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Introduction: During the postpartum period, parents face psychological challenges and consequently, changes in mood and associated mood disorders have become increasingly prevalent in the 6-months following birth. Dietary flavonoids have been found to benefit mood and are therefore an appealing non-pharmacological option for potentially treating mood disorders in the postpartum. The aim of this study was to investigate whether a two-week dietary flavonoid intervention would improve mothers’ and fathers’ mental health in the immediate 6-month postpartum period.



Method: The study employed a randomised, parallel groups, controlled design to explore the effects of a flavonoid intervention vs. control group on several outcomes, including mood (PANAS), postpartum depression (EPDS), postpartum anxiety (PSAS-RSF-C) and quality of life (WHOQOL). Sixty participants (mothers n = 40, fathers n = 20) in the 6-month post-partum period were randomised to either a “flavonoid” or “control” condition. The flavonoid group were asked to add two flavonoid-rich foods (approximate flavonoid intake 218 mg/day) into their daily diet whilst controls (n = 23) were asked to continue with their usual diet for two-weeks (ClinicalTrials.gov (NCT04990622).



Results: Significant effects were found in the flavonoid group where mothers reported higher positive affect and lower postpartum depression after the two-week intervention relative to baseline. This finding is especially relevant as a clinical reduction in postpartum depression scores in the flavonoid group by an average 2.6 scoring points was observed, which equated to a reduction from “possible depression” at baseline to “little or no depression” at 2-weeks, which was not observed in the control group. Fathers’ data was not analysed due to non-compliance with the intervention.



Discussion: This study provides evidence for the benefits of a dietary flavonoid intervention for mood and mental health in new mothers, supporting the utility of non-pharmacological, self—administrable changes to the diet for improving positive mood outcomes and reducing symptoms of postpartum depression in mothers during an especially challenging time. Further research for the effect of dietary interventions on paternal mental health is needed.




Clinical Trial Registration: ClinicalTrials.gov, identifier NCT04990622.
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1 Introduction

Flavonoids, a bioactive plant compound found in fruits, vegetables and beverages, have been well cited for their beneficial effects on physical health (1–3) and cognition (4, 5). In addition, systematic reviews have highlighted the overall effects of flavonoid-rich foods on mood (6–8), whereby supplementing participants with flavonoid-rich foods, or extracts, can result in improvements to mood.

Mood benefits have been associated with a range of flavonoid-rich foods across the lifespan. Specifically, effects of flavonoid intervention have been observed acutely over a two-hour period following cocoa consumption (499 mg flavanols) (9) and chronically after 30-day cocoa supplementation in healthy middle-aged adults (500 mg polyphenols/day) (10). Furthermore, berry flavonoids have also been found to improve mood (specifically positive affect) following an acute study in 7–10 year old children (253 mg anthocyanins) (11). In addition to positive affect, flavonoid-rich foods have shown to hold benefits for longer, chronic psychological outcomes such as anxiety and depression. Fisk et al. (12) demonstrated a reduction of depression symptoms after a 4-week wild blueberry intervention (253 mg anthocyanins/day) in adolescents (aged 12–17). Similarly, this finding has been reflected in older adults. Esmaeilpour-Bandboni et al. (13) found a reduction of depressive symptoms in an older population after a five-week green tea intervention (dose not specified). In addition, Calapai et al. (14) showed a significant reduction in anxiety scores following a 12-week grape extract intervention in healthy older adults (250 mg capsule containing V. vinifera extract consisting of proanthocyanidins (>9% w/w) and anthocyanins (4%–5% w/w)/day). Collectively, these findings suggest that a variety of flavonoid-rich foods and extracts could benefit mood and mental health over the lifespan.

Evidence from studies exploring habitual diet also demonstrate protective effects of flavonoid-rich foods on mental health. Higher consumption of fruits and vegetables has shown to promote psychological well-being and mental health in longitudinal studies (15, 16). Furthermore, in a large systematic review, Głąbska et al. (17) found that a higher intake of fruits and vegetables, specifically flavonoid-rich berries, citrus fruits, and leafy green vegetables, reduced levels of psychological distress and had a protective effect against depression, supporting the idea that a greater consumption of flavonoid-rich foods in the habitual diet can promote mental health. Chang et al. (18), Godos et al. (19) and Park et al. (20) also found that high dietary intake of foods rich in proanthocyanidins, flavones, flavanones, and anthocyanins found in berries, citrus fruits and leafy green vegetables, were associated with a reduction of depressive symptoms in a dose response manner. These results indicate that both a higher intake and combination of foods rich in specific flavonoid subclasses could elicit optimal mood effects.

The majority of flavonoid and mood research has been conducted in healthy adults, though flavonoid interventions could be of particular benefit to populations who are susceptible to low mood such as new parents, who are at risk of Postpartum Depression (PPD). PPD is classified as an episode of Major Depressive Disorder [MDD; (21)], lasting longer than two weeks, with onset either during pregnancy (peri-partum onset) or within the first six months to one year following birth [post-partum onset; (21)]. However, the period during which PPD may occur is subject of discussion (22). While the DSM-5 confines the diagnosis of PPD to the initial four weeks after giving birth (21), others propose symptoms can manifest up to one year postpartum (23). While there is discrepancy regarding when PPD arises, there is consensus that PPD is often higher in the initial 6 months (24, 25) which then decreases over 18 months postpartum (26). Despite discrepancies of when PPD arises, research suggests up to 10%–15% of new mothers are affected by PPD, however this number is likely to be far greater as those experiencing symptoms don't often seek a diagnosis (27). Considering this, the period between birth and six-months represents a potentially sensitive period which may benefit from an intervention targeted at preventing mood disturbances.

As PPD is a type of MDD, symptoms are like those of other depressive disorders, including but not limited to feelings of irritability, lack of energy and feeling low or sad. As such, treatment for PPD is very similar to the treatment of depression, where antidepressants and psychological therapies are the main treatment routes. However, these options pose barriers for the postpartum population where there is varying accessibility, success rate and cost-effectiveness. Several risk factors are additionally associated with postpartum mood disorders; maternal age, where both older and younger mothers are higher risk (28, 29); prior history of depressive and anxiety disorders (30); having multiple children (31) and complications with birth, breastfeeding and pregnancy (32, 33), indicating higher risk individuals may benefit the most from treatment or prevention of mood disturbance within the postpartum.

