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Abstract: Background: Positive expressive writing is associated with enhanced psychological well-
being. Several individual differences are known to moderate the enhancement effects of positive
expressive writing, but no studies to date have investigated the optimal dietary conditions under
which expressive writing effects occur. In this pilot study, we sought to investigate whether diet
quality and dietary fibre intake moderate the effects of positive writing on mood. Methods: The
participants (12 males, 25 females, Mage = 33.0, SDage = 13.1) completed self-reported measures of
dietary quality, dietary fibre intake, and positive and negative affect. They were then randomly
allocated to complete either a positive expressive writing or neutral writing activity for 10 min.
Positive and negative affect were measured again immediately after each activity. Results: Those
participants who reported better diet quality and greater dietary fibre intake exhibited a significantly
greater increase in positive affect following positive expressive writing relative to neutral writing.
No significant effects were observed for negative affect. Conclusions: For the first time, we report
that the effects of positive expressive writing on positive mood are enhanced under optimal dietary
conditions. Further replication studies are needed to determine whether dietary factors can influence
the conditions under which positive expressive writing benefits occur. We speculate that dietary
influences on the gut-brain axis are a potential mechanism.
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1. Introduction

Over the past few decades, several studies have investigated the psychological and
physical wellbeing benefits of expressive writing. Expressive writing involves writing
about intensely emotional experiences, with a range of different activities proposed from
disclosure of trauma to writing about positive life experiences [1]. Expressive writing
studies typically require the participants to write (or type) for 15-20 min per day, over three
days, with the short-term writing effects investigated on each day of writing and with a
follow-up in the weeks or months post-intervention to investigate the persistence of any
benefits over the medium term. The expressive writing activity is typically compared to a
neutral writing or other control activity. The original expressive writing activity, Written
Emotional Disclosure (WED), requires the participants to write about negative emotional
experiences or traumas and has been associated with a range of health benefits, including
a reduction in self-reported depression and work absenteeism [2]. More recently, many
studies have reported the psychological wellbeing benefits of writing about positive topics.
In a flagship study, Burton and King (2004) observed that, in comparison to writing about
a neutral topic, writing about positive life experiences for 20 min per day, over three
consecutive days, was associated with increases in positive mood following each writing
session [3].

On this basis, positive expressive writing seems to be beneficial for enhancing positive
mood. However, several studies have suggested that these benefits are not universal
between individuals, and that it is important to consider factors that may moderate positive
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expressive writing effects. This is essential for understanding the contextual factors under
which positive expressive writing benefits are most reliably observed. Lyubomirsky and
Layous (2013) developed the positive activity model, which outlines a range of individual
differences, including factors such as motivation, personality, and demographic factors, that
are known to influence the efficacy of positive psychology interventions [4]. With respect to
positive expressive writing, previous studies have shown that social inhibition moderates
the effect of positive expressive writing on trait anxiety [5], depression symptoms, and
perceived stress reactivity [1]. It is suggested that individuals who are more socially
inhibited may experience greater benefits from engaging with positive expressive writing
activities because this provides them with an opportunity for positive expression, which
they are unable to express verbally due to their socially inhibited nature [1]. However,
on the whole, other psychosocial, lifestyle, or biological factors that may moderate the
beneficial effects of positive expressive writing are poorly understood.

It is now well known that a positive relationship exists between dietary quality and
psychological wellbeing [6]. Indeed, there is increasing interest in dietary interventions
for mental health conditions [7], and it is also understood that dietary quality plays an
important role in evoking favourable mental health outcomes [8-10]. Studies have found
that healthy eating patterns, such as the Mediterranean diet (typically characterised by
a high consumption of fruits, vegetables, nuts, and legumes; a moderate consumption
of poultry, eggs, and dairy products; and an occasional consumption of red meat), are
associated with better mental health and reduced risk of depression [10-13]. By contrast,
unhealthy eating patterns, such as the Western diet (typically consisting of a low intake
of fruits and vegetables and a considerably high consumption of animal-derived protein,
saturated fats, refined grains, sugar, salt, and alcohol), are believed to be detrimental to
peoples” mental health [10,14]. Further, it has been established that the intake of specific
macronutrients, including dietary fibre, confers positive mental health benefits [15,16].

