240g of fresh blueberries), representing a potentially optimal dose to elicit
changes in mood. On the other hand, Velichkov et al. (2024) used a smaller dose of anthocyanins (121
mg) and found an increase in positive affect. This finding was present in a population with self-
reported depressive symptoms, which combined with the smaller dose (150g vs 240g fresh fruit
equivalent in the other acute WBB trials), promotes the potential for acute WBB interventions for
clinical as well as general populations for mood and mental health. Comparatively, the studies that did
not find significant effects were all chronic designs using a range of durations from 4-weeks to 3-
months. For, example, Miller et al. (2018) did not find mood effects following a 3-month blueberry
intervention (19.2 mg anthocyanins) in healthy older adults in addition to WBB (253 mg
anthocyanins) not eliciting changes in mood in 7—10-year-old children following a 4-week
intervention (Barfoot et al., 2021a). However, it is worth noting that this particular study ran a post-
hoc power analysis on their cognitive outcomes, finding low power, which therefore may affect
outcomes. Overall, these findings may infer that acute doses of blueberry may lead to better mood
outcomes compared to when consumed over a period of time whilst also suggesting that adolescents
and young adults may benefit most from these interventions.

2.3.5. 2. Cocoa

Three of the 9 studies (33%) that used cocoa as an intervention found significant effects of
supplementation on mood. The studies finding benefits of the intervention were all chronic studies
with two studies lasting 30-days and one study lasting 4-weeks. Here, Pase et al. (2013) found that
supplementing healthy middle-aged adults with a 20g dark chocolate drink (500 mg cocoa flavonols)
had a significant increase in calmness and contentedness after 30-days which was not replicated in the
low flavonol (250 mg cocoa flavonols) or control group. Similarly, Tsang et al. (2019) found
significant within groups treatment effects for negative affect following 500 mg cocoa flavonoid
supplementation for 4-weeks in adults, representing a decrease in negative mood following the
intervention. The remaining studies finding non-significant effects of cocoa flavonoids on mood were
all conducted in an acute setting. Together, these studies suggest an optimal supplementation duration
of 4-weeks and dosage of around 500 mg/day flavonols for cocoa interventions on mood.

2. 3. 5. 3. Grape

Only two studies in this review used grape as an intervention. One (50%) of the studies found positive
effects on mood following supplementation; Haskell-Ramsay et al. (2017). Comparatively, Lamport et
al. (2016) conducted a 12-week intervention in mothers of preteen children using concord grape juice
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(167 mg anthocyanins as malvidin equivalent and 334 mg proanthocyanidins as catechin equivalent).
They both used the Bond-Lader VAS however, Lamport et al. (2016) did not find significant effects as
seen in the Haskell-Ramsay et al. (2017) study. These findings could be partly explained by the study
population whereby the mothers of pre-teen children were likely been maximally stressed, which was
a purposeful aim of the study; so therefore, the effects of concord grape juice were not as effective
compared to the healthy young adult population used in the Haskell-Ramsay et al. (2017) study.
Furthermore, differences can also be noted in the total phenolic concentration of the active treatment
groups, where the Haskell-Ramsay et al. (2017) paper had a total phenolic content of 336.34 mg gallic
acid equivalent in the 200ml intervention compared to Lamport et al. (2016) reporting 777 mg total
polyphenolics as a gallic acid equivalent in the 355ml intervention. Therefore, it could be suggested
that larger quantities of total phenolics may not confer greater benefits to mood compared to smaller
quantities.

2. 3. 5. 4. Berry (not including blueberry)

Six studies used a berry intervention (cherry, strawberry, cranberry, mixed berry and cherry) of which
three (50%) found significant effects on mood using the STAI, BDI-II and Bond-Lader alertness. Of
the trials that found effects, all were chronic studies lasting between 5-days 3-months. Comparatively,
of the three studies that did not find effects, one used an acute design (Whyte et al., 2019) and two
used chronic designs (Crews et al., 2005; Miller et al., 2021). Miller et al. (2021) conducted a parallel
groups design study over a 3-month period, supplementing with 24 g freeze-dried strawberries in older
adults and did not find effects on the Geriatric Depression Scale (GDS) and the Profile of Mood States
(POMS), which measures a range of mood states including anxiety, anger, fatigue, and depression.
Kimble et al. (2022) on the other hand, found that supplementing participants with Montmorency
cherries for 3-months lead to improvements in alertness following the intervention. Whilst the change
in alertness is only one facet out of three from the outcome measure which was sensitive to the
intervention, it is an interesting finding considering the study population whereby participants were
low consumers of fruit and vegetables, and had low levels of physical activity with a risk factor for
type II diabetes. This has been a consistent finding for recent research, whereby low consumers of
fruit and vegetables seemed to benefit from a dietary intervention in terms of mood and wellbeing
(e.g. Conner et al., 2017; Kontogianni et al., 2020). Recently, Velichkov et al. (2024) found
participants who consumed <3 portions of fruit and vegetables per week had improvements in positive
affect to a greater extent compared to those who were high consumers following a 6-week WBB
intervention. Collectively, these results may signify benefits of flavonoid interventions may be more
prominent in specific populations, such as those with low fruit and vegetable intake or physical
activity.

2. 3. 5. 5. Green tea

There was only one included study that explored green tea on mood. Zhang et al. (2013) conducted a
parallel groups trial, supplementing healthy young adults' green tea three times a day for 5-weeks. The
trial utilised the MADRS and HRSD-17, both measuring depression and found a significant decrease
in scores in the green tea group that was not observed in their cellulose placebo group, indicating
green tea may be effective in reducing depression scores in this cohort.

2. 3. 5. 6. Orange juice

Two out of the three (66%) studies evaluating orange juice on mood found significant benefits to
mental health following the intervention. Park et al. (2020) supplemented young adults for 8-weeks
with 300ml orange juice and found improvements in CES-D scores following the intervention.
Additionally, a main effect of treatment was found in Alharbi et al. (2016) whereby the flavonoid-rich
drink attenuated a decline in alertness seen in the placebo at 2-hours. In contrast, no significant
changes were seen form mood in another 8-week intervention (Kean et al., 2015). It is noteworthy,
however that the disparity in findings between Kean et al. (2015) and Park et al. (2020) may be due to
the lower quantity of flavanones in the Kean et al. (2015) study (305 mg) compared to nearly double
in the later trial (600 mg), or perhaps the different study populations from young adults to older
adults, where younger adults may have benefitted more from the intervention compared to older
adults. Interestingly, both Kean et al. (2015) and Alharbi et al. (2016) utilised the PANAS in their
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work, which was found to be sensitive to other food interventions such as berries, as mentioned
above, suggesting an ideal measure of transient mood for nutritional interventions. However, Park et
al. (2020) used the CES-D, which detected changes in mood, indicating this measure may also be
sensitive to flavonoid supplementation. In review of the studies of dietary flavonoids for mood, older
adults seem to benefit less from the intervention as seen in Crews et al. (2005); Kok et al. (2005);
Miller et al. (2018) and Miller et al. (2021) all of which had similar study durations to Kean et al.
(2015) lasting between 6-12 weeks. Therefore, whilst the higher flavanone content may explain the
disparity in findings in the orange juice subclass, it may be that overall, older adults’ mood and mental
health may be less sensitive to dietary flavonoid interventions.

2.3.5 7 Soy

In regard to soy studies, two chronic studies did not find benefits to mood and mental health as a
result of a 12 month and 12-week supplementation period; Kok et al. (2005) and Simpson et al. (2019)
respectively. Both studies used a similar study design with the same population of postmenopausal
women, highlighting a chronic supplementation of soy may not elicit mood benefits in this

population. It could be said however, that mood it much more stable in postmenopausal women in
comparison to those who are peri-menopausal or going through the menopause transition period
(Brown et al., 2015) therefore these studies may have missed the most sensitive period for mood
change in this population.

2. 3. 5. 8. Tree nuts

None of the included studies showed a benefit of a tree nut intervention on mood and mental health.
All studies evaluated the intervention in a chronic design ranging from 8-16-weeks. The POMS were
used in all interventions, highlighting that this measure may not be particularly sensitive to detect
mood effects following flavonoid supplementation. Further to this, there could be a need to develop
more standardised protocols for control groups in nutritional interventions, whereby Herselman et al.
(2022) asked participants in their control group to continue with their normal diet, and to avoid other
nuts and fatty fish for the study duration. This indicates a potential withdrawal effect may be present
within this study and highlights the need for further research of flavonoid-rich tree nuts on mood and
mental health outcomes with more standardised procedures and better use of nutritionally matched
placebos.

2.3.5 9 Apples

One study (Bondonno et al., 2014) explored the acute effects of apples on mood using the Bond-Lader
VAS. This was a crossover trial with apple skin and apple flesh, providing 184 mg of total quercetin
glycosides and 180 mg of (—)-epicatechin. Mood was tested at 2.5 hours and no benefits of the apple
intervention were observed.

2. 3. 5. 10. Peppermint

Abdelhalim (2021) supplemented healthy young adults with 250 mg peppermint tea (estimated total
flavonoids 147 mg) for a period of 30-days, finding that participants had a significant reduction of
state anxiety (STAI) scores post intervention compared to those in the control group.

2. 3. 5. 10. Range of foods

Barfoot et al. (2021b) evaluated mood after an intervention of a range of flavonoid-rich foods. They
asked a sample of postnatal mothers (0-12 months postpartum) to include a single flavonoid-rich food
into their diet for a period of two weeks. Post intervention, they found that the mothers had a
significant reduction in state anxiety (STAI) in the intervention group which was not seen in the
control group. In a similar study, Colombage et al. (2024) found a significant decrease in postnatal
depression scores and increase in positive affect in postnatal mothers (0-6 months postpartum) after
consuming two flavonoid-rich foods in their diet every day for 2-weeks. Overall, these findings show
promise for the effects of flavonoid supplementation on a range of mood outcomes during the
postpartum period.
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2. 3. 6. Findings separated by age groups

For this analysis, there is a total of 37 studies, as it was intended to analyse each age category by
Garrido et al. (2012) as separate studies.

2.3.6.1. Children and adolescents (7-18)

Three studies included in this review use a children and adolescents sample (ages 7-15). Only one of
the studies did not find significant benefits from the flavonoid intervention (Barfoot et al., 2021a). All
trials used the same flavonoid content (253 mg anthocyanins) with similar designs and outcome
measures (PANAS used in Fisk et al., 2020); PANAS-C in Barfoot et al., 2021a). Simply comparing
these studies indicates that adolescents may be more sensitive than children to mood changes as a
result of a chronic flavonoid-rich blueberry intervention, however it is worth noting that there are no
studies in these populations with other flavonoid-rich foods. Interestingly, these findings may be
strengthened due to the fact that adolescence is a particularly sensitive period for development,
whereby there are changes in emotion and executive functioning from prefrontal cortex growth
(Ahmed et al., 2015; Best & Miller, 2010; Davey et al., 2008; De Luca et al., 2003), therefore the
effects of flavonoids could be enhanced during this period of development.

2.3.6.2. Young adults (19-35)

This was the largest age category with 17 trials included of which, 8 studies (47%) were found to
show benefits of flavonoids on mood. Most of these studies are chronic studies, ranging from 5-days
to 16 weeks, utilising a range of flavonoid-rich foods for their interventions, though the majority
(n=5) are cocoa based. One example of these studies, Shin et al. (2022) supplemented participants
with 30g of either 70% or 85% cocoa chocolate for 3-weeks, finding a significant reduction in
negative affect scores following consumption of the 85% cocoa chocolate which was not seen in the
control (no chocolate) or 70% cocoa chocolate conditions. It is surprising that this difference was
elicited between the two dark chocolate groups, however the difference in polyphenols was large
between the two groups, where the 70% group contained 250 mg polyphenols and 85% contained 500
mg cocoa polyphenols, which could contribute to changes in mood, as outlined in other cocoa studies
with similar dosages. Furthermore, Shin et al. (2022) found significant differences in gut microbiota
diversity between the control and 85% dark chocolate group, but not in the 70% dark chocolate group,
suggesting a potential mechanistic link driving changes in mood between the two interventions.

2.3.6.3. Middle aged adults (36-65)

Thirteen studies that fit the inclusion criteria had samples of middle-aged adults (aged 35-65), 6
(46%) of which found benefits of supplementing whole flavonoids. Garrido et al. (2012) found after a
5-day Jerte Valley Cherry intervention both middle aged, and older adults had significantly reduced
state anxiety compared to baseline. Four out of the 6 of the studies found effects utilising the STAI or
Bond-Lader VAS, suggesting changes in anxiety and transient mood outcomes. Furthermore, three of
the studies explore the effects of berries on mood, indicating that potentially berry flavonoids may
result in greater mood changes compared with other intervention food sources for this population.
However, Lamport et al. (2016) investigated the effects of a 12-week concord grape juice intervention
in this population, finding no changes in mood whilst using the STAI however, as previously
mentioned, this null effect may be due to the higher levels of stress and worse baseline mood state
from the specific population of mothers with pre-teen children.

2.3.6.4. Older adults (65+)

Seven studies were identified in this review with a sample of older adults (65+). Here only one study
found benefits of whole flavonoid supplementation on mood and mental health for this population
(Garrido et al., 2012). All included studies had a chronic design, highlighting a need to explore acute
mood effects of flavonoid-rich whole foods in older adults.

2.4. Discussion

This review aimed to evaluate the effects of flavonoids from the diet on mood and mental health, in
healthy populations throughout the lifespan.

46



Overall, the evidence suggests that supplementing participants with flavonoid-rich foods in their
whole or freeze-dried parts may benefit mood. However, further research with consistent
methodology, such as carefully controlled dose response studies and systematic approaches with clear
rationales regarding choice of outcome measures is recommended. Consideration of bias within the
studies is also important going forward, with more transparent recording of randomisation procedures,
handling of withdrawals as well as continuing to state clear sources of funding.

Duration of supplementation appears to be a key driver for benefits following this form of
intervention, with chronic intake showing more consistent benefits compared to acute doses.
However, when considering acute interventions timing of intake and testing outcomes relative to peak
metabolite levels is critical for observing changes in mood, which may be especially relevant for
anthocyanin rich interventions where effects may be dependent on absorption. As mentioned above,
circulating anthocyanin metabolites have been found to peak between 1-2 and 6 hours, coinciding
with changes in flow mediated dilation (Rodriguez-Mateos et al., 2013), which could explain why
anthocyanin based interventions seem more likely to find acute benefits to mood. On the other hand,
food sources such as cocoa may require chronic supplementation periods to result in changes in mood.
These findings are indeed replicated when observing the cardiovascular effects of cocoa on mood,
whereby improvements in vascular function are seen following chronic consumption of cocoa
flavonoids (Bauer et al., 2011; Grassi et al., 2005). Cardiovascular and neuroprotective effects may
emerge with sustained consumption of cocoa flavonoids, as whereas the evidence for acute mood
benefits following cocoa was less compelling. These findings highlight that further research must be
conducted to investigate the mechanisms of how flavonoids may benefit mood, whilst taking into
account the different food sources and timeframes of supplementation. A better, systematic approach
to considering dosage effects is required. Currently, there is variability in the doses used across the
trials, and it could be suggested that there is some standardisation in future research to better
understand optimal intake levels for flavonoid-rich foods and mental health.

This review provides an updated overview of the effects of flavonoids on mood and mental health,
with a focus on the benefits of flavonoid-rich foods consumed in their whole form, as opposed to
flavonoid extracts. A limitation of this review is that it did not encompass all evidence on the effects
of flavonoids on mood, as studies utilising flavonoid extracts were excluded. While flavonoid extracts
have been shown to benefit mood outcomes (Calapai et al., 2017), the strength of this evidence may
be weaker (Jia et al., 2023) Additionally, the broader public health message of incorporating
flavonoid-rich foods into the diet may not be fully represented by extract-based interventions. A
further limitation is the absence of a meta-analysis. While the inclusion of a meta-analysis could have
provided a more quantitative synthesis of the data and enhanced the robustness of the findings, the
decision was made to focus on a narrative summary of the included studies. This approach was chosen
to allow for a more detailed and contextual discussion of the diverse methodologies, populations, and
outcomes across the studies, which may not always be directly comparable in a meta-analysis.
Nevertheless, this review provides an updated perspective on the topic, which, in conjunction with
prior meta-analyses in the field, contributes to the broader understanding of the effects of flavonoids
on mood.

2.4.1. Discussion of findings for trial designs

The included studies in this review (Table 3) suggest that longer supplementation of dietary
flavonoids may benefit mood compared to a single acute dose. That is not to say, however that
flavonoids may not benefit mood acutely, though these acute effects seem to be greater when the
intervention is anthocyanin based. Considering the benefits can be found following a short period of
supplementation, both considering chronic and acute trial designs, it could be suggested that
flavonoids don’t require habitual consumption to harbour benefits to mood. Instead, increasing
flavonoid consumption at specific timepoints, when mood is expected to be poorer may have greater
benefits. For example, Baynham et al. (2021) suggested that a high flavanol cocoa intervention (150
mg flavanols) attenuated a decline in endothelial function following a mental stress task, suggesting a
dose of flavonoids prior to mental stress may be physiologically beneficial. Furthermore, Herselman
et al. (2022) reported a trend for improvement, where walnut consumption improved some aspects of
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mood during examination periods in university students. Subsequently, flavonoid-rich foods may be
optimal for dosing during times of mental stress, though specific food item, dose and length of dose
for these specific events requires further research.

2.4.2. Discussion of findings by food source

Overall, the included studies reviewed suggest that increasing berries and cocoa in the diet may
provide benefit to mood and mental health throughout the lifespan. However, the efficacy of the
interventions on mood may depend on factors such as dosage of the intervention, whereby dosing
between 30-774 mg berry anthocyanins, with an optimal dose around 250 mg; and approximately 500
mg cocoa flavonols may elicit optimal effects. This was also evident in the orange juice interventions
whereby 600 mg in Park et al. (2020) lead to significant changes in depression which was not seen in
the other orange juice interventions. As mentioned above, different sources of flavonoid-rich foods
may also confer benefits over different timeframes such as acute blueberry and anthocyanin rich
interventions and chronic cocoa interventions.

2.4.3. Discussion of findings by age group

The review highlights that flavonoid supplementation may effect mood with varying efficacy across
age groups and intervention types. Only three eligible studies involving children and adolescents were
identified in the review, despite these suggesting benefits of flavonoids on mood in this cohort, the
limited number of trials available make it difficult to draw firm conclusions, and these findings should
be interpreted with caution. Conversely, young adults appear to benefit more from chronic
interventions, particularly with high doses of anthocyanins. Middle-aged adults also show positive
responses to flavonoid interventions, especially if the intervention is berry based. However, the older
adult literature lacks acute intervention studies, suggesting more acute designs are needed for this
demographic. The evidence in the review also highlights that specific population characteristics could
also benefit more from flavonoid supplementation such as individuals with low fruit and vegetable
intake, which may be even more pronounced in young adults where diets are typically lower in fruit
and vegetables (Lipsky et al., 2017), representing a larger opportunity for change.

2.4.4. Measures

Mood measures were incredibly varied throughout the included studies as shown in Table 3 and Table
4, though certain measures such as the STAI which measures state and trait anxiety, BL-VAS
assessing subjective mood states and PANAS which explores positive and negative affect may suggest
suitability for use in future dietary flavonoid and mood interventions due to the potential sensitivity to
detect changes stemming from dietary interventions. In contrast, while the POMS, which measures
dimensions of mood and GDS, assessing depression in older adults were commonly used instruments,
they did not demonstrate significant effects in the context of flavonoid-rich food interventions.

2.4.5. Conclusions

The impact of flavonoids within the diet on mood and mental health looks promising, though it may
vary by age group and dietary habits. Younger populations, particularly adolescents and young adults,
benefit more noticeably from chronic interventions, whereas older adults show less pronounced
effects. This may be due to the way younger and older adults perceive their mood, with evidence
suggesting older adults feeling happier on average and having different emotion regulation strategies
compared to younger adults (Machado et al., 2019; Urry & Gross, 2010). This indicates a larger scope
for change in mood ratings as a result of dietary interventions in specific populations. Additionally,
individuals with lower baseline fruit and vegetable intake might experience more significant mood
enhancements from flavonoid supplementation, highlighting a potential area for dietary improvement.
Finally, measures like the STAI, BL-VAS, and PANAS may offer good sensitivity to changes induced
by dietary interventions, suggesting their suitability for future studies on this topic. Overall, while
flavonoid supplementation shows promise for mood and mental health, particularly with chronic
intake and specific sources of flavonoid-rich foods, further research is needed to find appropriate
doses, explore the mechanisms of action, and examine the effects across different populations and
intervention durations.
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In previous research, flavonoid supplementation has shown benefits in populations where there is a
larger scope for improvement in cognition and mood, such as those with cognitive impairments or
major depressive disorder (Chen & Zhao, 2023; Choi et al., 2023; Mestrom et al., 2024). This
relationship can also extend to healthy adults, where benefits of flavonoid supplementation are often
evident in more cognitively demanding tasks, such as high-load attention network tasks for executive
function (EF) and delayed recall or recognition in episodic memory tasks (Whyte et al., 2016; Whyte
& Williams, 2015; Whyte et al., 2017). These populations often exhibit greater cognitive or emotional
dysfunction, or higher cognitive demand, providing a larger capacity for improvement from dietary
flavonoid interventions.

Additionally, some studies have suggested that specific flavonoid interventions may provide
physiological benefits, such as a high flavanol cocoa intervention (150 mg flavanols) that attenuated a
decline in endothelial function following a mental stress task (Baynham et al., 2021). Likewise,
Herselman et al. (2022) found that walnut consumption improved some aspects of mood in university
students during examination periods, suggesting that flavonoid-rich foods may be particularly
effective when consumed during times of stress or mental challenges. One critical period defined by
stress and psychological challenges is the postpartum period, during which there is an increased
prevalence of mood disorders. This makes the postpartum population an ideal group for flavonoid
interventions. Similar to other populations that show cognitive or emotional dysfunction, individuals
in the postpartum period may benefit from dietary interventions aimed at improving mood and
reducing the prevalence of mood disorders. Thus, as discussed fully in Chapter’s 4, 5 and 6,
flavonoid-rich foods could provide a promising approach to enhancing mood during the postpartum
period, potentially offering improvements similar to those seen in other populations with scope for
improvement.

49



Chapter 3: Diet, mood and cognition in the postpartum

3.1. Maternal Postpartum mood

The postpartum period presents significant challenges, marked not only by the physical recovery from
childbirth but also by rapid hormonal and physiological changes (Hendrick et al., 1998). These,
combined with psychosocial adjustments, can contribute to heightened vulnerability to mood
disorders, such as depression and anxiety.

A prevalent mood disorder during this period is postpartum depression (PPD), which is considered an
episode of Major Depressive Disorder (MDD). The American Psychiatric Association (2013)
characterises PPD as symptoms such as feeling sad, loss of interest or pleasure in activities, changes
in appetite and irritability, all lasting longer than two weeks, with onset either during pregnancy
(peripartum onset) or within the first six months to one year after childbirth (postpartum onset).
Anxiety is another mood disorder often experienced during this time, and often less acknowledged
compared to PPD (Miller et al., 2006). Research indicates that postpartum anxiety is common among
women following childbirth (Heron et al., 2004; Woolhouse et al., 2009) and may be more prevalent
than postpartum depression (Giardinelli et al., 2012; Woolhouse et al., 2009). Giardinelli et al. (2012)
found that at three months postpartum, 25.3% of women in their Italian cohort (n = 590) experienced
clinically significant anxiety symptoms (measured by the STAI), compared to only 13.2% who scored
above the clinical cut-off for depression on the Edinburgh Postnatal Depression Scale (EPDS).
Similarly, Reck et al. (2008) reported anxiety prevalence of 11.1%, nearly double the depression
prevalence (6.1%) in a sample of 1,024 women. These findings suggest that postpartum anxiety is not
only common but may exceed rates of postpartum depression, highlighting the importance of
recognising anxiety as a distinct and prevalent postpartum mental health concern. In addition to its
high prevalence, anxiety frequently co-occurs with depression in the postpartum period. Reck et al.
(2008) found that 33.9% of women in their sample experienced comorbid anxiety and depression,
suggesting that these conditions often overlap. This is echoed in broader systematic reviews (Falah-
Hassani et al., 2016; Farr et al., 2014) which emphasise the need for both disorders to be measured
concurrently to fully capture the postpartum mental health landscape. Without attention to
comorbidity, symptoms of anxiety may go undetected or be misattributed to depression alone
(Pollack, 2005), potentially leading to incomplete assessment and less effective intervention.

The precise timing of PPD onset also remains a topic of discussion, with some research suggesting
symptoms can manifest up to a year after birth (Gaynes et al., 2005), while the DSM-5 limits the
diagnosis to the first four weeks postpartum (American Psychiatric Association, 2013). In a large
cohort study, Munk-Olsen et al. (2006) found that the first 90 days following delivery posed a
heightened risk for new-onset psychiatric disorders, primarily PPD, in first-time mothers. Despite
these discrepancies, there is agreement that the incidence of PPD is highest within the first two and
six months after childbirth (Gavin et al., 2005; O'hara & Swain, 1996), with a gradual decrease over
the next 18 months (Monti et al., 2008). Comparatively, the opposite may be seen for anxiety,
whereby mothers are reported to have higher anxiety symptoms throughout pregnancy and immediate
postpartum, though may decrease over the postpartum (Breitkopf et al., 2006; Cheng et al., 2021; van
Bussel et al., 2009). Lilja et al. (2012) conducted a longitudinal study evaluating mothers’ feelings in
the first year postpartum. Low mood was seen in 22% of the participants (n=419), furthermore, these
mothers with higher depressive symptoms had poorer infant and partner relationships, however this
did not extend to 6 or 12 months postpartum. This divergence in timing may reflect differences in
underlying mechanisms. For instance, anxiety symptoms often emerge during pregnancy and peak in
the early postpartum period, likely due to anticipatory concerns about childbirth, infant health, and
maternal role adjustment (Reck et al., 2008; Wenzel et al., 2005). These symptoms may decline as
mothers gain confidence in caregiving and as the pregnancy-related uncertainties are resolved (Jover
et al., 2014). In contrast, depressive symptoms may develop more gradually as the cumulative effects
of hormonal fluctuations and disrupted sleep become more pronounced. Sleep disturbance, in
particular, has been repeatedly associated with PPD (Bei et al., 2015; Okun et al., 2018), with poor
sleep quality acting as both a symptom and predictor of depressive episodes in postpartum women
(Tikotzky, 2016). Overall, this suggests that given the vulnerability of new mothers during this time,
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particularly within the first six months, this period represents a crucial window for interventions
aimed at preventing or reducing symptoms of mood disturbances.

As outlined in Chapter 2.1, prevalences and symptomology of mental health disorders has rapidly
increased following the COVID-19 pandemic. It is therefore not a surprise to see this replicated in the
postpartum, where increases in postpartum depression were seen to rise to 22% (Yan et al., 2020),
from the 12% pre-COVID-19 prevalence estimate (Shorey et al., 2018). This highlights the impact the
pandemic and lock downs may have had on women’s mental health in the postpartum. One limitation
of the review is that it was published in 2020 and focused on studies conducted between 2019 and
early 2020. Since the pandemic and subsequent lockdowns extended into 2021, the prevalence rates
reported may not fully reflect the broader scope of research conducted throughout the entire duration
of the pandemic. Indeed, subsequent reviews, including later publications confirm higher prevalence
rates, estimated to be between 24% and 34% (Chen. et al., 2022; Lin et al., 2023; Safi-Keykaleh et al.,
2022). Anxiety during this period was also reported to increase, with prevalences around 30%
(Caffieri et al., 2024; Gao et al., 2022) highlighting the significant psychological burden placed on
new mothers navigating pregnancy, birth, and early parenthood amid heightened uncertainty, reduced
access to social and healthcare support, and increased isolation.

Overall, it is estimated that 10—15% of new mothers are diagnosed with postpartum depression (PPD)
(Halbreich & Karkun, 2006), and 10-16% with anxiety (Matthey et al., 2003). However, these figures
likely underrepresent the true scale of the issue. Reported symptom prevalence rates are consistently
higher than formal diagnosis rates, suggesting that many women experiencing significant distress may
not be seeking, or receiving, professional support. This gap between symptomatology and diagnosis
reflects more than just clinical oversight, it reveals how structural, cultural, and individual barriers
intersect to prevent women from accessing care. Garapati et al. (2023), for instance, highlight how the
blurred line between ‘normal’ emotional adjustment after childbirth and more persistent impairments
in functioning can delay recognition and response. This resonates with broader concerns about how
maternal distress is normalised or dismissed during the postpartum period. Mood disorders during this
time can vary widely in severity and presentation, and yet many women may not have the language or
knowledge to articulate these experiences. Stigma, in particular, seems to play a critical role. As
Dennis and Chung-Lee (2006) highlight, many women may be reluctant to acknowledge their
symptoms, especially if they perceive that family or healthcare providers are unresponsive or
minimising their emotional needs. This may explain why treatment uptake remains low, even when
effective options are available. Furthermore, although treatments for PPD typically mirror those used
for other depressive disorders, such as antidepressant medication and psychological therapy (Fisher et
al., 2016) they are not always easily accessible or appropriate for postpartum women. Barriers may
include not only logistical challenges, like availability and cost (Hansotte et al., 2017) but also
practical and emotional concerns, such as childcare demands, fear of stigma, or uncertainty about the
safety of medications while breastfeeding.

Moreover, rates of diagnosis and prevalence differ markedly across countries. For instance, studies
report the highest PPD rates in Chile (38%) and the lowest in the Netherlands (8%) and Switzerland
(11%) (Hahn-Holbrook et al., 2018; Halbreich & Karkun, 2006; Wang et al., 2021). These disparities
likely reflect more than epidemiological variation and point to wider socioeconomic and cultural
factors. Countries with greater wealth inequality and higher proportions of women in full-time
employment tend to report higher PPD prevalence, suggesting that broader structural pressures may
significantly influence maternal mental health. Overall, these disparities between prevalence rates and
actual diagnoses suggest that many more women may be suffering from postpartum mood disorders
than current diagnostic data reflects, with a significant number likely not seeking formal diagnosis or
treatment despite experiencing symptoms, highlighting the need for more comprehensive, accessible,
and cost effective interventions to support women during this critical period.

It has long been speculated that one of the mechanisms driving postpartum mood is the rapid change
in hormones following delivery (Abou-Saleh et al., 1998; Hendrick et al., 1998; Schiller et al., 2015).
Following delivery, oestrogen and progesterone levels drop sharply which has been shown to
contribute to poorer mood (Dukic et al., 2024). The relationship between these specific hormones and
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depression has further been elucidated whereby oestrogen supplementation in the 1-3 months
following delivery has been associated with reductions in postpartum depression symptoms (Gregoire
et al., 1996; Sichel et al., 1995), emphasising the strength of the relationship between postpartum
mood and circulating hormones. Regarding circulating progesterone, the evidence is less clear
whereby Nott et al. (1976) reported a weak association between depressive symptoms and fluctuations
in progesterone during the first six weeks postpartum. Interestingly, Schiller et al. (2015) outlines
evidence supporting this relationship, suggesting that in both animal models and human cross-
sectional studies, there may be a hormone sensitive phenotype of postpartum depression. As Schiller
and Colleagues suggest, women with these phenotypes may be more sensitive to the large changes in
hormones in the first few weeks postpartum, however, the authors also highlight, the difficulty in
drawing conclusions due to the heterogeneity in methodology, such as lack of control groups,
measuring salivary versus serum levels of hormones as well as accounting for nursing, which may
influence prolactin, progesterone, oestrogen, oxytocin, and cortisol and also has been associated with
changes in mood state, further confounding this relationship (Alder & Cox, 1983; Harris et al., 1994;
Hendrick et al., 1998; Warner et al., 1996). Following from this, a major challenge in studying the
causes of postpartum depression is the variability of the condition. Depression that begins one week
after childbirth may have different underlying causes than depression that develops three months after
delivery, or depression that starts during pregnancy and persists into the postpartum period (Hendrick
et al., 1998). Therefore, despite hormonal shifts following delivery being associated with changes in
mood, these may not wholly be driving poorer mood during this time, and may only be responsible for
changes in mood in the first few weeks following delivery (Dukic et al., 2024; Schiller et al., 2015).

Postpartum depression not only affects the mother but can also have profound consequences for the
entire family unit, particularly the mother-infant relationship. Letourneau et al. (2012) underline that
mothers experiencing PPD often face a decline in the responsiveness and greater increases of anxiety
during maternal-infant interactions, which can significantly hinder infant development, particularly in
areas such as emotional regulation, attachment, and social skills. This disruption in the bonding
process can lead to long-term developmental consequences for the child, such as behavioural
problems and difficulties with attachment later in life. Clearly, the impact of maternal mental health
extends beyond PPD, with maternal anxiety disorders similarly linked to poor maternal-infant
interactions and emotional neglect (Ali, 2018; Hoffman et al., 2017), however, the exact mechanisms
underlying the effects of these disorders on bonding are still not fully understood. Moreover, these
disruptions not only affect the child but can also create significant strain within the family, leading to
broader relational and caregiving challenges. Given the intergenerational impact, it is crucial that
interventions and research efforts focus not only on improving maternal mental health but also on
supporting the broader family system to foster healthier developmental and relational outcomes.

3.2. Maternal cognition

Changes in maternal cognition are a well-documented phenomenon that begin during pregnancy and
continue into the postpartum period, manifesting in various cognitive domains, such as memory,
executive functioning, and processing speed. While some studies report declines in these cognitive
abilities, others suggest potential improvements or functional reorganisations that may be driven by
the unique demands of pregnancy and postpartum. This subchapter will explore the cognitive changes
that occur across pregnancy and into the postpartum period, highlighting key findings, potential
mechanisms, and the implications for maternal cognitive health and well-being.

Changes in maternal cognition have been noted to start as early as pregnancy; Davies et al. (2018)
report meta-analytical findings that show general cognitive functioning, memory and executive
functioning are reduced in the third trimester of pregnancy compared with non-pregnant controls.
Memory seems to be a key element affected by pregnancy, with deficits in working memory,
(Hampson et al., 2015) subjective memory (Mazor et al., 2019), and verbal memory (Glynn, 2010;
Henry & Rendell, 2007), which all show a gradual decrease in memory performance over each
trimester of pregnancy. Interestingly, Henry and Rendell. (2007) comment that these changes in
pregnancy cognition were observed in some, but not all domains of cognition, with Hampson et al.
(2015) finding a larger decrease in maternal cognition when depression is also present.
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Comparatively, it is possible that the tasks used to assess cognitive function and memory may be
biased toward skills that are not particularly relevant to the maternal role (Davies et al. 2018). As a
result, these tests may not be able to distinguish whether the changes in cognition reflect an actual
decline or a shift in cognitive functioning that has been adapted for the upcoming responsibility of
caring for children (Macbeth & Luine, 2010).

This experience has been referred to as functional reorganisation. It may be that social cognition and
emotional processing improve, whereas other areas of cognition such as executive functioning and
aspects of memory may be utilised less, reflecting in reduced function of these domains (Barha &
Galea, 2017; Glynn, 2010; Ziomkiewicz et al., 2019). Ziomkiewicz et al. (2019) suggests that this
may be driven by physiological mechanisms during pregnancy, where women experience limited
energy availability for non-essential cognitive functions due to the foetus maximising the allocation of
glucose and other nutrients from the mother. Subsequently, there may be costly trade-offs for energy
and nutrients, leading to deficits in areas such as memory and executive functioning. Another
mechanism potentially driving overall changes in cognition may be changes in hormones, as seen for
the mechanisms underlying changes in mood, such as oestrogen (Glynn, 2010; Grattan & Ladyman,
2020). In support, hormonal shifts and their effects on cognitive function are evident at various stages
throughout the lifespan (Kimura, 2002; Maki & Jaff, 2022; McEwen & Alves, 1999). For example,
findings from a review by Weber et al. (2014) highlight that postmenopausal women perform worse
than pre-and perimenopausal women on tasks such as phonemic verbal fluency and delayed verbal
memory tests. Importantly, these results were adjusted for age, suggesting that the observed
differences in cognitive performance are more likely attributable to menopausal status and associated
hormonal changes rather than age alone. The review also noted that postmenopausal women were
more likely to experience significant depressive symptoms.

As outlined above, following pregnancy, significant shifts in hormones are seen in the postpartum
period (Bonnar et al., 1975; Hendrick et al., 1998). These hormonal shifts are also associated with
changes in cognitive function. Henry and Sherwin (2012b) investigated this relationship, comparing
women shortly following birth compared to age and education matched controls. At postpartum (12-
weeks following delivery), oestrogen was negatively associated with attention, suggesting some
cognitive changes were associated with reductions in this hormone. At this postpartum timepoint,
women also performed worse on verbal memory compared to the non-pregnant control group,
indicating the aforementioned cognitive decline, though this was not associated with hormonal
fluctuations. This finding of increased difficulties in verbal memory in the postpartum is not
standalone, as poorer scores have been seen in the first few days (Eidelman et al., 1993) and up to
three months postpartum (Glynn, 2010; Silber et al., 1990), but not at 6 and 12 months postpartum
(Silber et al., 1990), potentially reflecting the large changes in hormones within the first weeks
postpartum, which gradually return to normal in the later months (Bonnar et al., 2975). Wider
cognitive changes are also pronounced during the postpartum period, highlighting decrements in
executive functioning (Almanza-Sepulveda et al., 2018; Chico et al., 2014), processing speed
(Anderson & Rutherford, 2012), and working memory (Almanza-Sepulveda et al., 2018; Anderson &
Rutherford, 2012; Pieters et al., 2021), suggesting that timing, as well as cognitive domain are crucial
for assessing maternal cognition.

Comparatively, Buckwalter et al. (1999) found improvements on a range of cognitive domains
including executive function, memory and processing speed from pregnancy to postpartum, indicating
some cognitive improvements between these two stages. However, the relatively small sample size of
those finishing the neuropsychological battery (n=19) may hinder the generalisability of the findings
and limit the ability to draw definitive conclusions about the broader population Additionally, it is
possible that only the most capable or motivated individuals finished the testing, potentially biasing
the results toward better performance. Further to this, participants were tested at 25 days postpartum,
which provides clarity on whether their cognitive state has changed since pregnancy, though
considering the hormonal effects may last 6-8 weeks postpartum, testing at this timepoint may not
give a clear idea of cognitive outcomes throughout the whole postpartum. Finally, this study did not
have a non-pregnant control group, therefore, although outcomes may be improved compared to
pregnancy, it is not known whether cognitive deficits remain in this population relative to controls.
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Future research should include testing during late pregnancy and at various stages of the postpartum
period using a cognitive battery that spans multiple cognitive domains to examine how cognition may
change across the peripartum.

Some research has reported no change in cognition between pregnancy and postpartum. Changes in
cognition were not seen in an executive function task in Bannbers et al. (2013), where 13 women
performed the Go/NoGo task whilst undergoing fMRI imaging at 48hr, and 4-7 weeks postpartum,
alongside 13 non-pregnant controls. Results showed no differences over time and between groups on
the EF task, however activity in prefrontal areas decreased over time postpartum, such that it was
lower than the non-pregnant control group. This suggests that there may be normal adaptive changes
in brain activity during this time, though this may not be strong enough to evoke changes in a
behavioural task. Henry and Rendell (2007) argue pregnancy induced changes in EF may only be
evident if the task requires relatively effortful processing. Therefore, it could be suggested that the
Go/NoGo task may not be challenging enough to show deficits in EF, therefore a task with more
cognitively demanding trials may be more suitable to observe these differences in postpartum.
Furthermore, considering the wider pregnancy and postpartum cognition literature, Anderson and
Rutherford (2012) conducted a systematic review and meta-analysis, highlighting that working
memory and general cognition was worse in the postpartum compared to pregnancy, and all aspects of
cognition tested in the literature were worse in pregnancy and postpartum, compared to non-pregnant
controls. Anderson and Rutherford (2012) also bring to light the changes in processing speed in this
period; the authors report this was the largest ‘pregnancy induced deficit’, which was also continued
into in the postpartum. Interestingly, meta-analyses also showed that processing speed effect sizes
were mapped closely to the effect size of subjective memory complaints, implying it may be that this
particular deficit in processing speed is driving the increase in subjective reports of cognitive
dysfunction.

Subjective memory complaints, such as feeling more forgetful, misplacing items, or struggling to
recall words or recent events are key factors in pregnancy and postpartum cognitive function studies.
For example, in measures of working memory, processing speed and theory of mind, mothers (1-year
postpartum) and non-mothers showed no significant differences, though mothers rated their subjective
memory to be poorer than non-mothers (Orchard et al., 2022). Results showed that poorer subjective
memory was also associated with poorer wellbeing, highlighting the importance of taking these
specific cognitive function measures into account. It could be argued though, that given these results
were taken at a year postpartum, objective aspects of cognition may have improved over the
preceding year, and therefore changes were not evident at the one-year timepoint, as evidenced in
Silber et al. (1990). On the other hand, a recent review from Orchard et al. (2023) showed mothers in
the postpartum often report decrements in subjective cognition which are not demonstrated in the
objective measures. It is also worth noting that some studies in these cohorts included in the review
were limited by the absence of an appropriate control group (Pieters et al., 2021), often using non-
pregnant control groups. Therefore further research into postpartum cognition at various timepoints,
measuring both objective and subjective aspects, with adequate controls is needed.

Interestingly, brain imaging studies provide support for changes in objective measures of cognition,
showing decreases in grey matter in the postpartum, suggesting synaptic pruning and an adaptive
response to the maternal role. A study using MRI imaging compared women before pregnancy and
during the postpartum, revealing a reduction in grey matter volume, particularly in the hippocampus
(Hoekzema et al., 2017). These changes persisted even at the end of the 2-year study, and no similar
changes were observed in the brains of the fathers. Follow up sessions in this study were taken at
approximately 2.4 £1.6 months postpartum. In a later review of structural and functional brain
plasticity changes following delivery, Barba-Miiller et al. (2019) suggested changes may be associated
with maternal caregiving behaviours, which rely less on hippocampal regions and more on areas
involved in social cognition and emotional processing. For instance, mothers showed structural brain
changes, including reduced grey matter and increased white matter in regions such as the insula,
striatum, and orbitofrontal cortex, with these changes linked to enhanced empathetic abilities and
caregiving adaptations (Zhang et al., 2020). However, longitudinal studies are necessary in addition to
comprehensive data on environmental changes during both pregnancy and the postpartum period.
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Nevertheless, changes seen in the hippocampus evidenced in Hoekzema et al. (2017) coincides with
previous evidence showing deficits in memory during this time (Glynn., 2010; Silber et al., 1990),
suggesting both structural and functional changes in brain regions related to learning and memory in
the postpartum. Changes in connectivity are also observed in postpartum mood disorders, with
evidence highlighting reduced neural activation in the para/limbic and prefrontal regions, when
exposed to an infant crying (Laurent & Ablow, 2012), which may indicate impaired emotion
regulation and reduced sensitivity to infant cues. However, these long-lasting adaptations may provide
a protective effect against age-related cognitive decline in women who have had biological children.
Specifically, changes in regions related to memory and caregiving, such as the parahippocampus,
precuneus, cuneus, and pericalcarine sulcus, are associated with better functional connectivity
compared to women without biological children (Orchard, Ward, Chopra, et al., 2020; Orchard, Ward,
Sforazzini, et al., 2020). This indicates the magnitude that pregnancy and postpartum may have on
structural and functional brain plasticity and consequently mood and cognitive changes. In summary,
it is clear there are cognitive changes throughout pregnancy which extend into the postpartum, though
there is discrepancy to which domain, the degree of deficit and timespan by which these changes may
occur. Maternal cognition is influenced by various factors such as hormonal shifts, mood changes, and
adaptive mechanisms, which can impact memory, executive functioning, and other cognitive abilities.
While some studies show declines in specific cognitive domains such as memory and executive
function, others highlight potential improvements in cognitive abilities (Buckwalter et al., 1999).
Moreover, neuroimaging studies support the idea of functional reorganisation of the brain during
pregnancy and the postpartum period, and one interpretation is that the described cognitive changes
actually represent a shift in cognitive priorities rather than cognitive deficits per se (Macbeth & Luine,
2010).

Future research is needed to better understand the relationship between these cognitive changes and
the physiological mechanisms that underlie them, including hormonal fluctuations and brain structural
changes. Longitudinal studies that track cognitive function at multiple timepoints throughout
pregnancy and the postpartum period, using both subjective and objective measures, will be crucial to
provide more definitive answers. The lack of a clear consensus in the current literature points to the
importance of well-designed studies with appropriate control groups to explore the nuances of
maternal cognition over this critical period. Understanding these cognitive changes is essential not
only for supporting mothers during this transition but also for exploring the long-term effects of
parenthood on cognition.

3.3. Paternal mood and cognition

While much of the research on mood changes following birth focuses on mothers, it is important to
note that nearly 1 in 10 new fathers also experience symptoms of PPD during the postpartum period
(Cameron et al., 2016). This highlights the need for equitable attention to both paternal and maternal
mental health in the prevention and treatment of mood disorders such as PPD. In fact, in 50% of
cases, maternal depression is accompanied by paternal depression (Maleki et al., 2018), indicating that
PPD can affect both caregivers simultaneously. A large scoping review of parental dyads (n= 29286
couples) found that parents (as dyads) experiencing depression in pregnancy were more likely to
experience postpartum depression compared to parents (as dyads) that did not. Interestingly, this
relationship was even more striking for fathers, underscoring the need to address antenatal depression
in both parents (Smythe et al., 2022). This review also highlighted that paternal symptoms of
postpartum depression were greater in the later postpartum, defined as 3-12 months, compared to the
early postpartum, suggesting that this later stage may represent a particularly sensitive period for the
onset of paternal PPD. In support, Areias et al. (1996) suggests that PPD in fathers is more gradual
that maternal PPD, where 4.8% of first-time fathers met the criteria for depression during pregnancy,
with the rate remaining the same at 4.8% at three months postpartum. However, by 12 months
postpartum, the depression rate among fathers rose significantly to 23.8%. Similarly, 5.3% of first-
time fathers were screened positively for depression prenatally, with this rate decreasing to 2.8% at six
weeks postpartum before increasing again to 4.7% at 12 months (Matthey et al., 2000). These findings
suggest notable fluctuations in paternal depression rates across the postpartum period, with a peak at
12 months. On the other hand, other studies indicate a more stable trajectory of paternal PPD. Deater-

55



Deckard et al. (1998) found that 3.5% of men were depressed during pregnancy and 3.3% at eight
weeks postpartum, showing minimal change. This suggests that, in some cases, paternal depression
may exhibit a consistent prevalence across the postpartum period, without the significant peaks and
troughs.

Poor paternal mental health is increasingly recognised as a public health concern, due to its
prevalence and the negative impact it has on child development and the overall functioning of the
family unit (Fisher et al., 2016). In fact, the mental health of a father, particularly in cases of PPD, can
significantly affect infant development, as with the mother-infant dyad, such as reduced quality and
quantity of interactions. The high comorbidity rate between maternal and paternal PPD suggests a
considerable likelihood that both parents may be depressed, which has been shown to more severely
disrupt an infant's development than when only one parent is affected (Paulson et al., 2006). However,
in cases where only maternal PPD is present, responsive care from the father can serve as a protective
factor, buffering the infant from the negative developmental effects of maternal PPD (Hossain et al.,
1994). This highlights the importance of paternal involvement in promoting healthier child
development, and supportive family and partner relationships, especially when the mother is
experiencing depression.

Although fathers do not experience hormonal changes associated with pregnancy to the degree
biological mothers do (Kim & Swain, 2007), they are exposed to many of the same environmental
stressors and caregiving responsibilities, and so may also be at risk of mood disorder development or
cognitive change. Research has shown similar neural circuitry to mothers is activated when
processing infant related stimuli (Swain, 2011). In the first year postpartum, increased activation of
various networks associated with emotion and attention in fathers (Kuo et al., 2012) has been
observed, which may be associated with behavioural outcomes. In fact, Pieters et al. (2021) compared
mothers and fathers on a working memory (WM) task (Visuospatial N-back) during late pregnancy
and 6-weeks postpartum to assess any differences and whether mothers experienced a decline in WM
postpartum. The results showed that both mothers (n= 75) and fathers (n= 44) performed similarly on
the WM task at both time points and improved at an equal rate. Though research into postpartum
cognitive changes in fathers is limited, poor paternal mental health has been tied to lower cognitive
performance. For example, Pio de Almeida et al. (2012) showed poorer verbal memory, as measured
via a word span test, in mothers and fathers was associated with higher EPDS scores. Though this
study had uneven groups of mothers and fathers (n= 222, n=173) affecting interpretation of results, it
does show the need to look at both mood and cognitive outcomes in both parents in this time, as
where mood is poor, cognition may also be affected.

3.4. Factors affecting mood and cognition in the postpartum

Several factors increase the risk of mood and cognitive disorders during the postpartum period, in
both parents. Identifying general risk factors for mood and cognitive disorders in the postpartum
period is important because it allows for early detection, targeted support, and prevention of more
severe outcomes for both parents and their infants. Maternal age is a significant risk factor, with both
younger and older mothers being at higher risk for postpartum mood disturbances (Muraca & Joseph,
2014; Oztora et al., 2019). A history of depression or anxiety (Davey et al., 2011) having multiple
children (Tariq et al., 2021), and complications during birth, breastfeeding, or pregnancy (Bell &
Andersson, 2016; Pope & Mazmanian, 2016) are also associated with increased risk. In a large
population-based study, Silverman et al. (2017) identified a history of depression, maternal age
(specifically 15-19 and >35 years), and preterm delivery (<32 weeks’ gestation) as key risk factors for
postpartum depression, particularly after the first month. Primiparous mothers, or those having their
first child, are at a higher risk for postpartum depression (Iwata et al., 2016). Interestingly, higher
parity has been linked to attenuated cognitive decline in older adults, suggesting that the more
children someone has, the more protected they are against cognitive decline (Zhou et al., 2022).

Furthermore, risk factors for postpartum mood and cognitive disturbances are not limited to mothers
alone, though risk factors for fathers has historically been explored less. Ansari et al. (2021) found
that a history of paternal mental illness, maternal depression, and various psychosocial factors such as
financial instability and low education level were linked to depressive symptoms in fathers during the
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postpartum period. Considering risk factors for both mothers and fathers is particularly important in
the context of this thesis. Accounting for the broader psychosocial context helps ensure that key
covariates are identified and controlled for in analyses, leading to a more accurate and holistic
understanding of the factors influencing parental wellbeing.

Diet also plays a crucial role in shaping both mood and cognition during the postpartum period.
Chatzi et al. (2011) emphasises that high adherence to diets rich in vegetables, fruit, pulses and nuts
was associated with lower maternal depression scores at 8-10 weeks postpartum in women in Greece.
As this Mediterranean style diet is rich in polyphenols, this trial highlights the potential impact of a,
polyphenol-rich diet on mental health during the postpartum period. In line with this, in a recent
review, Sun et al. (2023) synthesised findings from 10 studies and emphasised that poor maternal
nutrition, as measured by fewer fruits and vegetables during pregnancy has been implicated in the
development of postpartum depression (PPD). This stresses the importance of maternal diets needing
to be rich in fruits, vegetables and polyphenols to potentially reduced the prevalence and symptom
severity of postpartum mental health issues. While these findings primarily focus on nutrition during
pregnancy, they underscore the broader importance of diet in influencing mood disorders in the
postpartum period. Additionally, while the evidence regarding the impact of diet on paternal mood is
more limited, the existing research points to a necessity to consider nutritional factors in the
prevention and management of mood disturbances for both parents in the postpartum period.

3.5. Postpartum diet and mood

Nutrition plays a vital role during pregnancy and postpartum, with evidence supporting a critical role
in the prevention of onset of diseases in offspring in later life (Barker, 2004; Chia et al., 2019; Cruz-
Rodriguez et al., 2023). There are well-established nutritional guidelines for pregnancy and lactation
(Marshall et al., 2022; National Institute for Health and Care Excellence, 2014; WHO, 2020). For
example, NHS guidelines recommend taking folic acid prior to conception and throughout the first
12-weeks of pregnancy in addition to a normal diet, rich in fruits and vegetables (NHS, 2022). This
advice exists during pregnancy but less so in postpartum, during and beyond lactation, whereby
advice begins to cater towards development of the child and is lacking when it comes to supporting
the nutritional needs of the mothers’ health (Marshall et al., 2022).