PPD not only affects the mother, but also the family unit. Letourneau et al. (34) highlight that mothers with PPD may have reduced quality of maternal-infant interactions which have been shown to negatively impact infant development, in addition to affecting the relationship with their partner, highlighting the additional collective importance of treating and reducing the prevalence of postpartum mood disorders. Moreover, much of the PPD literature focuses on mothers, however nearly 1 in 10 new fathers (35) experience symptoms of PPD across the postpartum period. This indicates that paternal and maternal mental health should be equitable in prevention or treatment of PPD. In 50% of cases, maternal depression is accompanied by paternal depression (36), suggesting PPD can affect both caregivers of the family simultaneously. Poor paternal mental health is rapidly becoming a public health issue alongside maternal mental health due to its prevalence, impact on child development and on the healthy functioning of the family unit (37).

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 (38) likely due to shared motivation and social support (39). 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 (40). 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.

Consideration of mood beyond those 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 (41). Therefore, 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 during this sensitive period.

In view of the evidence for flavonoids and mood, flavonoid-rich foods may offer protection against onset or symptom severity of PPD. Recent evidence has shown that a dietary flavonoid intervention can promote mood regulation in a postpartum population. Barfoot et al. (42) conducted a randomised control trial where 0–12-month postpartum mothers 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. 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.

The current study follows on from Barfoot et al. (42) by utilising the same two-week parallel groups design, and the same flavonoid-rich intervention foods to investigate postpartum mood. The current study focuses specifically on the 0–6-month postpartum period due to this being a particularly sensitive window for detecting PPD where mood is more labile. This will identify whether a dietary flavonoid intervention closer to birth, where onset risk is higher, offers greater benefits. Additionally, Barfoot et al. (42) required participants to consume one flavonoid item per day, whereas the present study increases this to two items per day. Previous research suggests a dose dependency of flavonoids, whereby a higher flavonoid dose translates to improved mood (18, 19, 43). Therefore, a higher dose may increase sensitivity to detect mood benefits, or benefits observed may be greater.

Furthermore, PPD-specific measures of depression and anxiety (Edinburgh Postnatal Depression Scale and the Postnatal-Specific Anxiety measure) are used in the current study which may increase sensitivity to change in postpartum mood compared to the Patient Health Questionnaire [PHQ-8; (44)] previously used by Barfoot et al. (42). Finally, the current study also recruits a small sample of fathers to pilot whether the dietary intervention would be feasible for fathers during this critical time. Therefore, the aim of this study was to investigate whether a two-week dietary flavonoid intervention would improve parents’ mental health in the postpartum period. Based on Barfoot et al. (42), we 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 increased sensitivity of the other measures, we also hypothesised improved mood and reduced postnatal depression and anxiety as a result of the flavonoid intervention.



2 Methods


2.1 Design

The study employed a randomised, parallel groups, controlled design to explore the effects of a two-week flavonoid intervention vs. control group on several outcomes. The primary outcome measures for the study were state anxiety (State-Trait Anxiety Inventory-State scale; STAI-S) and depressive symptoms (Edinburgh Postnatal Depression Scale; EPDS). Secondary outcome measures included quality of life (World Health Organisation Quality Of Life; WHOQOL), postpartum specific anxiety (Postpartum Specific Anxiety Scale- Research Short Form; PSAS-RSF-C), current affect (Positive And Negative Affect Schedule; PANAS) and general diet (European Prospective Investigation of Cancer- Norfolk-Food Frequency Questionnaire; EPIC-FFQ). 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.



2.2 Participants

A priori-power analysis based on Barfoot et al. (42) 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 mother or father to an infant between 0 and 6 months old. Participants were excluded from the study if they had cancer, or conditions affecting the liver, heart or kidneys due to the unknown interactions of flavonoids with these conditions.



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 computerized bot responses, see Figure 1). A total of 55 participants completed baseline data and 40 participants completed the intervention (See Figure 1). 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.


[image: Figure 1]
FIGURE 1
Consort diagram of participant recruitment.


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 supplements, which was majority Vitamin D (31.2%), multivitamin supplement (20.8%) and folic acid (18.2%) (See Table 1 for further demographic details).


TABLE 1 Demographic data for both mothers and fathers in flavonoid and control groups collected at baseline.
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To capture other risk factors, questions regarding pregnancy, birth and breastfeeding were included. 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?”



2.4 Fathers sample

One hundred and two responses from interested participants were collected from parent pages on 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 2). 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 and £30,000 (see Table 1 for more demographic details).


[image: Figure 2]
FIGURE 2
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 F[1,37] = 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).


All men recruited had an infant under six months, for 11 participants, this was their first child. For the remaining nine who reported having other children, age of children ranged from 4 to 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.



2.5 Intervention

Those in the flavonoid group were asked to continue with their current diet, but to add at least two high flavonoid food items per day (see Table 2) into their current diet. Comparatively, controls were asked to continue with their usual diet for two weeks. The items and portion sizes listed were taken from Barfoot et al. (42) 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, where the intervention group were asked to highlight the added flavonoid foods which enabled compliance to be tracked.


TABLE 2 Flavonoid items recommended to intervention group.
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In the mother sample, berry fruits were the most consumed item followed by fruit juice (See Table 2). One participant missed one day of the fourteen-day intervention, indicating good compliance (99.5%). However, 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 (55%). Therefore, the father's data was not of sufficient quality to undertake a reliable analysis.



2.6 Measures


2.6.1 Demographics

At the Baseline timepoint (Day 0) (Table 1) 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 and 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, we simply asked participants 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.



2.6.2 Positive and negative affect schedule

To investigate mood, the Positive and Negative Affect Schedule [PANAS-NOW; (46, 47)] 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 to 50) where higher scores indicate higher positive and negative affect. The PANAS is a reliable measure which is sensitive for flavonoid interventions (48) and is widely used in postpartum mood research.



2.6.3 Edinburgh postnatal depression scale

The Edinburgh Postnatal Depression Scale [EPDS; (49)] 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 (49) and men (50). The EPDS is a reliable (51) and valid (52) measure and is one of the most widely used tools for measuring postpartum mood.



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; (53)] was used. This is a shorter version of the original, 51-item scale (54), 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.



2.6.5 World health organisation quality of life-BREF

In order to measure perceived quality of life, the World Health Organization Quality of Life-BREF [WHOQOL-BREF; (55)] questionnaire was used. The original WHOQOL-100 (56) 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 recognized as a valid measure of quality of life in the postpartum period (57). 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 standardized scores from the WHOQOL-100. Higher scores are indicative of higher perceptions of quality of life in each domain.