Recently, studies have begun to investigate the mechanisms underpinning these
dietary influences on psychological wellbeing. The dietary intake and habits can modify
the gut microbiome composition—a diverse community of trillions of microbes, bacteria,
viruses, fungi, and protozoa that all significantly contribute to metabolism, preventing
the development of Western diseases, and extending the lifespan [17]. It has been found
that the brain and the gut communicate bidirectionally through the gut-brain axis [18,19],
meaning that any disruption in the gut may lead to poor mental health and vice versa. It
has previously been suggested that dietary approaches targeting microbiota specifically, to
positively modify gut-brain communication, could be used in the future to reduce perceived
stress in the human population [20]. Studies have indeed implied that the gut microbiome
plays a very important role in mental health and psychological wellbeing [21]. However,
the Western dietary pattern can have considerably negative effects on the composition,
diversity, and function of the microbiome composition [22-24]. By contrast, one of the key
factors that has also been found to help maintain a healthy and balanced gut is an increased
consumption of dietary fibre (which can be found in foods such as fruits, vegetables,
legumes, or whole grains, for instance). In turn, this is a potential mechanism via which
dietary fibre intake can have beneficial effects on mental health [25,26].

It has been established above that optimising the dietary quality and increasing the
fibre intake can confer benefits for wellbeing. Positive expressive writing is also known to
increase positive mood [3], and to reduce stress and anxiety [5]. However, it is known that
a range of contextual and inter-individual factors likely moderate the effects of positive
expressive writing [4], and at present these are poorly understood. Given that the dietary
quality and fibre intake, potentially mediated by the influences of dietary fibre on the
gut-brain axis mechanisms, can enhance psychological wellbeing, it is possible that good
dietary quality may provide the optimal conditions for psychological interventions, such as
positive expressive writing, to maximally influence psychological wellbeing. The idea that
better dietary quality can enhance the efficacy of interventions is not new. For example,
Young and colleagues (2022) [27] observed that micronutrient supplementation improved
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the performance on an attention task, but only in individuals with an ‘optimal’ diet pre-
supplementation. Therefore, the aim of the study was to investigate the moderating
role of dietary quality and fibre intake on the association between a single session of
positive expressive writing and mood. The pre-registered hypothesis (https://osf.io/
9zqvg, accessed on 15 August 2023) was that there will be a significant positive effect of
positive expressive writing on psychological wellbeing. Given the novel aim to explore
the moderating role of dietary fibre and dietary quality, this aim is exploratory, although,
speculatively, we suggest that any mood effects of positive writing will be stronger in
individuals with better dietary quality and a higher self-reported dietary fibre intake.

2. Materials and Methods
2.1. Participants

Data were collected online via Qualtrics software (www.qualtrics.com, accessed on
20 March 2023). The study was conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics Approval Process of Northumbria University
(reference 3719). The study protocol was pre-registered on the Open Science Framework
(https:/ /osf.io/9zqvg, accessed on 15 August 2023). Recruitment began on 13 April 2023
and terminated on 13 August 2023. Participants were recruited through an opportunity
sampling methodology. Online advertisements were placed on various social media plat-
forms, including LinkedIn, Instagram, Facebook, and Reddit, with a link to access the
study, provide informed consent, and complete the study online. Exclusion criteria were a
diagnosis of any gut health conditions and/or digestive disorders, as well as a previous or
current diagnosis of any type of eating disorder. Participants were required to be fluent
in written English. Prior to conducting the research, a power analysis was conducted on
G*Power [28] with an alpha level of 0.05 and power of 0.80. This indicated that a minimum
of 55 participants would be required to obtain a medium effect.