In general, maternal postpartum diet has been reported to be poor. Shah et al. (2010) found that in a
sample of 125 women, the Healthy Eating Index (HEI) showed lower quality of diet in the 0-4 month
postpartum, the, measured by low mean scores of fruits, vegetables and wholegrains. An important
factor of this study was that the population was low-income women, therefore diet status during this
time may be strongly moderated by income. This relationship has been previously elucidated whereby
at 1-year postpartum, low-income women showed poorer adherence to dietary guidelines, with only
30% meeting recommendations for fruits and vegetables (George et al., 2005). However, regardless of
income groups, evidence shows that facets of overall diet quality, such as total fruit and vegetable
intake and micronutrients, such as vitamins A, C, D, group B vitamins, iron, magnesium, zinc,
calcium, phosphorus, manganese, and copper significantly decline from pregnancy over the first 6-
months postpartum (Lebrun et al., 2019). This decline may additionally get worse in the later
postpartum. For example, Martin et al. (2020) assessed diet quality according to the dietary guideline
index, finding that women in the early postpartum (0-6 months) and late (7-12 months) had better
dietary quality compared to women with children >12 months of age, commenting that this may be
due to increased pressures and balancing childrearing and work responsibilities. It should be noted
however that 12% (n = 558) of the women were categorised as early (0—6 months postpartum), 12%
(n = 547) were categorised as late (7—12 months postpartum), and 76% (n = 3434) were categorised as
>12 months post childbirth. Therefore, results should be interpreted with caution due to the significant
imbalance in group sizes, which may affect the generalisability and reliability of the findings across
different postpartum stages. Clearly there are challenges to pinpointing exactly when diet may be
deteriorating across the postpartum, nevertheless the research highlights that diets at all stages
throughout pregnancy and postpartum have scope for improvement (Cuervo et al., 2014; Jardi et al.,
2019).
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Considering the existing relationship between diet and mental health (Chapter 1.4.) it is unsurprising
that the relationship between diet and mood extends to the postpartum. However, much of the
evidence base focuses on maternal nutrition during pregnancy and later associated depressive
symptoms, whilst there is less evidence exploring whether nutritional interventions can predict
postpartum mood states. Of those that do, findings are inconsistent. For example, Baskin et al. (2015)
found poor quality diets in pregnancy were related to antenatal depressive symptoms, but this did not
extend postnatally. Following this, Gould et al. (2017) commented that nutritional interventions, such
as prenatal vitamin D and fish oil supplementation had inconclusive effects on postpartum depression.
It is, however worth noting that the included trials in this review typically assessed mood between 6-
weeks and 4 months, with the latest measure of depression taken at 7 months (Murphy et al., 2010).
Beyond 12-months postpartum, evidence suggests diet is poorer, characterised by lower protein and
higher carbohydrate consumption in addition to lower quantities of various micronutrients (Martin et
al., 2020), therefore it could be that later in the postpartum, where there is evidence to suggest poorer
nutrition, that there is the strongest scope for improvement in perinatal diet, and therefore diet-led
improvements in mental health conditions. Sparling et al. (2017) also concluded from their meta-
analysis, that a healthy diet with multivitamin supplementation, fish, Poly Unsaturated Fatty Acid
(PUFA) intake, calcium, Vitamin D and zinc could be protective factors against postnatal mood
disorders,. Indeed, recent longitudinal research from Gow et al. (2023), recruited a sample of 73
women from the 1* trimester to 1-year postpartum, measuring diet quality and depression using the
Australian Eating Survey and EPDS, with EPDS measured in the 1* trimester and up to 6-weeks
postpartum. Results showed that diet quality in pregnancy has no association with PPD at 6-weeks in
adjusted and unadjusted models. This provided an updated look at this relationship, highlighting that
perinatal diet may not always be useful for predicting postpartum mood states. However, this study
did not test PPD in the later postpartum, suggesting further longitudinal research is required with
testing beyond 6-weeks and 7-months postpartum.

An emerging body of work has begun to directly examine dietary patterns during the postpartum
period itself. A systematic review from Opie et al. (2020) showed that higher adherence to a healthy
diet during the postpartum period was linked to fewer symptoms of postpartum depression (PPD).
This suggests that a well-balanced maternal diet rich in fruits, vegetables, fish, grains, legumes, and
herbs could serve as an effective approach for reducing incidence of PPD. Similar findings have been
observed for postpartum anxiety, with healthy and diverse diets associated with fewer anxiety
symptoms at six weeks postpartum (Jiang et al., 2018). Furthermore, RCTs show that nutrients such as
omega-3 fatty acids, folic acid, and vitamin D have been linked to improvements in depressive
symptoms when reintroduced into the diet (Rupanagunta et al., 2023). One key mechanism which
may be driving postpartum mood in relation to diet, is changes in gut microbiota, whereby specific
strains of bacteria have been associated with postpartum depression. Specifically, Zhang et al. (2024)
investigated relationships between gut microbiota and PPD, finding an association between higher
concentrations of Actinomycetota and Holdemanella with symptoms of PPD. The authors did not
comment on how many months postpartum the samples were, or the measures used to determine
severity of symptoms, however the findings do suggest that there is a relationship between postpartum
mood state and changes in the gut microbiome. A review from Zhang et al. (2023) outlines that gut
microbiota may play a role in PPD pathogenesis, noting this may be due to various mechanisms of
action, such as serotonin, hormone regulation and HPA axis modulation. The authors also outline there
may be scope for investigating treatment for PPD and associated mood disorders during this period
via improving the gut microbiome. Combined with the evidence in Chapter 1.7.5, this suggest that
perhaps altering the gut microbiome via dietary interventions, may be beneficial for postpartum mood.
Overall, these findings underscore the importance of adequate nutrition during the postpartum period
for the prevention and treatment of mood. Improving maternal diet during this time via increasing
specific micronutrients may provide a vital opportunity to enhance mood and support better mental
well-being for mothers.
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3.6. Effects of flavonoids on postpartum mood and cognition

In view of the evidence supporting the potential benefits of flavonoids for mental health and
cognition, as outlined in Chapter 1 and Chapter 2, flavonoid-rich foods may offer protection against
onset or symptom severity of postpartum mood disorders. Few studies have investigated this
relationship. In one study Miranda et al. (2022) recruited 75 women in the postpartum (average 10-
weeks postpartum), and participants completed a range of cognitive tests covering a variety of
domains such as memory and executive functioning. Participants also completed a food frequency
questionnaire, which was analysed using Phenol-Explorer, a database designed to calculate
polyphenol content from common food items. Breastmilk samples were also taken and analysed in
association with cognition and diet. Findings revealed that women who had increased consumption of
polyphenols had improved scores on executive functioning and verbal memory compared to low
consumers. In similar findings, Miranda et al. (2021) found that in a sample of 71 postpartum women
(average 13-weeks postpartum) dietary intake of anthocyanins, also attained via a FFQ, were also
positively associated with learning and memory, supporting the existing evidence for cognitive
benefits from habitual anthocyanin consumption (as outlined in Chapter 1.5.1) and extending this to a
postnatal population.

Further, in an open-label trial, Dowlati et al. (2017) recruited 41 healthy postpartum women who were
administered either a dietary supplement, starting on the night of postpartum day 3, twice on day 4
and the morning of postpartum day 5, consisting of tryptophan, tyrosine, and blueberry juice
(unknown flavonoid content), or placebo (ingredients not stated), to evaluate its potential to mitigate
the onset of depressed mood during the peak of day 5 postpartum blues (PPB). The severity of PPB
was assessed using a sad mood induction procedure (MIP). One key mechanism outlined in this trial
was monoamine oxidase inhibition; as outlined in Chapter 1.7.2, this is key in regulating mood and
may be sensitive to nutritional interventions, whereby flavonoids may inhibit MAO action. A review
from Tosto et al. (2023) outlines monoamine oxidase’s involvement with postpartum blues,
highlighting tryptophan, a serotonin precursor is often lower in women with postpartum blues,
indicating elevated monoamine oxidase or decreased serotonergic activity. This has been further
investigated where increases in MAO binding in days 4-6 postpartum, suggesting a potential
mechanism behind postpartum blues symptoms (Sacher et al., 2010). Participants in the active group
of the Dowlati et al. (2017) trial exhibited no significant increase in depressed mood post-induction, in
contrast to the control group who demonstrated a marked elevation in mood disturbance. These
findings suggest that an anthocyanin-based supplement, combined with artificial precursors of
serotonin, effectively attenuated vulnerability to depressed mood. In a later trial, Meyer et al. (2024)
conducted a randomised, double-blind study where 103 postpartum women were randomly assigned
to receive the same dietary supplement (containing blueberry juice with added extract, tryptophan,
and tyrosine) or placebo, to assess its impact on PPB severity. The primary outcome, assessed using
the MIP, revealed no significant difference in the induction of depressed mood between the
supplement and placebo groups,. However, the Stein Maternity Blues scale showed that the active
group experienced a moderate reduction in PPB severity compared to the placebo group (Cohen’s d =
0.62). The authors suggested that the lack of effects using the MIP outcome may be due to the at home
administration, compared to hospital administration conducted in the earlier trial, where mothers may
have had environmental distractions interfering with their steady mood state. Differences between the
two trials also included a larger proportion of participants with >4 years of university education and
better baseline mood (as assessed by the Beck Depression Inventory) in Myer et al. (2024) compared
to Dowlati et al. (2017), which may have contributed to the lack of intervention effects. Furthermore,
the authors noted that COVID-19 precautions may have affected the trial, as researchers wore
protective masks during home visits. This could have influenced participants’ mood by reducing
social engagement, limiting facial cues, and making interactions feel less personal or supportive,
potentially dampening any mood benefits from the dietary intervention.

Nevertheless, the strength of the design of this randomised controlled trial, being double blind and a
larger sample size relative to the open-label Dowlati et al. (2017) trial, adds strength to the findings
and suggests that, while the intervention did not significantly affect all measures of mood, it may offer
moderate benefits in alleviating PPB symptoms. The interventions used in both trials aimed to counter
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the elevated MOA-A in the postpartum, suggesting that this pathway is a plausible mechanism for the
benefits of flavonoid-rich interventions for mood outcomes. A limitation of both trials is that
flavonoid content in the blueberry juice was not recorded, and that it was in combination with tyrosine
and tryptophan, therefore it is difficult to extrapolate flavonoids as the key contributing factor.

Other recent evidence has also shown that a dietary flavonoid intervention can promote mood
regulation in a postpartum population. Barfoot. et al. (2021) conducted a randomised control trial
where 0—12-month postpartum mothers (n=41) were randomised to a flavonoid intervention group
who added one additional flavonoid-rich food item to their normal diet every day for two weeks
alongside a control group, who continued with their normal dietary routine. These foods included
berry fruits, leafy green vegetables and dark chocolate, which were all chosen based on high flavonoid
content, portion size, cost and accessibility for participants. Mothers in the flavonoid group showed
significantly reduced state anxiety and increased perceived quality of physical health highlighting that
dietary flavonoid intervention has potential to improve mental health and wellbeing in the postpartum
period. This implies that regular dietary consumption of flavonoids may offer a promising
intervention for promoting healthy mood regulation and reducing anxiety in the postpartum period.

In conclusion, the evidence presented herein supports the identification of the postpartum period as a
window where mood and cognition is at higher risk of decline, and therefore there is potential for
dietary interventions to have efficacy for improving mood regulation reducing the severity of
postpartum mood disorders, such as postpartum blues and later postpartum anxiety, whilst also
benefiting cognition in mothers and fathers. The studies by Miranda et al. (2022, 2021), Dowlati et al.
(2017), Meyer et al. (2024), and Barfoot et al. (2021) emphasise the promising effects of flavonoid
consumption on mental health in postpartum women, suggesting that dietary flavonoids may have a
positive impact on both mood and wellbeing. However, the varying results across studies, particularly
in terms of the specific outcomes measured, underscore the need for further research. While these
interventions have demonstrated some efficacy in alleviating mood disturbance, there is also
considerable potential to explore the effects of flavonoid consumption on cognitive outcomes during
the postpartum period, given the changes in cognitive function during this time, and given the
established benefits of flavonoid intake for cognition in other populations. Additionally, it is important
to highlight that similar research has yet to be conducted in fathers, despite increasing evidence of
mood disorders such as paternal postpartum depression and anxiety. By broadening the scope of
research to include both mothers and fathers, there is a significant opportunity to develop more
comprehensive dietary interventions that support both mental and cognitive health in the postpartum
period, ultimately contributing to better outcomes for both parents and the family unit.
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Chapter 4: The effects of flavonoid supplementation on the mental health of postpartum parents

Data from this chapter has been published as Colombage, R. L., Holden, S., Lamport, D. J., &
Barfoot, K. L. (2024). The effects of flavonoid supplementation on the mental health of postpartum
parents. Frontiers in Global Women's Health, 5, 1345353.

4.1. Introduction

Considering the evidence supporting the beneficial effects of flavonoids for mood and wellbeing
(Chapter 2), these phytochemicals may also have benefits for the postpartum as this signifies a
population with increasing prevalences of mood disorders, representing a large scope for
improvement in mood symptomatology. Initial research has begun exploring this relationship
(Chapter 3.6.) where that acute administration of flavonoids (Dowlati et al., 2017; Meyer et al., 2024)
and chronic supplementation (Barfoot. et al., 2021) may be of benefit to mood in this critical time
period. However, further research is needed to explore this relationship using larger sample sizes.
Studies should also examine different stages of the postpartum period to identify when interventions
may be most effective. Additionally, it is important to include both parents in future research. This
consideration reflects the dyadic nature of mood disorders and the potential impact when both parents
experience symptoms.

It is clear that whilst cocoa and berries may have the strongest associations with mood and cognition
(Chapters 1 and 2), consumption of a range of flavonoid-rich foods, including orange juice, grapes,
and green tea have resulted in improvements to measures of mood and cognition (Ali et al., 2021;
Cheng et al., 2022; Jia et al., 2023; Lamport & Williams, 2020). This suggests that increasing the
consumption of a variety of flavonoid-rich foods may also be optimal, potentially acting on various
mechanisms of action, such as changes in gut microbiota, increases in monoamine oxidase inhibition
and cerebral blood flow. As such, Barfoot et al. (2021) found improvements to postpartum anxiety and
physical health quality of life following consumption from a range of flavonoid-rich food items,
highlighting the potential of dietary interventions to support mood in at-risk groups. However, it is
important to also acknowledge that the sample in this trial were new mothers with infants aged 0-12
months which is a relatively wide postpartum window over which mood can vary dramatically
(Chapter 3.1). Considering that the highest risk to developing PPD is between 2-6 months followed by
a gradual decline up to 18 months (Gavin et al., 2005; Monti et al., 2008; O'hara & Swain, 1996), it
may be that targeting low mood with such interventions in the more immediate postpartum period (0-
6 months) would be especially beneficial to potentially improve mood. Therefore, early dietary
interventions in this critical window may offer a promising approach to mitigate the onset of PPD,
potentially enhancing overall maternal well-being.

Consideration of mood in populations not diagnosed with postpartum mood disorders is also
necessary as low mood, high anxiety and poorer mental health in non-clinical populations have been
found to predict onset of postpartum mood disorders (Miller et al., 2017). Specifically, Miller et al.
(2006) found positive and negative affect in a sample of non-clinically diagnosed mothers (n=380)
was associated with postpartum depressive symptoms at 2 and 12 weeks. Though this was not
measured at later postpartum, beyond 12 weeks, it does show the importance of measuring mood in
non-clinical samples as early disturbances in this group may serve as precursors to the development of
more severe postpartum mood disorders, highlighting the need for early identification and
intervention before symptoms escalate into diagnosable conditions. Subsequently, it may be beneficial
to target interventions that focus on non-clinical populations to potentially prevent severity of
symptoms that may contribute to the development of mood disorders. On a similar note, Francis et al.
(2019) provided young adults with elevated depressive symptoms, but no diagnosis of depression with
a 3-week dietary intervention focussed on increasing intake of foods in the Mediterranean diet and
limiting processed foods versus a control who kept with their habitual diet. Results showed
significantly reduced depressive symptoms, measured via the DASS-21 (Depression Anxiety and
Stress Scale— 21) in the diet group, which was not seen in the control. In addition, Velichkov et al.
(2024) found significantly improved positive affect 2- hours following WBB consumption in young
adults with self-reported moderate-severe depressive symptoms (scores above > 10 on the PHQ-9).
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These findings suggest that dietary interventions can be effective for managing low mood
symptomatology in non-clinical populations. Therefore, a plausible next step in this research is to
investigate whether a dietary intervention may have similar effects in a more sensitive window in the
postpartum, where participants may not have diagnoses of mood disorders, but mood is often more
labile and risk of symptom onset is relatively high (Munk-Olsen et al., 2006). This will identify
whether a dietary flavonoid intervention closer to birth (e.g. 0-6 months), offers greater benefits to
mood and mental health compared to if employed in the later postpartum (0-12 months), as seen in
Barfoot et al. (2021).

Furthermore, as aforementioned in Chapter 3.3. prevention or treatment of paternal PPD is rarely
considered; subsequently, research exploring flavonoid intervention in new parents should target both
mothers and fathers to address the equivalent risks of low mood in both populations. Further, research
suggests that lifestyle interventions focusing on families as a whole may be more feasible compared to
existing approaches that primarily target individuals (Yates et al., 2015) likely due to shared
motivation and social support (Martire et al., 2010). It is also significant to explore postnatal mood
among fathers, or those in father roles in non-traditional family structures such as those with step-
fathers and blended families, where instances of paternal depression have been observed to be more
prevalent compared to traditional family structures (Deater-Deckard et al., 1998). For the purposes of
this study, the focus was postpartum mood in biological mothers and fathers, which remains as the
most prevalent family structure of the UK population.

The current experiment follows on from Barfoot et al. (2021) by utilising the same two-week parallel
groups design, and the same flavonoid-rich intervention foods to investigate postpartum mood.
However, will focus specifically on the 0—6-month postpartum period due to this being a particularly
sensitive window for detecting PPD where mood is more labile, in addition to including both parents
in the trial. This will identify whether a dietary flavonoid intervention closer to birth, where onset risk
is higher, offers greater benefits. Additionally, Barfoot et al. (2021) required participants to consume
one flavonoid item per day, whereas the present study increases this to two items per day, as previous
research suggests a dose dependency of flavonoids, whereby a higher flavonoid dose may translate to
improved mood (Godos et al., 2018; Bell and Williams., 2019; Chang et al., 2016). By increasing the
dose, the current study aims to enhance the ability to detect mood-related effects and assess whether a
higher intake leads to more pronounced benefits. Furthermore, PPD-specific measures of depression
and anxiety, such as the Edinburgh Postnatal Depression Scale and the Postnatal-Specific Anxiety
measure, are used in the current study, which may increase sensitivity to changes in postpartum mood
compared to the Patient Health Questionnaire (PHQ-8; Kroenke., 2009) previously used by Barfoot et
al (2021). This is because the Edinburgh Postnatal Depression Scale and the Postnatal-Specific
Anxiety measure are designed specifically to assess mood and anxiety in the postpartum period,
addressing symptoms that are unique to the challenges new mothers face. In contrast, the PHQ-8 is a
broader measure of depression and anxiety and may not capture the full range of postpartum-specific
emotional experiences. In keeping with Barfoot et al. (2021), the STAI, PANAS and WHOQOL-
BREF were included in this trial to explore if a replication of results would occur with the different
population and increase in flavonoid quantity.

The primary aim of this experiment was to investigate whether a two-week dietary flavonoid
intervention would improve parents' mental health in the postpartum period. Based on Barfoot et al
(2021), it was hypothesised that mothers and fathers in the flavonoid intervention arm would have a
reduction in symptoms of state anxiety and improved quality of life. Due to the potential increased
sensitivity of the other measures, it was also hypothesised improved mood and reduced postnatal
depression and anxiety as a result of the flavonoid intervention.
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4.2 Methods
4.2.1. Design

The study employed a randomised, parallel groups, controlled design to explore the effects of a two-
week flavonoid intervention versus control group on several outcomes. The primary outcome
measures for the study were state anxiety (State-Trait Anxiety Inventory-State scale; STAI-S;
(Spielberger, 1983)) and depressive symptoms (Edinburgh Postnatal Depression Scale; EPDS; (Cox et
al., 1987)). Secondary outcome measures included quality of life (World Health Organisation Quality
Of Life; WHOQOL; (Skevington et al., 2004)), postpartum specific anxiety (Postpartum Specific
Anxiety Scale- Research Short Form; PSAS-RSF-C; (Silverio et al., 2021)), current affect (Positive
And Negative Affect Schedule; PANAS; (Watson et al., 1988)) and general diet (European
Prospective Investigation of Cancer- Norfolk-Food Frequency Questionnaire; EPIC-FFQ; (Day et al.,
1999)). Outcome measures were assessed at two time points; Baseline (Day 0) and Post Intervention
(Day 15). Using a random number generator, participants were randomly assigned to either a
‘flavonoid’ group or a control group.

4.2.2. Participants

A priori-power analysis based on Barfoot et al. (2021) rendered a total sample size of 40 participants
to achieve a small effect (0.3) at a power of 0.95 and alpha level of 0.05. To pilot the feasibility of the
intervention with fathers, a sample of twenty fathers in the 0-6 month postpartum were also recruited.

The primary inclusion criteria were that participants were a biological parent to an infant between 0-6
months old. This was chosen as allows for an examination of parental mental health specifically
within the context of biological parenthood. Research shows higher rates of postpartum depression in
non-biological parents (Kirubarajan et al., 2022) and the mechanisms at play are likely to vary, thus
including only biological parents here reduced a likely source of uncontrolled variability in the data .
Participants were excluded from the study if they had cancer, or conditions affecting the liver, heart or
kidneys.

4.2.3. Mothers sample

One thousand, three hundred and thirty responses to the online advertisements were received via mum
and baby pages on social media and in-person mum and baby groups in Berkshire during a seven-
month period of recruitment. Of these, 1,125 were excluded (the majority due to being identified as
computerised bot responses, see Figure 3). A total of 55 participants completed baseline data and 40
participants completed the intervention (See Figure 3). At data analysis, two participants (n=2
flavonoid condition) were identified as outliers (outside interquartile ranges) for all mood outcomes
both at baseline and post intervention, leaving n=38 participants for analysis.

Of the sample of 38, 78.9% were White or Caucasian, 7.9% Asian or Asian British, 5.3%
Black/African/Caribbean/Black British and 7.9% mixed race women, with 94.7% reporting to be
married or in a domestic partnership (2.6% single and 2.6% divorced). Half the women had a
bachelor's degree as their highest level of education (50%), 50% worked full time where 40% of the
sample’s occupation was medical professional, with 78.9% earning over £51,000. As per the study
criteria, all women had a baby under six months old. For 17 (44.7%) women, this was their first child.
In those who reported other children, the age of children ranged from 2 to 11 years. Twenty-two
women (57.9%) reported nearby child support. Seven women (18.4%) reported a physical health
diagnosis, with the most common being Eczema (5.3%). For psychological health, 4 participants
(10.5%) reported a psychological diagnosis, of which, 1 woman had anxiety, 2 had postpartum
depression and 1 had comorbid anxiety and depression. Out of these four women, two were taking
medication for their mental health. In addition to this, 31 women (81.6%) took vitamins and
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supplements, which was majority Vitamin D (31.2%), multivitamin supplement (20.8%) and folic
acid (18.2%) (See Table 6 for further demographic details).

To capture other risk factors, questions regarding pregnancy, birth and breastfeeding were included.
These factors have long been associated with both pregnancy and postpartum changes in mood and
wellbeing in new mothers. During pregnancy, the experience of the pregnancy itself is associated with
postpartum mental health, with a negative pregnancy experience linked to poorer mental health
outcomes postpartum (Salehi et al., 2020). Interestingly, Salehi et al. (2020) found during COVID-19,
the fear and concerns related to COVID-19 during pregnancy mediated this relationship between
pregnancy experience and mood, worsening postpartum mental health. Furthermore, it is unsurprising
that traumatic birth experiences are associated with later postpartum mental illnesses, usually
persisting from birth (Méarthesheimer et al., 2025; Simpson et al., 2019), but also evidenced to develop
as late as three months postpartum (Kountanis et al., 2020). Finally, though breastfeeding overall is
associated with improved mood in new mothers, Yuen et al. (2022) comment that discrepancies
between breastfeeding expectations and actual experiences, or the challenges faced during
breastfeeding were linked to negative mental health outcomes; this relationship is further nuanced, as
it may be worsened if the woman already experiences mental health problems. Subsequently,
capturing these variables is important. In the current study, these open-ended questions simply asked,
‘have you had any complications during your most recent birth experience?’ meaning any medical
complications or deviations from the birth plan, ‘have you had any complications during your most
recent breastfeeding experience?’ and ‘how do you feel towards your recent birth experience?’

4.2.4. Fathers sample

One hundred and two responses from interested participants were received from recruitment via social
media and word of mouth during a seven-month period. Of which, 81 bots were excluded, and 21
fathers completed baseline measures, with one drop out over the intervention (See Figure 3). Three
participants from this group were partners of the mothers that also took part in the study. Nineteen
participants were White or Caucasian (95%), with one participant categorising as Asian or Asian
British (5%). All participants in the sample reported being married or in a domestic partnership. For
education, 60% had a bachelor's degree and 50% were employed full time with 50% having a
household income between £21,000-£30,000 (see Table 6 for more demographic details).

All men recruited had an infant under six months, for 11 participants, this was their first child. For the
remaining nine who reported to have other children, age of children ranged from 4-15 years old.
Childcare support outside the family home was reported to be greater compared to mothers, with 17
men (85%) reporting nearby childcare support. Three participants reported a psychological diagnosis,
of which, all three reported depression. One participant reported a physical health condition (Asthma),
and one participant reported taking medication, which was not described in more detail. Furthermore,
25% participants said they were taking a vitamin or supplement at time of the intervention which
ranged from multivitamins, calcium and a protein supplement.
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Figure 3. Experiment I consort diagram of participant recruitment.

4.2.5. Intervention

Those in the flavonoid group were asked to continue with their current diet, but to add two high
flavonoid food items per day (see Table 5) into their current diet. Comparatively, controls were asked
to continue with their usual diet for two weeks. Two weeks was decided as a suitable intervention
length for a number of reasons; firstly as this study aimed to follow on from Barfoot et al. (2021), two
weeks would have been suitable to again detect changes from a flavonoid intervention during this
time. Secondly, a number of studies have found benefits of chronic flavonoid interventions with
shorter durations from 8-days to 3 weeks (Morehen et al. 2020; Shin et al. 2022; Sinclair et al. 2022),
highlighting that the benefits from chronic supplementation may also be effective over this period.
Mechanistically, Barfoot et al. (2021) found changes in urinary metabolites after 2-weeks of WBB
supplementation in children aged 7-10, it is important to note however that this was a pilot study with
small sample sizes and different population and intervention, though does highlight capacity for
change within this timeframe. Consideration of this population is also necessary when deciding on
intervention timeframes, 2-weeks could be considered an agreeable amount of time for this population
to implement something daily into their diets without the trial being too demanding, which is an
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important feature within the trial for retention of participants as well as compliance with the
intervention during an especially challenging time.

Items and portion sizes from the intervention were taken from Barfoot et al. (2021) which were
chosen based on their flavonoid content, likability, accessibility, affordability, and typical portion
size. The rationale for a variety of flavonoid-rich foods was to enable participants to choose from a
range of foods which were likeable to the individual and easily available/affordable. Participants in
both groups were asked to keep a food diary for the 2-week intervention to assess compliance (see
4.2.6.8) where the intervention group were asked to highlight the added flavonoid foods which
enabled compliance to be tracked (Appendix I.1).
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Table 5. Flavonoid items recommended to intervention group

Flavonoid items

Estimated mean
flavonoid mg/portion
(Rothwell et al., 2013)

Mean (SD) frequency each item was recorded as consumed across
participants over 2-week intervention®

Mean (SD)
Berry fruits (~120g) e.g., blueberries, 278 7.66 (5.08)
raspberries, strawberries, blackberries,
blackcurrants, mixed berries
1 glass (250ml) of fresh orange 110 6.30 (6.17)
or grapefruit juice (not from concentrate)
2 large squares of dark chocolate (at 47 6.06 (5.00)
least 70% cocoa)
4-5 cups of coffee (normal or decaf varieties)  1.215 4.77 (8.56)
(250mt)
1 portion of leafy green vegetables such 42 4.91 (2.34)
as spinach or cabbage (~700)
4-5 cups of tea (black or green) (250ml) 894 2.11 (3.21)
1 large glass of red wine (250ml) 206 1.92 (2.70)

Values were derived from participants’ food diaries and represent the mean (SD) number of times each flavonoid-rich item was recorded as consumed across all participants during the 2-week

intervention period. Values were calculated by summing the total number of times each item was consumed across all participants and dividing by the number of participants (n = 15).
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4.2.6. Measures
4.2.6.1 Demographics

At the Baseline timepoint (Day 0) (Table 7) data were collected on mother’s age and age and sex of
the baby. Sleep was self-reported by asking participants to estimate their subjective hours of sleep on
average per night. Participants were asked what term the baby was born at, indicated by weeks of
pregnancy as multiple-choice answers e.g., Full term, born between 39-40 weeks of pregnancy.
Participants were asked how they had been feeding their baby using multiple choice answers of either
‘Breast milk’, ‘Formula milk’, ‘Combination feeding’ or ‘Prefer not to say’. Specific diet was
indicated by asking participants to note any dietary choices or restrictions e.g., Gluten free or
Vegetarian. Participants stated whether they had a psychological or physical health diagnosis by
selecting either ‘Yes’, ‘No’ or ‘Prefer not to say’ and giving the participant the option to disclose their
physical or psychological health diagnosis. The same question was also asked in reference to whether
they were taking medication for psychological or physical health reasons. Finally, participants were
asked if they had any other children, where participants selected either “Yes’ or ‘No” and had the
option to add the number of children and children’s age.

4.2.6.2 Positive and Negative Affect Schedule

To investigate mood, the Positive and Negative Affect Schedule (PANAS-NOW; Watson, Clark, &
Tellegen., 1988) was used. This is a self-report measure consisting of twenty different words to
describe feelings and emotions. Ten words reflect positive affect (PA), for example ‘interested’ and
‘excited’ and ten words reflect negative affect (NA), for example ‘guilty’ and ‘scared’. The
questionnaire is scored on 5-point Likert scale from 1- “Very slightly or not at all’ to 5- ‘Extremely’ in
order to measure participants’ feelings at that present time. Scores are then summed to produce a
score for each domain of positive and negative affect (scores range from 10-50) where higher scores
indicate higher positive and negative affect. The PANAS is a reliable measure which is sensitive for
flavonoid interventions (Alharbi et al., 2016) and is widely used in postpartum mood research.

4.2.6.3 Edinburgh Postnatal Depression Scale

The Edinburgh Postnatal Depression Scale (EPDS; Cox et al., 1987) is a 10-item self-report measure
which can indicate symptoms of depression in a postpartum sample. Responses are on 4-point Likert
scales relating to how they have been feeling in the last 7 days on a range from ‘Yes, most of the
time’ to ‘Not at all’. Results are scored from 0 to 30, with higher scores reflecting higher depressive
symptomatology and a score of 10 being the clinical cut-off to indicate possible postpartum
depression in women (Cox et al., 1987) and men (Edmondson et al., 2010). The EPDS is a reliable
(Kernot et al., 2015) and valid (Smith-Nielsen et al., 2018) measure and is one of the most widely
used tools for measuring postpartum mood.

4.2.6.4 Postnatal Specific Anxiety Scale

To measure postpartum anxiety, the Postnatal Specific Anxiety Scale- Research Short Form for global
Crises (PSAS-RSF-C; Silverio et al., 2021) was used. This is a shorter version of the original, 51-item
scale (Fallon et al., 2016), which was validated for use during the COVID-19 crisis (2020-2022)
which this study overlapped with (July 2021-Febuary 2022). Responses are scored on 5-point Likert
scales, with possible responses including ‘Not at all; Sometimes; Often; Almost always; Not
applicable’. After discounting any ‘Not applicable’ scores, responses are summed with a maximum
score of 48. Higher scores indicate higher anxiety, with 26 being a clinical cut-off to detect
postpartum anxiety.
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4.2.6.5 World Health Organisation Quality of Life- BREF

In order to measure perceived quality of life, the World Health Organisation Quality of Life-BREF
(WHOQOL-BREF; Skevington at al., 2004) questionnaire was used. The original WHOQOL-100
(The WHOQOL Group., 1998) was deemed too long for the present study. Therefore, the WHOQOL -
BREF was included as an internationally used, validated and reliable measure of perceived quality of
life. Furthermore, the WHOQOL-BREF has been recognised as a valid measure of quality of life in
the postpartum period (Webster et al., 2010). The tool is a 26 item self-report measure of wellbeing
over the last two weeks. Responses are scored on a 5-point Likert scale and are each summed into
four domains; Physical health, Psychological, Social relationships and Environment. Three questions
are negatively phrased and are subsequently reversed coded when scoring, raw scores are then
transformed to represent standardised scores from the WHOQOL-100. Higher scores are indicative of
higher perceptions of quality of life in each domain.

4.2.6.6 State Trait Anxiety Inventory

The STAI state scale (STAI-S; Speilberger et al., 1983) from the STAI was used. The STAI-S
consists of 20 self-report questions to measure state anxiety. All items are rated on a 4-point Likert
scale from ‘Not at all; Somewhat; Moderately so; Very much so’. Scores range from 28-80 with
higher scores indicating higher state anxiety. A cut-off of 34 has been recognised to indicate state
anxiety in postpartum populations (Tendais et al., 2014).

4.2.6.7 European Prospective Investigation of Cancer Food Frequency Questionnaire

In order to understand habitual nutrient intake, the European Prospective Investigation of Cancer
(EPIC-Norfolk) FFQ (Day et al., 1999) was used which is a valid and reliable for the measurement for
habitual intake of food (Bingham et al., 2001). The questionnaire measures average food consumption
over the last year on a 9-point Likert scale from ‘Never or less than once per month” to “6+ times per
day” for 127 food items. This measure was assessed at baseline and post-intervention; however, the
wording was changed to reflect food consumption over a 2-week period rather than the last year.
Nutrient intake was then calculated using the FETA software (Mulligan et al., 2014) from the EPIC
FFQ, calculating participants’ average daily intake of various macronutrients, micronutrients and
flavonoids (see Table 8).

4.2.6.8 Food diaries

All participants were sent a 14-day food diary template after completing baseline measures (PANAS-
NOW, EPDS, PSAS-RSF-C, WHOQOL-BREF, STAI-S and EPIC FFQ). This instructed participants
to list what they ate every day, over the intervention period. Participants allocated to the flavonoid
group were asked to also note the additional intervention foods they included in their diet. To retain
compliance with the intervention schedule, participants were not asked to weigh foods when
recording food items in food diaries. In addition, the diaries were used to maintain engagement with
the study as the study population needed easy procedures during this period of energy and time
constraint. Including the food diary in both groups was an improvement from Barfoot et al (2021)
such that both conditions had a matched design. A detailed analysis of the food diaries was not
undertaken as this was outside the scope of the study, instead assessment of general diet was
monitored with the FFQ. The food diaries were used to assess the nature and quantity of the
flavonoids added to the diet in the intervention group and to encourage and monitor compliance.

4.2.7 Procedure

Participants signed up to the study via an online link. Eligible participants were randomised to the
intervention or control group and sent links to the relevant first survey to record baseline data
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(Appendix F.1, G). Data collection was conducted on two separate occasions, baseline (day 0) and 2-
weeks later (day 15).

At baseline, participants completed a demographics questionnaire (see Table 6), then the PANAS-
NOW, EPDS, PSAS-RSF-C, WHOQOL-BREF, STAI-S and EPIC FFQ in a fixed order. When
baseline data was complete, participants were presented with instructions for the intervention. Those
in the intervention condition were instructed to add two additional foods (Table 5) into their diet per
day, whilst controls were encouraged to not make any changes to their current diet, though all
participants were instructed to log all foods consumed in a daily food diary. If participants had missed
a day, they were encouraged to record it as ‘missed’ and continue as normal the next day. Instructions
and the food diary template were emailed to the participant after baseline measures were complete.
Half-way through the intervention (day 7), participants were contacted by the researcher to check-in
with the progress of the intervention. Finally, at day 15, participants were sent the second survey link
which included all outcome measures (the PANAS-NOW, EPDS, PSAS-RSF-C, WHOQOL-BREF,
STAI-S and EPIC FFQ), and participants were asked to email their food diaries to the researcher.

Email reminders were sent on day 16 and day 18 for any participants that had not completed the
second survey (n=6) or sent their food diaries. Upon debriefing (Appendix H.1), all participants were
provided with helplines and weblinks specific to parental mental health support and were encouraged
to contact their GP should they wish to seek further support. All participants were reimbursed with a
£15 Amazon voucher. Data was collected between July 2021 and February 2022 and the study was
given a favourable ethical opinion for conduct by the University of Reading School of Clinical
Language Sciences Ethics Committee (2021-171-KB) and is registered at ClinicalTrials.gov
(NCT04990622).

4.2.8 Linear Mixed Models

All cognitive and mood data in this thesis were analysed using Linear Mixed Models (LMMs). These
models extend simple linear models by incorporating both fixed and random effects. LMMs are
particularly well-suited for analysing repeated measures data from chronic randomised controlled
trials for several reasons. Firstly, LMMs handle unbalanced data effectively, meaning subjects with
missing data can still be included in the analysis, thus preserving statistical power. This is especially
important in chronic RCTs, where missing data is common. Furthermore, LMMs provide a more
accurate representation of the data because they do not assume that all observations are independent,
which is often not the case in repeated measures designs. The model can account for both fixed and
random effects, capturing within-subject variance more effectively (Hoffman & Rovine, 2007). For
these reasons, LMMs were preferred over alternative models, such as repeated measures ANOVAs.

Models in this thesis were estimated using restricted maximum likelihood (REML), which is standard
for LMMs as it produces unbiased estimates of variance. Although LMMs assume that residuals are
normally distributed, data from RCTs often violate this assumption. However, simulations suggest that
LMMs are robust to such violations (Schielzeth et al., 2020). Furthermore, attempts to reduce
violations, such as applying non-linear transformations to the data, can compromise interpretability,
making it unnecessary in this case given the robustness of LMMs (Knief & Forstmeier, 2021;
Schielzeth et al., 2020). Therefore, LMMs were considered robust to potential violations of
distributional assumptions for the data in this thesis.

In all analyses, subject was included as a random factor to account for the non-independence of data
within individuals. Partial pooling was applied, allowing both the intercept and slope to vary by
subject, which has been shown to improve model estimates (Singmann & Kellen, 2019). Each model
included fixed effects for treatment (intervention vs control) session (baseline to post-intervention),
and treatment X session interactions, along with fixed covariates dependant on the nature of the trial
(varying between Experiments 4-6). Factors that significantly predicted the outcome variable were
further explored using Bonferroni-corrected pairwise comparisons, as this correction is considered the
most appropriate for controlling Type I error (Field, 2024). When treatment or session significantly
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predicted the outcome, pairwise comparisons were conducted at the level of interaction, even if the
interaction was not statistically significant (Howell, 1992; Huck, 2012; Wilcox, 1987).

4.2.9 Data analysis

For the qualitative demographic questions, quantitative content analysis was undertaken for
participants pregnancy, birth, and breastfeeding experiences whereby the number of yes responses
were counted for those experiencing difficulties. For the question ‘How do you feel towards your
recent birth experience’, data was categorised into whether participants had a more negative or
positive birth experience overall, based on their qualitative descriptions. This data was then converted
into percentages to better understand the proportion of the sample experiencing these symptoms,
providing insight into the overall wellbeing of the sample and the presence of potential risk factors.

Quantitative data was analysed using SPSS statistics (version 27). Independent groups t-tests and Chi-
squared analysis were conducted to investigate whether there were significant group differences in
demographic variables at baseline including parent age, subjective hours of sleep, sex of baby, term
baby was born in (e.g., 39-40 weeks), method of feeding baby, specific diets consumed (e.g.
vegetarian or vegan), whether the participants had diagnosed psychological or physical health
problems, and whether the parents had other children. For PANAS-NOW (PA, NA), STAI-S, EPDS,
PSAS-RSF-C, WHOQOL-BREF (physical, psychological, social, environmental), data were analysed
using separate linear mixed models where Condition (flavonoid, control) and Time (baseline, 2-
weeks) were fixed effects, with the addition of covariates (subjective sleep, maternal age, and baseline
habitual flavonoid intake). These covariates were chosen due to their relationship with mood which
could potentially influence results. Subjective sleep duration was included as shorter sleep duration
and increased sleep disturbances have been well cited with lower levels of mood and wellbeing
alongside a greater risk of developing mood disorders (Lemola, Ledermann and Friedman., 2013;
Franzen and Buysse. 2008). In particular, postpartum women often experience altered sleep patterns
which may affect mood (Ross et al. 2005). Secondly, as discussed, age is a significant predictor of
postpartum mood, with older and younger mothers at a larger risk of poorer mood outcomes, hence
age is an important factor to control for in the model. Finally, baseline habitual flavonoid intake was
included as a covariate to account for the potential impact of habitual diet which may affect mood
outcomes according to epidemiological data (Park et al., 2021).

The same structured model was used to analyse nutrients from the EPIC-Norfolk FFQ (flavonoids,
calories, carbohydrate, protein, fat, fruit, vegetables) to explore whether enrolment in the dietary study
led to any significant changes in habitual diet, macronutrient, and flavonoid intake. One sample t-tests
were also conducted to explore differences in mean nutrient intake at baseline with the UK
recommended dietary allowance (RDA) for parents in the postpartum period to explore general diet
quality in the sample and investigate whether mothers were meeting the RDAs at baseline. Pearson
correlations were also ran to investigate the relationship between baseline nutrient intake and mood
outcomes.

4.3. Results

4.3.1. Compliance

4.3.1.1. Mothers sample

In the mother sample, berry fruits were the most consumed item followed by fruit juice (See Table 5).
One participant missed one day of the fourteen-day intervention, indicating good compliance (99.5%).

4.3.1.2. Fathers sample

The father sample did not complete adequate food diaries, whereby diaries were often too vague to
understand what specific foods were consumed during the intervention, and therefore compliance was
unclear for many fathers, though estimated at 55%. In this sample, participants often recorded ‘I ate
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fruit’ rather than noting the type of fruit they ate. This was especially problematic in the flavonoid
intervention arm, where it was not able to specify which flavonoid-rich food was consumed over the
14-days. Additionally, some food diaries had many days missing or those in the flavonoid groups did
not consume any intervention foods. Therefore, the father’s data was not of sufficient quality to

undertake a reliable analysis.

4.3.2 Demographics

There were no significant differences in demographics (Table 6) and outcome data (Table 7) between
flavonoid or control groups at baseline.
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Table 6. Demographic data for both mothers and fathers in flavonoid and control groups collected at baseline.

Mothers (n=38)

Fathers (n=20)

Measures Control group Flavonoid group Betwe?/gl?jr: UPSP- Control (n=10) Flavonoid (n=10) Between groups p-value
(n=23) (n=15)
Mean (SD) Mean (SD)
Mean (SD) Mean (SD)
Age Of Parent 35.82 (4.04) 34.40 (3.50) .852 34.80 (4.29) 32.11 (3.79) .168
(Years)
Sleep Of Parent 5.82 (1.32) 6.50 (0.52) .098 7.17 (1.41) 7.15 (1.41) 158
(Hours Per Night)
1
Age Of Baby 15.82 (8.53) 14.60 (4.64) .330 15.50 (9.66) 18.60 (6.15) 421
(Weeks)
Sex Of Baby 18:5 8:7 .106 6:4 7:3 .639
(Male: Female)
Term Of Baby 2 4:2:14:2:1 2:2:7:4:0 .538 1:2:5:2:0 2:2:3:3.0 793
Feeding Method® 16:4:3 10:0:5 A11 4:0:6 5:0:5 .653
Specific diet* 0:0:1:1:0:21 1:1:0:1:112 319 0:6:0:0:0:4 2:2:0:0:0:6 273
Psychological 2:21 2:13 .649 1:9 2:8 531

diagnosis (Yes:
No)
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Physical health
condition (Yes:
No)

Other children
(Yes: No)

4:19

11:12

2:13

10:5

137 0:10

.254 4:6

.305

.653

! Assessed by asking parents to estimate, on average how many hours of sleep they estimate to get per night. >Very early term (born between 32-36 weeks):

Early term (born between 37-38 weeks): Full term (born between 39-40 weeks): Later/Post term (born 41 weeks +): Other. *How the baby was fed for the
first six-months (Breast milk: Formula: combination). * Parents following specific diets (Vegan: Vegetarian: Pescatarian: Dairy free: Gluten free: None).

Table 7. Mean (SD) raw outcome variable data and interaction effects for mothers in the flavonoid and control groups at baseline and 2-weeks post

intervention

Mothers (n=38)

Baseline Post intervention

Control (n=23) (M, SE) Flavonoid (n=15) (M,  Between groups p-value Control (n=23) (M, SE) Flavonoid (n=15) (M,
Measures SE) for baseline comparison SE)
EPDS 8.16 (1.10) 10.29 (1.34) 237 8.88 (1.05) 7.69 (1.29)
STAI-S 35.63 (2.04) 41.27 (2.11) .095 34.90 (2.10) 36.39 (2.57)
PSAS-REF-C 22.04 (1.01) 21.93 (1.23) .942 20.50 (1.00) 18.46 (1.22)
Positive affect 30.70 (1.76) 27.56 (2.15) 277 30.66 (1.63) 31.96 (2.00)
Negative affect 16.71 (1.10) 15.82 (1.34) 617 14.40 (0.95) 14.82 (1.16)
WHOQOL Physical 63.08 (3.40) 63.07 (4.13) .998 65.95 (2.63) 75.00 (3.20)
WHOQOL 52.64 (4.11) 59.99 (4.99) .266 47.05 (2.45) 50.65 (2.98)
Psychological
WHOQOL Social 50.57 (4.27) 55.41 (5.19) 482 59.71 (3.56) 57.86 (4.35)
WHOQOL 73.04 (3.24) 79.39 (3.96) 231 72.14 (4.28) 67.59 (5.20)

Environmental
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4.3.3 Edinburgh Postnatal Depression Scale

Postpartum depression outcomes were measured using the EPDS. No significant differences were
found between flavonoid and control conditions at baseline (Table 7). Also at baseline, 42.1% of
mothers scored above the clinical cut off (score of 10) for the EPDS, indicating postpartum
depression. Furthermore, 23.68% of mothers responded to ‘Yes, quite often’ or ‘Sometimes’ when
asked ‘The thought of harming myself has occurred to me’ on the EPDS signifying some prevalence
of depression and thoughts of self-harm in this sample. A significant Condition *Time interaction
(Fr.,371=10.38, p=.003), revealed that mothers in the flavonoid condition reported significantly lower
postpartum depression at the end of the two week intervention compared to baseline (p=.002), which
was not evident in the control group (p=.276). There were no significant main effects of Condition or
Time or any covariate in the model (p>0.05) (Appendix A; Figure 4).
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Figure 4. Linear mixed models with subjective sleep, maternal age, and baseline habitual flavonoid
intake as covariates, revealed that mean (SEM) postpartum depression (EPDS) was significantly
lower for mothers in the flavonoid group (n=15) at 2-weeks compared to baseline (significant
Condition*Time interaction Fy;377=10.38, p=.003). Bonferroni corrected post-hoc analysis indicated
a significant reduction in depression in the intervention group (*p=.002) which was not reported in
the control group (n=23).

4.3.4 Positive and Negative Affect Schedule (Positive Affect)

Positive affect was measured with the PANAS, no significant differences were found at baseline
between control and flavonoid conditions. A significant Condition*Time interaction (Fj1,37=5.13,
p=.029) was also found for positive affect where mothers in the flavonoid group had significantly
higher positive affect scores at Week-2 compared to baseline (p=.006) which was not evident in the
control group (p=.971) (Figure 5). Additionally, results revealed a significant main effect of Time,
where positive affect was greater at follow up regardless of condition (Appendix A). Interestingly,
Mothers age was a significant covariate (F,371=4.62, p=.038), where older mothers was associated
with lower positive affect, though age was not significant when accounted for in further models.
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Figure 5. Linear mixed models with subjective sleep, maternal age, and baseline habitual flavonoid
intake as covariates, revealed that mean (SEM) positive affect (PANAS) was significantly higher for
mothers in the flavonoid group (n=15) at 2-weeks compared to baseline which was not seen in the
control (n=23) with a significant main effect of Time F;377=4.92, p=.033 and significant
Condition*Time interaction F;377=5.13, p=.029). Bonferroni corrected post-hoc analysis indicated a
significant reduction in depression in the intervention group (*p=.006) which was not reported in the
control group (n=23).

4.3.5 State-trait anxiety inventory

State anxiety was assessed with the STAI. No significant differences were found between flavonoid
and control conditions at baseline (Table 7). At baseline, 60.5% mothers scored above the cut off for
anxiety (score of 34) on the STAI, highlighting anxiety for the sample was high at baseline. Time was
a significant main effect (F(37=4.10, p=.05) such that anxiety was lower at follow-up. Additionally,
there were no significant effects of any covariate in the model (p>.05) (Appendix A; Appendix K.1).

4.3.6 Positive and Negative Affect Schedule (Negative Affect)

Negative affect was also measured with the PANAS, no significant differences were found at baseline
between control and flavonoid conditions. Linear mixed models with covariates revealed a significant
main effect of Time (F(, 37=4.78, p=.035) but no significant interaction effect, effect of condition and
no significant covariates (Appendix A; Appendix K.2).

4.3.7 Postpartum anxiety

Postpartum anxiety was measured with the PSAS-RSF-C, no significant differences were found at
baseline between control and flavonoid conditions. At baseline, 21.1% of mothers were above the
clinical cut-off for postpartum anxiety. Linear mixed models with covariates showed a significant
main effect of Time (F(, 37=12.46, p=.001) with no other significant other interaction, Condition or
covariate effects (Appendix A; Appendix K.3).

4.3.8 Quality of life- Physical

Physical health quality of life was assessed with the WHOQOL physical health domain, no significant

differences were found at baseline between control and flavonoid conditions. Linear mixed models
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with covariates revealed a significant main effect of Time (F(, 37=5.07, p=.029) with no other
significant Interaction, Condition or covariate effects (Appendix A).

4.3.9. Quality of life- Psychological

Psychological quality of life was assessed with the WHOQOL psychological domain, no significant
differences were found at baseline between control and flavonoid conditions, linear mixed models
with covariates showed no significant interaction or main effects (p>.05) (Appendix A).

4.3.10. Quality of life- Social

Social quality of life was assessed with the WHOQOL social domain, no significant differences were
found at baseline between control and flavonoid conditions. Linear mixed models showed no
significant interaction or main effects were found (p>.05) (Appendix A).

4.3.11. Quality of life- Environmental

Environmental quality of life was assessed with the WHOQOL environmental domain, no significant
differences were found at baseline between control and flavonoid conditions. Linear mixed models
showed no significant interaction or main effects were found (p>.05) (Appendix A).

4.3.12 Habitual diet

Regarding habitual diet, analysis of data from EPIC-Norfolk showed no significant differences
between flavonoid and control conditions at baseline (Table 8). Both control (p<.001) and flavonoid
(p<.001) conditions had a higher flavonoid intake post intervention compared to baseline
(Fr,31=63.09, p<.001, see Table 7). Additionally, one sample t-tests were conducted to explore
differences between mean nutrient intake at baseline and the recommended dietary allowance (RDA)
for mothers in the postpartum period. Significant differences were observed for all nutrients, (Table
8), whereby mothers were under-achieving RDA’s for most macronutrient groups, except for iron
which was higher than the respective RDA (Table 8).
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Table 8. Mean (SD) FETA-derived dietary intake estimates and interaction effects from the EPIC-Norfolk FFQ for mothers in the flavonoid and control

groups at baseline and 2 weeks post-intervention.

Nutrient RDA One sample t-test

comparing baseline intake

with RDA’s

Between

groups p
value

Post-intervention

Control (n=23)

Condition*time
interaction

Flavonoid (mg) 428 mg*  t@s)= 2.25, p<.030
Calories (kcal)  2500kcal®  t(s)= -9.43, p<.001
Protein (g) 7192 ts)= -2.01, p<.026
Fat (g) 90g? t(s5= -5.62, p<.001
Carbohydrates  300g? ts)= -7.72, p<.001
I(:gr)uit (©) 400g? t(35= -7.78, p<.001

Vegetables (g)  400g¢? ts5)= -7.20, p<.001

Iron ( mg) 9 mg? t(35= 1.68, p=1.00

Folate (mcg) 500mcg®  tss)= -19.46, p<.001

60.41 (10.13) 76.34 (8.35)

64.71 (8.48)  72.76 (6.99)

10.11 (3.47)  10.22 (2.22)

.149

.626

233

469

232.18 (22.17) .496

.360

449

912

234.61 (67.85) .792

64.92 (6.60) 61.82 (5.33)

65.28 (7.44) 60.45 (6.01)
199.43 (17.30)  191.57 (13.97)

198.27 (39.04)  218.62 (31.52)

396.44 (113.86) 204.72 (91.95)

190.18 (87.13)  199.90 (61.39)

F(1, 38)= 2.42,
p=.128

F(l, 38) =.55,
p=.461

F(l, 38) =1.95,
p=.170
F(1,39=1.01,
p=.320
F1,38=.794,
p=.379
F1,38=.613,
p=.439

F(l, 38)= 1.71,
p=.199

F(l, 38)= 2.02,
p=.163

F(l, 38)—= 1.23,
p=.274

! Vogiatzoglou et al. (2015); 2U.S. Department of Agriculture. (2020)



Linear mixed models with covariates showed no other significant outputs from the EPIC-Norfolk
including alcohol, fibre, calcium, vitamin C and D, B6 and B12, zinc and iodine had no significant
effect of Time or Condition between Baseline and Post-intervention (p>.05).

4.3.13 Qualitative data

A total of 25 mothers provided responses regarding their health experiences during pregnancy.
Among these, 18 (72%) mothers acknowledged facing pregnancy challenges. In relation to birth
complications, 20 mothers shared their experiences, with all of them highlighting difficulties during
childbirth (100%). Elaboration of the birth experience was given by all 38 participants, where 21
(55%) participants described their experiences as more positive, and 17 (44%) more negative. For
breastfeeding, 27 mothers responded, all of which indicated encountering difficulties (100%).