2.6.6 State trait anxiety inventory

The STAI state scale [STAI-S; (58)] 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 to 80 with higher scores indicating higher state anxiety. A cut-off of 34 has been recognized to indicate state anxiety in postpartum populations (59).



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 (60) was used which is a valid and reliable for the measurement for habitual intake of food (61). 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 (62) from the EPIC FFQ, calculating participants’ average daily intake of various macronutrients, micronutrients and flavonoids (see Table 3).


TABLE 3 Mean (SD) raw data and interaction effects from the EPIC-norfolk FFQ for mothers in the flavonoid and control groups at baseline and 2-weeks post intervention.
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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. (42) 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.




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. 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 1), 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 2) 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, 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).



2.8 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.

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. An unstructured covariance matrix was used to model the repeat effects of Time with participants as random factors. Bonferroni-adjusted pairwise comparisons were used to explore significant interactions between and within groups, 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 a 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 (65, 66). In particular, postpartum women often experience altered sleep patterns which may affect mood (67). Secondly, as discussed, maternal 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 (20). Where covariates were significant predictors, further exploration was conducted using correlations between the covariate at Baseline, Post intervention and change from baseline (week 2—baseline) scores.

The same structured model was used to analyse 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 mothers in the postpartum period to explore general diet quality in the sample and investigate whether mothers were meeting the RDAs at baseline.




3 Results

There were no significant differences in demographics (Table 1) and outcome data (Table 4) between flavonoid or control groups at baseline.


TABLE 4 Mean (SD) raw outcome variable data and interaction effects for mothers in the flavonoid and control groups at baseline and 2-weeks post intervention.
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A significant Condition × Time interaction (F[1,37] = 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) (Figure 2).

A significant Condition × Time interaction (F[1,37] = 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 3). Additionally, results revealed a significant main effect of Time, where positive affect was greater at follow up regardless of condition (F[1,37] = 4.92, p = .033). Interestingly, Mothers age was a significant covariate (F[1,37] = 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), suggesting older ages were associated with lower positive affect at the end of the study, regardless of intervention type.
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FIGURE 3
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[1,37] = 4.92, p = .033 and significant condition × time interaction F[1,37] = 5.13, p = .029). Bonferroni corrected posthoc analysis indicated a significant reduction in depression in the intervention group (*p = .006) which was not reported in the control group (n = 23).


State anxiety (F[1,37] = 4.10, p = .05), negative affect (F[1,37] = 4.78, p = .035), postpartum anxiety (F[1,37] = 12.46, p = .001) and physical health quality of life (F([1,37] = 5.07, p = .029) were significantly lower at follow up compared to baseline (a significant main effect of Time), however, interactions and main effect of Condition were not significant (p > 0.05). For psychological, social and environmental quality of life scores no significant interaction or main effects were found (p > .05).

Regarding habitual diet, analysis of data from EPIC-Norfolk showed no significant differences between flavonoid and control conditions at baseline (Table 3). Both control (p = <.001) and flavonoid (p = <.001) conditions had a higher flavonoid intake post intervention compared to baseline (F[1,37] = 63.09, p = <.001, see Table 3). 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 postpartum period. Significant differences were observed for all nutrients (Table 3), whereby mothers were under-achieving RDA's for most macronutrient groups, except for flavonoid intake in both conditions, and vegetable intake in the control condition, where they were higher than the respective RDA (Table 3).

For the 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 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. (11) 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 (46, 47) 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. Furthermore, sensitivity of a flavonoid effect on chronic depressive symptomology may also depend on the specificity of the measure used. Barfoot et al. (42) 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. This highlights that though depressive states may be more sensitive to flavonoid interventions, the outcome measure used is also important, though additional research is needed in this population to further investigate effects of flavonoid supplementation on a range of mood states and underlying mechanisms which may drive this effect.

Maternal age was highlighted as a predictor of positive affect scores, whereby being an older mother was associated with lower positive affect scores post-intervention. In the study, 5 mothers were approaching 40 (aged 38–39) and 2 were over 40, suggesting an older subsample in the study that may have been associated with poorer mood, as has been observed in previous research (28). Upon further exploration, age was not significantly related to positive affect at baseline or change from baseline analysis. Considering these findings, it may be of interest to further explore whether the benefits of nutritional interventions for mood during the postpartum period are influenced by age.

At baseline, postnatal depression and postpartum anxiety (PPA) 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% (27); postpartum anxiety: 13%–40% (68)], indicating symptoms indicative of PPD and postpartum anxiety are noticeably higher than the number of recorded mental health diagnoses in the 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 to 21% [(69); Henriksen et al., (70)]. 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. These 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.

In addition to benefits for postpartum depression and positive affect, results showed significantly lower state anxiety scores for both groups over the two weeks. In comparison, Barfoot et al. (42) found significant state anxiety effects for the flavonoid group only in postpartum mothers. The reason for differences in the STAI scores from Barfoot et al. (42) and the current study remains unclear, although highlights the need for further investigation into the effects of flavonoids in a postpartum sample. Despite this, both the STAI and PSAS-RSF-C seem to be somewhat sensitive to changes across time in this period which supports use of both measures in future postpartum populations.

The EPIC FFQ was utilised to assess baseline habitual diet and to monitor stability of participants’ diets over the 2-week intervention period. 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 cannot be explained by a flavonoid knowledge bias. This finding may have been an effect of food diary completion leading to increased awareness of diet over the intervention period whereby participants consumed food items that happen to be rich in flavonoids. Reassuringly, the mean change between pre and post was highest for the flavonoid group compared to the control (Table 3). As no significant differences 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. Future research should consider use or development of other dietary measures which may provide better capture of high flavonoid foods, for example 24-hr food recalls (71) or a more comprehensive collection of flavonoid-rich items in current dietary measures.

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). Our results are in keeping with previous experimental and epidemiological studies demonstrating antidepressant effects of a high flavonoid, berry-rich diet (11, 12, 18). Regarding potential mechanisms, berry fruits are rich in anthocyanins, which have been hypothesised to have regulatory abilities for mood by crossing the blood brain barrier (BBB) acting as a monoamine oxidase (MAO) inhibitor (72, 73). Elevated MAO has been observed in the immediate postpartum period (4–6 days after birth) (74) which was later associated with postpartum depressive symptoms (75), suggesting the MAO hypothesis for depression may extend to the postpartum. Promising findings from Dowlati et al. (76) additionally showed increased resilience in depressed mood following a blueberry flavonoid dietary supplement in the 0–5-day postpartum period. Collectively, this evidence could explain why depressive mood and positive affect were improved in the present study following an increased consumption of berry fruits, though more research is warranted.