2.2. Materials
2.2.1. Positive and Negative Affect Schedule (PANAS) [29]

The PANAS questionnaire was used in the present study to indicate individual levels
of subjective psychological wellbeing. This tool comprises two brief 10-item mood scales
that assess positive and negative affect. Positive affect (PA) descriptors include feeling
‘interested’, ‘excited’, ‘strong’, ‘enthusiastic’, “‘proud’, ‘alert’, ‘inspired’, ‘determined’, ‘at-
tentive’, and ‘active’. Negative affect (NA) descriptors include feeling ‘distressed’, “upset’,
‘guilty’, ‘scared’, ‘hostile’, ‘irritable’, ‘ashamed’, ‘nervous’, ‘jittery’, and ‘afraid’. Partici-
pants respond on a 5-point Likert scale (varying from “1—very slightly to not at all” to
“5—extremely”), with a total score being computed for each subscale. Participants were
asked to ‘indicate the extent to which you feel this way in the present moment’; this was
to ensure that PANAS was effectively used to measure current state mood. The internal
reliability and construct validity of the PANAS have been successfully established previ-
ously [30]. However, as the instructions for completing the PANAS questionnaire were
modified in the present study for the purpose of measuring current state mood, internal re-
liability was computed to confirm acceptable psychometric properties in the present study
sample. The pre-intervention PANAS showed good reliability of the PA scale (o = 0.81)
and the NA scale (« = 0.87), and the post-intervention PANAS showed excellent reliability
of the PA scale (o« = 0.90) and the NA scale (& = 0.91).

2.2.2. Dietary Fibre Intake Food Frequency Questionnaire (DFI-FFQ) [31]

The DFI-FFQ questionnaire was used in the present study as a measure of dietary fibre
intake (DFI). It composed of a total of five items, each requiring participants to indicate
their past year average intake of foods rich in fibre (fruits, vegetables, breads and cereals,
nuts and seeds, and legumes). Each item comprised a 12-point response scale, requiring
participants to indicate their average consumption (number of serves) from ‘never’ to
‘6 or more serves per day’. Examples were provided of what constitutes a single serve.
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For the purpose of the present study, scores on each item were summed to derive a total
score. Higher scores indicated greater DFI. The DFI-FFQ has been previously classified as a
valid tool for measuring DFI and an accurate measure for classifying individuals based on
habitual DFI, particularly in New Zealand population [32].

2.2.3. Short-Form Food Frequency Questionnaire (SFFFQ) [33]

The SFFFQ was used as a measure of typical diet composition and quality. For the
purposes of the present study, only the ‘food and drink intake” questions were used. Partic-
ipants were asked about the frequency during a ‘typical’ week over the past month with
which they consumed one portion of 20 foods that are typically consumed as part of a
mainstream British diet. Participants responded on an 8-point scale from ‘rarely or never’
to ‘5+ a day’. The scoring tool that accompanies this measure was used to derive a total
dietary quality score (DQS) for each participant, which was used in the main analyses.
Higher DQS indicates better dietary quality and is derived by summing the dietary intake
component scores for fruits (1 = <2 servings/week; 2 = >2 servings per week; <2 servings
per day; 3 = >2 servings per day), vegetables (1 = <1 servings/day; 2 = 1-3 servings per
day; 3 = >3 servings per day), oily fish (1 = no intake; 2 = 0-200 g per week; 3 = >200 g
per week), fat (1 = >1.5 times UK recommendations; 2 = 1-1.5 times UK recommendations;
3 = <UK recommendations), and non-milk extrinsic sugars (NMES; 1 = >1.5 times UK
recommendations; 2 = 1-1.5 times UK recommendations; 3 = <UK recommendations). The
SSFFQ calculations are based on UK-recommended fat and NMES intakes of 85 g/day
and 60 g/day, respectively. The SFFFQ authors purport that the questionnaire can be used
as a suitable tool for assessing diet quality within the UK population [33]. It has been
successfully used within numerous studies assessing dietary quality in various popula-
tions [34-36].

2.2.4. Linguistic Inquiry and Word Count (LIWC) Software [37]

Linguistic Inquiry and Word Count (LIWC)-22 software [37] was used to analyse the
use of positive emotion words in the writing tasks. The software has been standardised
across a large range of text samples, derived from different contexts and authors [38],
and has been used in previous expressive writing activities to measure the frequency
of emotion word use. In the present study, LIWC was used as a manipulation check to
ensure participants randomised to the positive expressive writing condition used a greater
frequency of positive emotion words.

2.3. Procedure

All participants provided their informed consent for inclusion before they participated
in the study. Participants were able to complete the study on any electronic device with an
internet connection, on which they were able to type responses. As all data were collected
online, participants were able to complete the study at a time and place convenient to them.