4.4. Discussion

The current study recruited both mothers and fathers with infants under six months old with the aim to
investigate whether a two-week dietary flavonoid intervention would improve parents’ mental health
in the 6-month postpartum period. Mothers who consumed two additional flavonoid-rich foods per
day over two weeks had a significant reduction in postpartum depression scores and a significant
increase in positive affect post intervention relative to baseline. No such differences occurred in the
control group. These results suggest that regular consumption of flavonoid-rich foods in the habitual
diet during the first 6-months postpartum may alleviate symptoms of postpartum depression and
improve transient mood in the postpartum population. Due to lack of compliance with the intervention
and outcome measures, fathers’ data were not analysed, suggesting potential barriers to engagement in
this sample. Overall, findings provide evidence to further support the idea that flavonoid-rich foods
are an accessible and cost-effective option to promote mental health in mothers in the immediate
postpartum period, where risk of mood disturbance is higher than that of the general population.

The overall improvement in positive affect for the flavonoid group aligns with findings from Khalid et
al. (2017) who found higher positive affect following acute blueberry intervention across separate
samples of children and young adults. Considering that low positive affect is linked to depression and
high negative affect is linked with anxiety (Watson, Clark, & Carey., 1988) it could be argued that
acute and chronic affective states associated with depressive disorders are more sensitive to flavonoid
interventions compared with those associated with anxiety, as both negative affect and anxiety
measures did not significantly change as a result of the flavonoid intervention. Conversely, studies
have found changes in anxiety symptoms following flavonoid consumption (Barfoot. et al., 2021,
Garrido et al., 2012; Sinclair et al., 2022). Comparing mean STAI scores between Barfoot et al.
(2021) and the present study reveals no major differences in baseline anxiety, making it unclear why
their observed anxiolytic effects were not replicated. However, one possible explanation is the
difference in postpartum stage: Barfoot et al. studied mothers up to 12 months postpartum, whereas
the current sample included mothers up to 6 months postpartum. This may therefore reflect that
changes in anxiety are more responsive to flavonoids in the later postpartum period, though further
evidence is needed to confirm this effect.

Sensitivity of a flavonoid effect on chronic depressive symptomology may also depend on the
specificity of the measure used. Barfoot et al (2021) found no flavonoid-related outcomes on the
PHQ-8, a measure of depression designed for the general population. However, the current study
found significantly reduced depression following 2 weeks of dietary flavonoids using the EPDS, a
tool specifically designed to capture PPD in a postpartum population. In comparison with the PHQ,
the EPDS includes more questions focused on the unique emotional and psychological experiences of
motherhood, such as feelings of being overwhelmed by caregiving and the pressure of adjusting to a
new role. These factors may be particularly sensitive to dietary interventions, especially those aimed
at improving overall mood and well-being. Additionally, the timing of the assessments may play a
role in the observed differences. The PHQ-8 measures depressive symptoms over the past two weeks,
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while the EPDS captures symptoms over the past week. This shorter time frame in the EPDS may
make it more sensitive to more recent mood changes, It is plausible that meaningful changes in mood
may emerge after the first week of dietary intervention. If so, averaging across the entire two-week
period, as the PHQ-8 does, could mask early effects that only become evident later. Therefore, the
higher sensitivity of the EPDS in this context may reflect both its focus on postpartum-specific mood
symptoms and its ability to detect more immediate changes in emotional state, which might be more
easily influenced by recent dietary improvements. This highlights importance of careful consideration
of the outcome measures.

At baseline, postnatal depression and postpartum anxiety scores (as assessed by EPDS and PSAS
respectively) were noticeably higher than the number of recorded mental health diagnoses in the
sample (postnatal depression n=1, postnatal anxiety n=1, postnatal anxiety and depression n=1 anxiety
n=1) whereby 42% of mothers scored over the clinical cut-off for PPD and 60% were above cut-off
for PPA. This exceeds respective global population estimates (PPD: 10-15%, Halbreich & Karkun.,
2006; postpartum anxiety: 13-40%, Field., 2018), further underscoring the clinical vulnerability of the
current sample. This highlights the importance of investigating postpartum mental health within the
wider context where risk of missed diagnoses may be high. Furthermore, the qualitative data indicated
that the percentage of women reporting a negative birth experience (44%) was also higher than
previously recorded prevalence, ranging from 7-21% (Waldenstrém et al., 2004; Henriksen et al.,
2017). It is unclear why this might be, and future research should investigate the factors that might
affect mothers’ interpretation of birth experience and relation to mood. This data may highlight that
the sample were more clinically vulnerable than the general postpartum population. However, the
significant reduction in mean postpartum depression scores in the flavonoid group from ‘possible
depression’ at baseline to ‘little or no depression’ at 2-weeks (-2.6 scoring points) highlights the
potential for a flavonoid-rich diet to alleviate some symptoms of clinical depression in this cohort.

The EPIC FFQ was utilised to assess baseline habitual diet and to monitor stability of participants’
diets over the 2-week intervention period. Flavonoid intake estimates were derived using the FETA
software, which has been validated for macronutrient, micronutrient, and key food group intake
(Bingham et al., 1997; McKeown et al., 2001), it has not been formally validated specifically for
flavonoid intake. Consequently, flavonoid estimates in Table 8 should be interpreted as indicative
rather than precise measures of intake. The only outcome from the EPIC FFQ to significantly change
over the two-week intervention was flavonoid content, where flavonoid intake significantly increased
from baseline to post-intervention in both groups. Flavonoids were not explicitly mentioned in study
advertisements, rather diet was highlighted as the variable of interest, so this effect in the control
group is unlikely to be explained by participants specifically focusing on flavonoids. Rather, this
finding in the control group may have been an effect of food diary completion leading to increased
awareness of diet over the intervention period whereby participants inadvertently consumed a
healthier diet which included greater consumption of flavonoid-rich foods. Reassuringly, the mean
change between pre and post was higher for the flavonoid group compared to the control (Table 8).
Given that the control group also increased flavonoid intake, the observed differences in mood
outcomes cannot be unequivocally attributed solely to flavonoid consumption. Therefore, while
improvements in postpartum depression and positive affect were larger in the flavonoid group, these
results should be interpreted with caution.

As no significant differences as a result of the intervention were found in other EPIC items such as
fruit and vegetable intake, it’s likely participants consumed other flavonoid-rich foods and beverages
such as cocoa and tea which contributed to the significant change in flavonoid consumption in both
groups. However, these specific items were not captured in the EPIC analysis, making it difficult to
ascertain the main sources of flavonoids in the participant’s diet. It is also important to emphasise here
that the food diaries did not provide enough data to accurately estimate flavonoid or other nutrient
intake, and the main purpose, as previously described, was to identify the intervention food items, to
assess and encourage compliance, and to match procedures across the two groups. It would be
interesting to explore this in future studies using dietary measures which may better capture intake of
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high flavonoid foods, for example 24-hr food recalls (Peterson et al., 2015) or a more comprehensive
collection of flavonoid-rich items in current dietary questionnaires.

At baseline, there were differences between the RDA several macro and micronutrients, where
mothers were significantly reporting underconsumption of these macro and micronutrients. Also, in
regard to RDA, at baseline, differences can be seen for fruit, vegetable and flavonoid, intake. These
slight differences at baseline could partly drive the results, whereby the flavonoid intervention group
have lower intakes of these items and therefore could have greater benefits of the dietary intervention,
as seen in Conner et al. (2017) and Velichkov et al. (2024). However, importantly, there are no
significant differences between groups for any nutrients, which suggests that these baseline variations
may not be a major confounder in the overall interpretation of the findings.

Food diaries in the current study did accurately capture the two daily flavonoid-rich items participants
added to their diet over the 2-week intervention period. Berry fruits, orange juice and dark chocolate
were the most consumed intervention food by mothers (22%, 18% and 17% consumed over the two-
week period respectively). Analysis of the food diaries further indicated patterns in the types of
flavonoid-rich items consumed. Mothers tended to frequently consume certain items such as berry
fruits, orange juice, and dark chocolate, while less frequently consuming other flavonoid-rich foods,
suggesting that participants primarily added the same items to their diet rather than broadly
diversifying flavonoid sources over the two-week period. These results are in keeping with previous
experimental and epidemiological studies demonstrating antidepressant effects of a high flavonoid,
berry-rich diets (Khalid et al., 2017; Fisk et al., 2020; Chang et al., 2016). Regarding potential
mechanisms, berry fruits are rich in anthocyanins, and as outlined in Chapters 1.7.2, and 3.6, have
been hypothesised to have regulatory abilities for mood by crossing the blood brain barrier (BBB)
acting as a monoamine oxidase (MAO) inhibitor (Youdim, Shukitt-Hale and Joseph., 2004; Dreiseitel
et al., 2009). Elevated MAO has been observed in the immediate postpartum period (4-6 days after
birth) (Sacher et al., 2010) which was later positively associated with postpartum depressive
symptoms (Sacher et al., 2015), suggesting the MAO hypothesis for depression may extend to the
postpartum. Collectively, this evidence could explain why depressive mood and positive affect were
improved in the present study following an increased consumption of berry fruits which was not
found in Barfoot et al. (2021) though more research is warranted.

As discussed, fathers' data was not analysed due to lack of engagement with the study materials and
intervention. This continues to be an area of research interest due to the significant risk of poor mental
health and PPD in the immediate postpartum for fathers and male caregivers. Additionally, there was
a large attrition rate (Figure 3), where fathers seemed less motivated than mothers to participate in a
nutrition and mood study. Further research should explore engagement of fathers in nutritional
interventions and paternal mental health, to evaluate whether certain study methodologies (e.g. online
testing) or other factors around motivation for involvement or completion of the research affect
engagement. Mitchell et al (2007) stress the difficulty in recruiting and retaining fathers in research,
highlighting that high attrition rates in paternal research is common. Under engagement in research
has also been associated with lower socio-economic status (Unger et al., 2013). The father’s sample
had a slightly lower household income than the UK average at £32,300 (Office for National Statistics,
2022) and also compared to the mothers sample, which may partly explain the lack of engagement in
the trial. Additionally, the majority of fathers (n=18) did not have a partner also taking part in the trial
which may have resulted in a lack of shared motivation and social support which perhaps could be a
barrier for fathers engaging in nutritional interventions. Another major barrier to paternal research is
recruitment, which is primarily conducted via their partners (Tokhi et al., 2018). Recent research
suggests that studies seeking to recruit fathers for parenting research should prioritise using
advertisements specifically tailored to fathers; for example 79% of participants recruited through
father-targeted advertisements were male, while only 14% of participants recruited through
advertisements targeting parents in general were male (Yaremych and Persky., 2002). Collectively,
this highlights a growing need to explore paternal involvement with research generally and applying
these methods to nutritional research. In addition, the structure of families within the UK is as varied
as it has ever been, with only 44% of families in a traditional nuclear structure of a biological mother,
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father and child(ren) cohabiting (Office for National Statistics, 2023), therefore is important to
acknowledge that prevalences in parental mental health may vary depending on changing family
structures. Furthermore, same sex couples have been found to have higher rates of postnatal
depression than heterosexual couples (Ross et al., 2007) with research suggesting perinatal mental
health may be poorer in Lesbian, Gay, Bisexual, Transgender, Queer or Questioning, Two spirit and
additional sexual orientations and gender identity (LGBTQ2S+) couples (Kirubarajan et al., 2022).
Exploring the mental health of parents and caregivers inside and outside the heteronormative realm is
critical to supporting and treating PPD at population level.

Future research should continue to explore the potential benefits of dietary interventions for
improving mood and well-being in the postpartum period. Given the differences in findings and the
aspects of mood between Barfoot et al. (2021) and this study, the timing of the intervention may play
a crucial role in its effectiveness. Additionally, the dosage of flavonoids requires further investigation,
as varying quantities may have different impacts on specific facets of mood. The dose used in this
study appears feasible for new parents, particularly mothers in the 0-6 month postpartum period, but
further research is needed to assess its feasibility and effectiveness at different stages of the
postpartum period, in addition to observing if there continues to be a dose-response relationship for
mood outcomes in this population. Furthermore, deeper exploration into the mechanisms underlying
both postpartum mood changes and the specific actions of dietary flavonoids is essential for
understanding how these interventions might work. As discussed in Chapters 3.2 and 1.5.3, mood
changes may impair cognitive function, particularly in individuals during pregnancy and the
postpartum period. Given the documented benefits of flavonoids for cognitive function (Cheng et al.,
2022), this presents an intriguing area for future research to further explore and clarify the relationship
between mood, cognitive function, and flavonoid interventions.

It’s clear that measures and methodologies are crucial in dietary intervention trials, especially when
determining flavonoid content in the habitual diet. As demonstrated by Ma et al. (2024), discrepancies
between different dietary assessment tools, such as food frequency questionnaires (FFQs) and more
direct measures like urinary polyphenol metabolites, can lead to different conclusions about the
relationship between flavonoid intake and mood. This highlights the potential benefits of using more
dynamic dietary assessment methods, such as 24-hour food recalls, in these types of studies. Unlike
FFQs, which estimate habitual intake over long periods, 24-hour food recalls can capture more
immediate dietary intake, providing a potentially more accurate representation of flavonoid
consumption in relation to mood and well-being. Incorporating such tools, along with physiological
measures like plasma and urinary metabolites, could offer more comprehensive insights into how
dietary flavonoid intake impacts mental health outcomes, and to continue to investigate this
relationship into the postpartum period. Lastly, investigation into paternal mental health remains
crucial; however, this study highlights that recruiting parents and engaging them in dietary
intervention trials can be complex. Future research should explore alternative recruitment strategies to
better engage fathers in these studies, to explore whether dietary interventions may be of benefit to
this sample.

In conclusion, this study provides evidence for the benefits of a dietary intervention for mood and
mental health to mothers in the immediate postpartum. Specifically, this study demonstrated
improvements in postpartum depression symptoms and positive affect following a 2-week flavonoid-
rich diet in the 0—6-month postpartum. However, as the control group also increased their flavonoid
intake, these findings cannot be attributed solely to the intervention diet. The results should therefore
be interpreted cautiously, and further research is needed to clarify the specific contribution of
flavonoids to postpartum mood changes. The research also observed that fathers in this critical period
lacked adequate engagement, highlighting a need for further research into diet and paternal mental
health.
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Chapter 5: Exploring the effects of a chronic 30-day dietary flavonoid intervention on mood and
cognition in the immediate postpartum

5.1. Introduction

Given the promising findings from supplementing flavonoids during the postpartum period (Barfoot
et al., 2021) and the potential benefits observed within the first 0-6 months postpartum (Chapter 4),
there appears to be consistent evidence that flavonoid-rich foods may be beneficial for mood during
this critical postpartum period. While this period is associated with increased risk of mood disorders,
research suggests that the few days immediately following birth may be particularly important. This is
thought to be due to the onset of the 'postpartum blues’, also known as maternity blues or baby blues,
which often manifests shortly after childbirth. This normal, transient psychological condition is
characterised by mood swings, irritability, crying spells, and sadness (Ntaouti et al., 2020) and
estimated to effect between 13-76% of new mothers (Rezaie-Keikhaie et al., 2020). Symptoms
typically emerge between days 3 and 5 following delivery (Buttner et al., 2015; Henshaw et al., 2004;
Pop et al., 2015), often subsiding before the 10" day (Beck, 1991; Yalom et al., 1968). More severe
and prolonged experiences of postpartum blues have been associated with an increased risk of
developing postpartum depression, often with an earlier onset within the first year (Landman et al.,
2024; O'Hara et al., 1991; Watanabe et al., 2008).

Several risk factors are associated with worse postpartum blues and later depression, including a
history of previous mood disorders, lack of social support and low economic status (Henshaw et al.,
2004; Manjunath & Venkatesh, 2011). As outlined in Chapter 3.1, hormonal changes are linked to
mood alterations in the weeks following delivery, and these changes are most pronounced in the initial
days after birth. For instance, Harris et al. (1994) found that a larger fall in progesterone following
delivery was associated with higher postpartum blues scores, which peaked at day 5 postpartum.
Furthermore, changes in oestrogen, prolactin and other circulating sex hormones have been associated
with the postpartum blues and subsequent postpartum mood disorders (Nott et al., 1976; O'Hara et al.,
1991). Considering the findings from Experiment 1, in conjunction with Barfoot et al. (2021) and
similar evidence from Dowlati, Meyer and colleagues (Chapter 3.5), flavonoids may represent a
suitable intervention to promote mood and wellbeing in the immediate days postpartum. Taking into
account that the severity of postpartum mood states in the initial days following delivery may predict
later postpartum prevalences and severity of mood disorders, supplementing with a dietary
intervention during the immediate postpartum may provide benefits to the later postpartum, though
this has not yet been investigated.

Cognitive changes are also pronounced during the postnatal period, with evidence indicating poorer
cognition in the postpartum, particularly in areas such as executive functioning (Almanza-Sepulveda
et al., 2018; Chico et al., 2014; Logan et al., 2014), processing speed (Anderson & Rutherford, 2012;
Henry & Sherwin, 2012a), verbal memory (Buckwalter et al., 1999) (Henry & Sherwin, 2012a),
working memory (Almanza-Sepulveda et al., 2018; Anderson & Rutherford, 2012; Pieters et al.,
2021), and interestingly, subjective memory (Orchard et al., 2023). However, Orchard et al. (2023)
note discrepancies in the extent of cognitive decrements during the postpartum, with some studies
being limited by the lack of appropriate control groups (Pieters et al., 2021), often using non-pregnant
control groups which introduces levels of variability in the findings due to differences in hormonal
profiles, sleep patterns and lifestyle factors unrelated to the postpartum period. In light of the evidence
base for improvements to cognition following flavonoid interventions (e.g. see meta-analysis Cheng
at al., 2022 and Chapter 1.5 for reviews), alongside the cognitive changes observed during the
postpartum, there is potential for flavonoid supplementation to benefit cognition in a postpartum
sample. Additionally, there is consistency between the cognitive domains affected by the postpartum
and those which appear to be most sensitive to flavonoid interventions (e.g. executive functioning,
working memory, processing speed and verbal memory, as outlined in Chapter 1.5), this further
supports the potential utility of flavonoid supplementation for enhancing postpartum cognition.

In addition to mood and cognitive outcomes, it is pertinent to examine flavonoid-related physiological
change to ascertain potential mechanistic pathways. As outlined in Chapter 1.7.4, consumption of
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flavonoid-rich food such as berries and cocoa have been found to improve flow-mediated dilation
(Rodriguez-Mateos et al., 2013) and cerebral blood flow (Keane et al., 2016a; Lamport et al., 2015).
Specifically, flavanol-rich cocoa has been shown to improve endothelium dependant vasodilation via
acting on nitric oxide pathways (Fisher et al., 2003; Heiss et al., 2003). These mechanisms can
increase delivery of oxygenated blood and therefore nutrients to the brain which may be a plausible
mechanism of mood and cognition improvement following flavonoid interventions. These responses
have clear implications for the cardiovascular system, for example flavonoids have been shown to
lead to improvements in blood pressure potentially via improved endothelial function and increased
vasodilation (Hodgson & Croft, 2006; Keane et al., 2016a). Coincidently, blood pressure changes are
seen throughout the postpartum, with increases in blood pressure immediately following delivery,
returning to pre-pregnancy values in 2-weeks (Soma-Pillay et al., 2016), these initial changes also
may lead to postpartum hypertension which may develop during this time even with non-hypertensive
pregnancies (Bramham et al., 2013). Further to this, research has shown that women diagnosed with
hypertension or preeclampsia have either a higher risk of onset or greater severity of depressive
symptoms (Caropreso et al., 2020; Strapasson et al., 2018). Given that flavonoids can modulate these
pathways through improvements in endothelial function and nitric oxide bioavailability, they may
represent a dietary strategy to attenuate both cardiovascular and mood-related changes in postpartum
women. Therefore, considering the nature of postpartum blood pressure regulation, it is of particular
interest to monitor these changes alongside mood outcomes to better understand whether flavonoid-
related cardiovascular benefits translate to psychological improvements during this vulnerable period.

Studies investigating postpartum changes benefit from longitudinal designs, allowing for the tracking
of mood and cognitive fluctuations across a hormonally and psychologically complex period.
Collecting data during pregnancy prior to birth is valuable to provide a pre-intervention baseline. In
particular, measuring mood in the later stages of pregnancy enables meaningful comparisons with
postpartum data. While there is limited evidence specifically tracking mood fluctuations across the
third trimester, Field et al. (2006) report general mood stability between 20—32 weeks, whereas
research suggests a U-shaped curve, with changes in mood and disorder symptomatology highest in
the first and third trimesters (Bennett et al., 2004; Da Costa et al., 2000; Markon et al., 2021; Sedov &
Tomfohr-Madsen, 2021). Therefore, assessing mood in late pregnancy, close to delivery, may provide
a more appropriate comparator for postpartum outcomes. Practically, collecting data shortly before
birth may also help to minimise attrition, as maintaining contact close to labour can improve
participant engagement in early postpartum visits. Initiating an intervention within the first four days
postpartum may be particularly important, as it would ensure flavonoid exposure occurs before the
peak of postpartum blues, typically observed around day 5 (Sacher et al., 2010), when monoamine
oxidase-A (MAO-A) density and mood symptoms are heightened. Given that flavonoids have been
seen to inhibit MAO activity and improve mood (Chapter 1.7.2; Chapter 2), it is plausible that
flavonoid mood-enhancing effects, as mediated by MAO activity, may also apply to the postpartum
period. As previously mentioned, studies from Dowlati et al. (2017) and Meyer et al. (2024) suggest
that a dose of flavonoid-rich blueberry, alongside a combination of tyrosine and tryptophan may result
in resilience to depressed mood in the immediate postpartum period, via the MOA interaction. With
regard to length of intervention, previous evidence demonstrates a period of 30-days may be optimal
to show benefits of flavonoids to mood (for review, see Chapter 2). In example, Fisk et al. (2020)
found decreased scores in the Mood and Feelings Questionnaire, a measure of depression, following
4-week blueberry intervention compared to placebo. Also, within this timeframe Abdelhalim (2021)
found those who consumed 250 mg fresh peppermint 30 minutes before bedtime had reductions in the
anxiety compared to those in their control group. Mechanistically, improvements in endothelial and
cerebral blood flow, modulation of the HPA axis, and monoamine oxidase inhibition may exert
cumulative effects over relatively short periods, producing measurable mood benefits within weeks
rather than months (Chapter 1.7), suggesting a period of 30-days may be optimal to detect mood
effects from a dietary flavonoid intervention.

Within this 30-day timeframe, including a 2-week timepoint would be ideal as is consistent with
previous flavonoid-based interventions (Barfoot et al., 2021; Experiment 1), facilitating comparison.
Including a 12-week postpartum follow-up timepoint would additionally be valuable within early
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postpartum intervention research, in order to assess the longevity of any mood-related changes, as
depressive symptoms often peak during this period , with symptom onset commonly occurring within
the first three months postpartum (Monti et al., 2008). Notably, prevalence rates have been reported to
be highest at 10 weeks postpartum, compared to 6, 12, and 18 months, as measured using the EPDS
(Pellowski et al., 2019). Moreover, flavonoid studies rarely include follow-up assessments beyond the
immediate post-intervention period, limiting understanding of sustained behavioural effects. A 12-
week follow-up would therefore provide important insights into the degree of sustained mood change
following daily flavonoid intake. As such, the present experiment investigated mood and cognition at
pregnancy, 0-4 days postpartum, 2-weeks, 4-weeks and 12-weeks postpartum, introducing the dietary
flavonoid intervention in the first 0-4 days following delivery for a period of 30-days. Crucially, this
multi-timepoint design provides one of the most comprehensive assessments of mood and cognition
across the early postpartum period to date. By combining a pre-emptive early intervention, initiated
within the first four days postpartum, before the peak of postpartum blues with repeated assessments
spanning to 12 weeks, this study uniquely captures both the short- and longer-term trajectory of
psychological and cognitive changes. Such an approach not only strengthens the ecological validity of
findings but also addresses a critical gap in the literature, where few nutritional intervention studies
have examined mood and cognition across this complex window.

Trials investigating the relationship between a dietary flavonoid intervention and postpartum mood
previously (Barfoot et al., 2021, and Experiment 1) found different facets of mood outcomes to
benefit, potentially due to factors such as different sampling timeframes and postnatal specific
questionnaires. However, the two trials also utilised two different doses of flavonoids, which may
have potentially elicited different results, whereby Barfoot et al. (2021) found reductions in symptoms
of anxiety with one portion, though when two portions were introduced in Experiment 1, reductions in
depression and transient depressive states were found. Previous research has shown symptom
reduction in a dose response manner following flavonoid supplementation, whereby consuming
higher amounts of flavonoids, specifically anthocyanins and flavanones resulted in lower depressive
symptoms (Chang et al., 2016; Godos et al., 2018), indicating that elevating levels of total flavonoids,
as well as specific subclasses in the diet may have optimal benefits on different aspects of mood.
Importantly, RCT evidence also supports a dose-response effect. For instance, Pase et al. (2013)
utilised a parallel groups trial, finding significant increases in calmness and contentedness following
highest dose of cocoa flavanols (500 mg) following 30-day supplementation, which was not seen
following placebo drink or 250 mg drink, indicating a dose-response relationship. Such findings
strengthen the argument that varying flavonoid doses can produce different mood outcomes and may
help explain the discrepancies between Barfoot et al. (2021) and Experiment 1, though requires
further investigation.

In addition to an early intervention in the postpartum period and comprehensive assessment of mood
and cognition from pre-birth to 12-weeks postpartum, this study differs from the trial presented in
Chapter 4 in terms of the focus on maternal outcomes only. Given the timepoints in this trial and the
level of commitment required, it may be more challenging for partners to participate. However, this
should not diminish the importance of exploring paternal mood and cognition in the postpartum
period, an area with significant potential for further research. As a proxy for partner mood, the
Edinburgh Postnatal Depression Scale-Partner (EPDS-Partner) was used to assess partner feelings
from the mother's perspective. This approach provides a valid and reliable measure of partner mood,
allowing for an exploration of the relationship between maternal and paternal well-being in the
current study, while mitigating challenges related to recruitment and attrition in fathers.

The primary aim of this study was to investigate whether a 30-day high flavonoid dietary intervention
could improve postpartum depression and anxiety, while secondary aims included measurement of
cognitive function and blood pressure following a 30-day intervention, and assessment of all mood,
cognitive an physiological outcomes at both 2 and 12 weeks postpartum. Building on findings from
Barfoot et al. (2021) and Experiment 1, participants were randomised into one of three groups:
control, low flavonoid (one flavonoid-rich food per day), and high flavonoid (two flavonoid-rich
foods per day), enabling an exploration of potential dose-response effects. Crucially, this study
extends previous work through its longitudinal design, capturing outcomes across five timepoints
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from late pregnancy to 12 weeks postpartum. It was hypothesised that mothers in the high flavonoid
group would show reductions in postnatal depression, state and postnatal anxiety, alongside
improvements in mood, subjective cognition, working memory, executive function, processing speed,
and verbal memory.

5.2 Methods
5.2.1. Design

The study employed a randomised, parallel groups-controlled design to explore the effects of a 30-day
flavonoid intervention versus control on several mood and cognitive outcomes. Outcome measures
were assessed at five timepoints (Figure 6); 1) Pregnancy (third trimester), 2) 0-4 days postpartum, 3)
2-weeks, 4) 4-weeks and 5) 12-weeks postpartum. The primary outcome measures for the study were
depressive symptoms (Edinburgh Postnatal Depression Scale; EPDS) and state anxiety (State-Trait
Anxiety Inventory-State scale; STAI-S). Secondary outcome measures included postpartum specific
anxiety symptoms (Postpartum Specific Anxiety Scale; PSAS), current affect (Positive And Negative
Affect Schedule; PANAS), partner depressive symptoms (Edinburgh Postnatal Depression Scale-
Partner; EPDS-P), subjective prospective and retrospective memory (Prospective Retrospective
Memory Questionnaire; PRMQ), verbal memory (Rey’s Auditory Verbal Learning Test; RAVLT),
sustained attention and executive functioning (Modified Attention Network Task; MANT),
visuospatial working memory (Visuospatial N-Back), and resting systolic and diastolic blood
pressure. Other measures taken included general diet (European Prospective Investigation of Cancer-
Norfolk-Food Frequency Questionnaire; EPIC-FFQ), 24-hr dietary recall (Intake24) and subjective
sleep (Pittsburgh Sleep Quality Index; PSQI).

Data reported in Experiment 1 showed non-significant, but considerable differences in baseline
flavonoid intake between flavonoid and control groups. Considering that baseline flavonoid intake
plays a key role in mood and cognitive outcomes (chapters 1.4.1 and 1.5.1), it was deemed
appropriate to ensure even spread of flavonoid intake across conditions in the current study. As such
participants were quasi-randomised according to their flavonoid intake, measured with the EPIC FFQ
which was taken at the pregnancy timepoint. Based on average estimates of flavonoid intake, outlined
in Chapter 1.3, participants were considered ‘high’ flavonoid consumers if total flavonoid
consumption was >428 mg/day (Vogiatzoglou et al., 2015) (n=25), and low consumers if consuming
less than this estimate (n=31). After categorising if participants were high or low consumers, a
random number generator was used to randomly assign to either a ‘low flavonoid’, ‘high flavonoid’ or
a control group.
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5.2.2. Participants

Based on the findings from Experiment 1, which showed a large effect size (Cohen’s f = 0.98) for the
impact of flavonoids on EPDS scores in a 2x2 design, an a priori power analysis indicated that only 6
participants would be required to achieve 95% power at an alpha level of 0.05. To allow for adequate
detection of smaller but meaningful effects in a more complex design involving three groups and five
repeated measures in the immediate postpartum, a larger sample size was selected. A total of 60
participants (20 per group) was targeted, consistent with the sample sizes used in previous postpartum
flavonoid intervention studies (Barfoot et al., 2021).

The inclusion criteria was that participants were over the age of 18, and were pregnant (reliant of
mothers’ self-reporting), were English speakers and resided within a 30 mile radius of Reading.
Participants were excluded if they were beyond 38 weeks of their pregnancy (reliant on mother’s self-
reporting). No further exclusion criteria were applied, as recruitment feasibility was a priority
considering the timepoints of the visits, meaning a broader inclusion was necessary.

5.2.3. Sample

One hundred and thirty-two responses to the online advertisements were received via mum and baby
pages on social media and in-person mum and baby groups in Berkshire between March 2023 and
April 2024. Of these, 14 were excluded due to being computerised bot responses or lost following
screening (Figure 7). A total of 60 participants completed baseline data and 56 participants completed
the intervention (See Figure 7).

Of the sample of 56, the average weeks gestation at screening was 31 (27-36 weeks). 85.7% were
White or Caucasian, 7.1% Asian or Asian British, 1.7% Black/African/Caribbean/Black British and
5.3% reporting mixed race, with 85.7% reporting to be married or in a domestic partnership (10.7%
single). Half the women had a bachelor's degree as their highest level of education (50%), with 25%
holding a Master’s degree and 5.3% holding a PhD or Doctorate degree. Considering employment
status, 55.3% worked full time, with 75% having a household income over £51,000. For 28 (50%)
women, this was their first child. In those who reported other children, the age of children ranged
from 11 months to 14 years. Twelve women (21.42) reported a physical health diagnosis, with the
most common being Asthma (10.7%). For psychological health, 14 participants (25%) reported a
psychological diagnosis, of which, 4 women had anxiety, 2 had depression and 6 had comorbid
anxiety and depression, 2 had obsessive compulsive disorder. Out of these 14 women, three were
taking medication for their mental health. Finally, 19 (33.9%) women reported pregnancy
complications such as gestational diabetes (3.5%) and hyperemesis gravidarum (3.5%). Other
reported complications included pelvic pain, anaemia and premature rupture of membranes.

Participants were seen on average 3 days following delivery, the earliest gestational age at delivery
was 36 weeks, though the majority of participants delivered at 39 weeks (35.7%). Majority of
participants had a vaginal delivery (55.3%), followed by Caesarean section (26.7%) and assisted
vaginal delivery (vacuum or forceps) (17.8%). A sample of participants reported birth complications
(14%), with the most common complication being an emergency caesarean section (7.1%). Visual
analogue scales (1-10) were given to participants to report their birth experience. On average,
participants reported a more positive (scores above 5) birth experience of 7.19 (2.27). If participants
had decided to breastfeed (30%), some (70.6%) reported difficulties such as pain and infant tongue
ties. Finally, 10 (17.8%) reported not having adequate childcare support.
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Figure 7. Experiment 2 consort diagram of participant recruitment

5.2.4. Intervention

Following a similar intervention to Barfoot et al. (2021) and Experiment 1, those in the flavonoid
groups were asked to continue with their current diet, but to add either one or two (depending on
condition) flavonoid food items per day into their current diet. Comparatively, controls were asked to
continue with their usual diet for 30-days. Items were initially selected based from Barfoot et al.
(2021) which were chosen based on their flavonoid content, likability, accessibility, affordability, and
typical portion size. Portion sizes were chosen based on the flavonoid content alongside what was
deemed reasonable for participants to consume based on the findings from Experiment 1, whereby an
average of 219 mg flavonoids were consumed per day, following consumption of 2 portions of the
foods. This method was chosen as 219 mg/day (high flavonoid group) and 109 mg/day (low
flavonoid group) therefore represent achievable intake levels of flavonoid-rich foods for postpartum
mothers. Furthermore, these quantities were previously associated with beneficial mood outcomes, as
indicated by data from the previous experimental chapter and Barfoot et al. (2021).

The foods included in the present study were refined from the previous studies, whereby items that

were not as rich in flavonoids, such as cabbage and coffee, were removed as participants would need
to consume large quantities to obtain the 219 mg/day. Additionally, items which had greater

88



variations in flavonoid content such as tea (green and black) were removed, as these are affected by
various factors in preparation, such as temperature of the water (Lakenbrink et al., 2000), which may
have brought in additional variability within consumption of flavonoids. Red wine was also removed
upon consideration of the wider health message this may have portrayed within the study (Haastrup et
al., 2014; NHS, 2020). Furthermore, to more accurately calculate the flavonoid content in the foods,
grouped items such as ‘mixed berries’ and ‘leafy green vegetables’ in Experiment 1 were separated
into individual items, such as blueberries and spinach so participants could choose individual foods
such that it could more accurately ascertain flavonoid content in the intervention groups.

Participants in both intervention groups were provided with the list of intervention foods in grams/mls
to consume over the intervention period (Table 9). This list also included the quantity of food based
on average portion sizes. Flavonoid content of items was calculated using USDA flavonoid content
data (Bhagwat & Haytowitz, 2023). For example, to reach the 109 mg flavonoids in commercially
available orange juice, the participant would be required to drink approximately 190mls, which
approximated 1/3" of a pint, this enabled freedom if the participant wished to measure/weigh the
intervention or if they would rather count how many foods/visualise how much to drink. Participants
were also asked to note down the included foods over the 30-day period, which enabled compliance to
be observed (Appendix 1.2).

5.2.5. Measures
5.2.5.1 Demographics

At screening, demographic data was collected on gestational weeks and baby due date. Specific diet
was indicated by asking participants to note any dietary choices or restrictions e.g., Gluten free or
Vegetarian. Participants were also asked if they had a psychological or physical health diagnosis by
selecting ‘yes’, ‘no’ or ‘prefer not to say’, and if they were taking medication for such reasons.
Additionally, participants were asked if they had any other children by indicating ‘yes’, ‘no’ or ‘prefer
not to say’, and if so, to provide the number of children and their ages.

Visit 1 (0-4 days) included an additional demographic questionnaire collecting data on how old their
baby was at the time of data collection, sex of baby indicated as ‘Female’, ‘Male’, ‘Other’, and ‘Prefer
not to say’, infants gestational age at birth, mode of delivery where participants selected an option
from multiple choice answers of either ‘Vaginal delivery’, ‘assisted vaginal delivery (vacuum or
forceps)’, ‘Caesarean section’, ‘Prefer not to say’, ‘Other’, if participants selected ‘other’ they were
provided with a box to specify their mode of delivery. Birth complications entered as ‘yes’, ‘no’,
‘prefer not to say’ where participants that selected ‘yes’ were asked if they wished to provide further
detail, feelings toward their recent birth experience (entered as a visual scale from 1-10), with the
option to provide additional comments regarding recent birth experience, breastfeeding complications
and whether they had any access to nearby childcare support with ‘Yes’, ‘No’, and ‘Prefer not to say’
options.

5.2.5.2 Repeated outcome measures

The EPDS, STAI, PANAS and EPIC FFQ was utilised in this study, please refer to 4.2.6.2, 4.2.6.3,
4.2.6.4 and 4.2.6.7 for commentary on the validity and reliability of these measures.

5.2.5.3 Postnatal Specific Anxiety Scale

To measure postpartum anxiety, the Postnatal Specific Anxiety Scale; PSAS (Fallon et al., 2016) was
used. This is a 51-item scale where responses are scored on 5-point Likert scales, with possible
responses including ‘Not at all; Sometimes; Often; Almost always; Not applicable’. After discounting
any ‘Not applicable’ scores, responses are summed with a maximum score of 204. Higher scores
indicate higher anxiety, with 112 being a clinical cut-off to detect postpartum anxiety.
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5.2.5.4 Edinburgh postpartum depression scale- partner

This is a 10-item measure adapted from the EPDS developed by Moran and O’hara (2006). The
EPDS-P is a revision of the EPDS to provide a proxy of the partners’ symptoms of depression. In this
study, the mothers will complete the EPDS-P to provide information about paternal depressive
symptoms. The scale and scoring of the EPDS-P is the same as the EPDS, though there is no cut-off
in the EPDS-P to indicate likelihood for depressive disorder.

5.2.5.5. Prospective and retrospective memory questionnaire (subjective cognition)

In order to measure subjective memory, the PRMQ (Crawford, 1996) was employed, a 16-item rating
scale, designed to assess the frequency of different types of memory failures whereby higher scores
indicate greater frequency of memory failures. Participants were asked to score questions on a 5-point
scale 1 (never), 2 (rarely), 3 (sometimes), 4 (quite often), 5 (very often). Results were summed, giving
an for an overall score of subjective memory. This measure is a reliable tool for exploring subjective
memory (Crawford et al., 2003) and has previously been used in postnatal populations (Orchard et al.,
2022).

5.2.5.6. Pittsburgh Sleep Quality Index

The PSQI (Buysse et al., 1989) is a 19-item questionnaire designed to measure sleep quality over the
past month. The items are scored and form seven component scores: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and
daytime dysfunction. The sum of scores for these seven components yields one global score (range 0-
21) with higher global scores indicating poorer sleep quality. The PSQI has been found to be a valid
and reliable measure for this population (Okun et al., 2018; Qiu et al., 2016).

5.2.5.7. Blood pressure

Resting systolic and diastolic blood pressure was taken with an ambulatory blood pressure monitor.
Measurements were taken on participant’s left arm and the mean of three consecutive measurements
was calculated.

5.2.5.8. Reys Auditory Verbal Learning Task (RAVLT)

Participants were presented with an auditory recording containing 15 nouns (List A), which were read
aloud at a rate of one per second. Following each presentation, they were asked to freely recall the
items from this list, this was repeated for 5 recalls resulting in recalls labelled as Al to A5.
Subsequently, a new set of 15 nouns (List B) was introduced during the sixth trial, as an interference
list, participants were instructed to recall this list only once (recall B) (Appendix J.1). Afterward,
participants were tasked with recalling list A after short (2-minute) and long (15-minute) delays,
leading to free recalls known as A6 and A7 respectively. Following the recall A7 phase, participants
were visually presented with 60 nouns, comprising words from both lists A and B, along with an
additional 30 nouns. Their task was to identify the words that belonged to list A, List B or whether the
word was a new word.

To ensure balanced testing conditions, different versions of the word lists were used across the test
sessions. In each test session, a set of measures were computed based on Lezak (2004) and prior
research (Lamport et al., 2020), including: immediate word span (recall Al); words learned (recall
A5-A1); final acquisition (recall AS); total acquisition (sum Al through A5); proactive interference
(recall A1-B); retroactive interference (recall A5—A6); delayed recall (A6).
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Word recognition and source monitoring scores were also produced via the presentation of the 60
nouns. In line with previous literature on episodic memory following dietary interventions (Lamport
et al., 2014), word recognition scores were referred as the count of correctly recognised words and
source monitoring scores were represented as a percentage indicating the proportion of words
accurately attributed to their original list (A or B), excluding new words. Reaction time data were also
collected for source monitoring scores to investigate whether the intervention affected the time taken
to identify the list to which each word belonged.

5.2.5.9 Modified Attention Network Task (MANT)

This task combines a cue-target and flanker task to assess vigilance, selective attention, and response
interference across varying cognitive demands. Manipulations were made in stimuli load, duration,
orientation, and cueing to modulate the cognitive demand of the task. Following Whyte et al. (2017)
participants started with a practice block of 35 trials where the duration of the target decreased from
1000ms to 120ms over 16 trials, enabling participants to become accustomed to the required speed of
response. Subsequently, participants undertook two target blocks in the MANT, each comprising 80
trials. Within the blocks, the target stimuli, represented by a single arrow pointing either “<” or *“>”,
was then shown either above or below the fixation cross for a duration of 120ms (in one block) or
500ms (in one block). The target stimulus could appear in isolation or surrounded by pairs of flanker
arrows, creating congruent (e.g., <<<<< or >>>>>) or incongruent (e.g., <<><< or >><>>) conditions
with the surrounding arrows. Individual arrows represented low load, while congruent or incongruent
trials represented medium load (one row of five arrows) or high load (two rows of five arrows). The
arrangement of stimulus position, congruence, and load was randomised across trials, presented with
equal probability. Participants' task was to press either the left or right arrow key on the keyboard
based on the direction of the target stimulus arrow in each trial.

The outcome measures for the MANT encompassed accuracy (the count of correct hits) and reaction
time for accurate targets (indicating response speed to targets). Reaction times less than 200ms were
excluded, as these reaction times were likely to represent anticipatory or accidental responses rather
than genuine responses.

5.2.5.10 Visuospatial n-back

This task measured visuospatial working memory and required participants to monitor a sequence of
visual stimuli, presented as a series of grey rectangles that turned blue in different spatial locations.
Participants were required to determine if the same rectangle had turned blue "n" steps back in the
sequence. Participants were presented with a practice trial followed by 15 further trials, consisting of
sequences displaying for ‘n-1’ to n-5' each ‘n’ presenting three times. The outcome measures for this
task consisted of accuracy (the count of correct hits) and reaction time for accurate targets (indicating
response speed to targets; with reaction times less than 200ms excluded).

5.2.5.11 24-hr food recall

Participants’ habitual diet using 24-hr dietary recalls were measured with the software Intake24
(Rowland et al., 2018). This tool contacted participants via email, asking to provide details of all the
foods consumed in the previous 24-hours. The participants were able to do this from their phone,
laptop or tablet via weblink whereby they self-reported the food they consumed, time eaten, food
portion sizes and preparation in addition to any dietary supplements. Over the course of the study,
participants were contacted nine times for a 24-hr recall, three times during their pregnancy, three
times during the intervention period and three times post-intervention. Three of these nine recalls
were scheduled for a weekend and six for weekdays over the course of the study. Participants were
unaware of the specific days they would be contacted to ensure unbiased and representative reporting
of their typical dietary intake.
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5.2.6. Procedure

Participants emailed the researcher expressing their interest in taking part. Interested participants were
invited to an in-person screening session, during the session the study was explained by the researcher
and the participant received the participant information sheet (Appendix F.2), eligible participants
then signed the consent form (Appendix G). Participants were recruited at any stage of their
pregnancy though screening did not take place until their third trimester (weeks 27+), to ensure more
a more stable pregnancy baseline based on the evidence outlined in section 5.1 (Bennett et al., 2004;
Glynn, 2010). It also ensured sufficient time for both a screening and baseline visit to be completed
approximately one week apart, helping to minimise potential practice effects (Bell et al., 2018) and
allowing flexibility should the infant be born prior to the expected due date.

Participants were invited to a study investigating diet, mood and cognition to not reveal the true aims
of the study. Screening demographics were then completed via REDCap, followed by a practice of the
cognitive tests. The study took place in person, at participant homes over the 6 time points; 1) a
screening session, 2) Visit 1 (third trimester), 3) Visit 2 (after birth 0-4 days, pre intervention), 4)
Visit 3 (mid-way through intervention ~15 days), 5) Visit 4 (post-intervention ~30-days) and 6) Visit
5 (follow up, 12 weeks postpartum). cut-off was also decided to not test participants for Visit 1 post
38 weeks gestation to ensure data could be collected should the participant deliver earlier than their
expected due date. The rationale for 0-4 days postpartum was driven by the findings from flavonoid
supplementation in the immediate postpartum, and to capture initial transient mood changes
associated with the postpartum blues (Dowlati et al., 2017; Meyer et al., 2024).

At each of the timepoints, participants completed outcome measures and had their blood pressure
taken. Each testing session took approximately 45-60 minutes. As outlined, following the pregnancy
timepoint, eligible participants were allocated to one of three groups; a high flavonoid condition
(consumption of 2 portions of flavonoid-rich food per day), low flavonoid condition (consumption of
one portion of flavonoid-rich food per day) and a control (no change to diet). After informing the
researcher they had delivered their infant, participants in the flavonoid intervention groups were
notified by the researcher that they would need to include some additional foods in their diet,
accompanied by a list of the intervention foods, and were asked to choose a food item which the
researcher purchased and brought to the testing session. This ensured that participants could start the
intervention after the testing session at time 1 without needing to visit a supermarket during this
sensitive time. During this first postpartum session, participants were also asked some demographic
questions about the infant and birth experience. After the outcome measures were taken, participants
were again informed of their condition and instructed to begin the intervention. The two intervention
groups were also asked to keep a food log of their selected intervention foods for the 30-day period.
Participants were then seen a further 3 times over the course of the study at 2, 4 and 12-weeks
postpartum. At the final timepoint, upon debrief (appendix H.2), all participants were provided with
helplines and weblinks specific to parental mental health support and were encouraged to contact their
GP should they wish to seek further support. All participants were reimbursed with a £50 Amazon
voucher. Data was collected between March 2023 and December 2024 and the study was given a
favourable ethical opinion for conduct by the University of Reading School of Clinical Language
Sciences (2023-029-DL) and registered at ClinicalTrials.gov (NCT05890014).

5.2.7. Data analysis

Quantitative data was analysed using R (version 4.1.0) and various statistical packages such as ‘lme4’
for running linear mixed models and ‘ggplot’ for visualisation. Regression analysis was conducted on
demographic variables to investigate whether variables such as age, sleep, baseline flavonoid intake,
ethnicity, education, household income, marital status, other children, number or other children,
delivery method, birth complications, birth experience and childcare support would be significant
predictors to the primary outcome variables and therefore to be utilised as covariates in the models.
Independent groups t-tests and Chi-squared tests were performed to assess potential group differences
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in baseline demographic variables, such as maternal age, dietary preferences (e.g., vegetarian or
vegan), presence of diagnosed psychological or physical health conditions, whether the participants
had other children, sex of infant, delivery method, and infants gestational age at birth. For the
measures PANAS-NOW, STAI-S, EPDS, EPDS-P, PSAS, PRMQ, MANT (RT and accuracy), N-
BACK (RT and accuracy), AVLT (word span (recall A1); words learned (recall A5—A1); final
acquisition (recall A5); total acquisition (sum Al through A5); proactive interference (recall A1-B);
retroactive interference (recall A5—A6); delayed recall (A6); word recognition and source monitoring
(accuracy and RT)) data were analysed using separate linear mixed models, where Condition (high
flavonoid, low flavonoid, control) and Time (baseline (Visit 2; 0-4 days postpartum- 12 weeks
postpartum) were fixed effects, with covariates (sleep; PSQI scores), maternal age, habitual flavonoid
intake (taken at pregnancy) and birth experience included. Visit 1 (pregnancy) was excluded from this
model, as it was considered more appropriate to establish the baseline at postpartum and 'pre-
intervention' to better assess changes over subsequent visits resulting from the flavonoid intervention.
However, for exploratory purposes, repeated measures t-tests were performed to investigate potential
changes in outcomes from pregnancy to postpartum. This analysis was conducted as a secondary step,
following the primary investigation of the intervention's effects.

These covariates were selected due to their known association with mood and their potential impact
on the results, see 4.2.9 for discussion. Birth experience was an additional covariate that was not
utilised in the previous chapter. As discussed in 4.2.3, it is unsurprising that traumatic, and more
negative birth experiences are associated with higher anxiety and depression symptoms in the
postpartum (Ahmadpour et al., 2023). Birth experience was taken as an open-ended question in
Experiment 1, whereby mothers reported having difficulties during childbirth, but still described their
overall experience to be more positive. To better account for the nuance between difficulties and
overall perception of their experience, in the current study, birth experience was captured as the same
open ended question, but also a visual scale was also included to quantify perceived birth experience.
This was used as a covariate in the model, while also keeping the qualitative measure to provide
richer insights to birth experience, as in Experiment 1.

The same analytical model was applied to nutrients from the 24-hr food recalls (flavonoids, calories,
carbohydrate, protein, fat, fruit, vegetables, iron, folate, fibre) to examine whether participation in the
dietary study led to significant changes in habitual diet, macronutrient, and flavonoid intake. One-
sample t-tests were also conducted to compare mean nutrient intake at baseline with the UK
recommended dietary allowance (RDA) for postpartum mothers, to evaluate general diet quality in the
sample and assess whether mothers met the RDAs at baseline.

At data analysis, data was screened for outliers, and values falling outside interquartile ranges were
removed for the cognition and blood pressure outcomes, as they were found to significantly affect the
results and model performance, leading to skewed estimates. However, outliers were not removed for
the mood outcomes, as their presence did not notably influence the overall analysis or the robustness
of the model, which also aided in the preservation of natural variation in mood data.

Due to the nature of the longitudinal design in this study, several data points are missing from the
analysis out of the 280 possible data points. Specifically, 1 data point is missing from the mood data,
34 from the blood pressure data, 46 from the N-BACK, 30 from the RAVLT, and a total of 127 from
the MANT. These missing data points arose for several reasons, with the majority resulting from
participants being unable to complete blood pressure measurements and cognitive tasks due to the
demands of the infant during the testing session. Due to an error in coding for the MANT, the 120ms
block did not collect participant responses. This issue was identified and resolved within three months
of starting the trial; however, resulted in missing data for this block. Specifically, the MANT 500ms
block has 36 missing data points, while the 120ms block has 91. Given the proportion of missing data,
the accuracy and reaction time data from these two blocks from the MANT was analysed separately to
assess whether this missing data affected the overall scores. Despite missing data, as outlined in 4.2.8
a strength to linear mixed models is to handle unbalanced data effectively. Finally, regarding analysis
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of the MANT task, models were run to include the effect of load and congruency as per Whyte et al.
(2017).

As conducted in Experiment 1, a qualitative content analysis was conducted for the demographic
questions related to participants' birth, breastfeeding experiences, and nearby childcare support. This
analysis involved extracting key quotations from participants' responses, which were then grouped
into themes. For example, difficulties during pregnancy were categorised into themes such as
gestational hypertension, gestational diabetes, nausea and vomiting, pelvic pain, and anaemia.
Similarly, birth complications were categorised based on the type of complication reported, such as
emergency caesarean sections, retained placenta, postpartum haemorrhages, and inductions due to
medical conditions. For the question, “Did you have any birth complications?”, 54 participants
responded, with 12 (21%) providing further details on their experiences. The responses were
categorised and expressed as percentages to give a clearer understanding of the proportion of
participants who faced each complication. The same procedure was followed for the question, "Do
you have any complications whilst breastfeeding?". Data from 47 participants were analysed, and
common themes such as latch issues and infant tongue ties were identified. In cases where
participants reported no milk production or challenges in breastfeeding, the data were also
categorised, with participants’ responses indicating improvements over time or the ongoing absence
of milk. Additionally, participants recorded their birth experience on a Likert scale from 1-10, with an
option to provide additional elaboration. Of the 32 participants (57%) who offered further comments,
their responses were grouped into three broad themes: positive, negative, and neutral/mixed
experiences. These themes were quantified, with 16 (50%) participants reporting positive experiences,
9 (28.1%) reporting negative experiences, and 7 (21.9%) reporting neutral or mixed feelings. By
categorising and quantifying these responses, the analysis provided valuable insight into the overall
wellbeing of the sample and potential risk factors related to birth and breastfeeding.

5.3. Results

5.3.1. Compliance

For the low flavonoid group, compliance was 92%, compared with 79% for the high flavonoid group.
For both conditions, orange juice was the most commonly consumed food item, followed by dark
chocolate and blueberries (see Table 9).

Table 9. Flavonoid items recommended to the intervention groups and frequency of consumption

Food item (amount suggested)’ N times consumed over 30-days
Low flavonoid (n=18) High flavonoid (n=18)

Orange juice 190ml 212 229

Dark chocolate 64g 70 150

Blueberries 65¢g 68 144

Strawberries 157¢ 62 59

Spinach 109¢ 28 102

Grapefruit juice 170ml 17 4

Black olives 89¢ 17 30

Red/black grapes 142g 13 59

Cherries 1829 8 15

Oranges 2479 7 17

Blackberries 81g 0 7

Plums 90g 0 23

! Portion sizes listed were selected to provide approximately 109 mg of flavonoids per item.
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5.3.2. Demographics

There was only one significant difference between groups at postpartum baseline (Visit 2) in
demographics, where sex of infant was different in each group, such as more Female infants observed
in the low flavonoid group and more Male infants were in the high flavonoid group (Table 10).