There is also evidence that flavonoids may regulate mood via maintaining neuroplasticity. It has been established that those with mood disorders, such as anxiety and depression have a reduction in circulating brain derived neurotropic factor (BDNF) [see (77, 78) for reviews]. A recent review from German-Ponciano et al. (79) concluded that flavonoid supplementation (minimum duration 14-days) in rodents has the ability to reverse depressive behaviours via increasing BDNF levels, highlighting flavonoid supplementation as a potential for the treatment in depression. Collectively, these results indicate that flavonoids may act as therapeutic candidates for mood disorders by maintaining neuroplasticity, potentially acting as the underlying mechanism in the current study. However, more conclusive research needs to be conducted with flavonoid supplementation, assessing BDNF levels and mood outcomes in humans with interventions lasting minimum 14-days to explore this.

As discussed, fathers’ data was not analysed due to lack of engagement with the study materials and intervention, meaning we were not able to conclude whether a flavonoid intervention benefited mood in fathers. 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 2), 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. (80) 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 (81). Our father's sample had a slightly lower household income than UK average at £32,300 (82) and compared to our mothers sample, which may partly explain the lack of engagement in the trial. Additionally, 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 (83). Recent research suggests that studies seeking to recruit fathers for parenting research should prioritize using advertisements specifically tailored to fathers, claiming that 79% of participants recruited through father-targeted advertisements were male, while only 14% of participants recruited through advertisements targeting parents in general were male (84). 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, father and child(ren) cohabiting (85), 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 (86) 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 (LGBS+) couples (87). Exploring the mental health of parents and caregivers inside and outside the heteronormative realm is critical to supporting and treating PPD at population level.

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. 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.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by University of Reading School of Clinical Language Sciences Ethics Committee (2021-171-KB). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

RC: Data curation, Formal Analysis, Investigation, Project administration, Software, Visualization, Writing – original draft, Writing – review & editing. SH: Investigation, Resources, Writing – review & editing. DL: Supervision, Validation, Writing – review & editing. KB: Conceptualization, Funding acquisition, Methodology, Resources, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article.

The research was conducted as part of the Undergraduate Research Opportunities Programme (UROP) funded by the University of Reading.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Abbas M, Saeed F, Anjum FM, Afzaal M, Tufail T, Bashir MS, et al. Natural polyphenols: an overview. Int J Food Prop. (2017) 20(8):1689–99. doi: 10.1080/10942912.2016.1220393

2. Del Bo C, Bernardi S, Marino M, Porrini M, Tucci M, Guglielmetti S, et al. Systematic review on polyphenol intake and health outcomes: is there sufficient evidence to define a health-promoting polyphenol-rich dietary pattern? Nutrients. (2019) 11(6):1355. doi: 10.3390/nu11061355

3. Rasouli H, Farzaei MH, Khodarahmi R. Polyphenols and their benefits: a review. Int J Food Prop. (2017) 20(sup2):1700–41. doi: 10.1080/10942912.2017.1354017

4. Cheng N, Bell L, Lamport DJ, Williams CM. Dietary flavonoids and human cognition: a meta-analysis. Mol Nutr Food Res. (2022) 66(21):2100976. doi: 10.1002/mnfr.202100976

5. Lamport DJ, Williams CM. Polyphenols and cognition in humans: an overview of current evidence from recent systematic reviews and meta-analyses. Brain Plast. (2020) 6(2):139–53. doi: 10.3233/BPL-200111

6. Mancini E, Beglinger C, Drewe J, Zanchi D, Lang UE, Borgwardt S. Green tea effects on cognition, mood and human brain function: a systematic review. Phytomedicine. (2017) 34:26–37. doi: 10.1016/j.phymed.2017.07.008

7. Ko YH, Kim SK, Lee SY, Jang CG. Flavonoids as therapeutic candidates for emotional disorders such as anxiety and depression. Arch Pharmacal Res. (2020) 43:1128–43. doi: 10.1007/s12272-020-01292-5

8. Travica N, D'Cunha NM, Naumovski N, Kent K, Mellor DD, Firth J, et al. The effect of blueberry interventions on cognitive performance and mood: a systematic review of randomized controlled trials. Brain Behav Immun. (2020) 85:96–105. doi: 10.1016/j.bbi.2019.04.001

9. Boolani A, Lindheimer JB, Loy BD, Crozier S, O’Connor PJ. Acute effects of brewed cocoa consumption on attention, motivation to perform cognitive work and feelings of anxiety, energy and fatigue: a randomized, placebo-controlled crossover experiment. BMC Nutr. (2017) 3(1):8. doi: 10.1186/s40795-016-0117-z

10. Pase M, Scholey A, Pipingas A, Kras M, Nolidin K, Gibbs A, et al. Cocoa polyphenols enhance positive mood states but not cognitive performance: a randomized, placebo-controlled trial. J Psychopharmacol. (2013) 27:451–8. doi: 10.1177/0269881112473791

11. Khalid S, Barfoot KL, May G, Lamport DJ, Reynolds SA, Williams CM. Effects of acute blueberry flavonoids on mood in children and young adults. Nutrients. (2017) 9(2):158. doi: 10.3390/nu9020158

12. Fisk J, Khalid S, Reynolds S, Williams C. Effect of 4 weeks daily wild blueberry supplementation on symptoms of depression in adolescents. Br J Nutr. (2020) 124:1–22. doi: 10.1017/S0007114520000926

13. Esmaeilpour-Bandboni M, Seyedpourchafi Z, Kahneh E. The effect of green tea drinking on the depression of elderly people. J Nurse Pract. (2021) 17(8):983–7. doi: 10.1016/j.nurpra.2021.06.007

14. Calapai G, Bonina F, Bonina A, Rizza L, Mannucci C, Arcoraci V, et al. A randomized, double-blinded, clinical trial on effects of a Vitis vinifera extract on cognitive function in healthy older adults [clinical trial]. Front Pharmacol. (2017) 8::776. doi: 10.3389/fphar.2017.00776

15. Mihrshahi S, Dobson A, Mishra G. Fruit and vegetable consumption and prevalence and incidence of depressive symptoms in mid-age women: results from the Australian longitudinal study on women’s health. Eur J Clin Nutr. (2015) 69(5):585–91. doi: 10.1038/ejcn.2014.222