Participants were first asked to provide their age and gender. They then completed
the SFFFQ and DFI-FFQ before completing the PANAS. Participants were then randomised
to complete either a positive expressive writing activity or a neutral control writing activity
using the Qualtrics randomiser function. The ‘Evenly Present Elements’ option was not
used; thus, the number of participants previously allocated to a condition was not taken
into account when randomising subsequent participants. The instructions for the posi-
tive writing activity were obtained from Burton and King (2004) [3]. Participants were
instructed to “Think of the most wonderful experience or experiences in your life, happiest
moments, ecstatic moments, moments of rapture, perhaps from being in love, or from
listening to music, or suddenly ‘being hit’ by a book or painting or from some great creative
moment. Choose one such experience or moment. Try to imagine yourself at that moment,
including all the feelings and emotions associated with the experience. Now write about
the experience in as much detail as possible trying to include the feelings, thoughts, and
emotions that were present at the time. Please try your best to re-experience the emotions
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involved”. The instructions for the neutral control writing activity were obtained from
Hansen et al. (2022) [39]. Participants were instructed to “Describe what you did yesterday
in as much detail as possible, from the moment you woke up to the time you went to bed.
Include as many details from the days as possible. We're less interested in the emotions
associated with the activities you undertook, and more interested in a detailed, factual
account of what you did”. In both conditions, participants were instructed to write for at
least 10 min and were not able to advance past the writing activity until 10 min had elapsed.
Participants were not informed about the true aims of the study, the known benefits of
positive expressive writing, or that there were two writing conditions. They were informed
only that they would be required to write for 10 min about “past experiences”. Following
the writing activity, both groups completed the PANAS questionnaire once more. The
study procedure is summarised in Figure 1.

Short Form Food Frequency
Questionnaire (SFFFQ)

Dietary Fibre Intake Food
Frequency Questionnaire (DFI-FFQ)

Positive and Negative
Affect Scale (PANAS)

[/z %:\]
Positive Neutral
Expressive Writing Control Writing

i\] Y/:Z
Positive and Negative
Affect Scale (PANAS)

Figure 1. Outline of the study procedures.

2.4. Design and Analysis

The analysis plan was pre-registered (https://osf.io/9zqvg, accessed on 15 August
2023) prior to the commencement of data analysis. A between-subjects design was em-
ployed. Change scores were computed for positive affect and negative affect by subtracting
the pre-writing values from the post-writing values. Data were screened for outliers, with
the intention to treat as missing any extreme outlying values (M £ 3SD). Skewness and
kurtosis values were computed in SPSS for all study variables. Independent samples
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t-tests were run on baseline positive affect, negative affect, and self-reported dietary intake
variables to ensure no significant baseline differences between participants randomised
to the two writing conditions. A manipulation check was performed via an independent
samples {-test, comparing the frequency of positive tone words used, derived via LIWC,
between the two conditions.

The moderation analyses were run using the PROCESS macro version 4.2 for SPSS
version 28 [40]. Four moderation analyses were run, with condition (sum-coded; positive
expressive writing = 1; control writing = —1) entered as the IV for all analyses. The first two
analyses included positive affect change as the DV, with dietary quality and dietary fibre
intake entered as moderators in respective analyses. The final two analyses repeated this
procedure, with the exception that negative affect change was included as the DV. Variables
were mean-centred and conditioning values were set to —1SD, mean, +1 SD. Simple slopes
were plotted for visualisation of significant interaction effects. The data are available via
the Open Science Framework (https://osf.io/akfer, accessed on 15 August 2023). At the
request of an independent reviewer, each moderation analysis was re-run, with the other
diet variable included as a control variable.

3. Results

In total, sixty participants clicked the link to take part in the study and reached the
consent question. Of those, five participants did not consent to take part in the study,
and eighteen people did not complete the entire study, resulting in a final 38% overall
attrition rate. Therefore, the final sample for the analysis included thirty-seven participants
(Mage = 33, SDage = 13.08) and comprised twenty-five females (Mage = 30.96, SDage = 11.89)
and twelve males (Mage =37.25, SDage =14.92).

Of the final thirty-seven participants included in the analysis, fourteen were in the
positive writing group (Mage = 35.07, SD,ge = 14.74), of which ten were females and four
were males. Correspondingly, twenty-three participants were in the neutral control group
(Mage = 31.74, SDage = 12.13), incorporating fifteen females and eight males.

No extreme outliers (M + 3 SD) were detected. All the variables included in the
analyses showed values in the acceptable range (range = —0.69-0.16). The kurtosis value
for positive affect (2.81) suggested a mildly leptokurtic distribution. The kurtosis values for
the other variables were acceptable.