Table 10. Demographic data for both mothers in flavonoid intervention and control groups collected
at screening and following delivery of infant (0-4 days postpartum, Visit 2)

Outcome Low flavonoid High flavonoid Control Between groups p-value
(n=18) (n=18) (n=20)

Age (Mean (SD) 33.79 (4.55) 33:00 (3.96) 33.16 (3.30) 0.814
Ethnicity* 17:1:0:0:1 16:2:0:0:0 15:1:1:0:2 0.596
Education? 2:8:6:2:0:0:0:0:1 2:11:4:1:0:0:0:0:0 5:9:4:0:0:0:0:1:0 0.536
Employment® 10:5:4:0:0:0:0 11:3:1:1:1:0:1 10:6:3:0:0:0:0 0.538
Household income* 0:0:1:0:1:15:2 0:0:2:1:0:15:0 0:0:3:1:2:12:1 0.602
Marital status® 2:16:0:0:0:0:1 2:15:0:0:0:0:1 2:17:0:0:0:0:0 0.897
Other children® 8:11 11:7 8:11 0.413
Sex of infant’ 15:4:0 4:14:0 9:10:0 0.002*
Mode of delivery® 9:6:4 10:2:6 12:2:5 0.408
Birth complications® 5:14 3:15 7:12 0.382
Childcare support® 14:5 14:4 18:1 0.200

! Participants ethnicity (White or Caucasian; Asian or Asian British; Black/African/Caribbean/Black
British: Latino or Hispanic: Mixed: Other): 2 Participants education (High school/college: Bachelor's
degree: Master's degree: PhD or higher: Trade school: Still in education: Prefer not to say: Other): 3
Participant employment status (Employed full-time (40+ hours a week): Employed part-time (less
than 40 hours a week): Self-employed: Unemployed: Student: Retired: Other): *Participant household
income (£0 - £10,000: £11,000 - £20,000: £21,000 - £30,000: £31,000 - £40,000: £41,000 - £50,000:
£51,000 +: Prefer not to say): ® Participant marital status (Single: Married (or domestic partnership):
Widowed: Divorced: Separated: Prefer not to say: Other): ® Whether the participant has other children
(Yes: No); " Sex of infant (Female: Male: Other): ® Mode of delivery (Vaginal delivery: Assisted
vaginal delivery (vacuum or forceps): Caesarean section: Prefer not to say: Other): ° Birth
complications (Yes: No): '° Nearby childcare support (Yes: No).
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Table 11. Mean (SD) outcome variable data and interaction effects for participants in the flavonoid intervention and control groups at baseline (Visit 2, 0-4

days post intervention)

Outcome Low flavonoid High flavonoid Control Between groups p

M (SD) M (SD) M (SD)

(n=18) (n=18) (n=20)
EPDS 8.63 (5.12) 7.11 (4.48) 6.631 (3.41) 0.351
STAI 40.68 (13.08) 37.88 (12.21) 38.63 (11.45) 0.772
PA 32.89 (8.93) 33.22 (4.78) 32.36 (7.51) 0.938
NA 19.00 (6.87) 16.11 (6.23) 16.84 (5.25) 0.337
PSAS 94.94 (20.13) 89.66 (15.20) 82.57(17.28) 0.107
EPDSP 8.63 (5.12) 7.11 (4.48) 6.63 (3.41) 0.351
PSQI 4.63 (2.40) 3.94 (1.73) 4.63 (1.49) 0.463
PRMQ 54.31 (12.53) 56.55 (8.47) 54.63 (12.21) 0.81
Systolic BP 116.79 (7.80) 116.58 (10.43) 118.15 (9.35) 0.878
Diastolic BP 76.80 (7.10) 75.89 (9.67) 75.40 (6.01) 0.879
N-BACK overall accuracy 10.36 (2.50) 10.84 (1.86) 10.63 (1.02) 0.825
N-BACK reaction time (s) 506.35 (57.29) 526.77 (99.03) 525.47 (87.89) 0.813
MANT accuracy (blocks combined) 13.42 (2.74) 12.90 (2.89) 13.07 (3.11) 0.363
MANT reaction time (blocks combined) (s) 485.04 (65.42) 483.14 (64.42) 468.48 (57.21) 0.107
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MANT accuracy (500ms block)
MANT reaction time (500ms block) (s)
MANT accuracy (120ms block)
MANT reaction time (120ms block) (s)
RAVLT Word span

RAVLT Final acquisition

RAVLT Total acquisition

RAVLT Words learned

RAVLT Proactive Interference
RAVLT Retroactive Interference
RAVLT Delayed recall

RAVLT Word recognition

RAVLT Source monitoring accuracy

RAVLT Source monitoring reaction time (s)

12.71 (3.61)
503.15 (78.00)
12.45 (4.17)
473.80 (83.42)
5.72 (1.96)
11.55 (2.25)
47.50 (9.35)
5.83 (2.35)
0.44 (2.20)
1.88 (1.64)
8.50 (3.89)
16.81 (5.40)

64.07 (25.15)

2017.19 (223.80)

12:00 (4.48)
491.03 (62.02)
12.35 (3.10)
467.61 (75.55)
6.25 (1.98)
12.61 (1.64)
51.05 (8.04)
6.50 (1.61)
1.00 (1.90)
2.00 (2.11)
10.17 (2.94)
21.11 (4.32)

53.77 (14.06)

2217.61 (233.85)

10.64 (5.20)
470.08 (57.71)
12.97 (3.12)
459.62 (53.34)
6.40 (1.68)
11.80 (2,48)
48.33 (10.64)
5.40 (2.29)
0.66 (1.83)
1.71 (1.54)
9.33 (2.52)
21.15 (3.80)
45.27 (6.03)

2660.51 (272.93)

0.343

0.214

0.669

0.649

0.553

0.313

0.497

0.324

0.713

0.906

0.314

0.015*

0.169

0.369

*= p<.05
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5.3.3. Edinburgh Postpartum Depressive Scale (EPDS)

Postpartum depression outcomes were measured using the EPDS. There were no significant
differences between pre-baseline (pregnancy) and baseline (0-4 days postpartum) measures (ts=0.66,
p=.507) indicating no significant changes in depressive symptomatology from pregnancy to
postpartum in this sample. At baseline, 17.86% of mothers scored above the clinical cut off (score of
10) for the EPDS, indicating postpartum depression. Furthermore, 1.79% of mothers responded to
“Yes, quite often’ or ‘Sometimes’ when asked ‘The thought of harming myself has occurred to me’ on
the EPDS signifying some prevalence of thoughts about self-harm in this sample at 0-4 days
postpartum. No significant differences were seen for Condition *Visit interaction, main effect of
Condition, or main effect of Visit (Appendix B; Figure 8). Sleep and birth experience scores were
significant predictors, where worse sleep and poorer birth experience predicted worse depression in
the model (F1,105=5.12, p=.024; Fi1.461=4.73, p=.034 respectively).
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Figure 8. Postpartum depression scores (EPDS) broken down by intervention group with LMMSs
showed no significant change in mean (£SEM) postpartum depression over time (p > .05). Models
were controlled for sleep quality (PSQI), maternal age, habitual flavonoid intake, and birth
experience as covariates.

Exploratory analysis showed no further significant main effects or interactions when sleep was
accounted as a factor in the model (p>0.05), defined as scores >5 indicating poor sleep (Buysse et al.,
1989). Birth experience was then accounted for as a factor in the model, with scores under 5 reflecting
poorer birth experience, and over 5 reflecting better experiences. In this model, a main effect of Visit
was present (Fpz1481= 3.89, p=.010), where pairwise comparisons showing a significant reduction in
EPDS scores from 2-weeks (M=10.3, SE=0.99) to 4-weeks (M=7.25, SE=0.98) (p=.006) (Figure 9),
which was largely driven by the mothers who had a poor birth experience who received the high
flavonoid intervention.
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Interaction of Condition, Visit, and Birth Experience on EPDS Scores
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Figure 9. Postpartum depression scores (EPDS) broken down by intervention group and birth
experience with LMMs showed a significant decrease in mean (£:SEM) EPDS scores over time (main
effect of Visit, Fy3,145) = 3.89, p = .010). Bonferroni-corrected post hoc tests showed significant
reductions in depressive symptoms between 2 and 4 weeks postpartum. Models included sleep quality
(PSQI) and maternal age, and habitual flavonoid intake as covariates.

5.3.4. State Trait Anxiety Inventory-State scale (STAI)

Anxiety outcomes were measured using the STAI. There were no significant differences between pre-
baseline (pregnancy) and baseline (0-4 days postpartum) measures (ts=-0.96, p=.336). Also at
baseline (0-4 days postpartum), 64.29% of mothers scored above the clinical cut off (score of 34) for
the STAI, indicating postpartum anxiety. No significant differences were seen for Condition *Visit
interaction (Appendix B; Figure 10). Sleep scores were a significant predictor to the model, where
worse sleep predicted higher anxiety (Fp1202=17.02, p<.001).
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Figure 10. Anxiety scores (STAI) broken down by intervention group with LMMs showed no
significant change in mean (:SEM) anxiety over time (p > .05). Models were controlled for sleep
quality (PSQI), maternal age, habitual flavonoid intake, and birth experience as covariates.

Exploratory analysis showed a significant interaction between Condition*PSQI scores when sleep was
accounted as a factor in the model (F2.176=5.88, p=.003). Bonferroni corrected post hoc comparisons
showed worse anxiety for ‘Bad’ sleepers (M=41.1.2, SE=2.25) compared to ‘Good’ sleepers
(M=31.2, SE=2.54) in the control condition (p<.001) (Figure 11). This relationship was not observed
for intervention groups indicating potential flavonoid-related protection from adverse sleep outcomes,
specifically for ‘Bad’ sleepers.
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Figure 11. Anxiety scores (STAI) broken down by intervention groups and sleep quality (good vs poor
sleepers) with LMMs showing a significant Condition*PSQI interaction (Fy2176) = 5.88, p = .003),
with higher mean (£SEM) anxiety scores observed in the control group among participants with poor
sleep compared to those with good sleep (p < .001). Models included maternal age, habitual
flavonoid intake, and birth experience as covariates.

5.3.5. Positive Affect (PA)

No significant main effects or interactions were found (Appendix B; Appendix B.1).

5.3.6. Negative Affect (NA)

No significant main effects or interactions were found (Appendix B; Appendix B.2).

5.3.7. Postpartum Specific anxiety Scale (PSAS)

This measure focused on postpartum anxiety, therefore was given from 0-4 days postpartum onwards.
Subsequently, analysis between pregnancy and postpartum was not conducted for this measure. At
baseline, 8.93% of mothers scored above the clinical cut off (score of 112) for the PSAS, indicating
postpartum anxiety. No significant main effects or interactions were found (Appendix B; Appendix
B.3).

5.3.8. Edinburgh Postpartum Depressive Scale-Partner (EPDSP)

At baseline, 5.36% of mothers reported their partners scored above the clinical cut off (score of 10)
for the EPDSP, indicating postpartum depression. Furthermore, 0% of mothers responded to Yes,
quite often’, ‘Sometimes’ or ‘Hardly ever’ when asked ‘He has been having thoughts of harming
himself” on the EPDS signifying no prevalence of depression and thoughts of partner self-harm in this
sample. It was hypothesised that if flavonoid supplementation improved maternal mood, it might also
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have an indirect positive effect on partner mood; however, no significant main effects or interactions
were found (Appendix B; Appendix B.4).

5.3.9. Prospective Retrospective Memory Questionnaire (PRMQ)

Subjective memory outcomes were measured using the PRMQ. No significant differences were
observed between pregnancy and postpartum days 0-4 (t;ss=1.76, p=.082), though this did show a
trend towards better performance during pregnancy compared to 0-4 days postpartum. No significant
differences were seen for Condition *Visit interaction, main effect of Condition, or main effect of
Visit (Appendix B; Figure 12).
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Figure 12. Prospective memory (PRMQ) scores broken down by intervention group with LMMSs
showed no significant change in mean (£SEM) subjective memory over time (p > .05). Models were
controlled for sleep quality (PSQI), maternal age, habitual flavonoid intake, and birth experience as
covariates.

None of the initial main effects or interactions were significant, however, hypothesis driven
exploratory within groups analyses showed significant differences for Low and High flavonoid
conditions (Fpz46= 9.47, p<.001; F3.40= 5.41, p=.003 respectively), where pairwise comparisons
showed significantly better (lower) PRMQ scores at 2-weeks (p=.021) and 4-weeks postpartum
(p<.001) relative to 0-4 days, for the low flavonoid group. Similarly, better (lower) scores were
observed at 12-weeks postpartum (p=.002) compared to 0-4 days for the high flavonoid group,
indicating fewer subjective memory impairments. This was not emulated in the control group, where,
significant worsening of cognition was seen (Fj3 3= 3.65, p=.020), at 2-weeks (p=.045) and 12-weeks
postpartum (p=.023) compared to 0-4 days. This suggests flavonoid groups may be beneficial for
reducing subjective memory complaints compared to the control group.

Flavonoid intake was a significant covariate to the model (F[i 50=4.39, p=.041). Exploratory analysis
showed a significant interaction for Condition*Visit *Baseline flavonoid intake (median values,
410.45 mg/day) (Fie,145= 2.50, p=.024), however pairwise comparisons revealed no significant
differences (p>0.05) (Figure 13).
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Interaction of Condition, Visit, and Baseline Flavonoid on PRMQ scores
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Figure 13. Subjective Memory scores (PRMQ) broken down by intervention group and Habitual
Flavonoid intake at baseline (High vs. Low). Linear mixed models revealed a significant
Condition*Visit*Baseline flavonoid intake interaction on subjective memory scores (Fis 1451 = 2.50, p
=.024), indicating differences between high and low flavonoid intake groups over time. Models were
controlled for sleep quality (PSQI), maternal age, and birth experience as covariates.

5.3.10. Modified Attention Network Task (MANT)

5.3.10.1 MANT overall
Accuracy

Here, significant interactions were seen for Condition*Visit (Fis, 1080=2.97, p=.006), where pairwise
comparisons showed significant improvements in the High flavonoid condition across Visits
compared to 0-4 days postpartum (all ps <.005) and the Low flavonoid group between 0-4 days
postpartum (M=12.5, SE=0.73) and 12-weeks (M=13.8, SE=0.72) (p<.0001). A main effect of Visit
(F3, 10821 = 14.58, p <.001) indicated significant, incremental improvements in accuracy over time,
particularly between baseline and each follow-up timepoint (all ps < .005; Figure 14). Accuracy did
not differ significantly between 2—4 and 4-12 weeks postpartum (p = .664 and p = 1.00, respectively).
Stimulus presentation was significant in the model (F[i, 10827=39.49, p<.001), where pairwise
comparisons showed better accuracy for the 120ms presentation (» trials 56, M=13.0, SE=0.46)
(p<.001), compared with the 500ms presentation (# trials 235, M=12.3, SE=0.46). In addition,
significant differences were seen for load (Fy1, 1077=5.68, p=.017), where high load trials had higher
correct scores (M=12.8, SE=0.46) compared to medium load trials (M=12.5, SE=0.46) (p=.017). This
effect was further explored where significant interactions were also found for Condition * Load (F,
10777=3.92, p=.019), with pairwise comparisons showing significantly better accuracy for High
flavonoid, High Load trials (M=13.6, SE=0.83) than High flavonoid Medium Load trials (M=13.0,
SE=0.82) (p=.004).

PSQI scores were a significant covariate in the model (Fpi, 1109=8.41, p<.003), where exploratory
analysis with PSQI as a factor in the model showed a significant Condition * Visit * Sleep quality
interaction (Fis, 10007=5.34, p<.001). Pairwise comparisons showed participants who were ‘Good
sleepers’ (PSQI scores <5) and were randomised to the High flavonoid condition had significantly
higher scores over time compared to those in the same condition in those who were ‘Poor sleepers’
(Figure 15).

102



MANT overall accuracy

*k

| * 1

(1

.

=== Control
High flavonoid

Low flavonoid

Estimated Correct Responses + SE

& & & &
S IS s P
& d & &
55 & & F
by Y
e s s s
M
Visit

Figure 14. MANT overall accuracy scores broken down by intervention groups with LMMs showed
that mean (SEM) MANT accuracy was significantly higher for mothers in the Low flavonoid and High
flavonoid intervention groups over Visits compared to baseline (significant Condition*Time
interaction [Fys 10s07=2.97, p=.006]). Bonferroni corrected post-hoc analysis indicated a significant
improvement in scores for the High flavonoid group at 4-weeks postpartum (p=.002), and 12-weeks
postpartum (p <.0001) relative to 0-4 days, in addition to improvements in the low flavonoid group at
12-weeks postpartum compared to 0-4 days (p <.0001), and 2-weeks postpartum (p=.005) which was
not reported in the control group at any Visit. Models were controlled for sleep quality (PSQI),
maternal age, habitual flavonoid intake, and birth experience as covariates. (*=p<.05, **=p<.001).

Interaction of Visit, Sleep quality and Condition on MANT accuracy

| * 1
]

= (Good Sleeper

* Poor Sleeper

Contral

High flavonoid

L

Low flavonoid

Estimated Marginal Mean of Accuracy

Visit

Figure 15. MANT overall accuracy scores broken down by intervention groups and sleep quality
(good vs bad sleeper), with LMMSs showed that mean (SEM) MANT accuracy was significantly higher
Jfor mothers who were good sleepers (>5 PSQI score) in the High flavonoid intervention group
compared to baseline (significant Condition*Time*Sleep interaction (Fy1, 11099=8.41, p<.003).
Bonferroni-corrected post-hoc analysis indicated that, in the High flavonoid group, good sleepers
showed significantly better scores at 4-weeks (p = .010) and at 12-weeks postpartum (p < .0001)
compared to 0—4 days, with the highest accuracy observed at 12-weeks, which was not reported in the
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control group, and low flavonoid group for good sleepers in addition to any poor sleepers at any Visit.
Models were controlled for maternal age, habitual flavonoid intake, and birth experience as
covariates (*=p<.05, **=p<.001).

Reaction Time

No significant main effects or interactions were found for RT (Appendix B; Apprendix B.5).

5.3.10.2 MANT 500ms block
Accuracy

The MANT task was further broken down into the 500ms and 120ms stimulus presentation block, due
to the missing data in the 120ms block. Here, there was a significant Condition *Visit interaction
(Fis,6267=2.52, p=.020), where there was significantly better accuracy in the High flavonoid group at
12-weeks (M=13.64, SE=1.12) compared to 0-4 days (M=12.02, SE=1.10) (p<.001) and 2-weeks
(M=12.29, SE=1.10; p=.005; Figure 16).

Further, a significant main effect was seen for Visit (Fj3626=8.44, p<.001), with pairwise comparisons
showing significant differences between 0-4 days postpartum (M=11.17, SE= 0.57) and 12-weeks
postpartum (M= 12.39, SE= 0.57) (p=<.0001) and 2 weeks postpartum (M= 11.65, SE= 0.57) and
12-weeks postpartum (p=.008).
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Figure 16. MANT 500ms accuracy scores broken down by intervention groups with LMMs revealed
that mean (SEM) MANT accuracy (500ms block) was significantly increased for participants over
time as a result of the intervention (significant Condition*Visit interaction [Fss26)=2.52, p=.020]).
Bonferroni corrected post-hoc analysis indicated a significant increase in accuracy for participants in
the high flavonoid group between 0-4 days and 12-weeks (p<.001) in addition to 2-weeks and 12
weeks (p=.005). Models were controlled for sleep quality (PSQI), maternal age, habitual flavonoid
intake, and birth experience as covariates (*=p<.05, **=p<.001).

Finally, habitual flavonoid intake (categorised as ‘high’ and ‘low’ consumers calculated by median
split) was a significant covariate to the model (F(i,¢627=4.98, p=.025), and a
Condition*Visit*Flavonoid intake interaction was significant (F2, s00=2.14, p=.047). Pairwise
comparisons revealed that participants with low habitual flavonoid intake, who were randomised to
the high flavonoid condition, showed significantly improved scores at 12-weeks postpartum (M =
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12.96, SE = 1.08) compared to both 0—4 days (M =9.76, SE = 1.10; p <.001) and 2-weeks
postpartum (M = 10.20, SE = 1.11; p =.016) (Figure 17).

Interaction of Condition, Visit, and Baseline Flavonoid Intake
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Figure 17. MANT 500ms accuracy scores broken down by intervention groups and habitual flavonoid
intake at baseline (High and Low) with LMMSs showed that mean (SEM) MANT accuracy (500ms
block) had a significant Condition*Visit*Flavonoid intake interaction (Fp, soy=2.14, p=.047), where
low consumers of flavonoids at baseline had significant increases in accuracy between visits 0-4 days
and 12-weeks (p<.001), and 2-weeks with 12-weeks (p=.016) following two portions of flavonoid
foods. Models were controlled for sleep quality (PSQI), maternal age, and birth experience as
covariates (*=p<.05, **=p<.001).

Reaction time 500ms block

Reaction time data showed no significant Condition *Visit interactions, further, no significant main
effects were seen for Visit or Condition (Appendix B). In regard to low load trials, for RT the
Condition * Visit interaction was non-significant (Appendix B; Appendix B.6). There was, however, a
significant main effect of Visit (F3,130= 5.79, p>.001), with pairwise comparisons indicating
significant increases in RT from 0-4 days postpartum (M = 12.70, SE = .50) to 4-weeks postpartum
(M =13.85, SE =.50) (p =.011), and between 0-4 days and 12-weeks postpartum (M = 14.19, SE =
.51) (p>.001).

For reaction time in the low load, none of the initial main effects and interactions were significant

(p>.05).

5.3.10.2 MANT 120ms block
For the 120ms block, there was no significant Condition *Visit interaction (Fis, s027=1.15, p=.326), or
Condition main effect (Fp, 36=0.33, p=.719), however, there was a significant main effect of Visit (Fp3,
s04=12.06, p<.001), where pairwise comparisons showed significantly better accuracy at 4-weeks
postpartum (M=13.45, SE=0.44) compared to 0-4 days postpartum (M=11.87, SE=0.42) (p<.001), in
addition to significantly better accuracy from 0-4 days to 12-weeks postpartum (M=13.23, SE=0.42)
(p<.001), and 2-weeks postpartum (M=12.77, SE=0.41) to 4-weeks (p=.037), indicating improved
performance for all groups over time (Figure 18).
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Figure 18. MANT 120ms accuracy scores broken down by intervention groups with LMMs showed
that mean (SEM) MANT accuracy (120ms block) significantly increased for participants over time
(significant main effect of Visit (F3, s04= 12.06, p<.001). Bonferroni corrected post-hoc analysis
indicated a significant increase (improvement) in accuracy for participants between 0-4 days and 4-
weeks (p<.001), 0-4 days and 12-weeks (p<.001), and finally 2-weeks to 4-weeks (p=.037). Models
were controlled for sleep quality (PSQI), maternal age, habitual flavonoid intake and birth experience
as covariates. (*=p<.05, **=p<.001).

Reaction time 120ms block

For reaction time, the Condition * Visit interaction was significant (Fs 4941 = 2.22, p =.039), though
there were no significant pairwise comparisons (p>.05). There was also a significant main effect of
Visit (Fp3.4961= 4.57, p=.003) (Appendix B.7), with pairwise comparisons showing significant
quickening in reaction time from 2-weeks (M=484.83, SE=8.69) to 12-weeks (M = 467.11, SE =
8.80) (p = .006) and from 4-weeks (M = 481.14, SE = 8.87) to 12-weeks (p = .047), suggesting
performance was faster at 12-weeks relative to the 2 and 4 week timepoints. The main effect of
Condition was not significant (Appendix B; Appendix B.7).

In regard to low load trials, accuracy data showed the Condition * Visit interaction was not
significant, in addition to Condition. However, there was a significant main effect of Visit (Fj3 4 =
2.85, p=.042), however pairwise comparisons did not reveal significant differences between Visits.
Significant covariate effects were observed for PSQI (Fj197; = 8.75, p =.003), though further
exploratory analysis did not reveal any further significant effects when PSQI scores were accounted
for in the model (p>.05). Reaction time data for the low load trials showed no significant main effect
or interaction.

5.3.11 N-BACK

5.3.11.1 N-BACK overall

No significant main effects or interactions were found for overall accuracy and RT (Appendix B;
Appendix B.8), there were no significant covariates in this model.

5.3.11.2 N-BACK n-1

No significant main effects of interactions were found for accuracy (Appendix B; Appendix B.9) and
RT (Appendix B; Appendix B.10).

5.3.11.3 N-BACK n-2

No significant main effects of interactions were found for accuracy (Appendix B; Appendix B.11) and
RT (Appendix B; Appendix B.12)
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5.3.11.4 N-BACK n-3

A main effect of Visit was present for accuracy, though no further main effects and interactions were
significant for accuracy (Appendix B; Appendix B.13) and RT (Appendix B; Appendix B.14)

5.3.11.5 N-BACK n-4
A main effect of Visit was present for accuracy (Appendix B; Appendix B.15) and reaction time
(Appendix B; Appendix B.16), though no further main effects and interactions were significant.

5.3.11.6 N-BACK n-5

No significant main effects of interactions were found for either accuracy (Appendix B; Appendix
B.17) or RT (Appendix B; Appendix B.18).

5.3.12 RAVLT

5.3.13.1. Word span
Significant differences were seen at 4-weeks (Fpo, 49=4.25, p=.021), where the High flavonoid group
(M=6.25, SE=0.49) had higher word span compared to the Low flavonoid group (M=5.72, SE=0.45)
(p=.043), indicating a higher number of initial words recalled, and therefore better verbal memory for
those consuming a higher flavonoid dose. No other significant main effects or interactions were found
(Appendix B; Figure 19).
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Figure 19. Word span scores broken down by intervention group with LMMs, revealed that mean
(SEM) a higher number of words were recalled for the High flavonoid group compared to the Low
flavonoid group at 4-weeks postpartum. Models were controlled for sleep quality (PSQI), maternal
age, habitual flavonoid intake and birth experience as covariates.

5.3.12.2. Final acquisition
No significant main effects of interactions were found (Appendix B; Appendix B.19).

5.3.12.3. Total acquisition
No significant main effects of interactions were found (Appendix B; Appendix B.20).

5.3.12.4. Words learned
No significant main effects of interactions were found (Appendix B; Appendix B.21).

5.3.12.5. Proactive Interference
No significant main effects of interactions were found (Appendix B; Appendix B.22).

5.3.12.6. Retroactive Interference
No significant main effects of interactions were found (Appendix B; Appendix B.23).
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5.3.12.7. Delayed recall
No significant main effects of interactions were found (Appendix B; Appendix B.24).

5.3.12.8. Word recognition

Word recognition scores were significantly different at baseline (F(2,43) = 4.59, p = .016) where post
hoc Bonferroni corrections showed significantly lower scores for low flavonoid group versus control
(p =.046) and high flavonoid groups (p =.031) (Figure 20). A significant effect was observed for
Condition, but not for Visit or the Condition*Visit interaction. Given that baseline differences were
observed between groups, a change from baseline analysis was conducted, however, no significant
effects were observed.

1 + Control
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Low flavenoid
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Figure 20. Word recognition change scores broken down by intervention groups with LMMs revealed
change from baseline for word recognition scores did not change over time as a result of the
intervention (p>.05). Models were controlled for sleep quality (PSQI), maternal age, habitual
flavonoid intake and birth experience as covariates.

5.3.12.9. Source monitoring accuracy
A significant main effect of Condition was found, no pairwise comparisons showed significant effect,
however further analysis showed a significant between groups differences at 0-4 days postpartum (F|2,
391 = 3.65, p = .035), with Bonferroni corrected pairwise comparisons showing significantly higher
source monitoring accuracy for the high low flavonoid group compared to the control group (p=.033).
The same effect was found at 4-weeks postpartum, with significantly higher scores for the low
flavonoid group compared to control (p=.007) and high flavonoid group (p=.002) (Figure 21). Given
that baseline differences were observed between groups, a change from baseline analysis was
conducted, showing a significant main effect of visit (Fp2, so; = 3.26, p = .043) with Bonferroni
corrected comparisons showing significantly higher change scores between 0-4 days to 12-weeks
postpartum with 0-4 days and 2-weeks postpartum (p=.042), no other main effects or interaction
effects were present.
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Figure 21. Source monitoring accuracy change scores broken down by intervention groups with
LMMs revealed change from baseline for source monitoring accuracy scores significantly improved
over time (Fy, 50 = 3.26, p = .043) (*=p<.005). Models were controlled for sleep quality (PSQI),
maternal age, habitual flavonoid intake and birth experience as covariates.

5.3.12.10. Source monitoring reaction time (s)
No significant main effects of interactions were found (Appendix B; Appendix B.26).

5.3.13 Blood pressure

5.3.13.1 Systolic BP

The Condition * Visit interaction and main effect of Condition were not significant. However, a main
effect of Visit (F3128= 12.94, p<.001) was seen, with a significant increase in systolic blood pressure
from 2-weeks (M=109.45, SE=1.39) to 4-weeks (M=110.30, SE=1.40) (p=.006), which appears to be
driven by the control group and attenuated by flavonoid groups, though not statistically significant
(Figure 22).
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Figure 22. Systolic blood pressure broken down by intervention with LMMSs revealed that mean (SEM)
systolic blood pressure significantly changed over time (*=p<.005). Models were controlled for sleep
quality (PSQI), maternal age, habitual flavonoid intake and birth experience as covariates.

Significant changes over time were found in the Low Flavonoid (F 3,45 = 8.66, p <.001), High
Flavonoid (Fp3, 401 = 5.41, p = .003), and Control (F3,37; = 3.85, p = .016) groups. Pairwise
comparisons revealed significant decreases in blood pressure from 0-4 days to 2-weeks and from 0-4
days to 12-weeks across all groups. Notably, the Low Flavonoid group showed a marked drop in
systolic BP from 0-4 days (M = 118, SE = 1.99) to 12-weeks (M = 110, SE = 1.99), p <.001. The
most pronounced change occurred between 0-4 days and 4-weeks in the Low Flavonoid condition (M
=11.60, SE =2.42, tus) = 4.80, p <.001), suggesting a particularly beneficial effect during this
interval. This was greater than the changes observed between 0-4 days and 2-weeks in the same group
(Mean change = 9.54, p = .001) and larger than corresponding changes in the High Flavonoid (M =
7.42, p=.0263) and Control groups (M = 7.46, p = .043).

5.3.13.2 Diastolic BP

No significant main effects of interactions were found (Appendix B; Figure 28), there were no
significant covariates in this model.

5.3.14. Habitual diet

Regarding habitual diet, analysis of data from EPIC-Norfolk showed no significant differences
between conditions at Visit 1 (pregnancy; pre-intervention baseline) (Table 12). Additionally, one
sample t-tests were conducted to explore differences between mean nutrient intake at baseline and the
UK recommended dietary allowance (RDA) for mothers in the third trimester of pregnancy.
Significant differences were observed for most nutrients whereby mothers were under-achieving
RDA’s for most nutrient groups, except flavonoid, protein and fat intake where RDAs were met.

Participants were provided with nine 24hr food recalls over the trial, split into three in pregnancy,
three during the intervention period and three during the 4-12 week postpartum follow up period.
Overall compliance for the 24hr recalls was 62% with compliance dropping over time from 68%, 61%
and 57% in the follow up period. No significant differences were seen between conditions for any
nutrient, over the three time points (p>.05) (Table 13). Furthermore, LMMs revealed no significant
effect of the intervention over visits for any nutrient (p>.05). Interestingly this was the case for
reported flavonoid intake where no significant Condition * Time interactions were seen (F(2, 85)=
1.09, p=.339). These findings suggest that participants’ nutrient and flavonoid intake remained
consistent over time, regardless of group allocation, and that the intervention did not significantly
alter dietary intake.
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Table 12. Mean (SE) raw data and interaction effects from the EPIC-Norfolk FFQ for participants in the intervention and control groups at pregnancy

Nutrient Pregnancy RDA One sample t-test Intervention Between groups p
comparing intake Low flavonoid High flavonoid Control value
with RDA’s (n=18) (n=18) (n=20)

M(SE) M(SE) M(SE)

Flavonoid ( mg) 428 mg* t(51)= 1.51, p=.135  488.33 (87.54) 459.00 (83.51) 540.39 (74.13) 771

Calories (kcal) 2600kcal? t(51)= -5.60, p<.001  1790.96 (169.64) 1995.92 (249.41) 1891.21 (155.25) 761

Protein (g) 71g2 t(51)= 1.40, p=.166  76.95 (7.94) 74.40 (7.06) 78.80 (6.99) 914

Fat (9) 90g° t(51)=-1.57, p=.121 78.62 (7.92) 85.18 (11.88) 80.93 (8.72) .890

Carbohydrates () 300g° t(51)=-5.47, p<.001  206.84 (19.35) 246.32 (33.59) 225.99 (17.06) 518

Fruit (g) 400g° t(51)=-6.71, p<.001  208.91 (29.75) 225.15 (52.19) 308.08 (30.78) 137

Vegetables (g) 400g t(51)=-4.30, p<.001  263.61 (34.53) 273.98 (37.23) 360.76 (42.06) 145

Iron ( mg) 9 mg? t(51)= 4.04, p<.001 10.33 (0.95) 11.01 (1.11) 11.87 (0.66) 476

Folate (mcg) 500mcg? t(51)=-15.68, p<.001 260.63 (28.57) 276.19 (29.44) 300.22 (15.12) .504

Fibre (g) 34¢? t(51)=-15.31, p<.001 16.56 (1.49) 18.24 (2.50) 19.97 (1.27) .389

! Vogiatzoglou et al. (2015); 2U.S. Department of Agriculture. (2020)
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Table 13. Mean (SE) raw data and interaction effects from the 24-hr recalls for participants in the intervention and control groups at pregnancy, throughout
the intervention and follow up

Nutrient Time
Pregnancy Intervention (0-4 days postpartum-4-weeks Post intervention (4-12 weeks postpartum)
postpartum)
Low High Control  Between Low High Control  Between Low High Control ~ Between Condition *
flavonoid flavonoid (n=20) groupsp flavonoid flavonoid (n=20) groupsp flavonoid flavonoid (n=20)  groups p Visit
(n=18) (n=18) value (n=18) (n=18) value (n=18) (n=18) value interaction
Flavonoid ( 274.17 225.70 248.17  .833 271.14 280.95 278.35  .994 195.88 276.91 295.69  .509 F(2, 85)=
mg) (61.75) (45.10) (57.20) (79.61) (53.15) (58.85) (66.57) (53.19) (66.31) 1.09, p=.339
Calories 1746.09  1205.03  1203.49 .345 1230.84 132478  1259.99 .923 1239.19  1353.12  1266.02 .892 F(2, 89)=
(kcal) (495.70)  (162.07)  (149.09) (190.88)  (153.34)  (146.28) (184.18) (165.70)  (187.26) 0.32, p=.726
Protein (g) 60.26 44.12 61.79 .560 57.54 50.71 45.72 .486 56.16 53.54 53.18 957 F(2, 90)=
(11.85) (5.63) (16.69) (9.74) (5.49) (5.77) (8.74) (6.33) (7.79) 0.93, p=.910
Fat (g) 65.80 62.59 105.54 .714 47.11 52.75 47.34 .853 53.68 53.39 49.81 941 F(2, 87)=
(19.99) (14.62) (62.55) (9.30) (8.07) (6.56) (10.84) (6.88) (8.83) 0.003, p=.997
Carbohydrates 243.83 155.55 164.36  .315 152.43 172.68 173.79  .747 141.41 172.96 156.85  .636 F(2, 88)=
()] (75.15) (21.61) (20.64) (22.32) (20.93) (20.39) (21.17) (24.51) (22.80) 0.78, p=.457
Fruit (g) 89.76 86.83 94.82 .958 101.15 112.29 134.20 .754 95.33 72.23 82.83 745 F(2, 87)=
(23.78) (20.96) (16.40) (30.43) (28.40) (34.28) (22.21) (17.62) (23.72) 0.20, p=.815
Vegetables 135.39 70.49 104.93 419 84.39 73.83 63.12 .819 69.45 97.94 87.79 721 F(2, 84)=
()] (52.03) (20.88) (24.06) (35.4) (23.09) (15.82) (20.81) (30.18) (18.60) 0.22, p=.798
Iron ( mg) 21.22 42.93 33.78 797 14.60 9.40 28.57 518 11.15 11.92 8.28 .586 F(2, 80)=
(7.78) (32.88) (17.92) (5.65) (1.71) (17.12) (2.90) (3.11) (1.50) 0.60, p=.550
Folate (mcg)  337.95 251.25 343.73  .581 185.64 207.08 269.72  .445 238.48 280.95 168.46  .436 F(2, 85)=
(59.22) (74.25) (72.33) (35.89) (40.67) (57.45) (67.70) (77.99) (28.21) 1.95, p=.148
Fibre () 13.06 10.91 11.99 .656 9.38 11.96 11.65 510 9.03 11.22 10.00 697 F(2, 90)=
(1.82) (1.31) (1.65) (1.37) (1.89) (1.50) (1.29) (2.22) (1.55) 1.83, p=.165
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5.4. Discussion

This study recruited mothers during the third trimester of pregnancy with the aim to explore whether a 30-
day dietary flavonoid intervention in the first month postpartum would improve mothers’ mental health,
cognition and blood pressure.

Significant improvements in overall accuracy to executive functioning (MANT) were seen following
consumption of both one and two flavonoid-rich food items over the postpartum, an effect which was
sustained 2 months following the intervention. Increases in accuracy for participants consuming 2
flavonoid-rich foods were further magnified when cognitive load was higher, and when the participant
reported better sleep. Interestingly, during longer stimulus presentation (500ms), participants who
consumed fewer flavonoids at baseline and consumed two portions of additional flavonoid-rich foods
over the intervention period had improved accuracy compared to baseline, which was not seen in the low
flavonoid or control condition and was not replicated in high habitual flavonoid consumers. The effect of
baseline diet is mirrored in subjective cognition scores, where participants that consumed fewer
flavonoids in their habitual diet, and consumed an additional one or two portions of flavonoid-rich foods,
reported fewer impairments in subjective cognition (PRMQ). Combined, this indicates the flavonoid-rich
diet may improve subjective memory and objective executive function in this population, especially in
habitually low consumers. Additionally, improvements in systolic blood pressure following delivery (0-4
days postpartum) were larger in magnitude following consumption of flavonoid-rich foods, suggesting
flavonoids may modulate postpartum changes in blood pressure. Despite these benefits to cognitive
function and blood pressure, no consistent mood or mental health outcomes were found following
consumption of either one or two flavonoid-rich foods over the postpartum versus the control condition.
However, inspection of Appendix B.2 suggests a slight reduction in positive affect (PA) at 2 weeks in the
control group only, which may tentatively indicate some protective effect of flavonoid consumption.
Additionally, interesting mental health covariates emerged. A more positive birth experience was
associated with better depression outcomes over time, although this effect was independent of flavonoid
condition. In contrast, for anxiety, an interaction between Condition and sleep quality was observed: poor
sleepers in the control group reported significantly higher anxiety than good sleepers, a difference that
was not evident in the flavonoid groups. This suggests that flavonoid intake may have moderated the
negative impact of poor sleep on anxiety. While there is no evidence that sleep quality itself improved
following the intervention, it is possible that those with poorer sleep had greater scope for benefit,
resulting in reduced anxiety despite ongoing sleep difficulties. Overall, the current findings suggest that
an early intervention of dietary flavonoids may support postpartum mood, cognitive function and blood
pressure regulation, with effects persisting for cognitive function and blood pressure beyond the
intervention period, and highlights the importance of considering relevant factors such as sleep when
assessing the efficacy of a flavonoid intervention.

Following the benefits to postpartum depression and anxiety observed following the consumption of
flavonoid-rich foods for mood in the later postpartum (Chapter 3.6.), it is surprising that no consistent
mood benefits were observed in the present study as hypothesised based on previous flavonoid
intervention studies and the wider literature linking flavonoid intake to improved mood. However,
tentative patterns, such as possible protective effect on positive affect and flavonoid related attenuation of
anxiety in poorer sleepers suggest that subtle mood-related effects may be present when considering other
wellbeing risk factors. One explanation for the discrepancy between the present and previous studies
could be baseline mood of the sample, as postnatal depression (EPDS scores) at baseline were generally
lower (17% of mothers above clinical cut off) in the present study, especially in comparison to Barfoot et
al. (2021) (64% above cut-off on Patient Health Questionnaire (Kroenke et al., 2009)) and Chapter 4
(23% above cut off). This was also seen in postpartum anxiety scores (PSAS), where 8% of the current
sample reported clinical levels of postpartum anxiety 0-4 days postpartum, compared with 21% in
Experiment 1. Therefore, it could be suggested that mood was better at these timepoints in the present
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sample, potentially leaving less scope for improvement following consumption of flavonoids. EPDS
scores, however, did decrease over the course of the trial when birth experience was accounted for. This
suggests that birth experience is likely a protective factor when exploring depression during the
immediate postpartum period, a finding that is in line with postpartum mental health literature. Future
flavonoid trials could therefore benefit from stratifying participants by birth experience, as it may help to
identify subgroups who are more likely to benefit from flavonoid supplementation.

Regarding the other primary outcome measure, state anxiety (STAI), the data reflected a large percentage
of women experiencing clinical symptoms of anxiety at 0-4 days postpartum . The mean score in this
sample was more consistent with the data seen in Barfoot et al. (2021) and data in Experiment 1, where
higher anxiety was evident. This was an interesting finding, particularly when compared to the low levels
of anxiety observed in the PSAS. This discrepancy may be due to differences in measurement focus: the
STAI captures general state anxiety, whereas the PSAS targets perinatal-specific concerns. The PSAS
may be less sensitive to transient changes in the immediate 0—4 days postpartum but better suited to
capturing maternal anxieties that emerge later, highlighting the complexity of assessing postpartum
anxiety. Nevertheless, scores for anxiety (STAI) did not change as a result of either intervention group, or
over time. Interestingly, sleep was a protective measure for anxiety scores, where those who reported
sleeping better had less anxiety. This was not seen in the control condition, which may suggest that those
in the flavonoid groups did not experience changes in anxiety even when sleep was poor, potentially
indicating that flavonoid intake may be just as protective as sleep on anxiety in the postpartum period.
However, the overall lack of significant effects for anxiety indicates that in this sample under these
conditions, the impact of a flavonoid intervention on anxiety may be limited. Further research should
explore these effects using more targeted approaches, for instance incorporating objective measures of
sleep, such as actigraphy, to better understand its role in postpartum anxiety. Consideration of additional
factors, such as diet, birth experience, and the timing of assessments in the postpartum period, may also
be important, as these nuances could help explain subtle differences in findings between studies,
including those of Experiment 1 and Barfoot et al. (2021).

While the present data suggest the importance of measuring sleep in understanding postpartum mood,
they also highlight the limitations of current measurement tools in this population. The current study
utilised the PSQI, which has been validated in both pregnancy and postpartum populations and is widely
accessible (Qiu et al., 2016; Zhong et al., 2015). However, certain questions in the PSQI may not be
appropriate and may inaccurately pathologise non-typical sleep in this population. For example, question
5 asks, "How often have you had trouble sleeping because you wake up in the middle of the night or early
in the morning?" This may be misleading for new mothers and for researchers’ interpretations, as waking
frequently to tend to infants' needs is a common and expected experience. This also highlights the lack of
accessible, well-validated, and reliable postpartum sleep questionnaires. Sultan et al. (2021) suggested
that the Bergen Insomnia Scale may be the best patient-reported measure of postpartum sleep. However,
the PSQI has also been reported as a suitable measure, and given its association with postpartum mood
disorders (McEvoy et al., 2019), it was deemed an appropriate measure for the present trial, building on
the use of a single subjective sleep question utilised in Experiment 1. As discussed, incorporating
objective sleep measures in future research may help clarify the relationship between sleep and
postpartum wellbeing, alongside the development of a validated postpartum-specific sleep questionnaire.

It is also important to consider the timeframe for these mood measures, with the EPDS asking mothers to
reflect on their feelings over the past two weeks whilst the anxiety questionnaires reflected the previous
week. As the baseline visit occurred within the first 0-4 days postpartum, the mothers' responses on these
scales may not fully capture the progression or onset of symptoms that might develop later in the
postpartum period. However, transient mood changes were captured using the PANAS, which provided
insight into immediate mood fluctuations during this sensitive timeframe, something that tools like the
EPDS, STAI, and PSAS may not fully capture. Additionally, baseline scores for the EPDS and PSAS
were higher in this sample compared to those in previous trials, suggesting that the participants may have
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started with a more positive mood, leaving less room for change following the dietary flavonoid
intervention. Despite this, positive affect and negative affect did not significantly change over time as a
result of the intervention, despite some protection for positive affect following flavonoid consumption at
2-weeks, which was not emulated in the control group. These findings, along with the other mood
outcomes, suggest that the intervention may be less effective during the immediate postpartum period
compared to previous studies examining the effects of flavonoid-rich foods in the 0-6 month (Experiment
1) and 0-12 month (Barfoot et al., 2021) postpartum periods, or that perhaps the measures used such as
the STAI and PSAS are not as sensitive in the immediate postpartum to detect such changes, compared to
the later postpartum. This underscores the importance of timing in interventions aimed at promoting
mood and potentially reducing the prevalence of mood disorders. While Dowlati et al. (2017) and Meyer
et al. (2024) observed mood changes in the immediate postpartum period following a single dose of
flavonoid, studies focusing on interventions targeting mood and/or cognition in the early postpartum
period are relatively rare. These trials may have found effects due to the sensitivity of the measures used,
such as Visual Analogue Scales following the sad mood induction procedure, alongside supplementation
with tryptophan and tyrosine, which may potentially explain why results were seen in the previous trials
compared to this experiment. This highlights the need for further research to explore the potential of early
interventions during this sensitive time, with appropriate measures capable of detecting such effects.
Some evidence suggests that early postpartum interventions (within the first month postpartum) can
improve mood outcomes, as seen in Qin et al. (2022), who gave 112 participants app-based cognitive
behavioural therapy, versus wait-list control, immediately following delivery for 4-weeks. Participants
showed significant reductions in EPDS scores following the intervention, which was not emulated in the
control group. This supports the possibility of beneficial effects from early interventions like the one in
this trial. However, it may be that dietary interventions may be less effective during this stage compared
to other approaches, such as cognitive behavioural therapy.

In contrast, cognitive function may be particularly sensitive to consumption of flavonoids within this
timeframe. Benefits over time were seen for subjective cognition scores (PRMQ) in the intervention
groups, signifying improvements in participants’ perception of their own cognitive abilities, such as
memory and attention, with fewer impairments in subjective cognition between post-intervention and
follow-up. Flavonoid-related improvements were seen particularly in those with lower flavonoid intake at
baseline. As previously mentioned, higher dietary intake of flavonoids has been linked to fewer cognitive
subjective complaints (Yeh et al., 2021), and previous research has shown changes in subjective cognition
during pregnancy and the postpartum period without corresponding objective changes (Orchard et al.,
2022). This indicates that subjective reports may capture a sensitive area of cognition which responds to
flavonoids, that is not captured by objective computerised tests. Factors such as mood and age may
contribute to this discrepancy (Marino et al., 2009; Srisurapanont et al., 2017), but Orchard et al. (2022)
propose that increased self-awareness and attentional monitoring of memory performance during
motherhood play a key role (Anderson & Rutherford, 2012). The postpartum period involves substantial
behavioural adaptation and a markedly increased daily cognitive load, which raises the likelihood of
memory lapses. This heightened cognitive demand may increase mothers’ sensitivity to minor
forgetfulness, leading to more frequent subjective reports of cognitive difficulties despite unchanged
objective function. Furthermore, physiological changes such as increased cerebral blood flow (Chapter
1.7) may lead to increased alertness, and reduced cognitive fatigue as demonstrated in other flavonoid
studies (Alharbi et al., 2016; Scholey et al., 2010; Watson et al., 2015) which may subsequently influence
how individuals perceive their own cognitive abilities, but may not translate immediately into enhanced
task performance. Future research should explore psychological pathways, especially ones relevant to the
postpartum such as maternal self-awareness, alongside physiological mechanisms to better understand
how flavonoids influence cognitive experience in the postpartum period, even in the absence of objective
performance gains.

115



In this experiment, mothers that consumed both one and two flavonoid-rich foods in addition to their
normal diet, had improved accuracy in the MANT over the course of the intervention, with significant
improvements for the high flavonoid condition across all visits, and low flavonoid condition across 0-4
days to 12 weeks postpartum, compared with the control group. This highlights the potential for flavonoid
consumption to support maternal executive functioning during the postpartum period. However, the
absence of significant differences between the low and high flavonoid groups overall suggests that greater
flavonoid intake does not necessarily lead to proportionally greater benefits in executive function,
challenging the straightforward dose-response relationship as proposed in previous literature (Chapter
1.5). When MANT task performance was analysed by cognitive load, a significant interaction emerged
between condition and load. Participants in the high flavonoid group demonstrated greater accuracy on
high-load trials compared to medium-load trials, a counterintuitive finding, as medium-load conditions
typically result in higher accuracy due to lower cognitive demand following flavonoids as evidenced in
Barfoot et al. (2019); Whyte at al. (2016) and Whyte et al. (2017). This may suggest that consuming two
portions of flavonoid-rich foods enhances executive functioning specifically under conditions of higher
cognitive demand during the postpartum period. Additionally, there was a significant interaction for the
120ms reaction time data, though significant pairwise comparisons were not evident, inspecting Appendix
B.7 shows the high flavonoid group demonstrated faster RT by 2-weeks which was not evident in control
and low flavonoid groups, indicating a potential earlier benefit of the higher dose. Interestingly, across all
conditions, accuracy was unexpectedly higher in the 120ms stimulus duration block. This finding again
contradicts prior research indicating that shorter stimulus durations typically increase cognitive load and
reduce accuracy, effects that have previously been shown to improve with flavonoid supplementation
(Whyte et al., 2016; Whyte et al., 2017). Interestingly, the significant decreases in reaction time in the
120ms block may also be supported by the improvements in accuracy by observing Figures 18 and
Appendix B.7, possibly explaining more efficient processing of stimuli following the high flavonoid
intervention, though this was not confirmed by pairwise comparisons. However, as discussed, these
findings may have been affected by the lower trial numbers in the 120ms condition. Together, these
findings highlight the complexity of cognitive responses to flavonoid intake in the postpartum period.

Furthermore, this benefit was only observed at 12 week follow up in participants with lower habitual
flavonoid intake. This suggests that the cognitive benefits of flavonoids may persist even after the
intervention has ended. It also points to a possible sensitive period for intervention, with lasting effects
most evident for demanding tasks in those who may plausibly have the most to gain from a flavonoid
intervention, i.e. low flavonoid consumers. While one possibility is that participants continued to increase
their flavonoid intake beyond the intervention period, potentially contributing to the sustained effect, this
was not reflected in the 24-hour dietary recall data. Although compliance with dietary reporting declined
to 57% by 12 weeks, reported intake remained stable, consistent with findings from Experiment 1. This
supports the idea that the observed cognitive improvements are unlikely to be driven by ongoing dietary
changes, but rather may represent a genuine lasting effect of the intervention in low habitual consumers.

Further analysis of overall MANT accuracy scores highlighted the crucial role of sleep in maternal
executive functioning whereby the high flavonoid condition showed improvements in accuracy over time,
but only among those with PSQI scores <5, indicating ‘good sleepers.’ This suggests that while
flavonoids may enhance executive functioning, their benefits may be contingent on adequate sleep. The
relationship between sleep and executive function is well-established, with poorer sleep having significant
effects on performance (Nilsson et al., 2005; Tucker et al., 2010). This finding is particularly pertinent in
the postpartum, where Swain et al. (1997) reports dysphoric mood and impaired cognitive functioning
during the first 3-weeks postpartum due to changes in sleep. Subsequently, this finding is notable as it
implies that dietary interventions may only be effective when sufficient rest is achieved, highlighting the
interplay between nutrition and sleep in cognitive recovery postpartum. This finding is consistent with the
anxiety data, where sleep quality moderated the effects of flavonoid intake, highlighting a consistent role
of sleep shaping the efficacy of flavonoid interventions across mood and cognitive outcomes. Future
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research could further explore this potential synergy through intervention studies that manipulate both
sleep quality and flavonoid intake, or by stratifying participants based on objective sleep metrics, for
example, as aforementioned, actigraphy may be beneficial for capturing this data, rather than subjective
questionnaires to examine interactive effects on cognitive performance.

Executive functioning is a core component of cognition, making the observed benefits of flavonoid
supplementation in some of the executive function tasks within this population a promising finding.
However, executive functioning is influenced by multiple factors, including baseline diet and sleep, as
discussed, as well as stress (Alexander et al., 2007; Shields et al., 2016). The transition to the postpartum
period is widely recognised as a stressful time (Hung, 2007) and is frequently associated with the onset of
postpartum mood disorders (Hung, 2004; Schalla & Stengel, 2024). Given the well-established links
between stress, executive functioning, and mood (Walters & Hines-Martin, 2018), it is essential to
consider how these variables interact. Beyond maternal stress, infant irritability is another key factor, as it
has been shown to have a bidirectional relationship with maternal mood (Britton, 2011; Wiggins et al.,
2014). Considering these complex relationships, future research should account for postpartum stress and
infant irritability as potential moderators in the investigation of postpartum mood and cognition.
Understanding these influences may help clarify the extent to which flavonoid supplementation benefits
executive functioning and whether its effects are contingent on maternal psychological and environmental
factors.