16. Rooney C, McKinley M, Woodside J. The potential role of fruit and vegetables in aspects of psychological well-being: a review of the literature and future directions. Proc Nutr Soc. (2013) 72:1–13. doi: 10.1017/S0029665113003388

17. Głąbska D, Guzek D, Groele B, Gutkowska K. Fruit and vegetable intake and mental health in adults: a systematic review. Nutrients. (2020) 12(1):115. doi: 10.3390/nu12010115

18. Chang SC, Cassidy A, Willett WC, Rimm EB, O'Reilly EJ, Okereke OI. Dietary flavonoid intake and risk of incident depression in midlife and older women. Am J Clin Nutr. (2016) 104(3):704–14. doi: 10.3945/ajcn.115.124545

19. Godos J, Castellano S, Ray S, Grosso G, Galvano F. Dietary polyphenol intake and depression: results from the Mediterranean healthy eating, lifestyle and aging (MEAL) study. Molecules. (2018) 23(5):999. doi: 10.3390/molecules23050999

20. Park SJ, Jaiswal V, Lee HJ. Dietary intake of flavonoids and carotenoids is associated with anti-depressive symptoms: epidemiological study and in silico mechanism analysis. Antioxidants (Basel). (2021) 11:1. doi: 10.3390/antiox11010053

21. American Psychiatric Association, D., Association, A. P. Diagnostic and Statistical Manual of Mental Disorders: DSM-5 (Vol. 5). Washington, DC: American psychiatric association (2013).

22. Jones I, Cantwell R, Nosology Working Group, Royal College of Psychiatrists, Perinatal Section. The classification of perinatal mood disorders—suggestions for DSMV and ICD11. Arch Womens Ment Health. (2010) 13:33–6. doi: 10.1007/s00737-009-0122-1

23. Gaynes BN, Gavin N, Meltzer-Brody S, Lohr KN, Swinson T, Gartlehner G, et al. Perinatal depression: prevalence, screening accuracy, and screening outcomes: summary. AHRQ Evidence Report Summaries. (2005) 119:1–8. doi: 10.1037/e439372005-001

24. Gavin NI, Gaynes BN, Lohr KN, Meltzer-Brody S, Gartlehner G, Swinson T. Perinatal depression: a systematic review of prevalence and incidence. Obstet Gynecol. (2005) 106(5 Pt 1):1071–83. doi: 10.1097/01.AOG.0000183597.31630.db

25. O'Hara MW, Swain AM. Rates and risk of postpartum depression—a meta-analysis. Int Rev Psychiatry. (1996) 8(1):37–54. doi: 10.3109/09540269609037816

26. Monti F, Agostini F, Marano G, Lupi F. The course of maternal depressive symptomatology during the first 18 months postpartum in an Italian sample. Arch Womens Ment Health. (2008) 11(3):231–8. doi: 10.1007/s00737-008-0017-6

27. Halbreich U, Karkun S. Cross-cultural and social diversity of prevalence of postpartum depression and depressive symptoms. J Affect Disord. (2006) 91:97–111. doi: 10.1016/j.jad.2005.12.051

28. Muraca GM, Joseph KS. The association between maternal age and depression. J Obstet Gynaecol Can. (2014) 36(9):803–10. doi: 10.1016/s1701-2163(15)30482-5

29. Oztora S, Arslan A, Caylan A, Dagdeviren HN. Postpartum depression and affecting factors in primary care. Niger J Clin Pract. (2019) 22(1):85–91. doi: 10.4103/njcp.njcp_193_17

30. Davey HL, Tough SC, Adair CE, Benzies KM. Risk factors for sub-clinical and major postpartum depression among a community cohort of Canadian women. Matern Child Health J. (2011) 15(7):866–75. doi: 10.1007/s10995-008-0314-8

31. Tariq N, Naeem H, Tariq A, Naseem S. Maternal depression and its correlates: a longitudinal study. J. Pak. Med. Assoc. (2021) 71:1618–22. doi: 10.47391/JPMA.352

32. Bell AF, Andersson E. The birth experience and women’s postnatal depression: a systematic review. Midwifery. (2016) 39:112–23. doi: 10.1016/j.midw.2016.04.014

33. Pope CJ, Mazmanian D. Breastfeeding and postpartum depression: an overview and methodological recommendations for future research. Depress Res Treat. (2016) 2016:4765310. doi: 10.1155/2016/4765310

34. Letourneau NL, Dennis CL, Benzies K, Duffett-Leger L, Stewart M, Tryphonopoulos PD, et al. Postpartum depression is a family affair: addressing the impact on mothers, fathers, and children. Issues Ment Health Nurs. (2012) 33(7):445–57. doi: 10.3109/01612840.2012.673054

35. Cameron EE, Sedov ID, Tomfohr-Madsen LM. Prevalence of paternal depression in pregnancy and the postpartum: an updated meta-analysis. J Affect Disord. (2016) 206:189–203. doi: 10.1016/j.jad.2016.07.044

36. Maleki A, Faghihzadeh S, Niroomand S. The relationship between paternal prenatal depressive symptoms with postnatal depression: the PATH model. Psychiatry Res. (2018) 269:102–7. doi: 10.1016/j.psychres.2018.08.044

37. Fisher SD. Paternal mental health: why is it relevant? Am J Lifestyle Med. (2016) 11(3):200–11. doi: 10.1177/1559827616629895

38. Yates BC, Norman J, Meza J, Krogstrand KS, Harrington S, Shurmur S, et al. Effects of partners together in health (PaTH) intervention on physical activity and healthy eating behaviors: a pilot study. J Cardiovasc Nurs. (2015) 30(2):109. doi: 10.1097/JCN.0000000000000127

39. Martire LM, Schulz R, Helgeson VS, Small BJ, Saghafi EM. Review and meta-analysis of couple-oriented interventions for chronic illness. Ann Behav Med. (2010) 40(3):325–42. doi: 10.1007/s12160-010-9216-2

40. Deater-Deckard K, Pickering K, Dunn JF, Golding J, The Avon Longitudinal Study of Pregnancy, and Childhood Study Team. Family structure and depressive symptoms in men preceding and following the birth of a child. Am J Psychiatry. (1998) 155(6):818–23. doi: 10.1176/ajp.155.6.818

41. Witt WP, Wisk LE, Cheng ER, Hampton JM, Creswell PD, Hagen EW, et al. Poor prepregnancy and antepartum mental health predicts postpartum mental health problems among US women: a nationally representative population-based study. Women’s Health Issues. (2011) 21(4):304–13. doi: 10.1016/j.whi.2011.01.002