3.1. Baseline Data

The participants’ self-reported dietary intake of fruits, vegetables, oily fish, fat, and
NMES, overall diet quality scores, dietary fibre intake FFQ scores, and baseline PANAS
scores are shown in Table 1. There were no significant differences on any baseline variables
between the participants randomised to the two writing conditions. There were no statisti-
cally significant correlations between the baseline positive affect, negative affect, and the
diet variables.

Table 1. Self-reported baseline PANAS and dietary intake variables. There were no significant
differences on any baseline variables between participants randomised to the two writing conditions.

Variable Whole Sample Positive Writing Neutral Writing 4
M SD M SD M SD

Positive Affect 29.0 5.9 27.5 54 30.0 6.2 0.22
Negative Affect 16.6 6.3 17.4 7.8 16.1 5.2 0.54
Fruits 1.9 0.6 19 0.6 19 0.6 0.94
Vegetables 1.7 0.8 1.6 0.7 1.7 0.8 0.72
Oily Fish 1.8 0.6 1.7 0.7 1.8 0.6 0.61
Fat 2.5 0.6 2.5 0.7 2.6 0.5 0.82
NMES 2.7 0.6 2.8 0.6 2.6 0.6 0.53
Overall Dietary Quality 10.6 1.5 10.7 1.2 10.6 1.7 0.84

Dietary Fibre Intake FFQ score 28.3 6.5 27.3 6.7 28.9 6.5 0.48
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3.2. Manipulation Check

The participants in the positive expressive writing condition (M = 7.00, SD = 3.15)
used a significantly greater frequency of words with a positive tone relative to the neutral
control writing condition (M = 3.98, SD = 3.01), t (35) = —2.92, p = 0.006, d = —0.99. This
suggests that, on average, the participants in each condition adhered to the instructions of
their relative activity.

3.3. Positive Affect

For dietary quality, the overall model was significant, F (3, 33) = 3.56, p = 0.024,
R? = 0.24. The effects of the condition, b = 3.49, SE =2.01,t = 1.73, p =0.092, and dietary
quality, b =1.28, SE = 0.68, t = 1.87, p = 0.071), were nonsignificant. The interaction between
the condition and dietary quality was significant, b = 3.84, SE = 1.54, t =2.49, p = 0.018). The
analysis of the simple slopes revealed that positive expressive writing was significantly
associated with a greater increase in positive affect, but only at good (+1 SD), b = 9.44,
SE =3.08, t = 3.07, p = 0.004, but not at moderate, b = 3.49, SE = 2.01, t = 1.73, p = 0.093),
or poor (+1 SD), b = —2.467, SE = 3.18, t = —0.78, p = 0.443), levels of dietary quality (see
Figure 2). These effects remained when dietary fibre intake was included in the analysis as
a covariate.

10

Good

8 ecccee Poor - o Moderate

Positive Affect Change
N

Control Positive Writing

Condition

Figure 2. Simple slopes for the relationship between condition and positive affect change, moderated
by dietary quality. At good (+1 SD) dietary quality, the relationship was significant. The relationship
was nonsignificant at moderate (mean) and poor (—1 SD) dietary quality.

For dietary fibre intake, the overall model was significant, F (3, 33) = 4.45, p = 0.010,
R? = 0.29. The effects of the condition, b = 4.48, SE =1.97,t =2.27, p =0.030, and dietary
fibre intake, b = 0.31, SE = 0.15, t = 2.06, p = 0.047, were significant. Further, the interaction
between the condition and dietary fibre intake was significant, b = 0.70, SE = 0.31, t = 2.30,
p = 0.028. The analysis of the simple slopes revealed that positive expressive writing was
significantly associated with a greater increase in positive affect, but only at good (+1 SD),
b=9.05,SE =2.88, t = 3.15, p = 0.004, or moderate, b =4.48, SE =1.97,t =2.27, p = 0.030),
levels of dietary fibre intake. The slope for low levels of dietary fibre intake, b = —0.01,
SE=271,t=—-0.04, p = 0.971, was nonsignificant (see Figure 3). These effects remained
when dietary quality was included in the analysis as a covariate.
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Figure 3. Simple slopes for the relationship between condition and positive affect change, moderated
by dietary fibre intake. At good (+1 SD) and moderate (mean) levels of dietary fibre intake, the
relationship was significant. The relationship was nonsignificant at poor (—1 SD) dietary quality.