It is important to note that whilst compliance with the intervention itself was good, as recorded via
participant diaries, with 92% adherence in the low flavonoid group and 79% in the high flavonoid group.
Compliance with the 24-hour dietary recalls was considerably poorer. As shown in Table 13, these data
indicated no significant changes in flavonoid intake between groups over the intervention period, which
presents some challenges in interpreting the findings. It is possible that participants substituted their usual
sources of dietary flavonoids with the foods provided as part of the intervention, rather than adding these
to their habitual intake. While this may partly explain the lack of change observed in the recall data, it
cannot be confirmed with the information collected. More importantly, the 24-hour recalls had limited
completion (overall compliance 62%, which dropped over the intervention period, as reported in 5.3.14)
and were only administered on three occasions during the 4-week intervention period. This was intended
to minimise participant burden during the postnatal period while still capturing an overview of dietary
intake; however, it likely contributed to poor overall compliance and reduced the reliability of these data
as an indicator of habitual diet. Therefore, the results of this trial should be interpreted with caution, as it
cannot be confidently concluded that the observed effects were driven by increases in flavonoid intake,
given the lack of significant dietary changes reported in the recall data.

In contrast to the improvements observed on the MANT, no significant effects of the intervention were
found on the N-Back task or any RAVLT outcomes. This suggests that the cognitive domains assessed by
these tasks may be less sensitive to flavonoid supplementation in a postpartum population. Previous
research has also reported null effects on these measures following flavonoid interventions (Boespflug et
al., 2018; Nathan et al., 2004), suggesting consistency within the literature and may help to explain why
such effects were not detected in this experiment. Alternatively, it is possible that the postpartum
population is less responsive to supplementation in certain cognitive domains. As highlighted by Orchard
(2022), subjective perceptions of cognitive decline are common during the postpartum period, even in the
absence of consistent objective deficits. This may help explain the lack of significant change across visits
and the absence of clear intervention effects on the RAVLT and N-Back tasks. However, one potential
explanation is that the cognitive demands of the N-Back and RAVLT tasks were insufficient to reveal
subtle effects, particularly when compared to more challenging tasks like the MANT. As discussed in
Chapter 3.2, previous studies employing executive function tasks such as the Go/No-Go may also have
lacked sufficient cognitive load to detect performance differences in maternal samples. The observed
improvements on the MANT following flavonoid supplementation may therefore reflect a unique
interaction between high task demand and postpartum cognitive sensitivity, enabling the detection of
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subtle enhancements in performance. These benefits may be further amplified by flavonoid intake, which
has been shown to support cognitive performance under conditions of increased cognitive load (Chapter
1.5.2). Similar patterns have been observed in the broader nutritional psychology literature, where
cognitive benefits from interventions such as probiotics (Eastwood et al., 2025), flavonoid-rich
blueberries (Barfoot et al., 2019; Whyte et al., 2016), and cocoa (Massee et al., 2015; Scholey et al.,
2010) tend to emerge most clearly during cognitively demanding tasks designed to induce mental fatigue

Furthermore, one key factor possibly influencing the outcomes in this study is the transition of mood and
cognitive states from pregnancy to postpartum where changes were observed in negative affect,
retroactive interference, and word span, reflecting poorer cognitive performance and increased negative
affect transitioning into the postpartum. These findings suggest that these specific cognitive and
emotional outcomes may be particularly sensitive to the hormonal fluctuations that occur during this
period (Glynn, 2010; Grattan & Ladyman, 2020). Declines in verbal memory performance have also been
widely reported postpartum (Henry & Sherwin, 2012; Eidelman et al., 1993), making these observed
changes consistent with prior research. Notably, fluctuations in key hormones such as oestrogen and
progesterone have been shown to differentially affect subregions of the hippocampus (Barha & Galea,
2010), potentially accounting for the selective impact on specific memory functions. This could explain
why only certain aspects of verbal memory, such as retroactive interference in the RAVLT were affected,
while others remained stable. Future research should further investigate the extent of these alterations
across the peripartum period and explore how they relate to underlying neurobiological mechanisms,
particularly region-specific hormonal sensitivity in the hippocampus.

Another notable physiological change from pregnancy to postpartum was the increase in both systolic and
diastolic blood pressure following delivery. This shift is consistent with well-documented postpartum
adjustments as the cardiovascular system readjusts after pregnancy. The finding of reduced blood pressure
in the later postpartum period following flavonoid supplementation is particularly promising. This trial
captured the expected peak in blood pressure after delivery, commonly referred to as postpartum
hypertension. As outlined by Powles (2017), factors such as pain, medication use, and the restoration of
vascular tone likely contribute to this transient increase. Additionally, postpartum preeclampsia can
emerge de novo, and persistently elevated blood pressure beyond six weeks postpartum, especially
following hypertensive pregnancies, has been linked to an increased risk of hypertension later in life
(Lazdam et al., 2012). Although no data was collected on whether participants had hypertensive
pregnancies, and no participants reported preeclampsia, the observed benefits of flavonoid
supplementation suggest a potential cardiovascular advantage for this population, which is underpinned
by the well documented role of flavonoids in supporting vascular health and lowering blood pressure both
in RCTs and longitudinal research (Hodgson, 2006; Clark et al., 2015).

In regards to birth experience being highlighted in this data as a protective factor, Bell and Andersson
(2016) outline that birth experience is intrinsically linked with postpartum depressive symptoms,
however, it is a complex construct, making it challenging to assess. There is no generally accepted gold
standard measure. In this trial, birth experience was measured with a simple Likert scale form 1-10, with
10 indicating a more positive birth experience, this was followed by the option for mothers to comment
on their recent birth experience, however this may not have been sufficient to grasp the full extent to
understand the underlying themes of the mothers experience (Bell et al., 2016). However, considering the
multitude of measures used in this trial, collecting more in depth data for this measure may have
distracted from the overall aim, though does stand out as an area for future research and the need for
validated and reliable measures. It should also be noted that there are relatively few studies exploring the
effects of birth experience on anxiety symptoms (Bell & Andersson, 2016; Giakoumaki et al., 2009).
While Giakoumaki et al. (2009) found that negative birth experiences were associated with state anxiety
symptoms, this was not reflected in the current trial, where birth experience did not emerge as a relevant
covariate for STAI or PSAS scores. This may suggest that birth experience plays a limited role in
postpartum anxiety; however, given that some evidence points to a possible association, further research
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is warranted to clarify under what circumstances, if any, birth experience might influence postpartum
anxiety.

It is important to note that paternal mood and cognition were not directly assessed in this trial due to
compliance challenges, as outlined in Experiment 1. Instead, to gain insight into partner mood
postpartum, the EPDS-Partner was used, allowing mothers to rate their partners' depressive symptoms.
This approach helped circumvent the recruitment and compliance issues encountered in the previous
experimental trial. Given that paternal depression often co-occurs with maternal depression (Cameron,
2016), it was hypothesised that if flavonoid supplementation improved maternal mood, it might also have
an indirect positive effect on partner mood. However, since no significant improvements were observed in
maternal mood symptoms, it is perhaps not surprising that no corresponding changes were detected in
partner mood. While it may be overly assumptive to expect dietary supplementation in one parent to
influence the mood of the other, the interconnected nature of parental mental health in the postpartum
period suggests that this warrants further investigation. Future research could explore whether such
effects emerge later in the postpartum period when more pronounced maternal mental health
improvements following flavonoid intake are observed.

In this trial, it was interesting that among the intervention foods, orange juice was the most frequently
consumed (5.3.1), which may have played a key mechanistic role in the observed cognitive effects. While
flavanone-rich orange juice has been demonstrated to elicit cognitive benefits in previous research
(Alharbi et al., 2016; Kean et al., 2015), it may not be as effective for mood outcomes within the given
timeframe. In order to observe mood-related benefits of flavonoids, particularly flavanones, a longer
duration of intervention or higher intake levels may be required, as suggested (Park et al., 2020) who
showed mood benefits only after 8 weeks (Chapter 2.3.5.6). Future research should explore whether the
timeframe of mood related effects of flavonoid-rich foods is influenced by the flavonoid source. For
example, berries were the most consumed item in Experiment 1 (where effects for mood were seen)
which is consistent with the systematic review findings from Chapter 2. Additionally, dark chocolate was
another commonly consumed intervention food in this study, which is known for its beneficial effects on
blood pressure. This could represent another underlying mechanism contributing to the observed benefits
for blood pressure here. Notably, the variety of flavonoid-rich foods consumed was somewhat limited, as
mothers tended to select more convenient, accessible, likable and cost-effective options such as orange
juice, and chocolate. While flavonoid-rich foods are known to support cognitive and cardiovascular
health, and greater dietary diversity is generally associated with improved health outcomes (Chapter 1.3;
Del Bo et al., 2021), this pattern of food choice was not reflected in the current findings. In contrast,
Experiment 1 showed mood-related benefits, despite a narrower range of flavonoid sources consumed
more consistently (e.g., berries, juice, and dark chocolate). This suggests that the specific types of
flavonoids may be influential to outcomes. However, the evidence linking flavonoid diversity specifically
to mood and cognition is still limited, and future research is needed to better understand how variety and
intake patterns influence psychological outcomes.

Regarding limitations of the trial, as discussed, a proportion of data was missing from the MANT task.
This may have limited the findings, and despite the analytical steps taken to account for this, it remains a
notable limitation. Postpartum cognitive changes appear evident during this period and may be influenced
by dietary flavonoid intervention. Future research should aim to minimise missing data to more accurately
determine the true effects of this relationship. Furthermore, the intervention was implemented within the
first 0—4 days postpartum to begin flavonoid supplementation as early as possible, prior to the peak of
postpartum blues symptoms. Given this timing, it may have been beneficial to include a postpartum blues
scale, such as the Stein Maternity Blues Scale (Stein, 1980) to better track transient mood changes during
this sensitive window, especially since such measures have shown sensitivity to dietary interventions in
previous research (Meyer et al., 2024). Although this study included transient mood measures like the
PANAS alongside maternal-specific questionnaires such as the PSAS and EPDS, none detected
flavonoid-related mood effects during this time. An additional limitation stems from the sample being
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predominantly from a higher socioeconomic status, well-educated, and majority White-British population,
which limits the generalisability of the findings and underscores the need to investigate postpartum mood
and flavonoid effects in more diverse populations. Finally, use of measures to detect postpartum sleep,
subjective birth experience, and dietary changes within the study serves as a limitation, given that the
sleep questionnaire was not specific to the postpartum period, the birth experience was assessed only via a
simple visual analogue scale, and dietary compliance data were limited, reducing the sensitivity and
comprehensiveness of these assessments. Future research could benefit from development of appropriate
and reliable measures for use within the postpartum to better capture how these may influence results of
similar dietary intervention trials.

The findings of cognitive benefits from flavonoid supplementation carry meaningful practical
implications for postpartum women, who often face sustained high cognitive demands, including caring
for infants and other children, alongside potential early return to work. The observed improvements in
executive function and subjective cognition suggest that incorporating flavonoid-rich foods into the diet
may offer a feasible, cost effective and accessible strategy to support cognitive health during this
demanding period. This is especially important given the well-documented sleep disruptions common in
the postpartum, which can worsen cognitive difficulties and emotional distress. Notably, flavonoids may
also provide a protective effect by reducing anxiety in those experiencing poor sleep during this time. For
healthcare providers, these results highlight a non-pharmacological, nutrition-based approach that could
complement traditional postpartum care. Furthermore, for women returning to work early postpartum,
dietary flavonoids may help alleviate cognitive fatigue and enhance daily functioning, underscoring the
potential real-world benefits of such dietary interventions.

This experiment is one of the first to examine the effect of a nutritional intervention from the immediate
to several months postpartum, whilst also capturing outcomes in pregnancy. This offers a comprehensive
picture of the dynamic changes in mood, cognition and physiology over this transition period, whilst also
exploring the effects of dietary flavonoids during this sensitive time. Overall, results of this trial highlight
the potential cognitive benefits of 30-day flavonoid supplementation in the early postpartum period.
These cognitive improvements were observed following the consumption of either one or two flavonoid-
rich foods in addition to participants' regular diet, and notably, these benefits persisted for up to two
months after the supplementation period. Significant improvements in accuracy on the Modified Attention
Network Task (MANT) were seen in both intervention groups, with the most pronounced effect in
mothers consuming two portions, suggesting a relationship that is more apparent under higher cognitive
demand. Additionally, mothers reported improvements in subjective cognitive function, particularly when
considering baseline flavonoid intake. Protective factors such as birth experiences and sleep also appeared
to influence these outcomes, indicating the need for further research to better understand their roles in
postpartum mood and cognition, as well as how flavonoids may interact with these factors. Contrary to
previous literature, no improvements in mood were observed following the intervention. Nonetheless,
tentative trends, such as a possible protective effect on positive affect and flavonoid-related attenuation of
anxiety in poorer sleepers suggest subtle mood-related benefits that warrant further investigation. This
may suggest that the timing of dietary interventions is crucial, with later interventions potentially being
more effective in improving depressive and anxious symptoms. However, mood during the immediate
postpartum period is highly complex and influenced by a range of biological, psychological, and
environmental factors. As such, the high variability in mood across individuals may have limited the
ability to detect changes resulting from a relatively short intervention. Importantly, the lack of significant
changes in flavonoid intake reported in the 24-hour food recalls indicates that observed effects cannot be
confidently attributed to increases in flavonoid consumption and should therefore be interpreted with
caution. Given the poor compliance with these dietary recalls, but relatively good adherence to the
intervention foods as recorded in participant diaries, the intervention effects may still reflect the intended
flavonoid exposure, albeit with some uncertainty. Future research should explore whether the cognitive
benefits of flavonoid supplementation are sustained in both parents, and whether effects can be found
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under acute time periods and with specific flavonoid-rich foods which may work in combination with the
underlying physiological changes throughout this time.
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Chapter 6: The acute effects of Blueberries on Cognition And Mood in the Postpartum (BLUCAMP)

61. Introduction

Results from Experiment 1 showed mothers in the 0-6 months postpartum, who consumed two portions of
flavonoid-rich foods daily for 14-days, had significant reductions in EPDS scores and improvements in
positive affect. These results suggest flavonoid interventions during the 0-6 month postpartum period may
offer benefits for maternal mood. In contrast, Experiment 2, which examined a similar intervention, did
not find significant mood effects when supplementation was initiated in the first few days postpartum.
However, cardiovascular and cognitive improvements were observed following flavonoid consumption at
4-weeks, which were maintained by the 12-week postpartum follow up point. Together, these findings
suggest that implementing flavonoid interventions slightly later in the postpartum period, such as up to 6-
months postpartum, may be more effective for improving mood outcomes.

As previously discussed, the precise timing of postpartum depression (PPD) and other mood disorders
onset is still debated, but it is generally agreed that the highest prevalence occurs between 3-6 months
postpartum (O'hara & Swain, 1996). Therefore, as emphasised throughout this thesis, interventions during
this period may help reduce the prevalence of mood disorders or alleviate symptoms when mood is most
labile, but not significantly influenced by the rapid physiological changes of the immediate postpartum
weeks (Munk-Olsen et al., 2006; Nott et al., 1976; O'hara & Swain, 1996). Additionally, since cognitive
outcomes were not assessed in Experiment 1, but significant cognitive improvements were found
following flavonoid consumption in the immediate postpartum in Experiment 2, further investigation into
effects on cognitive function later in the postpartum period is important.

A theme throughout this thesis emerges when considering specific flavonoid-rich foods that may be most
optimal for mood and cognition, for instance, the evidence reviewed in Chapter 2 supporting cocoa and
blueberries, and the improvements in mood observed in Experiment 1 following berry fruit consumption.
Blueberries (and other berries) are an excellent source of flavonoids, specifically anthocyanins, which
possess both anti-inflammatory and antioxidant capabilities, which have the potential to improve brain
health and function (Kalt et al., 2020). Habitual berry intake has been associated with reduced risk of
depression in adults (Sun et al., 2021). This association extends to cognitive function, as evidenced by
Devore et al. (2012) who found that increased blueberry consumption was related to slower cognitive
decline in the Nurses' Health Study, which included 16,010 women. As mentioned in Chapter 2,
anthocyanin-rich interventions may have benefits for mood. For example, Khalid et al. (2017) found
improvements in positive affect in both children and young adults following a 30g (253 mg anthocyanin)
wild blueberry (WBB) intervention. Similarly, Fisk et al. (2020) reported reductions in self-reported
depressive symptoms following a 4-week WBB intervention in healthy 12-17-year-olds, using the same
dose of WBB as Khalid et al. (2017). Collectively, these findings suggest that even short-term
supplementation with anthocyanin-rich blueberries may positively influence mood in young and healthy
populations, highlighting their potential as a practical and accessible dietary strategy for emotional well-
being.

Recent findings by Curtis et al. (2024) further support the acute benefits of blueberries, showing that a
26g (364 mg anthocyanin) dose improved postprandial self-reported calmness (using the BL-VAS) 24
hours after ingestion in individuals with metabolic syndrome. However, their lower dose of 13g (182 mg
anthocyanin) dose did not significantly affect mood within this timeframe, nor did 6 months of daily
consumption show any improvements in mood in either dose. These results suggest that acute blueberry
supplementation may be more effective for calmness than chronic intake, particularly in non-clinical
populations. In line with these findings, Velichkov et al. (2024) supplemented emerging adults (mean age
20) with 22g freeze-dried WBB (121 mg anthocyanins) and observed acute improvements in positive
affect, though no changes in mood outcomes were found after 6 weeks. Notably, participants in this study
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reported depressive symptoms at baseline, highlighting the potential for acute mood improvements in
clinical and sub-clinical populations, as well as healthy populations. Additionally, Velichkov et al. (2024)
observed improvements in executive functioning 1.5 hours after WBB consumption, coinciding with
improvements in positive affect. As outlined in previous chapters, executive functioning is closely tied to
mood disorders, with numerous studies showing that individuals with depression often experience deficits
in this domain (Fossati et al., 2002). These difficulties are also commonly observed in the postpartum
period, where cognitive disruptions, including impairments in executive function, are frequently reported
(Chapter 3.2). A meta-analysis by Snyder (2013) supports this link, demonstrating that major depressive
disorder is associated with reduced performance on executive function tasks, an effect that tends to
worsen with increasing symptom severity and the use of psychotropic medications.

The effects on cognition seen in Velichkov et al (2024) are consistent with those seen in Barfoot et al.
(2019), who found that acute administration of 30g WBB improved verbal memory in children, compared
to a placebo group. A 12-week supplementation study by Bowtell et al. (2017) reported improvements in
working memory in healthy older adults who consumed 24g of blueberries per day (19.2 mg/g
anthocyanins). In another study, Miller et al. (2018) found improved verbal memory and reduced cost on
the Task Switching Test, a measure of executive function, in older adults. Furthermore, Whyte et al.
(2016) demonstrated acute (2-hour) improvements in executive function on a modified flanker task in 7-
10-year-olds following consumption of 30g (253 mg anthocyanins) of WBB. Collectively, these studies
suggest that a dose of 253 mg anthocyanins may be optimal for eliciting changes in mood and cognition
within an acute timeframe. However, further research is needed to assess whether these effects extend to
clinical or at-risk populations.

Although the exact flavonoid content was not reported, trials by Dowlati et al. (2017) and Meyer et al.
(2024) suggest that short periods of supplementation with blueberry flavonoids, combined with tyrosine
and tryptophan, in the early postpartum days (up to 5 days postpartum) can have positive effects on mood.
In these studies, the blueberry intervention involved either an active extract or placebo mixed with
blueberry juice. However, considering that several trials have successfully supplemented participants with
253 mg of anthocyanins from freeze-dried wild blueberries (e.g., Whyte et al., 2016; Barfoot et al., 2019
and Khalid et al., 2017), this dosage may be optimal for applying a blueberry intervention for mood and
cognition in the postpartum period.

Investigating the acute effects of flavonoids on mood and cognition could be particularly beneficial for
parents with young infants. New parents often report mood fluctuations, with acute and transient mood
changes being especially significant (Li et al., 2020; Miller et al., 2017). Therefore, supplements that may
enhance mood over a short time frame could provide substantial benefits in this context, such as
potentially reducing stress, alleviating low mood, and supporting emotional resilience during demanding
periods. Additionally, many parents experience subjective cognitive changes, along with objective
cognitive shifts, as outlined in Chapter 3. Therefore, any potential acute improvements in these areas
following flavonoid supplementation could be of great interest, as they may help address both perceived
and objective cognitive challenges. Participants in Experiment 1 reported improvements in mood, which
coincided with increased consumption of berry fruits within the intervention. In contrast, those in
Experiment 2, who consumed orange juice, did not report similar mood-related benefits. This suggests
that specific flavonoid-rich foods or subclasses, such as anthocyanins found in berries, may be driving
these changes in mood and/or cognition. Acute improvements associated with blueberry consumption, as
demonstrated in studies by Khalid et al. (2017) and Barfoot et al. (2019), are likely underpinned by
distinct physiological mechanisms. Indeed, acute reductions in systolic BP have been observed within 1-3
hours of flavonoid-rich interventions (Keane et al., 2016; Whyte., 2018), a timeframe which has also been
paired with observed improved endothelial function and increased circulating metabolites just two hours
after wild blueberry (WBB) consumption (Rodriguez-Mateos et al., 2013) Therefore, it would be of
benefit to explore acute effects of flavonoid-rich foods on blood pressure as provides a feasible and non-
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invasive insight into potential vascular contributions to any observed behavioural or mood effects.
Additionally, blueberry intake has been shown to inhibit monoamine oxidase (MAO) activity in the early
postpartum period (Dowlati et al., 2017), a time when MAO levels are typically elevated (Sacher et al.,
2010). While this mechanism is specific to the immediate days following birth, broader mechanisms
discussed in Chapters 1.7.5 and 3.6 suggest that flavonoids, particularly anthocyanins may offer unique
benefits during the postpartum period. Future research should further explore both behavioural outcomes
and the physiological pathways through which these effects occur.

An important aspect when considering execution of acute interventions is trial design. In this context,
crossover designs offer significant advantages, particularly for flavonoid studies. By allowing each
participant to act as their own control, crossover trials reduce between-subject variability. When combined
with baseline and post-intervention outcome measures within each condition, this design also helps to
account for day-to-day fluctuations in mood, cognition, and physiology that may vary both within and
between individuals, which are especially relevant in the postpartum period and may also be influenced
by the intervention itself. These fluctuations have been previously highlighted in Experiments 1 and 2,
where factors such as birth experience, maternal age, and sleep significantly influence postpartum
outcomes. Stress, for example, is known to increase during the postpartum period (Hung, 2007; Hung &
Chung, 2001) and is frequently associated with the onset of postpartum mood disorders (Hung, 2004;
Schalla & Stengel, 2024). As stress levels can fluctuate daily, controlling for this variability is crucial in
trial design. Another key factor is infant temperament, which has a well-established bidirectional
relationship with maternal mood (Britton, 2011; Wiggins et al., 2014). This acute study will therefore
capture and account for such variables to better control for potential confounds in the postpartum context.

Despite low engagement and compliance among fathers in Experiment 1, the potential cognitive and
mood-related benefits of flavonoids in postpartum populations justify further exploration among new
fathers. As discussed in Section 4.4, paternal research often faces high attrition rates. One strategy to
improve engagement may be to adopt father-specific recruitment approaches, such as using the term
“Father” rather than the more generic “Parent” in advertisements, which has shown to be more effective
(Yaremych & Persky, 2002). The shorter duration of paternity leave compared to maternity leave may
also contribute to reduced availability for study participation. In Experiment 1, the continuous
supplementation model may have posed an additional burden. However, shorter, acute intervention trials
may be more appealing to this demographic, warranting including fathers in addition to mothers in this
trial. Additionally, typical healthy populations have been seen to benefit from acute WBB
supplementation (see Chapter 2), therefore, fathers, regardless of postpartum status, may also experience
similar benefits. Furthermore, previous acute intervention trials such as Khalid et al. (2017) took place in
a controlled environment, in testing cubicles, at the University's Nutrition Cognition and Health Lab.
While some parents may find attending this location ideal, others may perceive it as a barrier. Therefore,
to enhance accessibility and flexibility, participants in this study were given the option to complete the
trial either at home or in the lab. This design also aimed to accommodate fathers by offering morning
testing sessions prior to work, in either location, further supporting broader participation.

The primary aim of this study was to examine the acute (2-hour) effects of a wild blueberry intervention
on mood in mothers and fathers within the first six months postpartum. Secondary outcomes included
assessing effects on blood pressure, executive function, working memory, and verbal memory. It was
hypothesised that participants would show improvements across several mood and cognitive domains,
and a reduction in blood pressure following WBB consumption, but not following the placebo
intervention.
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6.2. Methods

6.2.1. Design

The study employed a randomised, double-blind crossover design to explore the acute effects of a WBB
drink versus placebo drink on several mood and cognition outcomes. The primary outcome measure for
the study was current affect (Positive And Negative Affect Schedule; PANAS). Secondary outcome
measures included state anxiety (State-Trait Anxiety Inventory-State scale; STAI-S), transient mood
(Immediate Mood Scaler; IMS), subjective feelings (Bond Lader-Visual Analogue Scale; BL:VAS),
Resting systolic and diastolic blood pressure, verbal memory (Rey’s Auditory Verbal Learning Test;
RAVLT), visuospatial working memory (Visuospatial N-Back), sustained attention and executive
functioning (Modified Attention Network Task; MANT). Other outcome measures taken at baseline
included postnatal depression (Edinburgh Postnatal Depression Scale; EPDS), postpartum specific
anxiety symptoms for the mothers sample only (Postpartum Specific Anxiety Scale; PSAS), trait anxiety
in the fathers sample only (State-Trait Anxiety Inventory-Trait scale; STAI-T), subjective prospective and
retrospective memory (Prospective Retrospective Memory Questionnaire; PRMQ), general diet
(European Prospective Investigation of Cancer- Norfolk-Food Frequency Questionnaire; EPIC-FFQ).
Outcome measures were assessed at baseline (Ohr) and post intervention (2 hours). The order of drink
administration was randomised using a random number generator (18 participants received WBB drink
first).

6.2.2. Participants

Based on prior research using the same intervention and dose in an adult population (Khalid et al., 2017),
a priori-power analysis with GPower (3.1) was conducted based on positive affect scores, showing a total
sample of 30 participants per sample (mothers and fathers) was needed to achieve a power of 0.95 and
alpha level of 0.05.

6.2.2.1. Mothers sample

One hundred and five responses from online advertisements were received via mum and baby pages on
social media and in-person mum and baby groups in Berkshire between April-December 2024. Of these,
77 were excluded due to being computerised bot responses, did not wish to participate or lost following
screening (Figure 23).

The sample was predominantly white, middle-class, and of moderate to high socioeconomic status. Of the
28, 86% were White or Caucasian, 10% Asian or Asian British, 4% reporting
Black/African/Caribbean/Black British, with 82% reporting to be married or in a domestic partnership,
(18% single). Nearly half of mothers had a bachelor's degree as their highest level of education (44%),
with 17% holding a Master’s degree and 39% reporting other. Considering employment status, 51%
worked full time, with 68% having a household income over £51,000. For 55% women, this was their
first child. In those who reported other children, the age of children ranged from 2-9 years. Some women
(41%) reported a physical health diagnosis, with the most common being Asthma. For psychological
health, 22% participants reported a psychological diagnosis, such as depression, anxiety, post-traumatic
stress disorder and obsessive compulsive disorder.

Infant age ranged between 0-6 months, with an average of 3 months old, and an average gestational age of
39 weeks * 1.36 . Majority of participants reported a vaginal delivery (55%), followed by Caesarean
section (24%) and assisted vaginal delivery (vacuum or forceps) (21%). Several participants reported

birth complications (41%), reporting emergency caesarean sections (n=2) and postpartum haemorrhage’s
(n=2). Visual analogue scales (1-10) were given to participants to report their birth experience, on
average, participants reported a more positive than neutral birth experience of 6.00 (SD=2.48). Most
participants reported they breastfed (89%), and finally, 27% reported not having adequate childcare
support.
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6.2.2.2. Fathers sample

Forty-six responses from online advertisements were received from social media, in-person father and
baby groups and partners of mothers enrolled in the trial, between April-December 2024. Of these, 36
were excluded due to being either computerised bot responses, did not wish to participate or were lost

following screening. Nine of these participants were in a couple with participants in the mothers sample
(Figure 23).

Of the sample of 10, 75% were White or Caucasian, 16% Asian or Asian British, 8% reporting mixed
race, with 90% reporting to be married or in a domestic partnership (10% single). Half the fathers had a
bachelor's degree as their highest level of education (58%), with 25% holding a Master’s degree and 8.3%
reporting other. Considering employment status, 83.3% worked full time, with 83.3% having a household
income over £51,000. For 66.6% men, this was their first child. In those who reported other children, the
age of children ranged from 2-9 years. Some, (27%) reported a physical health diagnosis, with the most
common being Asthma. For psychological health, 2 participants reported a psychological diagnosis, of
which, one man reported obsessive compulsive disorder, and the other reported autism.

Infant age ranged between 0-6 months, with an average of 3 months old, with an average gestational age
of 39 weeks + 1.35. Majority of participants reported their partners had a vaginal delivery (72%),
followed by Caesarean section (14%) and assisted vaginal delivery (vacuum or forceps) (14%). One
participant reported birth complications, reporting their partner had a c-section. Visual analogue scales (1-
10) were given to participants to report their own personal birth experience (as opposed to their
perception of the mothers experience). On average, participants reported a more positive than neutral birth
experience of 6.42 (SD=2.61). Finally, 54% reported not having adequate childcare support.

6.2.3. Intervention

Participants consumed a drink prepared by mixing 46g freeze-dried wild lowbush blueberries (Vaccinium
angustifolium) with 250ml water or a blueberry-flavoured placebo drink matched for carbohydrates and
fibre (see Nieman et al. (2020) for detailed chemical composition of the placebo powder). The dose of
46g is equivalent to 240g of fresh blueberries, aligning with previous literature from the Nutrition
Cognition lab (Barfoot et al., 2021; Barfoot et al., 2019; Fisk et al., 2020; Whyte & Williams, 2012). The
blueberry powder contained 253 mg anthocyanins (mostly delphinidin), 114.28 mg chlorogenic acid, and
17.88 mg flavonols (mostly quercetin) per 46g dry weight serving, as quantified by liquid
chromatography—mass spectrometry. All drinks were administered in opaque shaker bottles and straw to
ensure that double blinding was maintained. All interventions were prepared on site, for participants who
were tested in their homes, the intervention was kept in a freezer bag with ice packs until consumption, all
interventions were consumed within 1 hour from preparation for both home and lab visits.

6.2.4. Measures

6.2.4.1. Demographics

At screening, demographic data was collected on participant age, ethnicity, highest level of education and
marital status. Specific diet was indicated by asking participants to note any dietary choices or restrictions
e.g., Gluten free or Vegetarian. Participants were also asked if they had a psychological or physical health
diagnosis by selecting ‘yes’, ‘no’ or ‘prefer not to say’, and if they were taking medication for such
reasons. Additionally, participants were asked if they had any other children by indicating ‘yes’, ‘no’ or
‘prefer not to say’, and if so, to provide the number of children and their ages. Additional demographic
data was also collected on how old their baby was at the time of data collection, sex of baby indicated as
‘Female’, ‘Male’, ‘Other’, and ‘Prefer not to say’, infants gestational age at birth, mode of delivery where
participants selected an option from multiple choice answers of either ‘Vaginal delivery’, ‘assisted vaginal
delivery (vacuum or forceps)’, ‘Cesarean section’, ‘Prefer not to say’, ‘Other’, if participants selected
‘other’ they were provided with a box to specify their mode of delivery. Birth complications entered as
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yes’, ‘no’, ‘prefer not to say’ where participants that selected ‘yes’ were asked if they wished to provide
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further detail, feelings toward their recent birth experience (entered as a visual scale from 1-10), with the
option to provide additional comments regarding recent birth experience, current feeding status and a
question asking if the participant breastfed their baby were included with the option to describe any
complications with breastfeeding finishing with a question asking whether they had any access to nearby
childcare support with “Yes’, ‘No’, and ‘Prefer not to say’ options.

Enrolment

Assessed for eligibility
Mothers: n=105
Fathers: n=46

Mothers:
Excluded (n=77)

Fathers:
Excluded (n=36)

Declined to participate: (n=2)
Lost following screening:
(n=2)

Did not reply (n=38)

Believed to be computerised
bot responses (n=35)

Could not commit to the trial:
(n=1)

Lost following screening:
(n=2)

Did not reply (n=4)

Believed to be computerised
bot responses (n=29)

Randomised
Mothers:
(n=28)
Fathers:
(n=10)

1 !
Allocated to Allocated to
placebo first blueberry first

Mothers: Mothers:
(n=15) (n=13)
Fathers: Fathers:
(n=5) (n=5)
Lost over Lost over
intervention phase intervention phase
(n=0) (n=0)
Analysis
Anal[\‘tsed Analysed
Motlgrs. Mothers:
(”;‘ ) (n=13)
Fat _esrs. Fathers:
(n=3) (n=5)

Figure 23. Experiment 3 consort diagram of participant recruitment

6.2.5.2. Repeated outcome measures
The EPDS, STAI, PANAS, PSAS, PRMQ, PSQI Blood pressure, RAVLT, MANT, Visuospatial n-back
and EPIC FFQ was utilised in this study, please refer to 4.2.6.2, 4.2.6.3, 4.2.6.4,4.2.6.7, 5.2.5.3,5.2.5.5,
5.2.5.6,5.2.5.7,5.2.5.8, 5.2.5.9 and 5.2.5.10 for commentary on the validity and reliability of these

measurcs.

6.2.5.3. Immediate Mood Scaler (IMS)

This questionnaire contains 22 items developed to assess dynamic components of mood. Participants
were asked to rate their current mood state on a continuum using 7-point Likert scales (e.g., happy-sad,
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distracted-focused, sleepy-alert). For each item, an integer score between 1 and 7 is derived. Scores are
then summed and inversed, where higher scores reflect more negative mood states.

6.2.5.4. Bond-Lader Visual Analogue Scale (BL-VAS)

These consist of 16 dimensions of mood: Slow-Quick Witted, Tense-Relaxed, Attentive-Dreamy,
Incompetent-Proficient, Happy-Sad, Antagonistic-Friendly, Interested-Bored, Withdrawn-Social. The
participant was required to mark, on a line to what extent the described state is appropriate to them at that
moment in time. The individual responses from the 16 mood scales were combined to make three
affective dimensions of alertness, contentment, and calmness. Items were reverse scored where relevant
and then all items for each factor were summed and divided by the number of relevant factors, giving
scores for alertness, calmness and contentedness, higher scores represent greater alertness, calmness, and
contentedness.

6.2.6.5 State-trait anxiety inventory (STAI-T)

This questionnaire is a measure of state and trait anxiety containing 40 items in total (20 for trait; 20 for
state). Participants were asked to agree or disagree with anxiety-related statements on a scale of 1-4. The
trait measure (STAI-T) measure was taken at the screening timepoint and assessed paternal anxiety, as the
PSAS had not yet been validated for use in fathers at the time of data collection. This approach ensures
reliable assessment of baseline anxiety levels for fathers.

6.2.5.6 Perceived Stress Scale (PSS)

The PSS is a 10-item questionnaire designed to measure stress in the last month. Participants were asked
to rate their feelings on a continuum using 5-point Likert scales from 0 (never) to 4 (very often). The total
score for this questionnaire is 40 and is validated for use in the postpartum for both mothers and fathers
and was used at baseline timepoints only. Higher scores on this measure indicate higher levels of stress.

6.2.5.7. Infant temperament- Mother and Baby Scales- Overall impressions subscale

This questionnaire explores early infant temperament and asks parents to rate their infants temperament in
the last 7 days (Wolke & James-Roberts, 1987). For the purpose of this study, only the ‘Overall
impressions and experiences subscale’ was used which explores ‘Easiness of baby’ and ‘Global
confidence’. This particular subscale consists of seven questions which were rated on seven-point scales
from ‘-3’ to ‘+3°, with -3 signifying ‘very difficult’ behaviours and +3 ‘very easy’ ones (e.g. -3 = ‘very
irritable’/ +3 = ‘very calm’). The total score was taken, with lower scores representing a more irritable
infant. The Overall impressions and experiences subscale was used at screening; however at each baseline
visit, only the first question “How irritable is your baby” was administered to capture the infants
temperament specifically on the day of testing.

6.2.5.8. Drink rating

Participants were asked to rate eight palatability-related questions immediately following consumption of
both the WBB and placebo drinks. Each question was rated on a Likert scale from 0 (not at all) to 9
(extremely). Items included: 'How sweet did you find the drink?', '"How bland did you find the drink?',
'How tasty did you find the drink?', 'How pleasant did you find the drink?', 'How sour did you find the
drink?', 'How satisfying did you find the drink?', 'How much more of this drink do you think you could
consume?', and 'How easy did you find it to consume the drink? Higher scores indicated stronger
agreement with each statement (Table 18).

6.2.6 Procedure

Participants emailed the researcher expressing their interest in taking part. Eligible participants were
invited to a study investigating the effects of a fruit drink on mood and cognition in order to not let the
participant know about the true aims of the study.
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Recruitment for fathers was again less successful compared with recruitment for mothers, somewhat
mirroring Experiment 1. One key incentive was for the trial to take place wherever the participant wished,
either in their homes or at the University Nutrition Cognition lab space, to encourage flexible
participation, yet to control for extraneous measures, such as noise. Therefore, the study took place in
person, in participant homes or the University of Reading Nutrition-Cognition lab over three Visits; a
screening, and two test days. For the fathers, an equal number of Visits took place at the lab and home
(5:5 respectively) for mothers this was more biased towards home Visits but still well distributed (12:16
respectively). The locations were kept consistent within participant for all Visits.

Interested participants were invited to an in-person screening session where the study was explained by
the researcher and the participant received the information sheet, eligible participants then completed the
consent form. Screening demographics were completed via REDCap, following a practice of the
cognitive tests. On the test days, the participant arrived at the lab or the researcher visited their homes
between 8-10am, in order to ensure consistency in testing windows across participants, and also to
accommodate parents routines with young infants and work schedules. Height and weight were taken if
the participant visited the lab or if in their homes, the researcher asked the participant what their last
known height and weight was, to determine BMI. The participant completed baseline measures (PSS-10,
PSQI, MABS, IMS, STAI-S, PANAS, BL-VAS) via REDCap then completed the cognitive tests on the
Gorilla platform, via the researcher’s laptop. This was followed by measures of the participants blood
pressure and consumption of the intervention alongside the drink rating scale. Participants then had a 2-hr
break during which they were instructed to only consume water, to prevent any potential effects from
other foods or drinks. Upon return, this was confirmed verbally by the participant. Those who visited the
lab stayed in the waiting room, while home participants reported resting until the follow-up timepoint.
Once returned, participants completed the mood outcomes (IMS, STAI-S, PANAS, BL-VAS), cognitive
tests and blood pressure measurements, each session took between 45-60 minutes. Participants returned
after a washout period (mean washout period 7-days) and completed the same procedure, consuming the
alternate intervention. Participants were then debriefed and all participants were provided with helplines
and weblinks to specific parental mental health support and to contact their GP should they wish to seek
further support. All participants were reimbursed with a £30 Amazon voucher. Data was collected
between April 2024 and January 2025 and the study was given a favourable ethical opinion for conduct
by the University of Reading School of Psychology and Clinical Language Sciences Ethics Committee
(2023-234-DL) and is registered at ClinicalTrials.gov (NCT06402916).

6.2.7. Data analysis

Quantitative data was analysed using R (version 4.1.0) and various statistical packages such as ‘lme4’ for
running linear mixed models and ‘ggplot’ for visualisation. Regression analysis was conducted on
demographic variables to investigate whether variables such as household income were significant
predictors to the primary outcome variables and therefore to be utilised as covariates in the models.
Independent groups t-tests and Chi-squared tests were performed to assess any differences between
mothers and fathers in baseline demographic variables, such as age, dietary preferences (e.g., vegetarian
or vegan), presence of diagnosed psychological or physical health conditions, whether the participants
had other children, sex of infant, delivery method, and infants gestational age at birth. For the measures
IMS, STAI-S, PANAS-NOW (Positive affect; Negative affect), Bond-Lader Alert, Bond-Lader Calm,
Bond-Lader Contentedness, MANT (RT and accuracy), N-BACK (RT and accuracy), AVLT (word span
(recall Al); words learned (recall A5—A1); final acquisition (recall A5); total acquisition (sum Al through
Ab); proactive interference (recall A1-B); retroactive interference (recall A5-A6); delayed recall (A6);
word recognition and source monitoring (accuracy and RT)) data were analysed using separate linear
mixed models, where Condition (WBB, placebo), Time (baseline-2hours) and Drink order (Placebo-
WBB; WBB-Placebo) were fixed effects, with covariates (baseline sleep (PSQI scores), age, habitual
flavonoid intake (taken at screening) birth experience, baseline stress (PSS-10), baseline infant
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temperament (MABS) and study location (Home or Lab) included. These covariates were selected due to
their known association with mood and their potential impact on the results, as reported in previous
chapters. Furthermore, sleep, stress and infant temperament were recorded at baseline, due to their known
effects on mood and cognitive function. Study location was included as a covariate in the primary
outcome measures (PA and NA) to explore whether this significantly affected outcomes. Meaningful
effects are reported in the results section, whilst additional effects are reported in the Appendices and
Tables 15-16.

One-sample t-tests were also conducted to compare mean nutrient intake at baseline with the
recommended dietary allowance (RDA) for postpartum parents (USDA., 2020), to evaluate general diet
quality in the sample and assess whether either sample met the RDAs at baseline. Additionally, Pearson
correlations were performed to explore the relationship between baseline nutrient intake and mood
outcomes. In the initial analysis, mothers and fathers were included in one model to get a better
understanding of the overall impact of acute WBB on mood and cognition in new parents. Subsequently,
a separate LMM was also conducted for each sample. During data analysis, data was screened for
outliers, and values falling outside interquartile ranges were removed. However, outliers were not
removed for the mood outcomes, as their presence did not notably influence the overall analysis or the
robustness of the model, which also aided in the preservation of natural variation in mood data.

As conducted in Chapter 4.2.9 and 5.2.7, a qualitative content analysis was conducted for the
demographic questions related to participants' birth experiences. This analysis involved extracting key
quotations from participants' responses, which were then grouped into themes. For the question, “Did you
have any birth complications?”, 12 participants (combined mothers and fathers sample) responded, with
11 providing further details on their experiences. The responses were categorised and expressed as
percentages to give a clearer understanding of the proportion of participants who faced each complication.
Additionally, participants recorded their birth experience on a Likert scale from 1-10, with an option to
provide additional elaboration. Of the 20 participants who offered further comments, their responses were
grouped into three broad themes: positive, negative, and neutral/mixed experiences. These themes were
quantified, with 9 (45%) participants reporting positive experiences, 5 (25%) reporting negative
experiences, and 6 (30%) reporting neutral or mixed feelings. By categorising and quantifying these
responses, the analysis provided valuable insight into the overall wellbeing of the sample and potential
risk factors related to birth and breastfeeding.
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6.3. Results

6.3.1. Demographics

Table 14. Demographic data for both mothers and fathers, collected at screening, with between-groups p-values representing comparisons

between mother and father samples.

Measures Mothers Fathers
(n=28) (n=10)

Age of parent (M(SD)years) 32.17 (4.83) 35.80 (6.54)

Age of infant (M(SD)months) 3.67 (1.86) 3.00 (2.71)

Ethnicity* 24:3:1:0:0 7:2:0:0:1

Education? 8:13:4:2:0:0:0:1 1:6:2:0:0:0:0:1

Employment® 15:7:2:1:0:0:3 9:0:1:0:0:0:0

Household income* 1:0:3:1:2:20:1 0:1:0:0:1:8:0

Marital status® 5:22:0:0:0:0:1 1:8:0:0:0:0:1

Other children® 13:15 4:6

Sex of infant’ 15:13 1:9

Mode of delivery® 15:6:7 7:1:2

Birth complications® 12:15:0 1:7:2

Childcare support*® 21:7 6:4

EPDS (Mean (SE))* 8.78 (4.66) 7.9 (4.69)

TAI (Mean (SE))*2 N/A 35.00 (8.17)

PSAS (Mean (SE))* 101.53 (20.30) N/A

PRMQ (Mean (SE))* 51.64 (10.79) 60.60 (7.63)

BMI (Mean (SE))* 28.84 (7.03) 27.81 (2.74)

MABS (Mean(SE))*® 7.67 (4.68) 6.90 (4.71)

! Participants ethnicity (White or Caucasian; Asian or Asian British; Black/African/Caribbean/Black British: Latino or Hispanic: Mixed: Other): 2 Participants
education (High school/college: Bachelor's degree: Master's degree: PhD or higher: Trade school: Still in education: Prefer not to say: Other): ® Participant
employment status (Employed full-time (40+ hours a week): Employed part-time (less than 40 hours a week): Self-employed: Unemployed: Student: Retired:
Other): “Participant household income (£0 - £10,000: £11,000 - £20,000: £21,000 - £30,000: £31,000 - £40,000: £41,000 - £50,000: £51,000 +: Prefer not to say):
® Participant marital status (Single: Married (or domestic partnership): Widowed: Divorced: Separated: Prefer not to say: Other): ® Whether the participant has
other children (Yes: No); ” Sex of infant (Female: Male: Other): 8 Mode of delivery (Vaginal delivery: Assisted vaginal delivery (vacuum or forceps): Caesarean
section: Prefer not to say: Other): ® Birth complications (Yes: No: Prefer not to say): *° Nearby childcare support (Yes: No).
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Table 15. Mean (SE) outcome variable data and interaction effects in combined data for WBB and placebo conditions at baseline and post

intervention

Outcomes Combined data (n= 38)
Baseline Between groups Post Interaction p
WBB Placebo p- value WBB Placebo value
M (SE) M (SE) M (SE) M (SE)
PSS-10 19.52 (3.21) 19.65 (3.26) .860 N/A N/A N/A
MABS (acute) 0.73 (1.78) 1.21 (1.49) 217 N/A N/A N/A
PSQI 4.23 (1.97) 4.23 (2.18) .860 N/A N/A N/A
Positive affect 31.55 (1.22) 30.68 (1.22) 753 31.79 (1.22) 32.26 (1.22) 420
Negative affect 16.74 (0.81) 16.75 (0.81) .904 15.47 (0.81) 16.74 (0.81) 992
Immediate Mood ~ 74.61 (2.89) 73.99 (2.89) .845 64.82 (2.89) 64.49 (2.90) 933
Scaler
State anxiety 39.83 (1.50) 38.52 (1.50) .953 35.87 (1.51) 36.19 (1.50) 538
Bond-Lader 42.61 (2.29) 41.89 (2.29) .813 37.44 (2.29) 38.68 (2.29) 466
Alertness
Bond-Lader 43.15 (2.69) 41.94 (2.69) .662 40.41 (2.69) 38.11 (2.70) 798
Calmness
Bond-Lader 35.57 (2.34) 36.10 (2.33) .894 32.17 (2.33) 32.35 (2.34) .899
Contentedness
Systolic BP 109.14 (2.02) 107.16 (2.02) 430 107.94 (2.02) 108.69 (2.03) 195
Diastolic BP 73.98 (1.58) 74.91 (1.58) 422 74.91 (1.60) 74.62 (1.59) .389
RAVLT 6.15 (0.29) 6.22 (0.29) .844 5.67 (0.29) 5.90 (0.29) 728
Wordspan
RAVLT Final 12.80 (0.36) 12.11 (0.36) 446 12.02 (0.36) 11.73 (0.37) 239
Acquisition
RAVLT Total 49.34 (1.59) 48.31 (1.59) .688 46.86 (1.59) 47.40 (1.60) .345
Acquisition
RAVLT Words 5.65 (0.30) 6.08 (0.32) 140 6.72 (0.31) 5.81 (0.31) .030*
Learned
RAVLT Proactive 0.82 (0.39) -0.13 (0.41) .046* -0.22 (0.40) 0.26 (0.40) 072

Interference
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RAVLT
Retroactive
Interference
RAVLT Delayed
Recall

RAVLT Word
Recognition
RAVLT Source
monitoring
accuracy
RAVLT source
monitoring RT

N-BACK overall
accuracy
N-BACK overall
RT

MANT accuracy
MANT RT

2.50 (0.33)

8.89 (0.50)

21.63 (0.67)

89.94 (1.92)

1833.97 (78.49)

10.65 (0.27)

506.86 (8.99)

12.70 (0.54)
498.38 (15.19)

2.34 (0.35)

8.89 (0.50)
22.04 (0.66)

90.18 (1.89)

1857.31 (76.28)

10.90 (0.28)
529.01 (8.89)

11.47 (0.55)
499.05 (15.16)

.761

428

.330

.903

941

.630

127

137
832

2.40 (0.37)

8.64 (0.50)
21.34 (0.65)

84.70 (1.85)

1930.92 (76.68)

11.14 (0.28)
513.93 (8.80)

12.51 (0.63)
494.79 (15.02)

2.52 (0.36)

8.37 (0.51)
21.18 (0.65)

84.60 (1.84)

1857.31 (76.28)

10.85 (0.27)
522.02 (8.90)

13.09 (0.65)
489.23 (15.06)

.637

.358

.586

.908

140

229

277

.966
945

Table 16. Mean (SE) outcome variable data and interaction effects in mothers and fathers-only data for WBB and placebo conditions at baseline
and post intervention

Outcomes Mothers data (n= 38) Fathers data (h= 10)
Baseline Between Post Interaction Baseline Between Post Interaction
WBB  Placebo groupsp WBB  Placebo p value WBB  Placebo groupsp WBB Placebo p value
value value

M(SE) M(SE) M(SE) M(SE) M(SE) M(SE) M(SE) M(SE)

PSS-10 20.07  19.79 .755 N/A N/A N/A 18.00 19.30 .287 N/A N/A N/A
(0.64)  (0.65) (0.75)  (0.92)

MABS (acute) 0.68 1.39 116 N/A N/A N/A 0.90 0.70 .790 N/A N/A N/A
(0.35) (0.28) (0.57) (0.47)

PSQI 4.75 4.64 841 N/A N/A N/A 2.80 3.10 731 N/A N/A N/A
(0.35) (0.40) (0.53) (0.67)

Positive affect  30.43  29.74 .855 3152  30.83(1. .997 3490 33.46 .260 3253  36.19 .031*
(1.44) (1.46) (1.44)  46) (2.81) (2.79) (2.81) (2.80)
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Negative
affect
Immediate
Mood Scaler
State anxiety

Bond-Lader
Alert
Bond-Lader
Calmness

Bond-Lader
Contentedness
Systolic BP

Diastolic BP

RAVLT
Wordspan
RAVLT Final
Acquisition
RAVLT Total
Acquisition
RAVLT
Words
Learned
RAVLT
Proactive
Interference
RAVLT
Retroactive
Interference
RAVLT
Delayed
Recall

17.22
(1.00)
66.42
(3.58)
37.69
(1.16)

42.36
(2.75)
41.01
(3.05)

35.26
(2.62)
106.09
(2.30)
74.21
(1.81)
6.25
(0.34)
11.97
(0.43)
49.81
(1.92)
5.92
(0.36)

0.82
(0.39)

2.58
(0.40)

9.31
(0.56)

17.63
(1.01)
77.28
(3.57)
36.79
(1.20)

42.64
2.77)
43.14
(3.05)

38.76
(2.64)
104.70
(2.32)
74.62
(1.82)
6.05
(0.33)
12.15
(0.43)
48.40
(1.93)
6.11
(0.37)

-0.13
(0.40)

2.57
(0.44)

9.15
(0.57)

JAT7

925

.967

.854

.996

.685

.562

.984

939

.568

676

452

.140

.952

.868

15.31
(1.00)
75.30
(3.54)
41.88
(1.17)

36.43
(2.75)
36.58
(3.05)

30.79
(2.62)
104.60
(2.31)
75.00
(1.81)
5.84
(0.34)
11.91
(0.43)
47.39
(1.92)
6.64
(0.38)

-0.22
(0.40)

2.01
(0.44)

9.29
(0.57)

16.21
(1.01)
64.64
(3.54)
40.38
(1.16)

39.15
(2.78)
37.15
(3.06)

33.58
(2.65)
106.09
(2.34)
74.61
(1.83)
5.86
(0.34)
12.00
(0.43)
47.65
(1.95)
6.00
(0.37)

0.26
(0.40)

2.56
(0.45)

8.87
(0.57)

129

.964

773

474

721

.833

247

.689

.730

.881

A17

.253

476

437

123

15.34
(1.42)
67.69
(6.52)
35.86
(3.47)

41.64
(9.77)
47.86
(6.77)

35.17
(6.42)
118.64
(2.43)
75.57
(1.75)
6.32
(0.65)
11.5
(0.80)
48.08
(3.65)
5.07
(0.56)

1.33
(0.85)

2.36
(0.70)

7.99
(0.77)

15.40
(1.41)
71.90
(6.55)
34.28
(3.45)

40.78
(9.74)
44.88
(6.72)

31.81
(6.38)
116.24
(2.43)
80.47
(1.75)
6.24
(0.64)
11.8
(0.78)
47.23
(3.62)
5.69
(0.63)

-0.67
(0.90)

1.69
(0.66)

9.51
(0.81)

162

.807

.850

.878

.329

.672

.440

131

.806

.614

.946

128

194

.392

155

16.00
(1.42)
65.09
(6.54)
33.16
(3.46)

39.45
(9.76)
48.66
(6.77)

35.39
(6.40)
117.48
(2.43)
73.71
(1.74)
5.24
(0.65)
12.5
(0.80)
45.82
(3.63)
7.08
(0.56)

-039
(0.77)

3.36
(0.79)

7.32
(0.77)

15.85
(1.41)
62.49
(6.52)
33.88
(3.45)

39.36
(9.75)
46.03
(6.72)

32.81
(6.39)
117.65
(2.43)
75.57
(1.75)
6.16 (0.64)

10.8 (0.79)

45.82
(3.63)
4.92 (0.57)

1.64 (0.84)

2.16 (0.67)

7.04 (0.84)

.553

.656

141

.804

.969

841

.583

.097

276

.024*

.710

.008*

.022*

.610

222
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RAVLT Word
Recognition

RAVLT
Source
monitoring
accuracy
RAVLT
source
monitoring RT

N-BACK
overall
accuracy
N-BACK
overall RT

MANT
accuracy
MANT RT

21.94
(0.81)

90.91
(2.15)

1777.6
0
(98.27)

10.42
(0.32)

504.74
(11.49)

11.77
(0.48)
492

(17.6)

22.75
(0.79)

90.75
(2.11)

1888.96
(100.48

)

10.97
(0.32)

520.13
(11.47)

11.76
(0.48)
500

(17.8)

.204

793

974

331

391

871

.884

21.90
(0.78)

85.75
(2.05)

1871.3
9
(96.83)

11.11
(0.32)

514.92
(11.24)

12.47
(0.48)
490

(17.6)

21.90
(0.77)

85.25
(2.05)

1824.06
(95.10)

10.95
(0.32)

514.04
(11.46)

11.88
(0.49)
485

(17.8)

.546

.920

290

.153

.260

347

.658

20.80
(1.37)

87.38
(3.95)

2051.6
7
(126.9
1)
11.11
(0.49)

521.03
(13.63)

12.59
(0.49)

514.01
(33.33)

20.03
(1.36)

86.47
(3.88)

2125.54
(123.33)

10.62
(0.49)

544.08
(14.84)

12.19
(0.50)

499.65
(33.06)

.634

.556

.616

514

135

420

.698

20.11
(1.37)

82.28
(3.68)

2120.1
1
(111.0
0)
11.10
(0.49)

517.31
(13.61)

12.53
(0.49)

512.73
(33.27)

19.42
(1.40)

82.84
(3.78)

1935.25
(125.86)

10.62
(0.49)

540.37
(13.63)

12.58
(0.52)

508.68
(33.15)

.969

831

279

999

999

195

715
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6.3.2. Positive Affect

In the combined analysis, there were no significant main effects or interactions (Appendix C).
Baseline flavonoid intake remained a significant covariate in the model, where higher baseline
flavonoid intake was associated with higher PA (F, 31) = 6.65, p =.015). However, when flavonoid
intake was entered as a factor in further analysis, no overall changes to the model were observed (p >
.05). Further, no significant main effects or interactions were observed for mothers data (Appendix
D).