42. Barfoot KL, Forster R, Lamport DJ. Mental health in new mothers: a randomised controlled study into the effects of dietary flavonoids on mood and perceived quality of life. Nutrients. (2021) 13(7):2383. doi: 10.3390/nu13072383

43. Bell L, Williams CM. A pilot dose–response study of the acute effects of haskap berry extract (Lonicera caerulea L.) on cognition, mood, and blood pressure in older adults. Eur J Nutr. (2019) 58:3325–34. doi: 10.1007/s00394-018-1877-9

44. Kroenke K, Strine TW, Spitzer RL, Williams JB, Berry JT, Mokdad AH. The PHQ-8 as a measure of current depression in the general population. J Affect Disord. (2009) 114(1-3):163–73. doi: 10.1016/j.jad.2008.06.026

45. Rothwell JA, Perez-Jimenez J, Neveu V, Medina-Remón A, M'Hiri N, García-Lobato P, et al. Phenol-explorer 3.0: a major update of the phenol-explorer database to incorporate data on the effects of food processing on polyphenol content. Database. (2013) 1:bat070. doi: 10.1093/database/bat070

46. Watson D, Clark LA, Carey G. Positive and negative affectivity and their relation to anxiety and depressive disorders. J Abnorm Psychol. (1988) 97(3):346. doi: 10.1037/0021-843X.97.3.346

47. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative affect: the PANAS scales. J Pers Soc Psychol. (1988b) 54(6):1063. doi: 10.1037/0022-3514.54.6.1063

48. Alharbi MH, Lamport DJ, Dodd GF, Saunders C, Harkness L, Butler LT, et al. Flavonoid-rich orange juice is associated with acute improvements in cognitive function in healthy middle-aged males. Eur J Nutr. (2016) 55(6):2021–9. doi: 10.1007/s00394-015-1016-9

49. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edinburgh postnatal depression scale. Br J Psychiatry. (1987) 150:782–6. doi: 10.1192/bjp.150.6.782

50. Edmondson OJ, Psychogiou L, Vlachos H, Netsi E, Ramchandani PG. Depression in fathers in the postnatal period: assessment of the Edinburgh postnatal depression scale as a screening measure. J Affect Disord. (2010) 125(1-3):365–8. doi: 10.1016/j.jad.2010.01.069

51. Kernot J, Olds T, Lewis LK, Maher C. Test-retest reliability of the English version of the Edinburgh postnatal depression scale. Arch Womens Ment Health. (2015) 18(2):255–7. doi: 10.1007/s00737-014-0461-4

52. Smith-Nielsen J, Matthey S, Lange T, Væver MS. Validation of the Edinburgh postnatal depression scale against both DSM-5 and ICD-10 diagnostic criteria for depression. BMC Psychiatry. (2018) 18(1):393. doi: 10.1186/s12888-018-1965-7

53. Silverio SA, Davies SM, Christiansen P, Aparicio-García ME, Bramante A, Chen P, et al. A validation of the postpartum specific anxiety scale 12-item research short-form for use during global crises with five translations. BMC Pregnancy Childbirth. (2021) 21(1):112. doi: 10.1186/s12884-021-03597-9

54. Fallon V, Halford JCG, Bennett KM, Harrold JA. The postpartum specific anxiety scale: development and preliminary validation. Arch Womens Ment Health. (2016) 19(6):1079–90. doi: 10.1007/s00737-016-0658-9

55. Skevington S, Lotfy M, O’Connell K. The world health organization’s WHOQOL-BREF quality of life assessment: psychometric properties and results of the international field trial. A report from the WHOQOL group. Qual. Life Res. (2004) 13:299–310. doi: 10.1023/B:QURE.0000018486.91360.00

56. Group TW. The world health organization quality of life assessment (WHOQOL): development and general psychometric properties. Soc Sci Med. (1998) 46(12):1569–85. doi: 10.1016/S0277-9536(98)00009-4

57. Webster J, Nicholas C, Velacott C, Cridland N, Fawcett L. Validation of the WHOQOL-BREF among women following childbirth. Aust N Z J Obstet Gynaecol. (2010) 50(2):132–7. doi: 10.1111/j.1479-828X.2009.01131.x

58. Spielberger CD. State-trait anxiety inventory for adults. (1983).

59. Tendais I, Costa R, Conde A, Figueiredo B. Screening for depression and anxiety disorders from pregnancy to postpartum with the EPDS and STAI. Span J Psychol. (2014) 17:E7. doi: 10.1017/sjp.2014.7

60. Day N, Oakes S, Luben R, Khaw KT, Bingham S, Welch A, et al. EPIC-Norfolk: study design and characteristics of the cohort. European prospective investigation of cancer. Br J Cancer. (1999) 80(Suppl 1):95–103. doi: 10.17863/CAM.89388

61. Bingham SA, Welch AA, McTaggart A, Mulligan AA, Runswick SA, Luben R, et al. Nutritional methods in the European prospective investigation of cancer in norfolk. Public Health Nutr. (2001) 4(3):847–58. doi: 10.1079/phn2000102

62. Mulligan AA, Luben RN, Bhaniani A, Parry-Smith DJ, O'Connor L, Khawaja AP, et al. A new tool for converting food frequency questionnaire data into nutrient and food group values: fETA research methods and availability. BMJ Open. (2014) 4(3):e004503. doi: 10.1136/bmjopen-2013-004503

63. Vogiatzoglou A, Mulligan AA, Lentjes MAH, Luben RN, Spencer JPE, Schroeter H, et al. Flavonoid intake in European adults (18 to 64 Years). PloS one. (2015) 10(5):e0128132. doi: 10.1371/journal.pone.0128132

64. U.S. Department of Agriculture. Dietary Guidelines for Americans, 2020-2025. 9th edn. (2020) Available online at: DietaryGuidelines.gov (accessed July 12, 2023).

65. Lemola S, Ledermann T, Friedman EM. Variability of sleep duration is related to subjective sleep quality and subjective well-being: an actigraphy study. PloS one. (2013) 8(8):e71292. doi: 10.1371/journal.pone.0071292

66. Franzen PL, Buysse DJ. Sleep disturbances and depression: risk relationships for subsequent depression and therapeutic implications. Dialogues Clin Neurosci. (2008) 10(4):473. doi: 10.31887/DCNS.2008.10.4/plfranzen

67. Ross LE, Murray BJ, Steiner M. Sleep and perinatal mood disorders: a critical review. J Psychiatry Neurosci. (2005) 30(4):247–56.