A significant Condition*Time interaction was observed for fathers’ positive affect scores (F(1, 18 =
5.38, p =.032), suggesting differential changes across groups. However, Bonferroni-adjusted pairwise
comparisons were non-significant, indicating no clear group differences at specific timepoints. No
other significant effects were found (Appendix E, Figure 24).
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Figure 24. Positive affect scores (PA) broken down by intervention group with LMM’s showed a
Condition * Time interaction for the fathers sample (F1, 1s) = 5.38, p = .032), though Bonferroni
corrected pairwise comparisons did not show any significant differences between any condition at any
timepoint. No significant changes were seen for combined or mothers data (p>.05). Models were
controlled for sleep (PSQI), maternal age, habitual flavonoid intake, birth experience, infant
temperament, location and stress (PSS-10) as covariates.

6.3.3. Negative Affect

In the combined analysis, there were no differences at baseline (Table 15), furthermore, no significant
Condition*Time interaction or main effect of Condition. However, there was a significant main effect
of Time (Appendix C) where negative affect lessened after 2 hours, regardless of intervention,
suggesting some improvement to mood in both samples over the 2- hours. Stress (PSS-10) was a
significant covariate (F(1,114) = 18.51, p <.001) where higher stress lead to higher NA scores, though
entering it as a factor did not meaningfully change the overall model (p > .05). This effect was likely
driven by mothers as the same pattern emerged in the mothers data, showing a significant main effect
of Time and stress as a covariate (Appendix D) in the same pattern as the combined analysis.
However, for the fathers sample, there were no significant main effects or interactions (Appendix E,
Figure 25).
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Figure 25. Negative affect (NA) scores broken down by intervention group with LMMs showed no
significant change in mean (£:SEM) negative affect over time for the fathers sample and combined
data (p>.05). However, a Time effect was seen for the combined (F1,105) = 4.41, p = .037) and
mothers sample (Fr1s0y= 4.21, p=.043), with lower mean scores at follow-up compared to baseline.
Models were controlled for sleep (PSQI), maternal age, habitual flavonoid intake, birth experience,
infant temperament, location and stress (PSS-10) as covariates.

6.3.4. IMS

For combined data, a main effect of Time was present for IMS, where lower scores were seen post
intervention compared to baseline for both samples, indicating lower levels of positive mood. Though
no further main effects and interactions were significant (Appendix C, Appendix L.1). Stress was a
significant covariate in the model (F, 137= 14.73, p<.001) where higher stress indicated higher IMS
scores (worse mood), and when this was entered as a factor for further analysis, the original main
effect of Time was not apparent (new Time effect (Fj1101= 3.64, p=.059)), though no other main
effects were seen. Infant temperament was additionally a significant covariate (Fp1, 134= 8.72, p=.003)
where easier temperament predicted lower IMS scores (better mood), though when accounted for in
further exploratory analysis did not significantly affect overall main effects and interactions (p>.05).
Lastly, habitual flavonoid intake was a significant covariate (Fpi, 3= 11.81, p=.001), where lower
intake predicted higher scores (worse mood). Further exploratory analysis, where median baseline
flavonoid intake was accounted for, did not show significant changes to main effect of Time,
Condition or their interaction but did highlight a Condition*flavonoid intake interaction (Fi, 110=
10.66, p=.001), though pairwise comparisons did not show further significant differences between
groups at this level (p>.05).

For the mothers and fathers-only data, a main effect of Time was present for IMS in the same
direction as the combined data, though no further main effects and interactions were significant
(Appendix D, E, L.1).

6.3.5. STAI-S

Regarding the combined analysis and mothers only data, a main effect of Time was present, though
no further main effects and interactions were significant. Regarding fathers data, no main effects and
interactions were significant (Appendices C, D, E, L.2).
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6.3.6. Bond-Lader scales
6.3.7.1. Alert

Regarding the combined analysis, a main effect of Time was present, though no further main effects
and interactions were significant (Appendix C, Figure 40). Higher stress significantly predicted higher
alertness, when this was added a factor into the model, the main effect of Time was no longer present
(Fr, 101= 0.14, p=.705), indicating stress to play a significant role in outcomes above time effects. For
the mothers data, a main effect of Time was present, where alertness decreased over time, though no
further main effects and interactions were significant (Appendix D, Appendix L.3). In the fathers data,
no significant interaction or main effects were observed (Appendix E).

6.3.7.2. Calm

For the combined analysis and fathers only, no main effects and interactions were significant. For
mothers data, calmness significantly decreased over time though no further main effects and
interactions were significant (Appendix D, Appendix L.3).

6.3.7.3. Contentedness

Regarding the combined analysis and mothers only, contentedness significantly decreased over time,
though no further main effects and interactions were significant. Regarding fathers data, no main
effects and interactions were significant (Appendices C, D, E, L.4).

6.3.7. RAVLT
6.3.7.1. Wordspan

Regarding the combined, mothers and fathers only analysis, no main effects and interactions were
significant (Appendices C, D, E).

6.3.7.2. Final Acquisition

Regarding the combined, and mothers only analysis, no main effects and interactions were significant
(Appendices C, D, E, Figure 26). In the fathers sample, a significant Condition*Time interaction was
found (F, 200 = 5.89, p =.024), suggesting a differential change in acquisition performance over time
between groups. Here, scores showed a slight decrease for the placebo group from baseline to post-
intervention, while the WBB group showed an increase from baseline to post-intervention, though
pairwise comparisons did not show further significant differences. Neither the main effect of
Condition, Time or any other main effect, interaction or covariate reached significance.
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Figure 26. Final Acquisition scores broken down by intervention group with LMMs showed no
significant change in mean scores over time for mothers and combined datasets over time. However,
Condition*Time effect was seen for fathers-only datasets, with higher mean scores at follow-up
compared to baseline for the WBB group. Models were controlled for sleep (PSQI), maternal age,
habitual flavonoid intake, birth experience, infant temperament, location and stress (PSS-10) as
covariates.

6.3.9.3. Total Acquisition
Regarding the combined, mothers and fathers only analysis, no main effects and interactions were
significant (Appendices C, D, E).

6.3.7.4. Words learned

In the combined analysis, WBB was associated with an increase in the number of words learned, with
just over one more word recalled post-intervention compared to baseline (see Figure 44), whereas no
change was observed in the placebo group. This pattern was supported by a significant
Condition*Time interaction (F, 103 = 4.82, p =.030), however post-hoc comparisons adjusted using
Bonferroni corrections did not reach significance (WBB baseline vs post, p = .084). There were no
further significant main effects, interactions or covariates (Appendices C, D, E).

Regarding the mothers only analysis, no main effects and 2-way interactions were significant.
However, a significant Time*Condition*Order interaction was observed (F, 74 = 6.44, p = .013),
pairwise comparisons did not show any significant differences between groups, however there was a
trend for the WBB group where a higher amount of words were learned at 2 hours compared to
baseline, only when WBB was consumed at the 2" visit (tzs)= —3.14, p = .064) (Figure 27).
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Figure 27. Amount Learned scores broken down by intervention group and drink order with LMMSs
revealed a significant Condition*Time*Order interaction (F, 749 = 6.44, p = .013) for the mothers
only dataset. This showed higher scores post intervention following WBB consumption compared to
baseline, when the placebo drink was consumed first (# p=0.06). Models were controlled for sleep
(PSQI), maternal age, habitual flavonoid intake, birth experience, infant temperament, location and
stress (PSS-10) as covariates.

For fathers, WBB was associated with an increase in the number of words learned, with fathers
recalling approximately two more words post-intervention compared to baseline. In contrast, no
improvement was observed in the placebo group (see Figure 28). This pattern was supported by a
significant Condition*Time interaction (F, 18y = 8.62, p = .008). Pairwise comparisons confirmed that
the increase in the WBB group was significant: WBB Baseline vs. WBB Post (ts = —2.01, p =.028),
as was the comparison between Placebo Post and WBB Post (tg =—3.14, p =.031). No other
comparisons and covariates reached significance.
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Figure 28. Amount learned scores broken down by intervention group with LMMs revealed a
significant Condition*Time interaction for combined (Fy, 103) = 4.82, p =.030) and fathers-only
datasets (Fy, 13 = 8.62, p = .008), where pairwise comparisons revealed significantly higher scores
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following WBB consumption from baseline to post, which was not emulated following placebo

consumption. Models were controlled for sleep (PSQI), maternal age, habitual flavonoid intake, birth

experience, infant temperament, location and stress (PSS-10) as covariates.

6.3.7.5. Proactive Interference

Significant differences were observed between the placebo and WBB groups at baseline for proactive
interference scores in the combined sample (Table 15), though not for mothers and fathers only data
(Table 16). Regarding the combined and mothers only analysis, no main effects and interactions were
significant (Appendices C, D, E, Figure 29). No main effects were present for the fathers only data,

however there was a significant Condition * Time interaction (Fi, 15y = 6.18, p = .022, Figure 29)
indicating higher proactive interference for the placebo from baseline to post, though this was not

supported by Bonferroni corrections. However, this was not replicated in the WBB group indicating a

protection from interference.
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Figure 29. Proactive Interference scores broken down by intervention group with LMMs showed a
significant Condition*Time interaction for fathers-only (F, 1) = 6.18, p =.022), though pairwise
comparisons did not support further significant group specific differences. No significant changes
over time were seen for mothers and combined datasets. Models were controlled for sleep (PSQI),

maternal age, habitual flavonoid intake, birth experience, infant temperament, location and stress
(PSS-10) as covariates

6.3.7.6. Retroactive Interference

Regarding the combined, mothers and fathers only analysis, no main effects and interactions were
significant (Appendices C, D, E).

6.3.7.7. Delayed Recall

Regarding the combined, mothers and fathers only analysis, no main effects and interactions were
significant (Appendices C, D, E).

6.3.7.8. Word recognition

the combined, mothers and fathers only analysis, no main effects and interactions were significant
(Appendices C, D, E).
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6.3.7.8. Source monitoring accuracy

Regarding the combined and mothers only data, a significant main effect of Time emerged, however
no further main effects and interactions were significant. For the fathers only analysis, no main effects
or interactions were present in the data (Appendices C, D, E).

6.3.7.9. Source monitoring reaction time
Regarding the combined, mothers and fathers only analysis, no main effects and interactions were
significant (Appendices C, D, E).

6.3.8. MANT

6.3.8.1. Accuracy

For accuracy data, performance significantly improved over time for combined and mothers-only
analysis (Appendix C, D, E, L.6) but no significant main effect of Condition or Condition * Time
interaction. Further, main effects of congruency and stimulus presentation were seen for all datasets
where congruent trials had increased accuracy compared to incongruent, in addition to higher
accuracy for 500ms presentation. An additional main effect of Load was seen for the combined and
mothers-only analysis, but not fathers (F, 1018 = 7.06, p = .007; F(1,710) = 4.19, p = .040, respectively).
Here, higher accuracy scores were seen for medium load and 500ms trials. In the mothers analysis,
there were no effect of Condition, Time or Interaction. There were no further main effects or
interactions in the fathers data. Regarding low load trials, a main effect of Time was present for both
combined and mothers-only data (Appendices C, D), but no further effects of Time or the
Condition*Time interaction was observed all data sets.

6.3.8.3. Reaction Time

For RT data, no main effects of Condition, Time, or Condition*Time interaction was present for any
dataset. However, a main effect of stimulus presentation was present for the combined, mothers and
fathers-only data and congruency were present in a similar pattern to accuracy data, where quicker
reaction times were seen for S00ms and congruent trials.

For low load trials, no main effects were seen for Condition, Time and interaction for Condition*Time
for any dataset (Appendices C, D, E). However, for fathers-only data a significant interaction was
seen for Condition*Time*Order (F{i,s2 = 5.67, p=.020; Figure 30). Here, none of the pairwise
comparisons reached statistical significance after Bonferroni adjustment, although there was a trend (p
= .053) suggesting that fathers in the Placebo condition at Post (when Placebo was given first,
followed by WBB) had slower reaction times on Low Load trials compared to their own Baseline
performance (Mean difference = 57.95, SE = 17.7). Reaction times in this condition also appeared
slower than during the WBB condition at Post in the same order group (Mean difference = 53.93, SE
=19.1, p = .187), suggesting a potential benefit of WBB relative to Placebo at the same timepoint,
though this was not significant.
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Reaction Time by Condition, Time, and Order (Fathers, Low Load)
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Figure 30. MANT RT broken down by intervention group and drink order with LMMs revealed a
significant Condition*Time*Order interaction (F(; 52 = 5.67, p=.020) for the fathers only, where a
trend emerged showing faster RT at post intervention compared to baseline for the placebo group
when the order was Placebo-WBB (p = .053), (# p=.053). Models were controlled for sleep (PSQI),
maternal age, habitual flavonoid intake, birth experience, infant temperament, location and stress
(PSS-10) as covariates.

6.3.9. N-BACK
6.3.9.1 N-BACK overall accuracy

No significant differences were seen between placebo and WBB groups as baseline for mothers and
fathers data, in addition to combined data (Table 15, Table 16). Regarding the combined, mothers and
fathers only analysis, no main effects and Condition*Time interactions were significant (Appendices
C,D, E).

6.3.11.2. N-BACK overall reaction time

No significant differences were observed between the placebo and WBB groups at baseline (Table 15,
Table 16). Regarding the combined data, a significant main effect of Condition emerged, where faster
RT’s were seen in the WBB group. There were no further significant main effects or interactions.
Among covariates, age was a significant predictor (F,31) = 6.15, p = .018), indicating that older
participants tended to have slower reaction times. When age was accounted for in additional models,
there was a significant Condition * Time interaction (F 1, 90)= 4.16, p = .044), where pairwise
comparisons showed significantly slower RTs at baseline for placebo (M=538.09, SE=9.22)
compared to WBB (M=503.79, SE=9.33) (p=.002) though no further pairwise comparisons were
significant. For the mothers and fathers only data, no significant main effects or interactions were
present significant (Appendices C, D, E).

6.3.9.3. N-1

For the combined data, in regards to accuracy, a, significant Condition*Time interaction (F 1, 105 =
4.15, p = .043), where in the Placebo condition, participants had higher accuracy at Baseline to Post.
In contrast, for the WBB condition, accuracy was higher at Post compared to Baseline. This difference
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between the conditions at baseline was not significant (p=.174) and pairwise comparisons, revealed
no further significant differences. There were no additional significant main effects of Time or
Condition. Furthermore, for both the mothers and fathers only data, there was no significant main
effect or interaction.

For reaction time data, no significant differences were observed between the placebo and WBB
groups at baseline (Table 15, Table 16). No significant main effects or interactions were seen across
any analysis groups (Appendices C, D, E, Figure 31).

N-1 Accuracy by Visit and Condition
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Figure 31. N-BACK n-1 scores broken down by intervention group with LMMs showed a significant
Condition*Time interaction for mean (SEM) n-1 accuracy interaction (F1, 105y = 4.15, p = .043),
though pairwise comparisons did not reveal further significant group specific effects. Models were
controlled for sleep (PSQI), maternal age, habitual flavonoid intake, birth experience, infant
temperament, location and stress (PSS-10) as covariates.

6.3.9.4. N-2

No significant main effects or interactions were seen across combined and mothers groups. A main
effect of Time was seen for the fathers-only analysis where increased accuracy was seen at baseline
compared to post-intervention.

For RT, the combined data showed a significant main effect of Condition and Time, with reduced RT
in the WBB group and faster RT seen post intervention. There was no significant Condition * Time
interaction. However, a significant three-way interaction between Condition, Time, and Order (F, 103
=4.23, p =.042) suggested that the pattern of change over time differed by treatment order. Follow-up
comparisons showed a significant difference between participants in the placebo-first group at
baseline and those in the WBB-first group post-intervention, though no further significant effects.

For the mothers only data, there were no significant differences between conditions, though there was
a main effect of Time and Condition * Time interaction (F(1,¢5= 4.96, p = .029) where pairwise
comparisons showed significantly faster RT between the placebo group at baseline compared to post
(p=.004), in addition to significantly faster reaction times between placebo group at baseline and
WBB group at post intervention (p=.015). There was a Condition*Time*Order interaction (F(i,6s) =
4.41, p = .039; Figure 32), where significant differences were seen between placebo and WBB groups
at baseline when placebo was given first (t@9=3.34, p=.037), in addition to significant differences
between placebo and WBB conditions between baseline and post, with differences between the order
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of treatment (t44=3.65, p=.015). Lastly, for the mothers, there was a significant covariate of Location,
though there were no further effects when location was accounted for in further models.

However, for fathers there were no significant main effects or interactions within the data set
(Appendices C, D, E).
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Figure 32. N-BACK n-2 broken down by intervention group and drink order with LMMs revealed a
significant Condition*Time*Order interaction (F ¢5y = 4.41, p = .039) for the mothers only dataset,
(* p<.05). Models were controlled for sleep (PSQI), maternal age, habitual flavonoid intake, birth
experience, infant temperament, location and stress (PSS-10) as covariates.

6.3.9.5. N-3

For accuracy data, regarding the combined analysis, mothers and fathers only, no main effects and
interactions were significant. However, a main effect of condition was seen for reaction time data for
the combined analysis and fathers-only data, in addition to a main effect of Time for mothers only
data. No other main effects and interactions were present for this outcome (Appendices C, D, E).

6.3.9.6. N-4
Further, for both accuracy and reaction time data, regarding the combined analysis, mothers and
fathers only, no main effects and interactions were significant (Appendices C, D, E).

6.3.9.7. N-5

For accuracy data, regarding the combined analysis, mothers and fathers only, no main effects and
interactions were significant (Appendices C, D, E). However, a main effect of condition was seen for
reaction time data for the combined analysis and mothers-only data.

6.3.10 Blood pressure
6.3.10.1. Systolic blood pressure

Regarding the combined analysis, mothers only and fathers only data, no main effects and interactions
were significant (Appendices C, D, E).

6.3.10.2. Diastolic blood pressure
For the combined analysis, no main effects and interactions were significant (Appendices C, D, E).
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For the mothers only data, no main effects and interactions were significant (Appendix D). However,
the effect of location was significant (F, 21 =5.44, p = .029). When accounted for in further models, a
Location*Time interaction (Fq, sy =4.11, p = .046), where pairwise comparisons revealed a significant
difference at the 2-hr timepoint between Home (M=70.14, SE= 2.26) and Lab (M=80.50, SE=2.78)
locations, where diastolic blood pressure was higher when the Time took place in the lab.

In the fathers only model, there was a significant main effect of Condition, though no further main
effect of Time or interaction was significant (Appendix E). Further, Location was significant covariate
(F, 25y = 4.41, p =.045), though did not have further effects when accounted for in additional models.

6.3.11. Habitual diet

Mothers’ intake of flavonoids and iron met or exceeded postpartum RDAs, while fathers consumed
significantly less flavonoids. Both groups’ caloric and protein intakes were generally adequate, with
no significant differences compared to RDAs. Fathers showed borderline lower fat intake compared to
their RDA. Both mothers and fathers consumed less fruit, vegetables, folate, and fibre than
recommended, with fathers having significantly lower vegetable and fibre intake than mothers.
Overall, mothers tended to have higher nutrient intakes closer to or above RDAs, while fathers
showed some shortfalls, particularly in flavonoids, vegetables, and fibre (Table 17).
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Table 17. Mean (SE) raw data from the EPIC-Norfolk FFQ for participants at baseline

Nutrient Postpartum P-values from  RDA (fathers)  One sample t- Sample Between
RDA (mothers) one sample t- test comparing  Combined Mothers Fathers groups p
test comparing intake with M(SE) M(SE) M(SE) value
intake with RDA’s (mothers vs.
RDA’s (fathers) fathers)
(mothers)
Flavonoid ( mg)* 428 mg 434 428 mg .045 * 434.60 (67.02) 494.93 (84.32) 259.63 .042*
(72.42)
Calories (kcal)? 2,400kcal .606 2,200kcal .049* 2139.44 2264.65 1776.31 136
(200.84) (259.95) (186.62)
Protein (g)? 719 .156 569 .099 81.23 (7.45) 85.01 (9.63) 70.28 (7.77) 242
Fat (g)? 90g 406 90g .051 94.31 (10.24)  101.29(13.38) 74.08 (7.08) .081
Carbohydrates (g)> 210g .606 130g .001* 253.86 (22.97) 267.19 (29.25) 215.20 204
(27.25)
Fruit (g)? 400g .001* 4009 .001* 204.99 (32.60) 216.94 (40.89) 170.34 463
(47.26)
Vegetables (g)? 400g .033* 4009 .001* 270.04 (33.94) 302.66 (43.50) 175.44 .014*
(23.60)
Iron ( mg)? 9mg .013* 8¢ .694 11.42 (0.92) 12.11 (1.17) 9.42 (1.04) .097
Folate (mcg)? 500mcg .001* 400mcg .001* 273.14 (25.10) 293.31(32.23) 214.67 .052
(22.11)
Fibre (g)? 34g .001* 349 .001* 17.54 (1.67) 18.99 (2.16) 13.32 (1.22) .028*

! Vogiatzoglou et al. (2015); 2U.S. Department of Agriculture. (2020); * p<.05
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6.3.12. Intervention likability
For the combined sample, a significant difference was seen between ‘Pleasant’ ratings of the drinks,

where the WBB drink was rated significantly more pleasant than the placebo. All other outcomes were
non-significant (Table 18, Figure 33).

Table 18. Mean (SD) raw data and between groups p-value for WBB and placebo drink likability

measures
Likability measure Placebo WBB Between groups p-
M (SD) M (SD) value
Sweet 5.89 (1.97) 5.24 (2.15) 0.143
Bland 3.50 (2.19) 3.68 (1.83) 0.642
Tasty 4.79 (2.66) 5.71 (2.19) 0.077
Pleasant 4.82 (2.62) 6.05 (2.40) 0.046*
Sour 2.68 (1.95) 3.16 (1.92) 0.191
Satisfying 4.66 (2.70) 5.61 (2.37) 0.103
Could drink more 4.61 (2.95) 5.42 (2.66) 0.153
Easy 6.50 (2.41) 6.34 (2.26) 0.750

Could drink more

Figure 33. Spider diagram representing WBB and placebo drink likability
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6.4. Discussion

This study recruited parents in the 0-6 month postpartum with the aim to explore whether a single
dose of flavonoid-rich WBB would improve parameters of mood, cognition and blood pressure over
2- hours compared to a placebo. Improvements to verbal learning were seen in the Words Learned
outcome of the RAVLT following consumption of the WBB drink in the combined, mothers and
fathers dataset. Additionally, for the combined dataset, improvements in working memory accuracy
were seen following consumption of the WBB drink, on the least cognitively demanding trial of the
N-BACK (n-1). No improvements were seen for mood as a result of the intervention across both
groups. Comparatively, several other facets of verbal learning improved following the WBB
intervention in the fathers dataset, such as increased Final Acquisition, and protection from proactive
Interference, where benefits were seen following consumption of the WBB drink which were not
emulated following the placebo drink, suggesting fathers may have the potential for distinct benefits
during this sensitive time.

Words Learned is the difference in the number of words recalled between the first and final word lists
in the RAVLT, providing a measure of how much information the participant was able to learn over
repeated exposures. Improvements in this measure for the combined datasets suggest enhanced ability
to encode and retain new verbal material over time. Therefore, finding acute improvements in this
measure following consumption of a flavonoid-rich wild blueberry intervention suggests that
flavonoids may support memory encoding learning processes. As highlighted in Chapter 1.2, such
improvements have been documented following the same dose of WBB (253 mg anthocyanins) in
children (Barfoot et al., 2019; Whyte and Williams., 2015) and adults (Whyte et al., 2021). Therefore,
this study adds to the evidence base, supporting that blueberry flavonoids are beneficial to cognitive
function, specifically verbal memory across the lifespan, even during especially sensitive periods for
mood and cognitive change, such as the postpartum. The more words learnt reflect better ability to
encode and retain new verbal information over repeated exposures, suggesting that flavonoid
consumption may facilitate encoding efficiency, capacity for learning or deeper cognitive processing.
These processes have been linked to hippocampal function (Fernandez et al., 1998; Greicius et al.,
2003; Karlsgodt et al., 2005), which is a region in which flavonoids have been shown to enhance
neuronal survival and plasticity in rodents (Williams et al., 2008). Although the exact neurocognitive
pathway in humans remains unclear, the aforementioned collective evidence from both children and
adults consuming this dosage of WBB, suggests that flavonoids can acutely improve cognitive
performance. While benefits were seen in the combined dataset, there is some indication that these
effects may have been more pronounced in the fathers-only sample, potentially driving results in the
combined dataset.

Specifically, improvements were seen following WBB consumption over the 2-hr time period, which
were not observed following the placebo or in the mothers-only cohort. These benefits were largely
seen in the RAVLT outcomes, such as proactive interference, where less interferences were seen
following consumption of the WBB, though greater interference was seen following placebo, an effect
not replicated in the mothers-only dataset, further suggesting improvements to verbal memory may be
more prominent in fathers. Alternatively, the fathers sample may simply reflect a typical healthy adult
population, where we have seen cognitive benefits of flavonoids (Cheng et al., 2022), while the
cognitive effects may have been less pronounced in the mothers sample, who are perhaps undergoing
physiological and psychological change to a greater degree than the fathers. As discussed throughout
this thesis, pregnancy and the postpartum period involve unique physiological changes, such as
increased monoamine oxidase activity and changes in blood flow that are specific to individuals who
have carried a child. This was illustrated in Experiment 2, where notable changes in both systolic and
diastolic blood pressure were observed during the early postpartum weeks. These biological processes
are not experienced by fathers, suggesting that around six months postpartum, sex-specific differences
within the parent cohort may have influenced the observed outcomes in mood and cognition. For
example, mothers may still be experiencing the effects of postpartum physiological changes, as well
as ongoing psychosocial and environmental demands, and if they are the primary caregiver, additional
psychosocial and environmental demands may further influence cognitive and mood outcomes, while
fathers may respond differently to dietary interventions due to a relative lack of such changes, and are
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therefore reflective of a typical population. These sex-specific contexts could therefore play a
mediating role in the effectiveness of nutritional strategies and help explain the differential cognitive
benefits observed. However, an important limitation to consider is the small sample of fathers which
was below the target sample size. As such, while the results are promising, they should be interpreted
with caution and require replication. Nevertheless, the findings raises the question of whether there
are sex differences during this period which may mediate the effects of flavonoids on cognitive
function

In addition to Words Learned, a benefit following the WBB intervention was seen in the N-BACK
task, specifically in the n-1 trials when performance was collapsed across different forms of the task,
indicating improved working memory accuracy under lower cognitive load conditions. This effect
was seen in the combined sample, indicating a potential benefit to parents during the 6-month
postpartum. Interestingly, improvements under lower cognitive demand contrasts with findings from
previous research suggesting flavonoids may be most beneficial during high-demand tasks (Whyte et
al., 2016; Whyte et al., 2017). However, this aligns with findings from Experiment 2, where
improvements were observed during the marginally less demanding 500ms trials of the MANT task,
but not during the more challenging 120ms trials. Taken together, these results may indicate that in
highly resource depleted populations such as new parents, flavonoids support performance more
effectively under moderate rather than maximal cognitive load, as it is possible that the already
elevated baseline cognitive and emotional demands of the postpartum period limit the capacity for
enhancement during more difficult tasks. As discussed in Chapter 3, postpartum cognitive deficits,
particularly in processing speed and working memory, are often subtle and may depend on task
demands. Thus, it is plausible that some cognitive tasks are too easy and fail to reveal meaningful
deficits or improvements (Anderson and Rutherford, 2012), while overly challenging tasks may
overwhelm participants already experiencing heightened baseline cognitive load, masking potential
benefits. This emphasises the need for further exploration into cognition at different stages of the
postpartum, comparing against non-pregnant controls, identifying a cognitive threshold and
evaluating whether dietary flavonoids may provide further benefit.

That being said, as verbal learning and working memory was seen to benefit from WBB consumption
in the postpartum, it was surprising to not see replication of the benefits in the MANT, considering the
positive findings in Experiment 2. Comparison of the combined data in this chapter, with the data in
Experiment 2 shows slightly better accuracy and faster RT at baseline in Experiment 2, though this
difference is marginal, so does not explain why effects were found in the immediate postpartum and
not reflected in the 0-6 month. However, closer inspection suggests this may relate to task difficulty
and participant performance. In the current trial, mean MANT accuracy was noticeably lower than in
Experiment 2, alongside generally slower reaction times. These findings point to the possibility that
the MANT may have been too cognitively demanding for this group to exhibit measurable acute
benefits from the intervention, suggesting chronic interventions might be more appropriate to produce
meaningful cognitive improvement following flavonoids. Although previous studies have
demonstrated cognitive improvements following acute WBB supplementation (Barfoot et al., 2019;
Whyte et al., 2016; Whyte et al., 2017), the findings in this trial do not align with those earlier results.
Therefore, despite evidence supporting the hypothesis that WBB supplementation may benefit
executive function tasks, the timing of testing within this specific population may be a critical factor.
For example, variables such as stress and sleep quality may have differed between the two
experiments, potentially contributing to differences in cognitive outcomes. Importantly, stress,
parental leave, and infant irritability were not measured in the previous trial, limiting direct
comparisons between the datasets to explain these discrepancies. However, when comparing measures
such as EPDS, PSAS, PRMQ, MANT accuracy and reaction time, as well as retroactive interference
and delayed recall, the current dataset shows generally poorer scores than those presented in
Experiment 2. This finding is somewhat surprising given that the current sample consists
predominantly of individuals with moderate to high socioeconomic status and higher education levels,
factors typically associated with greater cognitive reserve and resilience to mood disturbances
(Duncan & Magnuson, 2012; Muntaner et al., 2004). This highlights the non-discriminatory nature of
postpartum mood and cognitive challenges, emphasising that these difficulties can affect parents
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across diverse backgrounds, regardless of protective socioeconomic factors. However, the relative
homogeneity of the sample may also limit the generalisability of these findings, as it remains unclear
whether similar patterns would emerge in more socioeconomically or educationally diverse
populations. Notably, there is clear evidence that postpartum mental health outcomes are often poorer
in Black, Asian, and minority ethnic (BAME) communities, as well as in socioeconomically
disadvantaged groups (Clare & Yeh, 2012; Garapati et al., 2023; Maxwell et al., 2019). If mood and
cognitive challenges are evident even within a relatively protected sample, it is likely that such
difficulties may be more pronounced in less advantaged populations. This underscores the potential
value of accessible nutritional interventions in supporting maternal mental health more broadly

Interestingly, the present trial did not find effects on mood, an effect which is not consistent with
previous evidence such as Velichkov et al. (2024) who found acute changes in mood in a population
with self-reported mild to moderate depressive symptoms. The sample in the present trial were not
classed as a clinical population in this sense, however the high risk of mood disorders, with both
parents reporting mild depression according to the EPDS (Table 14), suggesting potential for
improvements following the WBB drink. However, the lack of findings may be due to the
aforementioned complex interplay of extraneous factors like sleep disruption, elevated stress, and
variable infant temperament, all of which are known to significantly influence mood in the postpartum
period. While there is potential for mood improvement in this population, a single acute dose may not
be sufficient. Building on evidence from previous trials, it may be that anthocyanins, in particular,
show stronger effects on mood when administered chronically. For instance, studies such as Barfoot et
al. (2021) and Experiment 1, which involved higher anthocyanin content and longer intervention
periods, did observe mood-related benefits. This suggests that for at-risk populations, chronic
anthocyanin intake may be more appropriate for achieving meaningful mood improvements.
Interestingly, a significant increase in positive affect was seen following consumption of the placebo
drink in the fathers-only dataset, this is a surprising finding and was not affected by other factors such
as location and drink order, and this may reflect a Type I error, or additional extraneous variables that
were not captured in the experiment. While the study employed a double-blind, crossover design, it is
unlikely that demand characteristics would only affect the placebo drink. Closer inspection of the data
suggests that this result may reflect a combination of a slight increase in PA following the placebo and
a slight decrease following WBB, rather than a meaningful treatment effect. Therefore, this pattern
may be better interpreted as a statistical artefact rather than evidence of a true psychological response.

The present results additionally suggest that the order in which these treatments were given influenced
some of the outcomes, signifying a potential limitation of the design and, highlighting the importance
of considering potential carryover effects Interestingly, in the mothers-only analysis of the word
learning task, participants who received the WBB drink second (after placebo) showed improved
learning scores from baseline to post-intervention. This pattern may reflect an acute effect of WBB
rather than a carryover effect, as the benefit emerged only when WBB was consumed in the second
session and did not appear to persist across sessions. A similar complexity was observed in the N-back
task, particularly in reaction times for N2 trials. Although the interaction suggests that order
influenced performance, the pattern does not clearly indicate a classic carryover effect. Instead, the
differences likely reflect a combination of baseline variability and short-term treatment effects.
However, these findings reinforce the need for caution when interpreting crossover designs. As
discussed earlier in this thesis, carry-over effects have been previously demonstrated in the flavonoid
literature, where Keane et al. (2015) found cognitive function to maintain after a 4-week washout
period, following consumption of flavanone-rich orange juice for 8-weeks. A period of 7 days was
utilised as a washout between study visits, based on previous research (Whyte et al., 2015; 2016;
2017; Khalid et al., 2017). However, these studies did not account for drink order in their analyses,
and it remains uncertain whether a one-week washout is sufficient to fully eliminate the effects of
WBB consumption. Research suggests that anthocyanins and their metabolites may persist in the body
for 48-hours (Kalt et al., 2008; Wu et al., 2011). Therefore, it is unlikely that physiological carryover
alone accounts for the observed performance differences among participants who received WBB first.
However, in the absence of plasma or urinary metabolite data, subtle or indirect carryover effects
cannot be entirely ruled out. Future crossover studies should consider incorporating objective
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flavonoid metabolite measures and enforcing a low-flavonoid diet during the washout period to more
precisely determine the clearance timeline and reduce potential residual effects.

Regarding baseline diet, there was a large difference in flavonoid consumption, with fathers
consuming significantly fewer flavonoids, in addition to vegetables and fibre compared to mothers.
These dietary components are crucial for overall health, including important influences on factors
such as composition and function of the gut microbiota and other food bioactives. Given this pattern,
fathers, or men more generally, may represent an important target group for dietary health
interventions aimed at improving nutritional status and related health outcomes. This may reflect the
greater improvements seen in fathers after WBB consumption, as their poorer baseline diet offers
more room for benefit compared to mothers, whose diets already contain adequate flavonoids
(Velichkov et al., 2024; Sloan et al., 2021).

Furthermore, location was included as a covariate in the trial, as having flexible study locations was
thought to encourage less attrition, especially in the father cohort. Location did occur as a significant
covariate on few occasions, such as blood pressure, where higher blood pressure was evident when
participants were seen in the lab compared to their homes. This could be interpreted as a limitation of
the experiment, though is not an unknown observation, where Mancia et al. (1995) reports similar
findings of reduced blood pressure at home versus in a clinic setting. Although prior research has
documented that location may affect mood outcomes in the postpartum, with contrasting findings
from Myer et al. (2024) versus Dowlati et al. (2017) in either home or hospital locations. In this trial,
when accounted for in further models, wherever location did occur as a significant covariate, it had no
further effects on the overall model, potentially complimenting the feasibility of this trial on parents
who may have preferences on study location, and therefore encouraging wider participation.

Although no effects of WBB consumption were found on blood pressure, it is important to note that
participants’ baseline blood pressure values were within the normal range. This likely limited the
potential for detecting further reductions, as flavonoid-related improvements in vascular outcomes are
typically more pronounced in individuals with elevated or borderline blood pressure. In agreement
with Rees et al. (2018), who outlined that several trials have reported significant reductions in blood
pressure mainly in at-risk or hypertensive populations, but little to no effect in healthy adults, the
absence of change in this study should therefore be interpreted in light of the healthy baseline status of
the sample rather than as absence of a physiological effect.

Recruitment of sufficient fathers of 0-6 month olds in the current study represented a significant
challenge, as was the case in Experiment 1. Efforts were made to pursue different recruitment
strategies, including targeting the partners of the existing mothers taking part, however this was not
sufficient to recruit the target sample size for fathers. This once again highlights a need to explore
ways to encourage fathers to participate in research. It should also be highlighted that the baseline
data reflects fathers reporting significantly higher subjective cognition (PRMQ) scores, indicating
greater subjective cognitive complaints. This may reflect the added challenges of balancing returning
to work and childcare demands, or potentially differences in how men perceive and report their
cognitive function. Further investigation into these factors is warranted, especially considering the
prevalence and broader impact of paternal mental health (Fisher et al., 2016; Maleki et al., 2018).

To conclude, this study reinforces the complex interaction between mood, cognition, and dietary
supplementation during the early postpartum period. The data presented in this chapter suggest that an
acute dose of wild blueberry (WBB) may enhance aspects of cognitive performance, specifically
verbal learning and working memory in both mothers and fathers. Fathers appeared to benefit
particularly, showing improvements across a broader range of RAVLT domains compared to the
mothers-only cohort. However, greater beneficial effect in fathers may be affected by lower habitual
flavonoid intake, and these findings must be interpreted cautiously due to the small sample size (n =
10), underlining the need for replication in larger samples. No changes in mood were detected
following acute WBB, in contrast with previous findings. Given the variability and challenges of the
postpartum period including factors such as disrupted sleep, infant care demands, and return to work,
mood outcomes may be especially difficult to change or capture with an acute dose of flavonoids. The
findings from the present work, alongside previous chapters and the study by Barfoot et al. (2021),
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suggest that chronic flavonoid interventions may be more effective than acute approaches for
detecting meaningful mood changes in this population. The study also identified drink order as a
significant factor in several analyses, suggesting potential carryover effects of WBB. This highlights
the importance of considering treatment order and the possibility of residual bioactive or drink taste
effects, particularly in crossover designs. Future research would benefit from including physiological
markers (e.g. plasma metabolites) to track carry over effects and also to explore possible underlying
mechanisms of how flavonoids may benefit outcomes acutely. Overall, these findings align with the
broader pattern observed in Experiments 1 and 2, supporting the view that the 0—6 month postpartum
period is a sensitive window during which cognitive function may be particularly responsive to
flavonoid interventions.
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Chapter 7. General Discussion

Aims of the thesis

The aims of this thesis were 1) to systematically review the existing literature exploring whether
flavonoid-rich food supplementation may benefit mood and mental health in healthy populations
throughout the lifespan 2) assess whether chronic dietary flavonoid supplementation benefits mood
and cognition in the postpartum, and 3) explore whether an acute dose of WBB can improve parents’
mood, cognitive function and blood pressure in the 0-6 month postpartum period.

7.1. Overview of the thesis

7.1.1. Systematic review

It is evidenced that diets rich in flavonoids may play a beneficial role in the development and
treatment of mental health disorders throughout the lifespan. In the last decade, numerous trials have
explored this relationship, with a variety of methodologies such as duration of the intervention, type
of flavonoid-rich food, tools utilised in measuring symptom severity and populations that may be of
particular benefit. Previous reviews have explored this mood relationship (Ali et al., 2021; Jia et al.,
2023; Pizarro Melendez et al., 2024), suggesting that flavonoids are likely to benefit. However, these
reviews fail to incorporate a range of mental health considerations within one review, and often focus
on both flavonoid-rich whole foods and flavonoid extracts, which may have differential effects due to
interactions within the food matrix.

Therefore, the first aim of this thesis was to evaluate the current evidence by providing an updated
systematic review focused exclusively on flavonoid-rich whole foods. This focus reflects typical
dietary habits and offers greater ecological validity compared with extract-based interventions that
often involve inaccessible, high-dose products with limited real-world relevance. This approach may
also strengthen public health guidance by generating evidence that is directly translatable to everyday
dietary patterns. A total of 35 studies were included in the review, with the overall consensus
suggesting that flavonoid-rich foods, including berries, cocoa, and citrus, can confer mood benefits in
both acute and chronic supplementation designs. These benefits appear to be moderated by a range of
factors, including the food source, dose, intervention length, and characteristics of the population.

A key finding of the review was that chronic supplementation tended to produce more consistent
effects on mood than acute dosing, particularly in interventions involving cocoa. However, acute
benefits have been observed in studies using anthocyanin-rich interventions, likely due to the rapid
absorption and bioavailability of these compounds. This distinction between flavonoid subclasses and
their time-sensitive effects underscores the need for more mechanistic studies to determine optimal
dosing windows, particularly in relation to peak metabolite levels for acute dosing, and changes in gut
microbiota, and neuronal change following chronic intervention. Additionally, findings suggest that
flavonoid interventions may be especially beneficial during periods of heightened psychological
stress, such as academic examinations or mental stress tasks. This highlights flavonoid-rich foods as
potentially useful for targeted, time-sensitive interventions aimed at mood enhancement in real-world
settings. Furthermore, the evidence base points to differential responses across age groups, with
younger adults generally responding more robustly than older adults. This may reflect age-related
differences in emotion regulation or baseline mood, offering further nuance to future intervention
targeting.

Importantly, the review also identified substantial heterogeneity in outcome measures, with tools such
as the STAI, PANAS, and BL-VAS appearing most sensitive to detecting change. By contrast,
measures like the POMS and GDS showed fewer significant findings. This suggests that careful
consideration of outcome measures is essential in future flavonoid trials, particularly those assessing
subtle changes in mood. While promising, the evidence base remains limited by inconsistent
methodological quality, variation in flavonoid dosage, and a lack of transparency in study procedures
such as randomisation and handling of withdrawals. Moreover, the absence of a meta-analysis in the
current review limits the ability to quantify the magnitude of effects. Nonetheless, as summarised
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above, the narrative synthesis offered a rich contextual understanding of where and for whom
flavonoid interventions may be most beneficial.

These findings also provided a strong rationale for the subsequent empirical studies presented in this
thesis. Given that the postpartum period is a time of increased vulnerability to mood disturbances, and
that the biological mechanisms underlying these disturbances may overlap with those influenced by
flavonoids, this period may represent an ideal window for dietary flavonoid interventions.

7.1.2. Experiment 1 (Chapter 4)

This study investigated the effects of a two-week dietary flavonoid intervention on mental health in
parents with infants under six months old. Both mothers and fathers were recruited, and after
collecting baseline mood and diet questionnaires, were asked to consume an additional two flavonoid-
rich foods to their normal diet, or just to continue with their diet over a period of 14-days. Participants
were asked to record a food diary and outcome measures were then recorded post-intervention.

While both mothers and fathers were recruited, only mothers’ data were analysed due to low paternal
compliance. Mothers in the flavonoid intervention group, who consumed two additional flavonoid-
rich foods per day, showed a significant reduction in postpartum depression scores and an increase in
positive affect compared to baseline, with no such changes in the control group. These findings
suggest that incorporating flavonoid-rich foods into the diet may alleviate symptoms of postpartum
depression and improve mood in the early postpartum period.

The intervention’s effects on depression aligned with prior research showing benefits of flavonoids
for positive affect, although no changes were observed in anxiety measures, which contrasts with
earlier studies. Differences in outcome sensitivity may relate to the use of the EPDS being specific to
postpartum depression, as opposed to general tools like the PHQ-8. This is a key finding when
relating results back to the systematic review, where specific measures found subtle changes in mood
outcomes. Notably, the review highlighted that tools such as the STAI, PANAS, and BL-VAS were
more sensitive to detecting mood changes, while broader or less targeted scales like the POMS and
GDS yielded fewer significant effects, emphasising the importance of aligning outcome measures
with the specific affective domain and population of interest. Though this trial did not find effects in
the STAI, despite Barfoot et al. (2021) finding effects, the lack of change here may partly reflect
slightly better baseline STAI scores in the cohort, leaving less room for improvement. Nonetheless,
scores did change over time, indicating some degree of sensitivity of the measure in this population.
Furthermore, the inclusion of the PSAS-RSF-C alongside the STAI allows for a comparison between
the two measures, which indeed correlated, facilitating the detection of anxiety changes within this
specific population. This approach also enables an exploration of whether either measure is more
sensitive to changes resulting from dietary interventions, helping to determine which tool may be
more effective for assessing anxiety in postpartum dietary studies. Interestingly, both the PSAS-RSF-
C and STAI scores changed over time in this dataset, indicating that both measures are suitable for use
in a postpartum population. However, the PSAS-RSF-C may have limited sensitivity for detecting
subtle dietary effects, as several items assess concerns (e.g., fears around the baby’s safety) that are
unlikely to be influenced by nutritional interventions. In contrast, the STAI has shown sensitivity to
flavonoid supplementation in previous work (Barfoot et al., 2021), suggesting it may be more
responsive under the right conditions.

Maternal age was explored as a potential moderator of intervention effects. Although the trend
suggested that older mothers reported lower levels of positive affect, though this association did not
reach statistical significance. Interestingly, other factors hypothesised to influence outcomes, such as
baseline flavonoid intake and subjective sleep quality also failed to emerge as significant predictors.
This lack of effect was somewhat unexpected, given the established links between both nutrition and
sleep with mood and psychological wellbeing, particularly in the sensitive postpartum period (Ross et
al., 2005; Franzen & Buysse, 2008; Park et al. 2021). These findings suggest that the mechanisms
underlying the observed mood changes may be more complex than anticipated, potentially involving
other variables such as stress and other subjective measures of sleep, which were therefore included in
following experimental studies.
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At baseline, a high proportion of mothers reported experiencing depressive or anxious symptoms,
despite low rates of formal diagnosis. This discrepancy highlights the presence of a potentially
clinically vulnerable sample, where psychological distress may be under-recognised or under-treated.
Such baseline vulnerability may help explain the observed changes in EPDS and positive affect (PA)
scores, as individuals experiencing subclinical or undiagnosed symptoms may have greater capacity
for improvement in response to dietary interventions. This is consistent with previous findings, where
both clinically diagnosed populations and those reporting low mood have shown significant symptom
improvement following nutritional interventions (Velichkov et al., 2024; Jacka et al., 2017). The
present findings suggest that increasing dietary flavonoid intake could offer a particularly meaningful
benefit in populations at risk, even in the absence of a formal clinical diagnosis. Given that the
postpartum period is a time of heightened vulnerability to mood disorders for all women, these results
support the potential for broader application of nutritional education and intervention. Integrating such
approaches into routine postnatal care through antenatal classes, primary care services, or public
health campaigns may offer an accessible, preventative strategy to support maternal mental health.

Food diaries confirmed good compliance with the intervention, with berry fruits, orange juice, and
dark chocolate emerging as the most frequently consumed flavonoid-rich items. While both the
intervention and control groups demonstrated an overall increase in flavonoid intake possibly
reflecting heightened dietary awareness due to study participation greater improvements in mood
outcomes were observed in the intervention group. Notably, the high consumption of berry fruits and
cocoa rich dark chocolate may suggest mechanism-specific effects, as these sources are particularly
rich in anthocyanins and flavanols, respectively. This aligns with the findings reviewed in Chapter 2,
where berry-derived anthocyanins and cocoa flavanols showed the strongest and most consistent
associations with mood enhancement and emotional wellbeing. These patterns lend support to the
notion that not all flavonoids confer equal benefits and that specific subclasses may exert more
pronounced effects to mood and mental health.

As discussed, a significant limitation in this experiment was the lack of reliable data from fathers due
to attrition and lack of compliance. This highlights that differential methodology may be required for
this specific sample, such as different ‘father-specific’ recruitment posters, or in-person testing may be
necessary to explore this relationship further. As such, this was employed in future experimental trials
conducted in this thesis.

Overall, the findings support the feasibility and potential of flavonoid-rich diets as a low-cost,
accessible strategy to support maternal mental health in the postpartum period, warranting further
research into mechanisms and long-term effects.

7.1.3. Experiment 2 (Chapter 5)

This study investigated whether a 30-day dietary flavonoid intervention during the early postpartum
period could support maternal mental health, cognitive function, and blood pressure regulation. This
was investigated using a parallel groups, participant blind design with 60 participants. Participants
were seen six times between their third trimester of pregnancy and 12-weeks postpartum, where they
were randomised to an intervention group at 0-4 days postpartum and asked to consume either 1 or 2
flavonoid-rich food items from a selected list on top of their normal diet, or to continue their normal
diet over a period of 30-days.

Notable cognitive and vascular benefits emerged following flavonoid intervention in this experiment.
Both low and high flavonoid groups demonstrated improved accuracy on an executive function task
(MANT), with effects persisting up to two months post-intervention (12-weeks postpartum). These
benefits were most pronounced under high cognitive load and among participants who reported better
sleep quality, highlighting the interaction between sleep and cognitive performance. Subjective
cognitive improvements, as measured by the Prospective and Retrospective Memory Questionnaire
(PRMQ), were also more evident in individuals with low habitual flavonoid intake, aligning with
prior evidence linking flavonoid consumption to reduced subjective cognitive complaints.

Mood-related outcomes, including depression (EPDS), anxiety (STAI), and maternal specific
anxieties (PSAS) did not show significant intervention effects. This may be due to generally low
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baseline symptom severity, limiting the potential for observable improvement, in contrast to findings
from Experiment 1. However, when controlling for birth experience, EPDS scores improved
regardless of intervention group, suggesting a potential moderating or protective effect of birth
experience on postpartum mental health. Additionally, a slight reduction in positive affect (PA) at 2
weeks in the control group was observed, which may tentatively indicate some protective effect of
flavonoid consumption. Furthermore, while anxiety scores (STAI) remained stable across groups,
sleep quality was found to moderate anxiety levels in the control group but not in the flavonoid
groups, implying a possible buffering role of flavonoids under conditions of poor sleep, though these
effects need to be investigated further.

Blood pressure findings were particularly compelling. Participants in the flavonoid groups exhibited
greater reductions in both systolic and diastolic blood pressure compared to controls. These effects are
consistent with the established vascular benefits of flavonoids, which include enhanced endothelial
function, reduced arterial stiffness, and improved nitric oxide bioavailability (Kay et al., 2012;
Rodriguez-Mateos et al., 2013; Brickman et al., 2014). Such mechanisms may be especially relevant
during the postpartum period, when cardiovascular regulation undergoes significant changes, where
peaks are seen shortly after delivery, with a return to individuals baseline over the postpartum months
(Bramham et al., 2013). These findings suggest that dietary flavonoids could play a beneficial role in
supporting cardiovascular health during this vulnerable time.

Several limitations warrant consideration. The use of general measures of sleep (PSQI) may have
limited sensitivity to postpartum-specific sleep changes. Additionally, the timing of assessments may
not have fully captured the trajectory of symptom emergence or resolution, compared to Barfoot et al.
(2021) and Experiment 1, where participants were in the 0-6 month postpartum. However this may
indicate that the later postpartum, up to 6 months, may be more optimal to introduce a dietary
flavonoid intervention in comparison to the immediate when evaluating its effects on mood.
Furthermore, in this experiment, the Stein Maternity Blues scale, which captures specific baby blues
symptoms, seen in Meyer et al. (2024) and Dowlati et al. (2017) was not utilised. This could be a
limitation of the present study, as it restricts direct comparison of findings with previous trials that
employed this measure. However, given the focus on tracking mood from pregnancy through to 12-
weeks postpartum, the Stein scale may be less relevant at this later timepoint due to postpartum blues
typically resolving around 14 days after delivery. Therefore, the PANAS was utilised to capture
transient mood changes over a broader postpartum period. Nonetheless, including the Stein scale in
future research could be valuable for assessing dietary-related mood changes during the immediate
postpartum period.

A significant takeaway from this study is that the types of flavonoid-rich foods consumed may have
influenced the outcomes. The frequent intake of orange juice may have influenced the observed
cognitive effects. While flavanone-rich orange juice appears to support cognitive performance, its
impact on mood may require longer exposure or higher doses. The limited diversity of consumed
foods, often favouring convenient options like orange juice, berries, and dark chocolate, may also
have shaped the outcomes. This may be a prominent finding when compared to Barfoot et al. (2021)
and Experiment 1, where anthocyanin rich berry fruits were the most consumed food items. Future
research should explore whether specific flavonoid subclasses or more varied diets yield different
cognitive and mood-related benefits in the postpartum period.

Covariates such as sleep, age, birth experience, and baseline flavonoid intake were significant
throughout the models in the dataset. This suggests that individual differences may influence
postpartum outcomes, indicating that maternal experiences, lifestyle factors, and pre-existing dietary
habits can affect how individuals respond to dietary interventions. Including a broader range of
psychosocial and physiological covariates in future studies would therefore provide a more
comprehensive understanding of the factors that influence postpartum wellbeing and may help clarify
the indirect mechanisms through which flavonoid intake relates to mood outcomes.

Overall, findings suggest that flavonoid intake during the early postpartum period may support
cognitive performance and blood pressure regulation, particularly among individuals with low
habitual intake. In contrast, mood-related effects were less consistent, indicating that factors such as
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intervention timing, baseline mental health status, and dosage may be critical to the efficacy of dietary
interventions in this context. Notably, cognitive benefits were limited to the 500ms condition and
were most pronounced in participants with lower baseline flavonoid intake, highlighting potential
dose- and baseline-dependent effects. No significant changes were observed for other cognitive
measures (N-BACK, RAVLT), suggesting that flavonoid related cognitive benefits may be task-
specific and more detectable under higher cognitive demand.

Finally, it is important to consider that the early postpartum period is a highly sensitive time,
characterised by complex physiological, emotional, and environmental changes. These factors may
have attenuated the immediate impact of the dietary intervention, underscoring the need for future
research to examine longer-term effects, optimise timing, and explore personalised approaches to
postpartum nutrition.

7.1.4. Experiment 3 (Chapter 6)

This study investigated the acute effects of a flavonoid-rich wild blueberry (WBB) drink on cognition,
mood, and blood pressure in parents during the 0—6 month postpartum period. A crossover, double
blind study was conducted in a sample of both mothers and fathers in the 0-6 month postpartum
period. Participants were tested in either their own homes or the Nutrition Cognition lab at the
University, baseline outcome measures were taken followed by consumption of either a WBB drink
(253 mg anthocyanins) or placebo matched control. Two hours following consumption, outcome
measures were repeated.

In this experiment, significant improvements following the WBB drink were found for the amount
learned domain and least cognitively demanding trials of the n-back task (n-1) when mothers and
fathers samples were combined. This suggests improved verbal and working memory following the
flavonoid-rich drink, at higher sampling power. Additionally, several other facets of the RAVLT were
found to improve 2- hours following consumption of the WBB drink, in the fathers-only sample. This
is the first trial to investigate acute effects of flavonoids on behavioural outcomes in parents, adding to
the evidence base to support flavonoids role in aiding learning and memory, in addition to
highlighting that parents, in particular, fathers may have the potential for distinct benefits during this
time.

No reliable effects of the WBB intervention were observed on mood outcomes, suggesting that a
single dose may be insufficient to influence affect in this population. This aligns with a broader theme
discussed throughout the thesis, that chronic flavonoid supplementation may be more effective than
acute dosing for modulating mood in this cohort. These findings contrast with previous studies, such
as those by Khalid et al. (2017) and Velichkov et al. (2024), the latter of which reported mood
improvements in individuals with mild to moderate depressive symptoms. However, as discussed,
factors unique to the postpartum period such as stress, disrupted sleep, and physiological changes may
underlie the absence of mood effects, and a single dose of WBB flavonoids may not be adequate to
address these complex influences.

Order effects were evident in this trial, a pattern that has been documented in prior research, such as
Keane et al. (2015), although their study involved an 8-week crossover design using flavanone-rich
orange juice, where carryover effects are more plausible due to sustained exposure. In this

experiment, a one-week washout period was used, and given that anthocyanin metabolites typically do
not persist beyond 48 hours, a physiological carryover effect is unlikely. However, sensory aspects of
the intervention, such as taste, may have played a role. Although the WBB drink was not significantly
preferred over the placebo, it was rated slightly more favourably, which may have influenced
participants' expectations or responses. A more pleasant-tasting intervention may lead to more positive
mood associations, particularly when experienced first, and could subtly shape responses in
subsequent sessions. This highlights the importance of considering order effects in acute trials.

When examining mothers and fathers separately, interesting differences emerged in the effects of the
WBB intervention. Fathers appeared to experience greater benefits in aspects of verbal memory
compared to mothers. Moreover, baseline diet seemed to influence outcomes more strongly in the
mothers-only and combined datasets than in the fathers-only group. These findings are exploratory,
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given the small sample size in the fathers-only dataset, and further research is required to determine
whether either parent group may differentially benefit from flavonoid interventions, as well as to
investigate the mechanisms driving these effects.

It was hypothesised that blood pressure would decrease at 2 hours post-WBB consumption, in line
with prior findings and the known peak of circulating anthocyanin metabolites at this timepoint
(Rodriguez-Mateos et al., 2013). Similar short-term reductions in systolic blood pressure have been
observed following cherry juice consumption (Keane et al., 2016). These blood pressure changes are
thought to enhance cerebral blood flow and nutrient delivery, potentially supporting cognitive
function. Under this mechanism, improvements in mood outcomes might also be expected, as in
Khalid et al. (2017); however, such effects in mood and BP were not observed in this study. One
possible explanation may relate to the testing environment. Unlike previous trials of blood pressure
and flavonoids, conducted under more controlled lab settings, participants in this study were often
accompanied by their infant during testing, potentially contributing to a heightened and sustained state
of arousal which may be less likely to change as a result of an acute dietary intervention. Importantly,
baseline BP in this sample was within the normal range, suggesting there may have been less
physiological scope for reduction. Future studies should consider the influence of testing context and
parental stress, as well as the potential role of stress hormones, which may counteract the vascular or
mood-related benefits of flavonoid interventions. However, the overall reasons for lack of effects for
blood pressure remains unclear, highlighting the need for further research with larger samples and
additional mechanistic exploration.

Despite these limitations, the current study contributes to a growing body of evidence suggesting that
flavonoids may confer cognitive benefits during a period of significant mental and physical demand,
such as early parenthood. These findings support the rationale for further trials with larger sample
sizes, chronic intervention designs, and extended washout periods to better elucidate the potential of
flavonoids in supporting parental health and wellbeing.

7.2. Overview of experimental findings

Across the three experiments, the effects of flavonoid-rich dietary interventions on mood, cognition,
and physiological outcomes in postpartum individuals was explored. While each experiment varied in
duration, flavonoid source, and outcome, several common patterns and meaningful distinctions
emerged.

In Experiment 1, a two-week high-flavonoid diet led to clear improvements in mood, particularly
reduced depressive symptoms and increased positive affect. These effects were most pronounced in
participants with poorer baseline mood symptoms, aligning with and extending previous findings by
Velichkov et al. (2024), and suggesting that flavonoids may confer particular benefits for individuals
at heightened risk of postpartum mental health disorders. Experiment 2 extended the intervention to
30-days starting 0-4 days postpartum and introduced objective cognitive and cardiovascular measures.
While mood outcomes did not significantly differ between groups, likely due to slightly better mood
at baseline compared to Experiment 1 and Barfoot et al. (2021), the flavonoid group showed improved
executive function under high cognitive load and greater reductions in blood pressure, particularly
among those with better sleep or low baseline flavonoid intake. This indicates a potential shift in
beneficial flavonoid effects from mood to cognitive and vascular domains when baseline mood
symptoms are minimal. Such effects may be particularly valuable in the postpartum period where
diets are often suboptimal (Shah et al., 2010) and where a general decline in dietary quality is
observed over the first six months (Lebrun et al., 2019), suggesting that even the simple addition of
one or two flavonoid-rich foods could help support these outcomes in mothers not meeting adequate
nutritional intake. In contrast, Experiment 3 investigated the acute effects of a single dose of an
anthocyanin-rich wild blueberry drink in parents during the 0-6 month postpartum period. Two hours
after consumption, participants showed improvements in verbal and working memory. These effects
were more prominent in fathers and were not accompanied by consistent mood changes. In fact, no
mood benefits were observed, suggesting that acute dosing may not be sufficient to influence affect in
this population. This builds on previous literature demonstrating the acute cognitive benefits of WBB,
while extending these findings to an at-risk postpartum population who may particularly benefit from
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acute supplementation. In such contexts, where parents are experiencing heightened stress, disrupted
sleep, or suboptimal diet, and where longer-term interventions may not be immediately practical,
flavonoid interventions capable of enhancing mood over a short time frame in areas such as verbal
and working memory may help parents manage daily tasks more effectively, support decision-making
under fatigue, and maintain mental clarity during the demanding early months of parenthood.

Differences in the types of flavonoid-rich foods consumed between Experiments 1 and 2 could partly
explain the contrasting effects observed. As highlighted in the systematic review, it may be that
anthocyanin-rich foods elicit more optimal effects for mood. However, while acute anthocyanin-rich
interventions remain a healthy dietary choice, they may not have strong efficacy for improving mood
in this population, as no mood effects were observed in Experiment 3.This underscores the importance
of study duration, where chronic trials may be more effective in eliciting meaningful changes in mood
outcomes in this at-risk population. Such results may be due to specific chronic mechanisms of action,
such as changes in cerebral blood flow and neuronal changes, which may result in more persistent
changes in mood during sensitive periods. Despite the lack of mood effects, cognitive improvements
were observed following both 30-day consumption of flavonoid-rich foods and a single acute dose.
This suggests that cognition may be particularly sensitive to changes in flavonoid intake in
postpartum parents, with detectable benefits emerging even within a two-hour window.

Together, the findings indicate that flavonoid effects are multifaceted and context dependent. Mood
improvements appeared more likely with chronic supplementation and when baseline symptoms were
elevated (Experiments 1 and 2), whereas cognitive enhancements could occur acutely, as shown in
Experiment 3. These outcomes underscore the importance of tailoring intervention strategies to the
specific needs and contexts of the target population. Additionally, while improvements in blood
pressure were observed with chronic supplementation, such effects were not reliably seen following
acute dosing. This highlights a need for further investigation into the underlying mechanisms of
action, including vascular, neuroplasticity and monoamine oxidase pathways, particularly within the
context of postpartum physiology.

Importantly, this thesis presents the first known set of studies to investigate the effects of flavonoid
supplementation, both acute and chronic, on cognitive function and mood in new parents. While
previous research has demonstrated the cognitive and mood enhancing potential of flavonoids in other
populations, few studies to date have focused specifically on individuals in the postpartum period a
time characterised by significant physiological, emotional, and neurological change. By targeting this
unique group, the thesis contributes novel insights into the potential for flavonoids to support parental
functioning and wellbeing. The findings also extend the literature by demonstrating both acute and
chronic effects across multiple cognitive domains, including verbal and working memory, which are
areas of the brain known to undergo structural and functional changes during the perinatal period
(Chapter 3.2). Collectively, these studies provide a novel contribution to the evidence of how
nutritional strategies can support cognitive and emotional health in new parents, and lay important
groundwork for future research. Specifically, these findings may have important real world
implications. Nutritional interventions using flavonoid-rich foods could offer an accessible, non-
stigmatising strategy to support emotional and cognitive wellbeing during the postpartum period. This
has potential benefits not only for the individuals, but also for families and wider support networks,
given the wider impact of parental mental health on the family system and infant development. Such
evidence could be translated into dietary guidance offered by healthcare professionals, integrated into
postnatal care pathways, or used to inform public health messaging around maternal nutrition.

7.3. Limitations of the work

7.3.1. Attrition and engagement

One of the most significant limitations of this thesis relates to the low engagement and high attrition
among fathers, which limited the robustness and generalisability of findings for this group. In
Experiment 1, data from fathers were ultimately excluded due to poor adherence to the intervention
protocol and minimal engagement with study materials. This was a disappointing outcome, given the
original aim to assess whether flavonoid supplementation could benefit mood outcomes in both
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mothers and fathers during the postpartum period. The underrepresentation of fathers in this study
echoes broader challenges in the literature, where paternal engagement in psychological and
nutritional research remains limited (Mitchell et al., 2007).

Although efforts were made to improve father participation including partner-based recruitment,
flexible online testing, and reminders, retention remained low. As shown in Experiment 1, attrition
and engagement among fathers far exceeded that of mothers, suggesting differences in motivation or
perceived relevance of the study. As discussed in Chapter 4.4 one potential explanation relates to
socioeconomic status, where the fathers’ sample reported a slightly lower average household income
than the UK national average and compared to the mothers’ sample. Research shows that lower
socioeconomic status is associated with lower research engagement (Unger et al., 2013), which may
have partially contributed to these patterns. Additionally, only a minority of fathers had a partner also
taking part in the study. Without this shared motivation or social reinforcement, individual
engagement may have been more difficult to sustain.

Another key challenge is the method of recruitment itself, where advertisements aimed more broadly
at “parents” tend to skew heavily toward maternal participation. Yaremych and Persky (2002) found
that 79% of participants recruited through father-specific advertisements were male, compared to only
14% recruited through gender neutral “parent” advertisements. This was taken into account in
Experiment 3, however recruitment still presented a significant barrier. Therefore, future studies are
needed to explore this mechanism further, in an effort to explore how to better engage fathers in
research more generally. In the meantime, studies seeking to engage fathers should develop tailored
recruitment strategies that appeal directly to male caregivers, with attention to language, design, and
study relevance.

Experiment 3 did include a small sample of fathers, allowing for preliminary analysis of acute
cognitive effects following flavonoid supplementation. A strength of this experiment was the ability to
ensure intervention consumption, which was deemed particularly important for fathers, where
engagement and compliance had previously been low, such as in Experiment 1. In this case, the
intervention was administered by the researcher, reducing perceived effort and likely improving
adherence. Therefore, this hands on approach may represent a more effective method of engaging
with this demographic. However, the limited sample size constrained statistical power and therefore
replication is needed. Nonetheless, mean scores were broadly comparable to those of the mothers,
who, in addition to being part of a larger sample, demonstrated greater engagement and adherence
across Experiments 1 and 2. Although some cognitive improvements were observed in fathers’
following WBB consumption and not replicated with placebo, these effects should be interpreted with
caution. Notably, certain improvements in the fathers’ group were not mirrored in the mothers’ cohort,
despite a larger sample size in the latter. This discrepancy raises the possibility that the observed
findings in fathers could reflect sampling variability rather than true intervention effects. Replication
in a larger, more representative cohort of fathers is therefore essential to determine the validity and
generalisability of these initial results.

Interestingly, baseline data suggested that fathers reported significantly higher PRMQ scores than
mothers, indicating greater perceived cognitive difficulties. This may reflect the challenges of
navigating return to work, managing new childcare responsibilities, and the strain of disrupted sleep,
all of which can impact cognitive function. These factors could also contribute to reduced capacity or
willingness to engage in research. Understanding these barriers is critical, particularly given the
growing recognition of paternal postnatal depression and its effects on family wellbeing (Fisher et al.,
2016; Maleki et al., 2018). Taken together, these limitations highlight a clear need for research that not
only investigates the mental health and cognitive functioning of fathers in the postnatal period, but
also actively addresses the barriers to their participation.

7.3.2 Cognitive tasks

Another important limitation concerns the interpretation of the cognitive findings. While the tasks
used in this thesis targeted specific cognitive domains such as memory, attention, and learning they
represent controlled, laboratory based measures that may not fully capture real-world or clinically
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meaningful cognitive functioning. Performance on individual cognitive tasks is often influenced by
factors such as task novelty, motivation, and testing environment, and may not reflect broader, day-to-
day cognitive abilities or functional outcomes relevant to parenting, work, or emotional regulation. It
could therefore be interesting to investigate these effects in an ecologically valid way, to capture
parental specific cognition following flavonoid intervention. For example, using parental and baby
specific nouns in the RAVLT, or adding infant crying noise into the MANT to replicate previous trials
from Barfoot et al. (2019), who implemented playground noises in the background of MANT trials
with 7-10 year old participants. Furthermore, considering the maternal ‘rewiring’ occurring in the
postpartum, it would be worth investigating cognitive tasks that are more reflective for the mother,
such as social and emotional cognitive processing. Therefore, while improvements observed on these
tasks suggest potential cognitive benefits of flavonoid supplementation, caution is warranted when
generalising these results to real-world cognitive functioning

Furthermore, testing location can influence study outcomes, particularly due to differences in
environment. In Experiment 3, comparing home and lab testing showed no significant differences in
mood or cognitive measures, suggesting that remote assessment can be reliable under suitable
conditions. Experiment 2, by contrast, involved only home testing. Prior work (Meyer et al., 2024)
indicates that at-home testing may introduce distractions that could reduce observed effects compared
to more controlled lab environments. However, more research is needed to fully understand how
testing location impacts cognitive and mood outcomes, especially in the context of flavonoid
interventions. Another factor to consider is that the necessity of home testing in these experiments
required using the Gorilla platform for the cognitive battery, a web-based tool optimised for remote
administration. This contrasts with many previous flavonoid cognition studies that used E-Prime, a
locally run laboratory software. E-Prime offers precise timing and response recording by running on
dedicated PCs within controlled environments. In comparison, Gorilla’s timing accuracy can be
influenced by personal devices, internet speed, and browser variability, which may introduce some
noise, particularly affecting reaction time data. Despite these limitations, Gorilla has been validated
for a wide range of cognitive tasks (Anwyl-Irvine et al., 2020) and provides practical advantages for
remote testing, making it well suited for the experimental trials in this thesis. Overall, while home
testing and web-based platforms may add some variability, these factors appear manageable and do
not undermine the validity of the findings presented here.

7.3.3 Improvements in diet

The improvement in diet observed within the control group in Experiment 1 represents another
limitation. While the extent of this change was relatively modest, it nonetheless introduces the
possibility that observed effects may have been partially influenced by broader lifestyle or dietary
changes, rather than the intervention alone. Similar improvements were also evident in Experiment 2,
suggesting that participants across both groups may have made general positive changes to their diet
during the study period, potentially influenced by their engagement with the research process itself.

Importantly, despite the intended manipulation of flavonoid intake through the intervention in
Experiment 2, no significant differences in total flavonoid intake were detected between the control
and intervention groups, as reported by participants 24-hour dietary recalls. This finding complicates
the interpretation of the results, as improvements in mood and cognitive outcomes cannot be
confidently attributed solely to increased flavonoid consumption. It is possible that participants
substituted their usual sources of dietary flavonoids with the foods and drinks provided as part of the
intervention, rather than adding these to their habitual intake. Such substitution effects could have
masked any true increases in total flavonoid intake, leading to an underestimation of the intervention’s
impact. Alternatively, the behavioural and psychological benefits observed may have been influenced
by other aspects of study participation, for example, increased dietary awareness, improved self-
monitoring, or general lifestyle modifications associated with taking part in a structured intervention.
These factors could have contributed to the improvements observed across both groups.

Interestingly, compliance with the 24-hour dietary recalls in Experiment 2 was low (overall 62%) and
declined over the intervention period. As these recalls were administered on only three occasions
during the 4-week study, their sensitivity to detect subtle but meaningful dietary changes was limited.
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Although this approach was designed to minimise participant burden during the postnatal period, it
likely reduced the reliability of these data as a measure of habitual intake. Consequently, the limited
frequency and low level of compliance mean that these dietary data cannot be relied upon to confirm
that the observed effects were unrelated to flavonoid exposure. Further research with more
comprehensive and consistent dietary monitoring is therefore required to clarify the relationship
between flavonoid intake and the outcomes observed.

Overall, given these limitations, the absence of significant group differences in flavonoid intake
suggests that the observed improvements in cognitive and mood outcomes may not have been driven
solely by changes in flavonoid consumption. Future research would benefit from incorporating more
objective or continuous dietary tracking methods, such as photo-based food logging or biomarker
analyses to enhance accuracy and compliance. Such approaches would provide a more robust basis for
determining whether the psychological and cognitive benefits observed are directly attributable to
increased flavonoid intake or are instead influenced by broader lifestyle factors.

7.4. Future work

Future research ought to first, understand and address the barriers to father participation, and second,
assessing the specific impact of flavonoids on paternal wellbeing. These insights could then inform
targeted recruitment strategies, for example, designing father-specific outreach materials, tailoring
language and framing. Once more robust engagement occurs, flavonoid interventions can be tested in
larger paternal cohorts. Although preliminary findings from Experiment 3 hinted at possible benefits
unique to fathers, these results require replication with adequate statistical power.

Future research should continue to refine and validate food intake measures, particularly those
targeting polyphenol-rich foods. This is an active area of development, with recent progress in
polyphenol-specific food frequency questionnaires (Li et al., 2024). However, a key limitation is the
time burden these detailed questionnaires place on participants particularly in the postpartum period,
where time and cognitive resources are limited. In Experiment 2, 24-hour food frequency
questionnaires were employed to reduce burden, but this led to reduced compliance in the later
postpartum weeks. Therefore, future research should prioritise the development of concise, targeted,
and user friendly dietary assessment tools that balance accuracy with participant feasibility, especially
in sensitive populations such as new parents.

A promising area for future research lies in the exploration of dietary diversity within flavonoid
interventions, particularly in relation to the gut—brain axis (Chapter 1.7.2). In Experiment 2, many
participants selected a limited range of foods, notably orange juice, as their primary source of
flavonoids. However, evidence suggests that diversity in plant-based and flavonoid-rich food
consumption may be a critical factor in driving beneficial health outcomes, including those related to
cognition and mood (Ye et al., 2013; Del Bo et al., 2021; Parmenter et al., 2025). While the current
studies did not assess adherence to broader dietary patterns such as the Mediterranean diet, general
diet quality and flavonoid intake at baseline were considered. Given this, future studies could examine
whether parents with higher adherence to healthy dietary patterns, alongside greater diversity in
flavonoid-rich food consumption experience enhanced benefits in mood and cognitive outcomes.
Moreover, integrating measures of gut microbiota composition and metabolites into such interventions
could provide mechanistic insights into how diet and dietary diversity drives psychological and
neurological outcomes.

In addition, future research could investigate the presence and role of flavonoids in breastmilk.
Flavonoids have been detected in breastmilk following maternal dietary interventions (Codofier-
Franch et al., 2013; Jochum et al., 2017), yet it remains unclear whether these compounds can be
transferred in physiologically meaningful amounts to the infant, where they may also confer health
benefits. Supporting this possibility, maternal flavonoid-rich diets have been associated with
detectable flavonoid levels in infant plasma and urine (Romaszko et al., 2014; Xu et al., 2019).
Examining the relationship between maternal flavonoid intake, breastmilk composition, and infant
health outcomes could therefore provide valuable insights into intergenerational pathways linking
diet, cognition, and mood.
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Baseline flavonoid intake emerged as a significant covariate across several models in Experiments 2
and 3. Further analysis showed that participants with lower baseline flavonoid consumption who
received the intervention in Experiment 2 demonstrated significantly better accuracy in the executive
function task and fewer subjective cognitive impairments. Further, as discussed in Sections 1.4.1,
1.4.2, and Chapter 2, individuals with poorer baseline mood or clinical symptoms may be more
responsive to dietary interventions. Although mood at baseline in Experiment 2 was generally better
than in Experiments 1, 3, and Barfoot et al. (2021), none represented a particularly low mood cohort.
Future research could thus focus on flavonoid-rich interventions for parents with clinically low mood,
low baseline flavonoid intake, or generally poorer diets, as these groups may have greater potential for
improvement. Mechanisms of action specific to the postpartum population remain unexplored. While
monoamine oxidase activity is known to peak in the initial days postpartum (Sacher et al., 2010; Tosto
et al., 2023), it is unclear how it interacts with flavonoids during this time. Studies such as Dowlati et
al. (2017) indicate that blueberry flavonoids may inhibit MOA activity in the initial days postpartum,
this was in combination with tryptophan and tyrosine, therefore it is unknown whether an isolated
flavonoid-rich food may replicate these mechanisms which may have mood promoting effects.
Additionally, the postpartum involves significant structural and functional brain changes, particularly
changes in hippocampal grey matter as shown by Hoekzema et al. (2017), which align with memory
deficits observed during this period (Glynn, 2010; Silber et al., 1990; see Chapter 3.2). Experiment 2
demonstrated that flavonoid intake modulated blood pressure, suggesting that improvements in blood
flow, a key mechanism of flavonoids detailed in Chapter 1.7.4, may contribute to mood and cognitive
benefits postpartum. Given the unique vascular and neurochemical changes occurring postpartum,
investigating flavonoid effects on cerebral blood flow within this population could provide valuable
insights and complement existing postnatal research on mood and cognition. Future studies should
prioritise these mechanisms alongside exploring broader flavonoid pathways promoting mental health
and cognitive function.

Another important area for future research is the inclusion of non-pregnant control groups,
particularly when investigating cognitive outcomes in the postpartum period. It is debated whether
cognitive functioning is significantly impaired during the postpartum, with some studies suggesting
discrepancies between subjective reports of cognitive difficulties and objective performance (Orchard
et al., 2023). In this thesis, improvements in executive function, working memory, and verbal memory
were observed across two experimental trials, suggesting that flavonoid interventions may confer
cognitive benefits during this period. However, without a non-pregnant comparison group, it is
difficult to determine whether these benefits observed following flavonoid supplementation are
unique to the postpartum population specifically, or they mirror the effects we see in healthy adult
populations (Cheng et al., 2023). Including non-pregnant controls in future studies would help clarify
whether the cognitive changes observed are unique to the postpartum population, and whether
flavonoids offer specific support to individuals navigating the cognitive demands of new parenthood.

Finally, it was unsurprising to see the role of sleep being a significant covariate to outcomes in
Experiments 2 and 3, however a limitation of measuring sleep in the postpartum is the lack of
appropriate measures. The PSQI was utilised as a valid and reliable measure of sleep during both
pregnancy and postpartum, making it an appropriate measure to capture this risk factor over the
timeframes of the experiments. However, the PSQI does not account for specific sleep disturbances
commonly experienced by mothers during this period, such as waking during the night to care for a
newborn or discomfort related to pregnancy and postpartum recovery. A purpose-built, well-validated,
and reliable sleep questionnaire tailored to the perinatal period is therefore essential to more
accurately capture maternal sleep patterns and better understand their influence on mood and
cognitive outcomes.

7.5. Conclusions

This thesis provides novel insights into the role of dietary flavonoids in supporting mood and
cognitive function during the postpartum period. The findings suggest that mood outcomes may be
more sensitive to the timing and duration of the intervention, as highlighted in both the systematic
review and experimental studies. In contrast, cognitive benefits were observed following an acute and
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chronic dose of flavonoids, from 0-4 days postpartum, extending to 6-months. These findings point to
a potential window where cognition in new parents may be particularly sensitive to a dietary
flavonoid intervention. A significant barrier identified in this research was the limited engagement of
fathers, which restricted the generalisability of findings to this group. Nonetheless, preliminary results
suggest that fathers may uniquely benefit from such interventions, underscoring the need for future
research that focuses on improving paternal recruitment and retention. Importantly, this thesis is the
first to evaluate the effects of flavonoid supplementation on mood and cognitive outcomes across the
postpartum period. It builds upon prior work, extending the understanding of whether and when such
interventions can provide meaningful clinical and practical benefits. While more research is needed
with the most appropriate intervention duration for this particular sample, as well as exploring
postpartum specific mechanisms of action and appropriate comparison groups, these findings offer a
promising foundation.
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Appendices

Appendix A. Main effects, covariates and interaction effects from the data presented in Chapter 4.

Outcome

EPDS

PA

STAI

Main effect of Visit
F[L 37— 3.28, p=.078

Fr, 37= 4.92, p=.033

Fr, 37= 4.10, p=.050: pairwise
comparisons showed
significantly lower STAI
scores from baseline (M=
38.45, SE=1.57) to post

Main effect of Condition
Fri, 3e= .081, p=.778

Fr1, 36= .128, p=.722

Fr, 37= 1.35, p=.252

Significant covariates

Age: Fpi, 3= 4.62, p=.038;
Age and positive affect scores
were not significantly
associated at baseline (r=-.098,
p=.557), or change from
baseline (r=.285, p=.083),
though were marginally
significant post-intervention
(r=-.308, p=.060).

Interaction effects

F[1, 37— 10.38, p=.003;
pairwise comparisons showing
significant differences
between the flavonoid
conditions at baseline (M=
10.29, SE= 1.34) and post
intervention (M= 7.69, SE=
1.29) (p=.002) which was not
evident in the control group
(p=.276).

Fr, 37= 5.13, p=.029; pairwise
comparisons showing
significant differences
between the flavonoid
conditions at baseline (M=
27.56, SE=1.76) and post
intervention (M= 31.96, SE=
2.00) (p=.006) which was not
evident in the control group
(p=.971).

F[1, 37— 2.26, p=.141
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NA

PSAS-RSF-C

WHOQOL Physical

WHOQOL Psychological
WHOQOL Social
WHOQOL Environmental

intervention (M= 35.62, SE=
1.63) (p=.050).

Fr, 3= 4.78, p=.035; pairwise
comparisons showed
significantly lower NA scores
from baseline (M= 16.26,
SE=0.85) to post intervention
(M= 14.63, SE=0.73)
(p=.035).

Fr 3= 12.46, p<.001;
pairwise comparisons showed
significantly lower scores
from baseline (M= 21.98,
SE=0.78) to post intervention
(M=19.48, SE=0.76)
(p<.001).

F, 37= 5.07, p=.029; pairwise
comparisons showed
significantly higher scores
from baseline (M= 63.80,
SE=2.65) to post intervention
(M=70.97, SE= 2.04)
(p=.029).

F[l, 37— 3.24, p=.080

F[l, 37— 1.91, p=.175

F[l, 37— .2.36, p=.133

F[l, 37— 030, p=864

F[l, 37— .546, p=.464

Fr, 3n= 1.45, p=.233

Fr, 7= 2.56, p=.118
F[l, 37— .104, p=.754
Fr, 3= .041, p=.840

F[1, 371 724, p=400

F[1, 37— 1.83, p=.184

Fr1, 3= 1.32, p=.256

Fr1, 3= .204, p=.654
Fr, 3= .632, p=.432
Fr, 3= 1.73, p=.196
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Appendix B. T-tests, main effects, covariates and interaction effects from the data presented in Chapter 5.

Outcome

EPDS

STAI

PA

NA

PSAS

EPDSP
PRMQ

Systolic BP

Changes from
pregnancy to 0-4 days
postpartum
t(55)=0.66, p=.507

t(55)=-0.96, p=.336
t(55)=-0.38, p=.703

t(55)=-2.12, p=.038;
Higher NA at Visit 2
(M=17.34, SD=6.17)
compared to Visit 1
(M=15.75, SD=5.33)
N/A

t(55)=-0.08, p=.932
t(55)=1.76, p=.082

t(47)=-5.32, p<.001
Higher SBP at Visit 2
(M=117.69, SD=9.71)

Main effect of Visit

F[4,157]= 2.03, p=.111

Frz,159= 2.28, p=.080

Fi3156=.94 , p=.419

F3,150=0.84 , p=.472

Fris0= 1.92, p=.127

F[4,159]= 0.33, p=.801
F[3,157]= 0.27, p=.844

Fr.128= 12.94, p<.001

Main effect of
Condition

Fr2.46=0.95, p=.390

Fr2.491=0.07, p=.923
F[z,so]=0.18, p=.834

Fr250=0.20, p=.817

Fr248=1.28, p=.286

Fr250=0.58, p=.558
F[2,49]=0.48, p=.619

F[2,47]=1.05, p=.356

Significant covariates

Sleep: Fp1,105=5.12,
p=.024; Baseline
flavonoid intake:
F[1,48]=4.73, p=.034
Sleep: Fr1,202=17.02,
p<.001

Sleep: Fp1,1901=26.12,
p<.001).

Sleep :F1,106=10.90,
p=.001

Sleep: F1,1611=6.75,
p=.010;

Baseline flavonoid
intake: F1,4¢=4.83,
p=.032

N/A

Baseline flavonoid
intake: Fp150=4.39,
p=.041

N/A

Interaction effect

F[6,156]=0-41, p=.865

Fie.157= 0.32, p=.924

Fie157= 0.32, p=.924

Fre157= 1.12 p=.349

F[e,14g]=2.14, p=.051

F[e,157]=0.64, p:.694
F[e,157]=1.58, p:.154

F[e,127]:1.15, p:.334
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Diastolic BP

N-BACK overall
accuracy
N-BACK overall RT

N-BACK N-1 accuracy
N-BACK N-1 RT
N-BACK N-2 accuracy
N-BACK N-2 RT

N-BACK N-3 accuracy

N-BACK N-3 RT
N-BACK N-4 accuracy

compared to Visit 1
(M=111.29, SD= 9.75)
t(47)=-4.14, p<.001
Higher DBP at Visit 2
(M= 76.44, SD=7.99)
compared to Visit 1
(M=72.25, SD=7.99)
t(34)=0.27, p=.781

t(34)=-0.41, p=.677

Fpi33= 0.91, p=.435

Fr3.96=0.51, p=.670

Fra, 154= 1.42, p=.228
Frs.1417= 0.91, p=.433
Fs.130= 0.20, p=.893
Fr.116= 2.50, p=.062
Fs,139= 0.89, p=.447

Frs.135= 4.11, p=.007,
significant increase in
scores between Visit 3
(M=1.54, SE=.07) to
Visit 4 (M=1.78,
SE=.07) (p=.046).
F[g,lgo]=2.36, p=.073
F[g, 118]= 4.63, p=.004,
significant increase
from Visit 2 (M=2.26,
SE=.09) to Visit 3
(M=2.63, SE=.09)
(p=.022) in addition to
significant differences
between Visit 2
(M=2.26, SE=.09) to
Visit 4 (M=2.69,
SE=.10) (p=.005).

Fr248=1.01, p=.370

Fr2,33=0.98, p=.385

F2.48=0.25, p=.778
Fr42=1.81, p=.175
Fi243=0.13, p=.878
Fr42=1.34, p=.270
Fr,.47=0.22, p=.796

Fro45=1.07, p=.348

Fi2,44=0.96, p=.390
Fr2371=0.89, p=.416

N/A

N/A

N/A

N/A

N/A

N/A

Sleep: Fp, 1781= 4.50,
p=.035

Age: Fi45=4.88,
p=.032

N/A
N/A

Fis,1301=1.00, p=.423

Fe.95=0.44, p=.844

Fis,155=0.46, p=.879
Fe,1381=1.47, p=.192
Fi6,1261=0.82, p=.551
Fis,1117=1.96, p=.076
F.137=1.01, p=.418),

Fis.133=0.78, p=.584

Fl6,1211=0.54, p=.775
Frs, 116;=1.80, p=.104),
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N-BACK N-4 RT

N-BACK N-5 accuracy
N-BACK N-5 RT
MANT overall
accuracy

MANT overall RT

MANT 500ms
accuracy

MANT 500ms RT

t(55)=1.03, p=.305

£(55)=2.00, p=.051

1(45)=-0.634, p=.529

t(45)=3.45, p=.001,

(Fp3,1361= 3.25, p=.023,
pairwise comparisons
p>.05.

F[3,153]= 183, p=.142
Frz1261= 1.54, p=.205
Fr3, 10827=14.58, p<.001
Pairwise comparisons
showing significant
differences between
Visit 2 (M= 12.03, SE=
0.46) and Visit 3 (M=
12.65, SE=
0.46)(p=.004); Visit 2
and Visit 4 (M= 12.90,
SE= 0.46) (p<.001),
Visit 2 and Visit 5
(M=13.11, SE=0.47)
(p<.001), Visit 3and 5
(p=.025)

Fs 16321 = 2.08, p = .100

F[3,525]=8.44, p<.001;
pairwise comparisons
showing significant
differences between
Visit 2 (M=11.17, SE=
0.57) and Visit 5 (M=
12.39, SE= 0.57) (p=
<.0001) and Visit 3
(M= 11.65, SE=0.57)
and Visit 5 postpartum
(p=.008).

F[3,525]=1.66, p=1.66

Fr244=1.26, p=.291

F[2,153]=1.51, p=.222
Fr2.45=0.04, p=.954
Fp, 35=2.42, p=.103

Frz, 361 = 3.06, p = .059

Fr, 46=1.26, p=.291

Fr2, 461=1.46, p=.242

N/A

N/A

N/A

Sleep: Fp1, 1109=8.41,
p<.003

Age: Fpi,361 = 10.07, p =

.003

Flavonoid intake:

Fr1.662=4.98, p=.025

Age: F[1,47]=7.32,
p=.009

Fis,1341=0.86, p=.525

F[6,163]:1-77, p=.107,
Fi6,125=0.67, p=.669
Fis, 1080=2.97, p=.006,

Frs, 1050)= 1.10, p = .360

(Fs.626=2.52, p=.020

Fis,6241=.75, p=.603
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MANT 120ms
accuracy

MANT 120ms RT

Word span
Final Acquisition
Total Acquisition

Amount Learned

Where quicker RT
occurred at Visit 2 (M=
484.8, SD= 50.86)
compared to Visit 1
(M=507.17, Sd= 67.46)
t(31)=0.75, p=.456

t(31)=2.03, p=.050,
faster reaction times
seen at Visit 2
(M=466.31, SD=
59.48), compared to
Visit 1 (M=486.05,
SD= 63.47)

t(50)=0.18, p=.850
t(50)=-1.22, p=.225
t(50)=-0.79, p=.430

t(50)=-1.20, p=.253

F[3, 504}212.06, p<.001;
pairwise comparisons
showed significant
differences between
Visits 2 (M=11.87,
SE=0.42) and Visit 4
(M=13.45, SE=0.44)
(p<.001), Visit 2 and
Visit 5 (M=13.23,
SE=0.42) (p<.001),
and Visit 3 (M=12.77,
SE=0.41) and Visit 4
(p=.037)

F3.4961 = 4.57, p=.003;
pairwise comparisons
showing significant
decreases in reaction
time from Visit 3
(M=484.83, SE=8.69)
and Visit5 (M =
467.11, SE=8.80) (p =
.006) and between Visit
4 (M =481.14,SE =
8.87) and Visit5 (p =
.047)

F[3 128]= 0. 27 p=. 846
=0.85, p = .466
=0.52, p=.670

Fr1, 1401 =
Fi3, 1301 =

Fi,143=0.87, p = .458

Fr2, 36=0.33, p=.719

Fr2351 = 0.18, p = .829

Fr2.44=0.13, p=.874
=0.86, p =.429
=0.55, p=.579

Fr2, 49 =
Fr2, 49 =

F2,46)=1.92, p =.158

Sleep: (Fz,5321=24.88,
p<.001

N/A

N/A
Fr1, 491 =
Age: Fpi, 481 =
.004

N/A

= 6.20, p=.016
=8.99,p=

F[e, 502]21.15, p=326

F[e4g4] 2. 22 p= .039

Fi6,1261=1.96, p=.075
= 0.48, p =.816
= 1.13, p = .346

Fi2, 1381 =
Fis, 1311 =

F6,1400=0.78, p = .584
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Proactive Interference

Retroactive
Interference

Delayed Recall

Word recognition

Source monitoring
accuracy

Source monitoring
reaction time

t(50)=-1.41, p=.164)

t(50)=-2.49, p=.015),
with higher scores at
Visit 2 (M=1.96, SD=
2.05) compared to Visit
1 (M= 1.07, SD= 2.05)
t(50)=0.79, p=.431

t(44)=2.53, p=.015,
with higher scores at
Visit 1 (M=20.76,
SD=5.28) compared to
Visit 2 (M=19.63, SD=
4.96)

t(44)=1.87, p=.067

t(44)=-0.139, p=.889

Fi,i89=0.42,p = .740

Fieaa2y=2.15,p= 0.097

Fe,3m=1.27,p = .288

Fa,12=0.27,p =.896

Fe,usn=1.11,p= .349

Fi,12200=0.51, p=.674

F2,189=0.09, p = 915 Age: Fa,an=535p=
025),

Fe,an=0.32,p= 725 N/A

Fe,0=1.41, p =.253 Age: F,20=6.08, p=
.017).

F2,49 = 3.59, p =.035),
pairwise comparisons
showed a significant
difference in scores
between Control
(M=21.6, SE=1.06)
and Low flavonoid
(17.8, SE=1.05)
(p=.040).

Fp4n= 3.64, p =.033
No significant pairwise
comparisons were
found (p>.05)

F(2,48) = 0.35, p= .700

N/A

N/A

F,180=0.60, p = 729

Fe,1400=0.18,p = .982

F,135) = 0.83, p = .545

Fe,127y = 0.80, p =.602

F,112) = 0.65, p= .690

Fs,120 = 1.15, p =.337
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Appendix B.1. Graph showing PANAS PA scores
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Appendix B.2. Graph showing PANAS NA scores
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Appendix B.3. Graph showing PSAS scores
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Appendix B.5. Graph showing MANT overall RT scores
MANT overall RT
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Appendix B.6. Graph showing MANT 500ms RT scores
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Appendix B.8. Graph showing NBACK overall RT scores
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Appendix B.9. Graph showing n-1 accuracy scores
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Appendix B.11. Graph showing n-2 accuracy scores
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Appendix B.12. Graph showing n-2 RT
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Appendix B.13. Graph showing n-3 accuracy scores
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Appendix B.14. Graph showing n-3 RT
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Appendix B.15. Graph showing n-4 accuracy scores
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Appendix B.16. Graph showing n-4 RT
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Appendix B.17. Graph showing n-5 accuracy scores
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Appendix B.18. Graph showing n-5 RT
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Appendix B.19. Graph showing Final Acquisition scores
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Appendix B.20. Graph showing Total Acquisition scores
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Appendix B.21. Graph showing Words Learned scores
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Appendix B.22. Graph showing Proactive Interference scores
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Appendix B.23. Graph showing Retroactive Interference scores
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Appendix B.24. Graph showing Delayed Recall scores
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Appendix B.25. Graph showing Word Recognition scores
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Appendix B.26. Graph showing Source Monitoring accuracy scores
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Appendix B.27. Graph showing Source Monitoring RT
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Appendix B.28. Graph showing Diastolic BP
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Appendix C. Main effects, covariates and interaction effects from the combined data presented in Chapter 6

Outcome

PA
NA

IMS

SAI

BL Alert

BL Calm

BL Content

Main effect of Visit

F(1,107)=1.19, p = .277
F(1,106) = 4.41, p = .037: lower
negative affect at Post Visit (M
= 15.47, SE = 0.69) compared
to Baseline (M = 16.74, SE =
0.69).

Fr.1051= 31.07, p<.001: pairwise
comparisons showed IMS
scores were significantly lower
at 2hours (M=-64.65, SE= 2.63)
compared to baseline (M= -
74.30, SE= 2.62) (p<.001)
Fru,106= 14.94, p<.001) pairwise
comparisons showed SAI scores
were significantly lower at 2
hours (M=36.03, SE= 1.38)
compared to baseline (M=
39.18, SE=1.38) (p<.001)
Fr1,103= 9.54, p=.002: pairwise
comparisons showed alertness
was significantly lower at
baseline (M=42.25, SE= 2.08)
compared to 2-hours (M=
30.06, SE= 2.08) (p=.002)
F[1,105]= 2.34, p=.129

Fr1,104= 6.32, p=.013 where
pairwise comparisons showed

Main effect of Condition

F(1, 107) = 0.05, p = .815

F(1,106) = 0.0003, p = .987

Fr 104=0.073, p=.787

Fr1, 104=0.96, p=.327

F1,104=0.03, p=.853

Fr, 107= 0.64, p=.422

F[l, 103]= 0.06, p=.804

Significant covariates

F(1, 31) =6.65, p =.015
Stress: F(1,114) = 18.51, p <
.001

Stress: Fp, 137= 14.73, p<.001
Temperament: Fpy, 134= 8.72,
p=.003

Baseline flavonoid intake: Fyi,
30— 11.81, p:.001

Baseline flavonoid: Fise= 4.43,
p=.039

Baseline flavonoid: F1, 3=
5.48, p=.025; Stress: Fp1,1361=
6.85, p=.009

Baseline flavonoid intake:
F[1,3o]: 8.59, p=.006

Baseline flavonoid: F, 2g=
7.29, p=.011

Interaction effect

F(1, 104) = 0.66, p = .420
F(1,104) = 0.001, p = .993

Fi1,1017=0.007, p=.933

Fr1,102=0.38, p=.538

Fr1,1027=0.53, p=.466

Fr1104= 0.06, p=.798

Fr100= 0.01, p=.899
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Systolic BP

Diastolic BP

RAVLT Wordspan
RAVLT Final Acquisition
RAVLT total acquisition

RAVLT Amount Learned
RAVLT Proactive Interference

RAVLT Retroactive
Interference
RAVLT Delayed Recall

RAVLT Word Recognition

RAVLT Source monitoring
accuracy

RAVLT source monitoring RT

N-BACK overall accuracy

lower calmness scores at
baseline (M=35.84, SE= 2.11),
compared to 2-hrs (M=32.26,
SE=2.11)

F(1, 108) = 0.02, p = .879
F(1,101) = 0.03, p = .861

F(1, 106.29) = 3.03, p =.085
F(1, 108) = 0.04, p = .747

F(1, 108) = 4.06, p = .046:
baseline (M = 48.83, SE = 1.47)
to post-intervention (M = 47.13,
SE = 1.47)

F(1,104) = 1.73, p = .190

F(1, 109) = 0.68, p = .409

F(1, 85) = 0.01, p = .897

F(1, 105) = 2.84, p = .094

F(1, 98) = 1.20, p = .274

F(1, 96) = 12.69, p <.001:
better performance at Baseline
(M =90.64, SE = 1.55)
compared to Post (M = 84.65,
SE =1.51) (p=.0006)

F(1,88) =0.07,p =.782

F(1, 106) = 0.92, p = .339

F(1, 106) = 0.32, p = .570
F(1, 100) = 1.32, p = .253

F(1, 107.08) = 0.39, p = .532
F(1, 108) = 0.0003, p = .986

F(1, 106) = 0.08, p = .776

(F(1, 106) = 0.59, p = .440
F(1, 109) = 0.33, p = .563

F(1, 89) = 0.0008, p = .978

F(1, 104) = 0.007, p = .932

F(1, 99) = 0.05, p = .819

F(1, 96) = 0.002, p = .964

F(1, 88) = 0.07, p = .782

F(1,107) = 0.01, p = .918

Stress: Fi, 135= 7.15, p=.008

Age: F(1, 33) = 5.09, p=.030

F(1, 32) = 580, p = .021
Age: F(1, 32) = 4.68, p = .037

Birth experience: (F(1, 109) =
4.87, p =.029)
Perceived stress: (F(1, 109) =
5.68, p =.018)

Age: (F(1, 31) =4.59, p =.039
Temperament: (F(1, 133) =
4.93,p=.028

Temperament: F(1, 122) =5.17,
p =.024

Age: F(1, 30) =8.12, p =.007

Location: F(1, 29) =5.77,p =
.022

Sleep: F(1,104) =7.02,p =
.009

F(1, 104) = 1.69, p = .195
F(1, 98) = 0.74, p = .389

F(1,104.37) = 0.12, p = .728
F(1, 105) = 1.39, p = .239
F(L, 104) = 0.89, p = .345

(F(1, 103) = 4.82, p = .030
F(L, 109) = 3.29, p = .072

(F(1, 82) =0.22, p = .637

F(1, 102) = 0.85, p = .358

F(1, 97)=0.29, p = .586

F(1, 94) = 0.01, p =.908

F(1, 86) = 2.21, p = .140),

F(1, 104) = 1.45, p = .229
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N-BACK overall RT

N-BACK N-1 accuracy

N-BACK N-1RT
N-BACK N-2 accuracy

N-BACK N-2 RT

N-BACK N-3 accuracy
N-BACK N-3 RT

N-BACK N-4 accuracy

F(1,97) =0.17, p = .677

F(1, 105) = 0.35, p = .550

F(1,101) = 1.41, p = .236
F(1, 104) = 0.79, p = .373

F(1, 104) = 4.21, p = .042), with
faster responses observed post-
intervention (M = 520.07 ms,
SE = 14.55) relative to baseline
(M =552.97 ms, SE = 14.56)

F(1, 103) = 0.35, p = .555
F(1, 21) = 1.00, p = .327

F(1, 104) = 0.18, p = .669

F(1, 96) =9.91, p =.002:
participants in the WBB group
responding faster on average (M
=509.03 ms, SE = 7.80) than
those in the placebo group (M =
530.58 ms, SE = 7.79

F(1,107) =1.34,p = .248

F(1, 103) = 0.38, p = .535
F(1, 105) = 0.09, p = .760

F(1, 105) = 4.86, p = .029: with
participants in the WBB group
responding faster on average (M
= 519.07 ms, SE = 14.55)
compared to the placebo group
(M =553.97 ms, SE = 14.56).
F(1, 105) = 0.07, p =.780
F(1,23) =0.03, p =.849

F(1, 104) = 0.59, p = .441

Age: F(1, 31) = 6.15, p=.018

Baseline flavonoid: F(1, 31) =
6.35,p =.016

Sleep: F(1,113)=3.93,p=
.049

birth experience (F(1, 36) =
4.17, p =.048)

Sleep: F(1, 24) =6.45, p =.017
Temperament: F(1, 24) = 4.30,
p=.048

F(1, 96) = 3.73, p = .056

F(1, 105) = 4.15, p = .043;
participants in the Placebo
condition, participants had
higher accuracy at Baseline (M
= 2.78, SE = 0.10) compared to
Post (M = 2.65, SE =0.09). In
contrast, for the WBB
condition, accuracy was higher
at Post (M = 2.73, SE =0.09)
compared to Baseline (M =
2.49, SE = 0.10), though this
difference between the
conditions at baseline was not
significant (p=.174).

F(1, 100) = 0.75, p = .388
F(1, 103) =0.79, p = .374

F(1,103)=1.87,p=.173

' F(1, 102) = 0.55, p = .456
F(1, 21) = 0.00, p = .999

F(1, 102) = 0.05, p = .822
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N-BACK N-4 RT
N-BACK N-5 accuracy

N-BACK N-5 RT

MANT accuracy

MANT accuracy, low load trials

MANT RT
MANT RT, low load trials

F(1,92) =0.23,p = .628
F(1, 100) = 0.70, p = .402

F(1, 99) = 0.14, p = .707

F(1, 1029) = 8.27, p = .004

F(1, 228) = 7.87, p = .005
F(1, 1027) = 0.02, p = .886
F(L, 230) = 0.24, p = .622

F(1, 92) = 0.01, p = .892

F(1, 101) = 0.14, p = .706

F(1, 99) = 6.00, p = .016, where

reaction times were faster for

WBB condition (M=446.0, SE=

12.70) compared to placebo
(M=480.0, SE= 12.70).
F(1, 1026) = 1.02, p = .311

F(1, 228) = 0.68, p = .794
F(1, 1028) = 0.49, p = .482
F(1, 230) = 0.07, p = .790

Age: F(1, 25) = 19.69, p>.001  :F(1,92) =119, p = .276
F(L, 99) = 0.60, p = .439

F(1, 99) = 0.09, p = .760

Age: F(1,15) =2.70,p =.029  F(1, 1019) = 0.001, p =.966

F(1, 225) = 0.15, p =.690
F(1, 1020) = 0.004, p =.945
Age: F(1, 31) =9.00, p =.005 F(1, 227) = 0.92, p =.338

Sleep: F(1, 258) = 9.69, p =.002

Appendix D. Main effects, covariates and interaction effects from the mothers data presented in Chapter 6

Outcome

PA

NA

Main effect of Visit
F(1,77)=1.03,p=.312

F(1,78) = 5.43, p = .022: higher
negative affect at baseline (M =
17.43, SE = 0.87) compared to
post-intervention (M = 15.76,
SE =0.87; p=.022

Main effect of Condition
F(1, 80) = 0.37, p = .542

F(1,81) = 0.75, p = .388

Significant covariates Interaction effect

Baseline flavonoid: F(1, 21) =
8.96, p =.007
Stress: F(1,87) =12.79, p<.001 F(1,76) =0.12,p=.730

F(1, 74) = 0.00, p = .997
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IMS

SAl

BL Alert

BL Calm

BL Content

Systolic BP
Diastolic BP
RAVLT Wordspan

F(1, 78) = 24.26, p <.001:
pairwise comparisons indicating
that IMS scores were
significantly lower at 2 hours
(M =-65.53, SE = 3.20)
compared to baseline (M = -
76.29, SE = 3.19)

Fr,77= 11.44, p=.001; pairwise
comparisons showed SAI scores
were significantly lower at
2hours (M=37.07, SE= 1.58)
compared to baseline (M=
40.67, SE= 1.60) (p<.001)
Fr7e= 7.50, p=.007: pairwise
comparisons showed alertness
scores were significantly higher
at 2hours (M=37.79, SE= 2.47)
compared to baseline (M=42.40,
SE=2.47) (p=.007)

Fi,71= 5.50, p=.021: pairwise
comparisons showed calmness
scores were significantly lower
at 2hours (M=36.86, SE=2.61)
compared to baseline (M=42.07,
SE=2.60) (p=.021)

Fr,77= 7.81, p=.006 Pairwise
comparisons showed baseline
had higher contentedness
(M=37.01, SE= 2.32) compared
to 2-hrs (M=32.19, SE= 2.32).