68. Field T. Postnatal anxiety prevalence, predictors and effects on development: a narrative review. Infant Behav Dev. (2018) 51:24–32. doi: 10.1016/j.infbeh.2018.02.005

69. Waldenström U, Hildingsson I, Rubertsson C, Rådestad I. A negative birth experience: prevalence and risk factors in a national sample. Birth. (2004) 31(1):17–27. doi: 10.1111/j.0730-7659.2004.0270.x

70. Henriksen L, Grimsrud E, Schei B, Lukasse M, Bidens Study Group. Factors related to a negative birth experience–a mixed methods study. Midwifery. (2017) 51:33–9.

71. Peterson JJ, Dwyer JT, Jacques PF, McCullough ML. Improving the estimation of flavonoid intake for study of health outcomes. Nutr Rev. (2015) 73(8):553–76. doi: 10.1093/nutrit/nuv008

72. Youdim KA, Shukitt-Hale B, Joseph JA. Flavonoids and the brain: interactions at the blood–brain barrier and their physiological effects on the central nervous system. Free Radic Biol Med. (2004) 37(11):1683–93. doi: 10.1016/j.freeradbiomed.2004.08.002

73. Dreiseitel A, Korte G, Schreier P, Oehme A, Locher S, Domani M, et al. Berry anthocyanins and their aglycons inhibit monoamine oxidases A and B. Pharmacol Res. (2009) 59(5):306–11. doi: 10.1016/j.phrs.2009.01.014

74. Sacher J, Wilson AA, Houle S, Rusjan P, Hassan S, Bloomfield PM, et al. Elevated brain monoamine oxidase A binding in the early postpartum period. Arch Gen Psychiatry. (2010) 67(5):468–74. doi: 10.1001/archgenpsychiatry.2010.32

75. Sacher J, Rekkas PV, Wilson AA, Houle S, Romano L, Hamidi J, et al. Relationship of monoamine oxidase-A distribution volume to postpartum depression and postpartum crying. Neuropsychopharmacology. (2015) 40(2):429–35. doi: 10.1038/npp.2014.190

76. Dowlati Y, Ravindran AV, Segal ZV, Stewart DE, Steiner M, Meyer JH. Selective dietary supplementation in early postpartum is associated with high resilience against depressed mood. Proc Natl Acad Sci U S A. (2017) 114(13):3509–14. doi: 10.1073/pnas.1611965114

77. Lee BH, Kim YK. The roles of BDNF in the pathophysiology of major depression and in antidepressant treatment. Psychiatry Investig. (2010 Dec) 7(4):231–5. doi: 10.4306/pi.2010.7.4.231

78. Hashimoto K, Shimizu E, Iyo M. Critical role of brain-derived neurotrophic factor in mood disorders. Brain Res Rev. (2004) 45(2):104–14. doi: 10.1016/j.brainresrev.2004.02.003

79. German-Ponciano LJ, Rosas-Sánchez GU, Cueto-Escobedo J, Fernández-Demeneghi R, Guillén-Ruiz G, Soria-Fregozo C, et al. Participation of the serotonergic system and brain-derived neurotrophic factor in the antidepressant-like effect of flavonoids. Int J Mol Sci. (2022) 23(18):10896. doi: 10.3390/ijms231810896

80. Mitchell SJ, See HM, Tarkow AK, Cabrera N, McFadden KE, Shannon JD. Conducting studies with fathers: challenges and opportunities. Appl Dev Sci. (2007) 11(4):239–44. doi: 10.1080/10888690701762159

81. Unger JM, Hershman DL, Albain KS, Moinpour CM, Petersen JA, Burg K, et al. Patient income level and cancer clinical trial participation. J Clin Oncol. (2013) 31(5):536–42. doi: 10.1200/JCO.2012.45.4553

82. Office for National Statistics (ONS), Released 18 May 2023, ONS Website, Statistical Bulletin, Families and Households in the UK. (2022).

83. Tokhi M, Comrie-Thomson L, Davis J, Portela A, Chersich M, Luchters S. Involving men to improve maternal and newborn health: a systematic review of the effectiveness of interventions. PLoS One. (2018) 13(1):e0191620. doi: 10.1371/journal.pone.0191620

84. Yaremych HE, Persky S. Recruiting fathers for parenting research: an evaluation of eight recruitment methods and an exploration of fathers’ motivations for participation. Parenting. (2022) 23(1):1–32. doi: 10.1080/15295192.2022.2036940

85. Office for National Statistics (ONS), Published 25 January 2023, ONS Website, Statistical Bulletin, Average Household Income, UK: Financial Year Ending. (2022).

86. Ross LE, Steele L, Goldfinger C, Strike C. Perinatal depressive symptomatology among lesbian and bisexual women. Arch Women's Ment Health. (2007) 10:53–9. doi: 10.1007/s00737-007-0168-x

87. Kirubarajan A, Barker LC, Leung S, Ross LE, Zaheer J, Park B, et al. LGBTQ2S+ Childbearing individuals and perinatal mental health: a systematic review. BJOG. (2022) 129(10):1630–43. doi: 10.1111/1471-0528.17103



OPS/images/fgwh-05-1345353-g002.jpg
EPDS scores

Baseline Post Intervention
Time

mm Flavonoid
Control





OPS/images/fgwh-05-1345353-g001.jpg
Assessed for eligibility
Mothers: (n=1,330)

Fathers: (n=102)

Randomised
Mothers: (n=105)

Fathers:

=21)

Mothers:

Excluded (n=1,225)

+ Not meeting inclusion criteria (n=184)
+ Declined to participate (n=58)

+ Believed to be computerised bot
responses (n=983)

Fathers:

Excluded (n=81)

+ Not meeting inclusion criteria (n=18)
+ Declined to participate (n=4)

+ Believed to be computerised bot
responses (n=59)

|

Mothers:

Allocated to flavonoid intervention (n=52)
+ Received baseline data (n=26)

+ Did not receive baseline data (n=26)

Fathers:
Allocated to flavonoid intervention (n=11)
+ Received allocated intervention (n=11)

Mothers:
Lost to follow-up (n=9)
Fathers:

Lost to follow-up (n=1)

l

Allocation

Mothers:

Allocated to control intervention (n=53)
+ Received baseline data (n=29)

+ Did not receive baseline data (n=24)