F(1, 76) = 0.001, p = .968
F(1, 77) =0.14, p = .704
F(1, 76) = 1.27, p = .262

F(1, 79) = 0.66, p = .415

Fru, 7e= 0.29, p=.587

Fp1, 79= 0.68, p=.409

Fr1, 8= 0.33, p=.563

Fru so= 3.00, p=.087

F(1, 77) = 0.001, p =.970
F(1, 77) = 0.001, p = .995
F(1,80)=0.13, p=.711

Baseline flavonoid: F(1, 24) =
11.34, p=.003

Stress: F(1, 97) =10.44,p =
.002

Temperament: F(1, 96) = 6.14, p
=.014

Baseline flavonoid: Fp122= 5.68,
p=.026

Baseline flavonoid intake:
Fii.25= 5.04, p=.034

Baseline flavonoid intake:
Fr124= 5.11, p=.032

Stress: Fpig7= 6.47, p=.012
Temperament: Fp1,95= 5.80,
p=.017

Temperament: Fpi,05= 4.72,
p=.032

Baseline flavonoid intake:
F[1,24]= 7.59, p=.011

Stress: Fpi03= 7.95, p=.005

F(L, 75) = 0.002, p = .964

Fr73= 0.08, p=.774

Fru,741= 0.51, p=.474

Fr7e= 0.12, p=.721

F[1,74]= 0.04, p=.833

F(1, 72) = 1.36, p = .247)
F(1, 73) = 0.16, p = .689
F(1, 73) = 0.11, p=.730
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RAVLT Final Acquisition
RAVLT Total Acquisition
RAVLT Amount Learned
RAVLT Proactive Interference

RAVLT Retroactive
Interference
RAVLT Delayed Recall

RAVLT Word Recognition
RAVLT Source monitoring
accuracy

RAVLT source monitoring RT
N-BACK overall accuracy
N-BACK overall RT
N-BACK N-1 accuracy

N-BACK N-1 RT
N-BACK N-2 accuracy

N-BACK N-2 RT

F(L, 77) = 0.09, p = .754
F(1,78) =2.29, p = .134
F(1, 75) = 0.70, p = .402
F(1, 76) = 1.18, p = .279

F(1,57) = 0.68, p = .410

F(1,77) = 0.15, p = .691

F(1,69) =0.43, p =.509

F(1, 69) =9.53, p =.002: source
monitoring accuracy was higher
at Baseline (M = 90.83, SE =
1.70) compared to Post (M =
85.50, SE = 1.66) (p = .003).
F(1,63) =0.16, p = .682
F(1,76) = 1.80, p = .455
F(1,72)=0.07,p=.779

F(1, 76) = 0.06, p = .804

F(1, 73) = 0.75, p = .387
F(1, 75) = 0.11, p = .736

(F(1, 66) = 7.35, p = .008:
reaction times were faster at
post (M=505.00, SE= 18.40),
than baseline (M=548, SE=
18.80).

F(L, 80) = 0.16,
F(1, 78) = 0.27,
F(L, 80) = 0.34,
F(1, 76) = 0.85,

p
p
Y
p

F(1,59)=0.54,p=.

F(1,79)=0.53,p =.

F(1, 72) = 0.34,
F(1, 72) = 0.03,

F(1, 65) = 0.03,
F(1, 80) = 0.56,
F(1, 74) = 0.91,
F(1,81) = 1.17,

F(1, 78) = 0.53,
F(1, 79) = 0.04,

Y
Y
Y
p
p
p

p
p

F(1,67)=2.81,p=.

685
601).
559
356

464

466

560
854

847
455
343
281

467
837

097

Age: F(1, 24) = 4.59, p = .042

Stress: F(1, 76) = 4.93, p =.029

Baseline flavonoid: F(1, 76) =
4.02,p=.048

Age: F(1, 24) =9.28, p =.005
Temperament: F(1, 96) =5.02, p
=.027

Age F(1, 25)=8.51, p =.007
Age: F(1, 25) =11.73, p=.001

Baseline flavonoid F(1,22)=
9.62, p=.005

Location (F(1, 19) =4.43,p =
.048

F(L, 75) = 0.02, p = .881
F(1, 74) = 0.66, p = .417
F(1, 74) = 1.32, p= .253
F(1, 76) = 0.51, p = .476

(F(1, 56) = 0.61, p = .437

F(1,74) =0.12, p =.723

F(1, 68)= 0.36, p = .546
F(1, 67) = 0.01, p =.920

F(1, 61) = 1.13, p = .290
F(1, 74) = 2.08, p = .153
F(1, 70) = 1.28, p = .260
F(1, 75) = 3.53, p = .063

F(1,72) =1.91,p = .170
F(1, 73) = 0.01, p = .898

F(1, 65) = 4.96, p =.029:
pairwise comparisons showed
significant differences between
the placebo group at baseline
(M=579.0, SE=21.9) compared
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N-BACK N-3 accuracy

N-BACK N-3 RT

N-BACK N-4 accuracy

N-BACK N-4 RT
N-BACK N-5 accuracy

N-BACK N-5 RT

F(1,74) = 1.22,p = .272

F(1, 99) = 3.24,, p = .074

“F(1, 74)= 1.76, p = .187

F(1, 60) = 0.07, p = .785
F(1, 72) = 0.40, p = .527

F(1, 70) = 0.81, p = .369

F(1, 75) = 0.20, p = .653

Condition F(1, 98) =4.38, p =
.038, pairwise comparisons
showed significant differences,
where faster reaction times were
seen in the WBB group
(M=486.00, SE=13.6),
compared to placebo
(M=520.00, SE=13.70).

F(1,77) = 2.97, p = .088

F(1, 63) = 0.02, p = .880
F(1, 74) = 0.05, p = .819

F(1, 72) =4.78, p = .031, where
WBB group had faster RT
(M=449.0, SE= 16.1) compared
to placebo (M=489.0, SE=
16.3).

Sleep: F(1, 24) =6.45, p =.017
Temperament: F(1, 24) = 4.30, p
=.048

Age: F(1, 26)=6.20, p = .019

to post (M=501.0, SE= 21.60)
(p=.004), in addition to
significantly faster reaction
times between placebo group at
baseline and WBB group at pot
intervention (M=509.01,
SE=21.10) (p=.015).

F(L, 73) = 0.89, p = .097

F(1, 98) = 1.83, p =.179

F(1,72) = 1.24, p = .268

F(1, 61) 3.21, p =.077
F(1, 71)= 0.06, p = .802

F(1, 70)= 0.42, p = 515
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MANT accuracy

MANT accuracy, low load trials

MANT RT

MANT RT, low load trials

F(1, 722) = 7.67, p = .005:
where accuracy increased from
baseline (M=11.76, SE=0.47)
to post (M=12.17, SE= 0.48)
F(1, 158) = 8.11, p =.004

F(1, 721) = 2.50, p = .114

F(1, 159) = 0.06, p = .802

F(1, 727) = 1.35, p = .244

F(1, 162) = 0.44, p = .507
4.37, p=.049

F(L, 725) = 0.97, p = .323

F(1, 159) = 1.30, p = .255

Baseline flavonoid: F(1, 20)=

Age: F(1, 22) =5.81, p =.024

Sleep: F(1, 164) = 6.25, p =.013

F(1, 710) = 0.88, p =.347

Appendix E. Main effects, covariates and interaction effects from the fathers data presented in Chapter 6

Outcome Main effect of Visit

PA F(1, 19) = 0.03, p =.870

NA F(1, 20) =0.003, p =.956

IMS F(1, 20) = 11.31, p =.002:
pairwise comparisons
showed that IMS scores
were significantly lower at 2
hours (M =- 63.79, SE =
6.38) compared to baseline
(M =-69.80, SE =6.30) (p =
.002)

SAI F[l,zo]z 4.16, p=.054

BL Alert Fru16= 1.32, p=.266

BL Calm Fru19= 0.04, p=.832

BL Contentedness (F20= 0.09, p=.757

Systolic BP F(1, 20) =0.003, p = .956

Main effect of Condition

F[l, 22]20.23, p=.632

Significant covariates

F(1, 21) = 0.79, p = .384
F(1, 23) = 0.25, p = .620
F(1,22) =2.72,p = .112

Sleep: F(1, 23) =8.62,p =
.007

Temperament: Fpi23= 10.29,
p=.003

F[l, 18]20.06, p=.799
F[l, 22]20.31, p=.577
F[l, 22]21.78, p=.195
F(L, 23) = 0.21, p = .645

Birth experience: F(1, 2) =
20.49, p =.039

Interaction effect

F(1, 18) = 5.38, p = .032
F(1, 20) = 0.36, p = .554
F(1, 20) = 0.20, p = .656

F[1,22]=2.34, p=.141

Fr,141= 0.06, p=.804
Fr1,19= 0.001, p=.969
Fi1,20= 0.04, p=.841
F(1, 20) =0.31, p = .583
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F(1, 115) = 0.0006, p =.980

F(1, 710) = 0.19, p =.658

F(1, 157) = 0.08, p =.770



Diastolic BP

RAVLT WordSpan

RAVLT Final acquisition
RAVLT Total acquisition
RAVLT Amount Learned

RAVLT Proactive
Interference

RAVLT Retroactive
Interference
RAVLT Delayed Recall

RAVLT Word Recognition
RAVLT Source monitoring
accuracy

RAVLT source monitoring
RT

F(1, 25) = 1.30, p = .264

F(L, 20) = 1.65, p = .212
F(L, 20) = 0.03, p = .855
F(1, 20) = 1.79, p = .195
F(1, 18) = 1.70, p = .207
F(1,18) = 0.12, p = .726

F(1,13) =2.12, p = .168

F(1, 16) = 4.92, p = .041:

F(1, 25) =7.32, p = .012),
with the WBB group
showing significantly lower
diastolic blood pressure (M
=73.21, SE = 1.26)
compared to the Placebo
group (M =78.24, SE =
1.26) (p = .013).

F(1, 23) =0.75, p=.395
F(1, 22) =2.33,p=.140

F(1,22)=0.32,p =.859

F(1,20) = 2.27, p=.147

F(1, 18) =0.0002, p =.988

F(1, 13) = 2.75, p = .120

F(1, 20) = 0.68, p = .417

decline in performance from
Baseline (M = 8.75, SE =
0.60) to Post (M = 7.18, SE
=0.61) (p =.039)
F(1,20)=0.51, p = .482
F(1,19)=1.63,p=.216

F(1, 22) = 0.53, p = .470
F(1, 21) = 0.002, p = .961

F(1, 18) = 0.25, p = .621 F(1,18) =0.19, p = .668

Location: F(1, 25) =4.41, p
=.045

F(L, 25) = 2.97, p = .097

F(1,20) =1.24,p=.276
F(1, 20) = 5.89, p = .024*
F(1,20)=0.14,p =.710
F(1, 18) = 8.62, p =.008*
(F(1, 18) = 6.18, p = .022*
where higher interference
was seen for the placebo
group from baseline (M= -
0.67, SE=.909) to post (M=
1.64, SE= 0.84) not evident
to the WBB group from
baseline (M= 1.33, SE=
0.85) to post (M= -0.39,
SE=0.77).

F(1, 13) =0.27, p = .610

F(1, 16) = 1.60, p = .222

F(1, 20) = 0.0011, p = .969
F(1, 19) = 0.04, p = .831

Location: F(1, 18) =11.25,p F(1, 18) =1.24,p =.279

=.003
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N-BACK overall accuracy
N-BACK overall RT

N-BACK N-1 accuracy
N-BACK N-1 RT

N-BACK N-2 accuracy

N-BACK N-2 RT

N-BACK N-3 accuracy

N-BACK N-3 RT

F(1, 22) = 0.0001, p = .991
F(1, 25) = 0.29, p = .593

F(1,22) = 0.53,p = .471
F(1,25) = 0.45, p = .504

F(1, 20) = 7.95, p = .010:
Pairwise comparisons
showed better performance
at baseline (M=2.14, SE=
0.17), compared to post
(M=1.81, SE=0.16)
(p=.010)

F(1, 24) = 0.998, p = .327

F(1, 69) = 6.15, p =.015,
where pairwise comparisons
revealed significantly faster
reaction times at baseline
(M=476.0, SE=17.1)
compared to post
intervention (M=525.1, SE=
15.9)

F(1, 21) = 21.07, p = .346

(F(L, 24) = 1.02, p = .322
F(1, 25) = 3.76, p = .063

F(L, 24) = 0.56, p = .457
F(L, 25) = 0.65, p = .799

F(1,22) =0.23, p = .632

F(1, 24) =3.27, p = .083

F(L, 71) = 1.11, p = .295

F(1, 23) =4.77, p =.039,
where significantly faster RT

Age: F(1, 18) =4.86,p =
.040

Age: F(1, 25) = 23.07,
p>.001

Stress: F(1, 25) =5.22,p =
.030

Location: F(1, 25) =7.31, p
=.012

Sleep: F(1,23)=4.83,p =
.037

F(L, 22) = 0.00, p = 1.000
F(1, 25) = 0.07,p = .788

F(1,22) = 0.48, p = .495
F(L, 25) = 0.25, p = .619

F(1, 20) = 0.51, p = .822

F(1, 24) = 0.25, p = .615

F(1, 69) = 2.30, p = .133

F(1, 21) = 0.0001, p =.999
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N-BACK N-4 accuracy
N-BACK N-4 RT
N-BACK N-5 accuracy

N-BACK N-5RT

MANT accuracy

MANT accuracy, low load
trials
MANT RT

MANT RT, low load trials

was seen for WBB
(M=488.0, SE= 21.3),
compared to placebo
(M=545.0, SE= 22.0).
F(1, 24) =0.59, p = .447 F(1, 24) =0.28, p =.600

F(1, 24) = 0.45, p = .506 F(1, 24) = 0.37, p = .543

F(1,25)=0.006,p=.935  F(1,25) =0.61, p = .438

F(1, 20) = 2.48, p = .130 F(1,23) = 0.57, p = .454

(F(1, 242) = 1.05, p = .304 F(1, 247) = 0.41, p= .518

F(1,51)=0.32, p=.572 F(1, 53) = 0.36, p = .550

F(1, 159) = 0.0002, p = .989
F(1,52) = 1.85, p=.178

F(1, 247) = 0.10, p = .747
F(1, 54) = 0.06, p=.795

F(L, 24) = 0.03, p = .858

Age: F(1, 24) = 30.37,
p>.001

F(1,24) =0.82, p = .373
F(L, 25) = 0.51, p = .478

Stress: F(1, 12) =15.39,p =
.001

F(1,20) = 0.51, p = .479

Sleep: F(1, 189) =7.32, p
=.007

F(1, 240) = 1.70, p =.192

Stress: F(1, 211) = 14.48, p
<.001

Temperament: F(1, 214) =
7.66, p =.006

F(1, 51) = 0.78, p =.378

F(1, 243) = 0.13, p=.715
Age: F(1, 3) = 32.23, p F(1, 52) = 2.42, p=.125

=.009
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Appendix F. Participant information sheets

F 1. Participant information sheet for Experiment 1

Title of Study: The effect of diet on parents’ mental health in the postnatal period

Information Sheet

Supervisor: Email: Phone:

Dr Katie Barfoot katie.barfoot@reading.ac.uk 0118 378 3347
Researchers:

Sean Holden sean.holden@student.reading.ac.uk

Rebecca Colombage r.colombage@pgr.reading.ac.uk

We would be grateful to you if you could assist us by participating in our online study exploring
whether diet is associated with mothers’ or fathers’ mental health. We are asking mothers or fathers
who have an infant under the age of 6 months to take part.

The study will be completed online via a weblink. Your participation will be done in two sittings from
any location where you have access to the internet. The first session will be completed at your own
convenience and will take approximately 30-40 minutes. In this session you will be asked general
information about you, your diet and your mood. At the end of session 1, some participants may be
asked to include additional common food items to their diet over a 2 week period.

Over this 2 week period, all participants will be asked to keep daily food diaries of what they have
consumed each day in simple note form (food weighing is not required).

The second session will be completed 2 weeks later, will take approximately 30-40 minutes and will
again include guestions about you and your mood.

Your data will be kept confidential and securely stored, with only an anonymous number identifying
it. All information will be destroyed after a period of 5 years from the completion of the project.
Taking part in this study is completely voluntary; you may withdraw at any time without having to
give any reason. Please feel free to ask the researchers any questions that you may have about the
study at any point.

If you score above threshold for risk of depression or anxiety you will be notified via email. Upon
completion of the study all participants will be provided with mood & depression support links.

This application has been reviewed by the University Research Ethics Committee and has been given
a favourable ethical opinion for conduct.

If you have any questions or concerns then please get in contact with the study researchers, Sean
Holden (sean.holden@student.reading.ac.uk), Rebecca Colombage (r.colombage@pgr.reading.ac.uk)
or the study supervisor, Dr Katie Barfoot (katie.barfoot@reading.ac.uk)
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Thank you for your help.

Data Protection Information

The organisation responsible for protection of your personal information is the University of Reading
(the Data Controller). Queries regarding data protection and your rights should be directed to the
University Data Protection Officer at imps(@reading.ac.uk, or in writing to: University of Reading,
Information Management & Policy Services, Whiteknights House, Pepper Lane, Whiteknights,
Reading , RG6 6UR, UK.

The University of Reading collects, analyses, uses, shares and retains personal data for the purposes
of research in the public interest. Under data protection law we are required to inform you that this use
of the personal data we may hold about you is on the lawful basis of being a public task in the public
interest and where it is necessary for scientific or historical research purposes. If you withdraw from a
research study, which processes your personal data, dependant on the stage of withdrawal, we may
still rely on this lawful basis to continue using your data if your withdrawal would be of significant
detriment to the research study aims. We will always have in place appropriate safeguards to protect
your personal data.

If we have included any additional requests for use of your data, for example adding you to a
registration list for the purposes of inviting you to take part in future studies, this will be done only
with your consent where you have provided it to us and should you wish to be removed from the
register at a later date, you should contact Dr Katie Barfoot (katic.barfoot@reading.ac.uk).

You have certain rights under data protection law which are:

Withdraw your consent, for example if you opted in to be added to a participant register
Access your personal data or ask for a copy

Rectify inaccuracies in personal data that we hold about you

Be forgotten, that is your details to be removed from systems that we use to process your
personal data

Restrict uses of your data

e Object to uses of your data, for example retention after you have withdrawn from a study

Some restrictions apply to the above rights where data is collected and used for research purposes.
You can find out more about your rights on the website of the Information Commissioners Office
(ICO) at https://ico.org.uk

You also have a right to complain to the ICO if you are unhappy with how your data has been
handled. Please contact the University Data Protection Officer in the first instance.
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F 2. Participant information sheet for Experiment 2

School of Psychology and Clinical Language Sciences

Whiteknights
Reading RG6 6AL
Investigator: Email:
Rebecca Colombage r.colombage@pgr.reading.ac.uk
Supervisors Email:
Daniel Lamport daniel.lamport@reading.ac.uk
Katie Barfoot katie.barfoot@reading.ac.uk

Exploring the effects of diet on perinatal mood and cognition

PARTICIPANT INFORMATION SHEET

We would be grateful if you could assist us by participating in our study investigating whether diet
effects mood and cognition in new mothers. We are asking women who are pregnant (under 36
weeks) to take part.

What will I be asked to do?

The study will be completed in person, over six visits where each session should take no longer than 1
hour. The first two visits will take place in your third trimester (prior to week 38 of your pregnancy)
and will involve general questions about you, your diet, and your mood, you will then be asked to
complete some cognitive tasks and mood questionnaires on a laptop and have your blood pressure
recorded. The third visit will be between days 0-4 after you have delivered your baby and you will be
asked to complete the same mood questions, cognitive tasks, and blood pressure measurements. At the
end of session 3, some participants may be asked to include some additional common food items in
their diet over a 30-day period. Both halfway through the 30-days, and at the end of the 30-days, a
researcher will visit you and you will again be asked to complete mood questionnaires, cognitive
tasks, and blood pressure recordings. Three months after you have delivered your baby, you will have
a final visit from the researcher where you will be asked to complete questions about your mood and
diet, complete cognitive tasks and have your blood pressure taken. Lastly, over the course of the study
you will be occasionally contacted to record your diet from the previous day.
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Taking part in this study is completely voluntary; you may withdraw at any time without having to
give any reason. Please feel free to ask any questions that you may have about this study at any point.

If the information you share with us during the research [e.g. questionnaires/tests] raises a significant
concern about your mental health, we will attempt to contact you at the end of the trial using the
contact details you have provided in the Consent Form to discuss with you whether you would
consider seeking help and advice from a clinically qualified professional including your General
Practitioner.

e Your General Practitioner (GP): Your GP will be able to offer support and advice on possible
treatment options for any mental health concerns.

e Your health visitor

e https://www.samaritans.org: Samaritans is a charity that is there to provide help and support
for anyone who’s struggling to cope, who needs someone to listen without judgement or
pressure. Call 116 123 for free or email: jo@samaritans.org

e Mind Charity: Mind provide advice and support to empower anyone experiencing a mental
health problem. Call 0300 1233393 or email: info@mind.org.uk to find out

e PANDAS: The PANDAS Foundation offers support and advise to any parent who needs
support with perinatal mental illness. Website: http://www.pandasfoundation.org.uk

e The Association for Post-Natal Illness is a charity dedicated to providing support to anyone
suffering from or affected by postnatal illness. Call 020 7386 0868, website: https://apni.org/ :

e La Leche League: La Leche League provides breastfeeding support. Website:
https://www.laleche.org.uk/

Why have I been invited to participate in this study?

You are being invited to take part in this study if you are over the age of 18 and are pregnant.

Are there any benefits to taking part?
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By taking part, you will be compensated £50 Amazon voucher and will receive a personalised dietary
analysis. Additionally, by participating in this study, you will be helping to advance the research in
this understudied period.

Are there any risks or disadvantages to taking part?

During the study you may find the questions to be emotionally evocative. Please remember that you
are free to terminate your participation at any time and for any reason. If at any point, you begin to
feel distressed by the questions, please cease completion and let the experimenter know via email.
Signposting for mental health support will be provided at the end of the study.

What will happen to my data/how will it be protected?

Your data will be kept confidential and securely stored, with only an anonymous number identifying
it. Data collected from this study will be preserved and made available in anonymised form, so that
data can be re-used by others.

Who can I contact about data privacy and storage?

The organisation responsible for protection of your personal information is the University of Reading
(the Data Controller). Queries regarding data protection and your rights should be directed to the
University Data Protection Officer at imps@reading.ac.uk, or in writing to: University of Reading,
Information Management & Policy Services, Whiteknights House, Pepper Lane, Whiteknights,
Reading , RG6 6UR, UK.

The University of Reading collects, analyses, uses, shares and retains personal data for the purposes
of research in the public interest. Under data protection law we are required to inform you that this
use of the personal data we may hold about you is on the lawful basis of being a public task in the
public interest and where it is necessary for scientific or historical research purposes. If you withdraw
from a research study, which processes your personal data, dependant on the stage of withdrawal, we
may still rely on this lawful basis to continue using your data if your withdrawal would be of
significant detriment to the research study aims. We will always have in place appropriate safeguards
to protect your personal data.

You have certain rights under data protection law which are:

e  Withdraw your consent, for example if you opted in to be added to a participant register

e Access your personal data or ask for a copy

e Rectify inaccuracies in personal data that we hold about you

e Be forgotten, that is your details to be removed from systems that we use to process your
personal data

e Restrict uses of your data

e Object to uses of your data, for example retention after you have withdrawn from a study

Some restrictions apply to the above rights where data is collected and used for research purposes.

You can find out more about your rights on the website of the Information Commissioners Office
(ICO) at https://ico.org.uk

You also have a right to complain the ICO if you are unhappy with how your data has been handled.
Please contact the University Data Protection Officer in the first instance.
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Who has reviewed this study?

This application has been reviewed by the School of Psychology and Clinical Language Sciences
Research Ethics Committee and has been given a favourable ethical opinion for conduct (2023-029-
DL).

Where can I get more information/who I can contact about this study?

If you have any questions or concerns about the research, please feel free to contact the researcher,
Rebecca Colombage

Email: r.colombage@pgr.reading.ac.uk

Thank you for your help.

Lifestyle And Mood in Parents (LAMPs) Research Team,

University of Reading

FE3. Participant information sheet for Experiment 3.

School of Psychology and Clinical Language Sciences

Whiteknights
Reading RG6 6AL
Investigator: Email:
Rebecca Colombage r.colombage@pgr.reading.ac.uk
Supervisors Email:
Daniel Lamport daniel.lamport@reading.ac.uk
Katie Barfoot katie.barfoot@reading.ac.uk

Exploring the effects of a fruit drink on parental mood and cognition

PARTICIPANT INFORMATION SHEET
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We would be grateful if you could assist us by participating in our study investigating whether diet
effects mood and cognition in new parents. We are asking mothers and fathers of biological infants
(aged 0-6 months old) with a good understanding of English language to take part.

What will I be asked to do?

The study will be completed in person at the Psychology Department at the University of Reading or
at your home if you prefer, over three visits. The first session will last an hour and will involve
general questions about you, your diet, and your mood, you will then be asked to complete some
cognitive tasks on a computer and have your height and weight taken. The remainder visits will be
spaced a week apart, you will come into the department (or have a researcher visit your home) in the
morning (around 9 or 10am) and will complete mood questionnaires, cognitive tests and measures of
your blood pressure. You will then be asked to consume a fruit drink, 2 hours after consuming the
drink, you will be asked to complete the same mood questionnaires, cognitive tests and measures of
your blood pressure again. You will then return to the department (or have a researcher visit your
home) a week later and repeat the same procedure. These visits will take around 3-3.5 hours each,
however you will have time on the day (1.5-2hrs) in between the tests where you’ll be free to leave
the department (see diagram below). Additionally, 24 hours before the second and third visit, you will
be asked to avoid certain foods, alcohol, caffeine and taking recreational drugs, 2 hours before the
visit you will be asked to refrain from exercise and to record what you ate for breakfast, you will be
asked to have the same breakfast for both visits.

If you conduct the visits at the department, we understand that you may need to bring your infant with
you, whilst this is absolutely fine, we ask that you also bring a partner/friend/relative to care for the
infant while you are completing the mood and cognitive tasks (taking approximately 30 minutes each
time) as these will require your complete attention. They are welcome to stay in the department foyer
or explore the University grounds while you visit the lab with the researcher.

Am [ eligible to participate?

Start: End:
9am- come to the Psychology ~8:30-11:30 11:30- return to the Psychology
Department, complete mood ~9:30am consume a fruit T ’ department, complete mood
X ) " —p X ——» | Freetime (you canreturn ——9» ) . ”
questionnaires, cognitive tests drink ly questionnaires, cognitive tests

h if li b
and have your blood pressure ome if you live nearby) and have your blood pressure

taken taken

To participate you must meet the following criteria:

e You are not allergic to blueberries, cranberries or lingonberries (or any other Vaccinium
species)

e You have not participated in other interventional studies within the last month

e You do not have cancer, or conditions affecting the liver, heart or kidneys

e You have a good understanding of English language

e You are a biological mother or father to an infant aged 0-6 months

Taking part in this study is completely voluntary; you may withdraw at any time without having to
give any reason. Please feel free to ask any questions that you may have about this study at any point.

If the information you share with us during the research [e.g. questionnaires/tests] raises a significant
concern about your mental health, we will attempt to contact you at the end of the trial using the
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contact details you have provided in the Consent Form to discuss with you whether you would
consider seeking help and advice from a clinically qualified professional including your General
Practitioner.

e Your General Practitioner (GP): Your GP will be able to offer support and advice on possible
treatment options for any mental health concerns.

e Your health visitor

e https://www.samaritans.org: Samaritans is a charity that is there to provide help and support
for anyone who’s struggling to cope, who needs someone to listen without judgement or
pressure. Call 116 123 for free or email: jo@samaritans.org

e Mind Charity: Mind provide advice and support to empower anyone experiencing a mental
health problem. Call 0300 1233393 or email: info@mind.org.uk to find out

e PANDAS: The PANDAS Foundation offers support and advise to any parent who needs
support with perinatal mental illness. Website: http://www.pandasfoundation.org.uk

o The Association for Post-Natal Illness is a charity dedicated to providing support to anyone
suffering from or affected by postnatal illness. Call 020 7386 0868, website: https://apni.org/ :

e LaLeche League: La Leche League provides breastfeeding support. Website:
https://www.laleche.org.uk/

Why have I been invited to participate in this study?

You are being invited to take part in this study if you are over the age of 18 and are a biological
mother or father to an infant aged 0-6 months.

Are there any benefits to taking part?

By taking part, you will be compensated £30 Amazon voucher. Additionally, by participating in this
study, you will be helping to advance the research in this understudied period.

Are there any risks or disadvantages to taking part?

During the study you may find the questions to be emotionally evocative. Please remember that you
are free to terminate your participation at any time and for any reason. If at any point, you begin to
feel distressed by the questions, please cease completion and let the experimenter know via email.
Signposting for mental health support will be provided at the end of the study.

What will happen to my data/how will it be protected?

Your data will be kept confidential and securely stored, with only an anonymous number identifying
it. Data collected from this study will be preserved and made available in anonymised form, so that
data can be re-used by others.

Who can I contact about data privacy and storage?

The organisation responsible for protection of your personal information is the University of Reading
(the Data Controller). Queries regarding data protection and your rights should be directed to the
University Data Protection Officer at imps@reading.ac.uk, or in writing to: University of Reading,
Information Management & Policy Services, Whiteknights House, Pepper Lane, Whiteknights,
Reading , RG6 6UR, UK.
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The University of Reading collects, analyses, uses, shares and retains personal data for the purposes
of research in the public interest. Under data protection law we are required to inform you that this
use of the personal data we may hold about you is on the lawful basis of being a public task in the
public interest and where it is necessary for scientific or historical research purposes. If you withdraw
from a research study, which processes your personal data, dependant on the stage of withdrawal, we
may still rely on this lawful basis to continue using your data if your withdrawal would be of
significant detriment to the research study aims. We will always have in place appropriate safeguards
to protect your personal data.

You have certain rights under data protection law which are:

e  Withdraw your consent, for example if you opted in to be added to a participant register

e Access your personal data or ask for a copy

e Rectify inaccuracies in personal data that we hold about you

o Be forgotten, that is your details to be removed from systems that we use to process your
personal data

e Restrict uses of your data

e Object to uses of your data, for example retention after you have withdrawn from a study

Some restrictions apply to the above rights where data is collected and used for research purposes.

You can find out more about your rights on the website of the Information Commissioners Office
(ICO) at https://ico.org.uk

You also have a right to complain the ICO if you are unhappy with how your data has been handled.
Please contact the University Data Protection Officer in the first instance.

Who has reviewed this study?

This application has been reviewed by the School of Psychology and Clinical Language Sciences
Research Ethics Committee and has been given a favourable ethical opinion for conduct 2023-234-
DL.

Where can I get more information/who I can contact about this study?

If you have any questions or concerns about the research, please feel free to contact the researcher,
Rebecca Colombage

Email: r.colombage@pgr.reading.ac.uk

Thank you for your help.

Lifestyle And Mood in Parents (LAMPs) Research Team,

University of Reading

Appendix G. Participant consent form used throughout experiments

Exploring the effects of a fruit drink on parental mood and cognition
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Study Consent Form

After you read each statement below, please put your initials in the box next to it to show you

understand and agree with the statement.

I have read and agree with the arrangements described in the Participant Information Sheet as
far as they relate to my participation in this study. | have been given the opportunity to ask

questions about the study and these have been answered to my satisfaction.

I am aware that this project has been reviewed by the School of Psychology and Clinical
Language Sciences Research Ethics Committee and has been given a favourable ethical

opinion for conduct.

I have had explained to me what information will be collected about me, what it will be used
for, how it will be kept safe, who it may be shared with, and what my rights are in relation to
it.

I understand that the data collected in this study will be preserved in pseudonymised form and
could be made available on data repositories, so that it can be consulted and re-used by other

researchers.

| authorise the investigators to contact me via email if necessary.

I understand that participation is entirely voluntary and that | have the right to withdraw from

the study at any time without having to give an explanation.

I have received a copy of this Consent Form and of the accompanying Participant

Information Sheet.

Name of participant:
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Date of birth: ......ooiiiii e e

SIgNAtUIe: ...ttt

Name of researcher taking consent:

SINATUIE: ..ovtiriiti it eaeeaaas

DAt
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Appendix H. Participant debrief forms

H.1. Debrief form used in Experiment 1

University of

Reading
Title of Study: Does regular consumption of high flavonoid food/drink items improve mothers’ mental
health in the immediate 6-month postnatal period?

Researchers: Rebecca Colombage and Sean Holden

Researcher e-mail: r.colombage@pgr.reading.ac.uk

sean.holden@student.reading.ac.uk

Chief Investigator: Dr Katie Barfoot
Email: katie.barfoot@reading.ac.uk

Debrief Form

Thank you for participating in this study. We hope you enjoyed the experience. This form provides
background about our research to help you learn more about why we are doing this study. Please feel
free to ask any questions or to comment on any aspect of the study.

The purpose of this study was to explore whether an implementation of a flavonoid-rich diet across a
2-week period positively affects parents’ mental health, specifically mood, anxiety, depressive
symptoms and perceived quality of life.

Flavonoids are naturally occurring compounds found in high levels in foods such as berry and citrus
fruits, leafy green vegetables, tea, dark chocolate and red wine. Evidence suggests that consumption of
high flavonoid foods in the diet can improve health and cognitive outcomes. Preliminary research
further indicates that flavonoid interventions in the postpartum period may help to manage mood in a
key period for mothers and their babies.

In the current study, some participants were randomly assigned to a ‘flavonoid’ group and were asked
to add 2 high flavonoid food items to their normal diet each day across a 2-week period. Other
participants were randomly assigned to a ‘control’ group and were asked to continue their diet as
normal. Both groups were asked to keep daily food logs over this period and to email these to the
researcher upon completion. Questionnaires on food intake, mood, anxiety, depression and quality of
life were asked before and after the 2-week period.

Your data is linked to your anonymous participant number and is stored securely for research purposes
only. As stated at the beginning of the study, if your Edinburgh Postnatal Depression Scale or anxiety
score is above threshold risk then you will be contacted in confidence by the Supervisor of the study to
encourage you to seek advice from your GP. There is no way that the Supervisor or Researchers can
contact your GP directly. It is important to note that we are not clinicians and so a score above threshold
does not mean that you have a diagnosis. Your score is, however, a good indicator of whether you may
need to seek some extra support from your GP at this time.

As you know, your participation in this study is voluntary. If you so wish, you may withdraw from the
study after reading this debriefing form, at which point all records of your participation will be
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destroyed. You will not be penalized if you withdraw. If you wish to withdraw, please e-mail the
researcher, including your initials and date of birth so that your data can be identified and removed. If
you wish, you can also request a copy of your responses from the researcher by emailing the researcher.

This project is currently ongoing. Because of this, it is important that you do not talk (or write or e-
mail, etc.) about this project to other parents who may be taking part or thinking of taking part. The
main reason for this is that your comments could influence their expectations, and therefore, answers
of future participants, which could bias our data. We hope you will support our research by keeping
your knowledge of this study confidential.

Additionally, if you feel you need support with your mental health for any reason we recommend

these following support networks:

1.
2.
3.

The Samaritans: 116 123

PANDAS (PND awareness and support): 0808 1961 776

NHS weblink for PND: https://www.nhs.uk/mental-health/conditions/post-natal-
depression/overview/

MIND weblink for PND: https://www.mind.org.uk/information-support/types-of-mental-
health-problems/postnatal-depression-and-perinatal-mental-health/about-maternal-mental-

health-problems/
Association for Postnatal Illness: https://apni.org/

If you feel your situation requires urgent attention, please contact 999 or your local emergency line as

soon as possible.

Please keep a copy of this debriefing for your records.

If you have questions please e-mail either the researcher or the chief investigator (for details, see above).

Again, thank you for your participation.

The Nutritional Psychology UROP research team
Rebecca, Sean and Katie
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H.2. Debrief form used in Experiment 2

. . School of Psychology and Clinical
@ UI‘IIVEI"Slty Of Language Sciences

Reading

University of Reading
Earley Gate
Reading RG6 6AL

Exploring the effects of diet on perinatal mood and cognition

Researchers:

Rebecca Colombage — r.colombage@pgr.reading.ac.uk

Daniel Lamport — Daniel.lamport@reading.ac.uk (Chief investigator)

Katie Barfoot - katie.barfoot@reading.ac.uk

Debrief Form

Thank you for participating in this study. We hope you enjoyed the experience. This form provides
background about our research to help you learn more about why we are doing this study. Please feel
free to ask any questions or for feedback on any aspect of the study.

The purpose of this study was to explore whether implementation of a flavonoid-rich diet across a 4-
week period positively affects mother’s mental health and cognition. Flavonoids are naturally
occurring compounds found in high levels in foods such as berry and citrus fruits, leafy green
vegetables, tea, dark chocolate and red wine. Evidence suggests that consumption of high flavonoid
foods in the diet can improve health and cognitive outcomes. Previous research further indicates that
flavonoid interventions in the postpartum can show promise for the management of mood in a key
period for mothers and their babies, where risk for PND is high.

This study consisted of six visits between your third trimester and week 12 postpartum where
measures of mood, cognition and blood pressure were taken. You were also contacted several times
throughout the study to record the foods you had consumed the previous day. There were three
different groups in this study; a control condition (no change to diet); low flavonoid condition (one
portion of flavonoid-rich food items per day) and a high flavonoid condition (two portions of
flavonoid-rich food items per day). You were randomly assigned to the _ condition.

Your data is linked to your anonymous participant number and is stored securely for research purposes
only. As you know, your participation in this study is voluntary. If you so wish, you may withdraw from
the study after reading this debriefing form, at which point all records of your participation will be
destroyed. You will not be penalised if you withdraw. If you wish to withdraw, please e-mail the
researcher, including your initials and date of birth so that your data can be identified and removed.

This project is currently ongoing. Because of this, it is important that you do not talk (or write or e-

mail, etc.) about this project to other people who may be taking part or thinking of taking part. The main
reason for this is that your comments could influence their expectations, and therefore, answers of future
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participants, which could bias our data. We hope you will support our research by keeping your
knowledge of this study confidential.

Additionally, if you feel you need support with your mental health for any reason, we recommend
these following support networks:

1. The Samaritans: 116 123
3. Contact your local GP
4. The NHS information pages relating to depression: https://www.nhs.uk/mental-

health/conditions/clinical-depression/overview/

5. MIND information about depression: https://www.mind.org.uk/information-support/types-of-

mental-health-problems/depression/about-depression/

6. The NHS information pages relating to anxiety: https://www.nhs.uk/mental-
health/conditions/generalised-anxiety-disorder/

7. MIND information about anxiety: https://www.mind.org.uk/information-support/types-of-mental-
health-problems/anxiety-and-panic-attacks/about-anxiety/

If you feel your situation requires urgent attention, please contact 999 emergency line as soon as
possible.

Please keep a copy of this debriefing for your records.

If you have any questions or concerns about the research, please feel free to contact the researcher,
Rebecca Colombage

Email: r.colombage@per.reading.ac.uk

Thank you for your help.
Lifestyle And Mood in Parents (LAMPs) Research Team,

University of Reading
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H.3. Debrief form used in Experiment 3

University of

Reading

Exploring the effects of a fruit drink on parental mood and cognition

Researchers:

Rebecca Colombage — r.colombage@pgr.reading.ac.uk

Daniel Lamport — Daniel.lamport@reading.ac.uk (Chief investigator)

Katie Barfoot - katie.barfoot(@reading.ac.uk

Debrief Form

Thank you for participating in this study. We hope you enjoyed the experience. This form provides
background about our research to help you learn more about why we are doing this study. Please feel
free to ask any questions or for feedback on any aspect of the study.

The purpose of this study was to explore whether blueberries, which are particularly rich in beneficial
substances called flavonoids, can improve mood and cognition in parents in the 0-6 month
postpartum. Flavonoids are naturally occurring compounds found in high levels in foods such as berry
and citrus fruits, leafy green vegetables, tea, dark chocolate and red wine. Evidence suggests that
consumption of high flavonoid foods in the diet can improve health and cognitive outcomes. Previous
research further indicates that flavonoid interventions in the postpartum can show promise for the
management of mood in a key period for parents, where risk for mood disorders such as postnatal
depression is high.

This study consisted of three visits to the Psychology Department where measures of mood, cognition
and blood pressure were taken before and after consuming either a blueberry drink or a placebo drink.
In the information sheet that we gave you before you agreed to take part in the study, we did not
specifically describe our interest in blueberries and mood/cognition. This is commonly done in
psychological research so that your expectations would not influence the results of the study. This
project is currently ongoing, because of this, it is important that you do not talk (or write or e-mail,
etc.) about this project to other people who may be taking part or thinking of taking part. The main
reason for this is that your comments could influence their expectations, and therefore, answers of
future participants, which could bias our data. We hope you will support our research by keeping your
knowledge of this study confidential.

Your data is linked to your anonymous participant number and is stored securely for research purposes
only. As you know, your participation in this study is voluntary. If you so wish, you may withdraw from
the study after reading this debriefing form, at which point all records of your participation will be
destroyed. You will not be penalised if you withdraw. If you wish to withdraw, please e-mail the
researcher, including your initials and date of birth so that your data can be identified and removed.
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Additionally, if you feel you need support with your mental health for any reason, we recommend
these following support networks:

1. The Samaritans: 116 123
3. Contact your local GP
4. The NHS information pages relating to depression: https://www.nhs.uk/mental-

health/conditions/clinical-depression/overview/

5. MIND information about depression: https://www.mind.org.uk/information-support/types-of-

mental-health-problems/depression/about-depression/

6. The NHS information pages relating to anxiety: https://www.nhs.uk/mental-

health/conditions/generalised-anxiety-disorder/

7. MIND information about anxiety: https://www.mind.org.uk/information-support/types-of-mental-
health-problems/anxiety-and-panic-attacks/about-anxiety/

If you feel your situation requires urgent attention, please contact 999 emergency line as soon as
possible.

Please keep a copy of this debriefing for your records.

If you have any questions or concerns about the research, please feel free to contact the researcher,
Rebecca Colombage

Email: r.colombage@per.reading.ac.uk

Thank you for your help.

Lifestyle And Mood in Parents (LAMPs) Research Team,

University of Reading
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Appendix 1. Participant instructions

L 1. Instructions and food log for Experiment 1.

Thank you for completing your session 1 questionnaires.

As part of the study, you have been randomly chosen to include some additional common food items
in your diet over the next 2 weeks.

Please note that we are not requiring that you change your current diet. We would like you to carry on
eating as normal and include these items in addition to your current diet.

We would like to add, if you already consume one of the items on the list below in your diet typically,
then this does not count as one of your additional food items. We would like you to add 2 items in
addition to what you would typically eat.

Example 1

If you consume a glass of orange juice with your breakfast typically, then please do not count this as
an additional food item. In the study, you would drink your normal orange juice at breakfast and then
include 2 additional food items from the list below on top of that.

Example 2

If you already consume 4-5 cups of tea or coffee in your daily diet, then this would not be counted as
one of your additional foods. You would drink your normal 4-5 cups and then include 2 additional
food items from the list below.

NOTE: If you do already consume some of the items on the list below then we do not want you to
change this. Please carry on consuming these as you normally would and choose 2 other items to add
to your diet that day. The additional items do not have to be the same each day, so on day 1 you may
choose to add a portion of strawberries & 2 squares of dark chocolate, on day 2 you may choose a
glass of orange juice & a portion of leafy green vegetables and so on. If though, it is easier to stick
with the same two items each day, then that is also fine.

We DO NOT expect you to overconsume one or two items, especially if overconsuming may affect
your mind or body adversely. It is best to go with different additional items rather than doubling or
tripling the same item. For example, if you have 4-5 cups of tea/coffee a day in your typical diet, we
do not encourage you to double or triple your consumption to 10 or 15 cups to meet your 2 additional
item requirements, as this would be a high level of caffeine which your body may not be used to.
Similarly, if you already have a glass of red wine on one day, we do not encourage you to double or
triple your consumption of wine for the purposes of the study due to the alcoholic content. We would
advise you to use general common sense when choosing your foods each day so that you are eating
across a range of foods in moderation.

List of food additions

Please try to include 2 of the following food items each day over the next 2 weeks:

- Berry fruits (~120g) e.g. blueberries, raspberries, strawberries, blackberries, blackcurrants,
mixed berries

- 2 large squares of dark chocolate (at least 70% cocoa)

- 4-5 cups of tea (black or green) or coffee (normal or decaf varieties)
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- 1 large glass of red wine* (250ml)
- 1 portion of leafy green vegetables such as spinach or cabbage (~70g)
- 1 glass (250ml) of fresh orange or grapefruit juice (not from concentrate)

*Please drink responsibly and use appropriate common sense on items containing alcohol.

If you do not like or wish to eat/drink a certain food item listed above then not to worry, please select
foods that you do like/eat.

The information above will be emailed to you for your records.

Please keep a food log of all the foods you consume each day over the 2 week period using the
template below. We do not need food weightings, just simple descriptions of your food intake e.g.
cheese sandwich (wholemeal bread), spaghetti bolognese, 1 apple, 1 digestive biscuit etc. Please
highlight your 2 additional food items each day e.g. underline, asterisk, highlight.

If you miss a day, don’t worry! Just make a note that you missed that day in the log below and carry
on with your diet and additional items the next day...

Top tip: Add a calendar event to your phone for the end of each day over the next 2 weeks to remind
you to fill in the food log. You can also paste the log over to the ‘Notes’ app on your phone so it’s
easier to fill in wherever you are.

1t is your choice whether you would like Day 1 to be today or tomorrow.
Example format:
Date of Day 1:
Day 1 Breakfast:
Lunch:
Dinner:
Snacks:
Drinks:

Please save your food logs and email across to a researcher once you have completed the 14 days. You
will then be asked to fill in your last set of questionnaires for the study.

Researchers:

Sean Holden — sean.holden@student.reading.ac.uk

Rebecca Colombage — r.colombage@pgr.reading.ac.uk

Thanks for being amazing and contributing to important research!
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1.2. Participant instructions and food log for Experiment 2

Participant number

Instructions

As part of the study, you have been randomly selected to include some additional common items of
food in your diet across the next 30-days.

Please note that we are not requiring that you change your current diet. We would like you to carry on
eating as normal and include these items in addition to your current diet.

Please try to include 1 of the following food items each day over the next 30-days.

If you do not wish to eat/drink a certain food item listed above then not to worry, please select foods
that you do like/eat. Food items can be purchased as fresh or frozen.

Food item Amount (in grams/mis) Quantity of item
Orange juice 190.53 1/3" pint
Grapefruit juice 169.50 Just under 1/3“ Pint
Dark chocolate 64.41 6 squares
Spinach 109.5 Large handful (raw spinach)
Blueberry 64.71 Y cup
Strawberry 157.10 1 cup sliced strawberries
Blackberry 81.35 10 blackberries
Blackcurrant 61.24 21 blackberries
Cherries 182.74 15 cherries
Plums 90.21 2 plums
Black grapes 142.02 One medium bunch
Oranges 247.17 2 medium-large oranges
Black olives 89.24 9 olives
Red grapes 339.64 One large bunch

Food log

Please take a note of what additional food item you included in your diet each day. Please take a note
of what additional food items you included in your diet each day. If you do forget to fill in your food
log on one day, do not worry. Try and remember what you ate that day and then fill it in. If you cannot
remember the food you consumed on the day you missed, leave this day blank and continue the food
diary as normal.

Day

Food item

N oo B WIN| P

247




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

If you have any questions about the study please don’t hesitate to contact the study researcher:
Rebecca Colombage (r.colombage@reading.ac.uk)
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1.3. Low polyphenol diet for Experiment 3
Low Polyphenol Diet

Please avoid eating foods shown below for 24h before the test day at the Nutritional Psychology Unit
and for the duration of each test visit. Please also avoid exercising during this time.

*  All berries

* Fruit and vegetables (except potatoes and other
exceptions stated below)

*  Fruit juices

*  Nuts and seeds

* Plant oils

* Jams and preserves

* Red wine

*  Fruit teas

* Soy products

*  Chocolate/cocoa

* Tea (black, green. earl grey etc)

* Coftee

*  All high energy and/or caffeinated drinks, eg: Coca-
Cola, Red Bull, Lucozade.

*  All dietary supplements

Foods you may eat include those shown below:

*  White bread
* Potatoes

* Rice

*  Sweetcorn

*  Mushrooms

* Carrots
* Bananas
* Pasta

*  Meat

*  Dairy products (not fruit or chocolate flavoured)
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Appendix J. RAVLT word lists

J. 1. RAVLT word lists in Experiment 2

J.1.1. Version A

List A List B
MOOQOSE FLEA
LEVER BISCUIT
HEDGE PIG
STATUE HARDWOOD
TOAD WAX
SANDAL PIGEON
BRIDGE JAIL
VILLAGE DOORWAY
CHEEK SLEEVE
STADIUM CURLER
FARM NECK
JET COKE
WOMAN PICTURE
DECK SPOOL
RICE RAT

J.1.2. Version B
List A List B
FLASK QUILL
MIXER POSTER
BENCH OWL
SADDLE TORTOISE
LENS SAUCE
FOREST BASEMENT
STOOL WOLF
MACHINE POCKET
MAP GOLD
TEACHER BUTTON
BALL WHEEL
POT GROUND
LOBSTER BARREL
STREET ROOM
EGG ARM

J.1.3. Version C
List A List B
VEST MQOSS
TROMBONE BASKET
QUILT WORM
HATCHET SARDINE
MUG NET
LEMON COTTON
KNOB BONE
PIMPLE CIGAR
GUY SHORE
PUPIL MUSCLE
BANK STAR
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DESK DIME
BEDROOM MONEY
PRUNE BARN
CHIN WEED
J.1.4. Version D
List A List B
TWEED SWAMP
RIBBON CANNON
TROUT WHALE
APPLE BROTHER
SAIL SPRUCE
EARTHWORM FOREARM
LAWN NURSE
UNCLE SHOVEL
SWEAT LUNG
WHISKEY STATION
PARK CLOTH
WIFE FLOOR
CABBAGE TULIP
CORD CLAM
JEEP WINE
J.1.5. Version E
List A List B
WHIP SPIKE
CHISEL HAMSTER
KILT DART
WOODLAND HAIRPIN
CURB COUCH
PUDDLE HAMMER
DRUM SPONGE
METAL IRON
TOOL CAMP
MIRROR PICKLE
EARTH COIN
LAKE WALL
CHILDREN PENNY
BOOTH CORPSE
COCK CRANE
J.1.6. Version F
List A List B
MORGUE DOVE
SATIN ARROW
FUDGE YACHT
BURLAP FERRY
THROAT HEEL
PEDAL HARBOUR
RIB FUR
WALLET WIRE
GATE PURSE
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DENTIST ELBOW
SOCK TOAST
MEAT HILL
TRUMPET TOWER
HAND TREE
BEAST MAST
J.2. RAVLT word lists in Experiment 3
J.2.1. Version A
List A List B
dew crane
forest pig
prune shrub
dairy cellar
knight cone
cotton daisy
drain pole
iron salad
crown stool
teacher brother
nurse beard
broom corn
paper bedroom
Leaf Plate
Rice Rat
J.2.2. Version B
List A List B
latch fawn
metal bowl
fox doll
armour beehive
branch duck
measles barrel
brick shore
linen hammer
tool bush
chicken motor
star land
ball glove
garden button
meat ring
spoon tree
J.2.3. Version C
List A List B
scout beast
palace shield
pit crow
lily farmyard
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shell heel
gravel laundry
blade shark
gravy movie
flag chin
wire uncle
oil throat
tray sleeve
building pillow
brush lamp
book girl
J.2.4. Version D
List A List B
cane sword
needle pipe
spike vest
ferry kennel
owl cliff
package napkin
pearl deck
bullet lemon
lung frost
shoulder pepper
church cloth
jar stone
picture mirror
dog seat
bag door
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Appendix K. Chapter 4 supplementary figures

K.1. Graph showing STAI scores
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K.2. Graph showing PANAS NA scores
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K.3 Graph showing PSAS-RSF-C scores
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Appendix L. Chapter 6 supplementary figures

L.1. Graph showing IMS scores
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L.2. Graph showing SAI scores
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L.3. Graph showing BL-VAS alertness scores
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L.4. Graph showing BL-VAS Calmness scores
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L.5. Graph showing BL-VAS Contentedness scores
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L.6. Graph showing MANT accuracy scores
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