Fathers:
Allocated to flavonoid intervention (n=10)
+ Received allocated intervention (n=10)

Follow-Up

Analysis

|

Lost to follow-up (n=6)

Mothers:

Fathers:

Lost to follow-up (n=0)

l

Mothers: Analysed (n=15)

Fathers: Analysed (n=10)

Mothers: Analysed (n=23)

Fathers: Analysed (n=10)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The effects of flavonoid supplementation on the mental health of postpartum parents

		1 Introduction



		2 Methods



		2.1 Design



		2.2 Participants



		2.3 Mothers sample



		2.4 Fathers sample



		2.5 Intervention



		2.6 Measures



		2.6.1 Demographics



		2.6.2 Positive and negative affect schedule



		2.6.3 Edinburgh postnatal depression scale



		2.6.4 Postnatal specific anxiety scale



		2.6.5 World health organisation quality of life-BREF



		2.6.6 State trait anxiety inventory



		2.6.7 European prospective investigation of cancer food frequency questionnaire



		2.6.8 Food diaries











		2.7 Procedure



		2.8 Data analysis











		3 Results



		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers ciosat womers Heattn

The effects of flavonoid
supplementation on the mental
health of postpartum parents





OPS/images/fgwh-05-1345353-g003.jpg
40 ol

30 el I

o
@
2
o
o
@

K

£
©
o

Baseline Post Intervention
Time

mm Flavonoid
Control





OPS/images/fgwh-05-1345353-t001.jpg
Between Fathers (n = 20) Between
Control group Flavonoid group gr\?;:sz Control Flavonoid gr‘z:sz
(n=23) mean (SD) | (n=15) mean (SD) (n=10) (n=10)
mean (SD) mean (SD)
3440 (3.50) E 34.80 (4.29) 3211 (3.79)
Sleep of parent (hours per night)® 5.82 (1.32) 650 (0.52) | 7.17 (141) 7.15 (141)
Age of baby (weeks) 1582 (8.53) 14.60 (4.64) 1550 (9.66) 1860 (6.15)
Sex of baby (male: female) 185 87 g : 73
Term of baby” : :
Feeding method®
Specific diet®
Psychological diagnosis (yes: o)
Physical health condition (yes: o)
Other children (yes: no)

Measures Mothers (n=38)

Age of parent (years) 35.82 (4.04)

4:0
10:0:5
1:1:0:1:112
213
213
10:5

*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 and 36 weeks): Early term (born between 37 and 38 weeks): Full term (born between 39 and 40 weeks): Later/Post term (born 41 weeks
+): Other.

“How the baby was fed for the first six-months (Breast milk: Formula: combination)

dparents following specific diets (Vegan: Vegetarian: Pescatarian: Dairy free: Gluten free: None).





OPS/images/fgwh-05-1345353-t003.jpg
Nutrient RDA One sample t-test
comparing baseline

intake with RDA'S

Baseline

Flavonoid
(=15

M (SE)

Control
(n=23)

M (SE)

Between
groups
p value

Post-intervention

Flavonoid
(=15

M (SE)

Control

Condition x
time interaction

Flavonoid (mg)* | 428 mg 1(35) =225, p< 030 | 49408 (14479) | 77086 1,606.860 F(1,38) =242,
(119.44) (14361) (115.98) =
Calories (keal)® | 2,500 keal 161831 1,756.08 626 1,606.85 1519.12
(17.95) (17601) (143.61) (11598)
Protein (g)° 210g 1(35) = 3845, p< 001 | 60.41 (10.13) | 7634 (835) 233 6492 (6.60) | 6182 (533)
Fat (g)° 9%Pg 1(35) = -5.62, p<.001 6471 (848) | 72.76 (6.99) 469 6528 (7.44) | 60.45 (6.01)
Carbohydrates | 300g 135) = —772,p<001 | 20824 (2689) | 23218 496 19943 (1730) | 19157
®° (2217) (1397)
Fruit ()° 400g 135) = ~778,p<.001 | 20001 (12592) | 35131 360 19827 (39.04) | 21862
(103.96) (31.52)
Vegetables (9)° | 400g 135) = ~720,p<.001 | 26155 (22959) | 48931 449 3944 (11386) | 20472
(189.55) (91.95)

Vogiatzoglou et al. (63).
b).S. Department of Agriculture (64).







OPS/images/fgwh-05-1345353-t002.jpg
Flavonoid items

Berry fruits (~120 g) e.g. blucberries, raspberries, strawberries, blackberries,
mixed berries

Estimated mean Number of occasions item was added over
flavonoid mg/portion ( - 2-weeks in the mothers group (n =15)

Mean (SD)
766 (5.08)

1 glass (250 ml) of fresh orange o grapefruit juice (not from concentrate)

630 (617)

2 large squares of dark chocolate (at least 70% cocoa)

606 (5.00)

4-5 cups of coffee (normal or decaf varities) (250 ml)

477 (856)

1 portion of leafy green vegetables such as spinach or cabbage (~70 g)

491 (2.34)

45 cups of tea (black or green) (250 ml)

211 (321)

1 large glass of red wine (250 ml)

1.92 (2.70)







OPS/images/fgwh-05-1345353-t004.jpg
Mothers (n=38)
Measures Baseline Post intervention

Control (n=23) | Flavonoid (n=15) Between groups p-value for Control (n=23) | Flavonoid (n=15)
(M, SE) (M, SE) baseline comparison (M, SE) (3]

EPDS 816 (1.10) 1029 (1.34) F 8.88 (1.05) 7.69 (1.29)
STALS 3563 (2.04) 4127 (2.11) ! 3490 (2.10) 3639 (257)
PSAS REF-C 2204 (101) 2193 (123) k 20,50 (1.00) 1846 (1.22)
Positive affect 30.70 (1.76) 2756 (2.15) E 30.66 (1.63) 31.96 (200)
Negative affect 16.71 (1.10) 15.82 (1.34) - 14.40 (0.95) 14.82 (1.16)
'WHOQOL physical 63.08 (3.40) 63.07 (4.13) X 65.95 (2.63) 75.00 (3.20)
WHOQOL 5264 (4.11) 5999 (4.99) E 47.05 (245) 50.65 (298)
psychological
WHOQOL social 50.57 (427) 5541 (5.19) - 5971 (3.56) 57.86 (4.35)
WHOQOL 7304 (324) 79.39 (396) 3 72.14 (428) 6759 (5.20)
environmental







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Global Women's Health