3.4. Negative Affect

For dietary quality, the overall model was nonsignificant, F (3, 33) = 0.48, p = 0.700,
R? = 0.04. The effects of the condition, b = 0.79, SE = 1.17, t = 0.68, p = 0.504, dietary quality,
b=-027,SE=040,t=—0.68, p = 0.499, and the condition x dietary quality interaction,
b=0.39, SE =090, t = 0.43, p = 0.668, were nonsignificant. For dietary fibre intake, the
overall model was nonsignificant, F (3, 33) = 0.27, p = 0.843, R? = 0.04. The effects of the
condition, b =0.79, SE =1.17,t = 0.68, p = 0.504, dietary fibre intake, b = —0.27, SE = 0.40,
t=—0.68, p = 0.499, and the condition x dietary fibre intake interaction, b = 0.39, SE = 0.90,
t = 0.43, p = 0.668, were nonsignificant.

4. Discussion

The primary aim of the present study was to investigate the possible moderating role of
dietary quality and dietary fibre intake on the psychological wellbeing benefits of positive
expressive writing. The key findings were that both dietary quality and dietary fibre
intake moderated the effects of positive expressive writing on positive affect. Specifically, a
significant increase in positive affect was observed following positive expressive writing
only at high levels of dietary quality, and at high and moderate but not low levels of dietary
fibre intake. To the best of our knowledge, this is the first report in the literature that diet
can influence the efficacy of expressive writing activities. However, given the small sample
size, this should be considered as a pilot study, and further work is needed to replicate
these effects in a larger sample. There were no significant effects observed for changes in
negative affect.

Several studies have reported that unhealthy eating patterns (such as the Western
diet) may be detrimental to mental health [10,14]. On this basis, we were particularly
interested here to investigate the moderating role on positive expressive writing effects
of self-reported dietary quality. Further, given the purported benefits of a healthy and
balanced gut microbiome for mental health [25,26] and the known influence of dietary
fibre intake on gut health [41], we wanted to explore the moderating role of self-reported
dietary fibre intake on positive expressive writing effects. Previous studies have found that
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psychological moderators, including social inhibition [1,5] and alexithymia [42], moderate
the effects of positive expressive writing on the psychological outcomes. In the present
pilot study, we were interested to extend our understanding of those non-psychological
factors that potentially moderate positive expressive writing effects. Our exploratory
prediction that dietary quality and dietary fibre intake would enhance the effect of positive
expressive writing on positive affect was speculative owing to the fact that no previous
studies have investigated expressive writing benefits in the context of dietary quality.
However, our aims were predicated on previous nutrition intervention studies that suggest
that nutritional interventions may confer optimal benefits in individuals with good dietary
quality. For example, Young and colleagues (2022) observed that a multivitamin supplement
intervention was effective for improving the performance on an attention task, but only in
individuals with an optimal diet at the baseline [27]. We were interested here to explore
whether this notion could be extended to psychological interventions, in this case expressive
writing. Our findings suggest that expressive writing interventions are most likely to be
effective in individuals with better diet quality. Speculatively, this could be due to dietary
influences on the gut microbiome and gut-brain axis, a biological mechanism for the
optimal conditions under which expressive writing benefits may occur. It is known that
fruit, vegetable, and fibre intake can increase the number of beneficial gut microbiota
and decrease harmful ones. Gut microbiota are known to influence mental health via a
number of mechanisms, including the regulation of the production of neurotransmitters
such as gamma-aminobutyric acid (GABA) and serotonin as well as amino acids including
tryptophan. Gut microbiota also play a role in the functioning of the immune system,
which in turn can influence the key neuroendocrine pathways involved in maintaining
mental health, such as the hypothalamic—pituitary—adrenal (HPA) axis [43]. Given the
robust influence of diet on mental health, one implication may be that no intervention may
be strong enough to compensate for the adverse consequences of a poor diet. Should the
present study findings be replicated, the positive activity model [4] could be expanded to
incorporate the moderating role of diet on positive expressive writing efficacy.

It is noteworthy that, in the present study, no main effects of the writing condition on
changes in either positive or negative affect were observed. This contradicts the previous
studies that have demonstrated that positive expressive writing can enhance positive
mood [3] and reduce stress and anxiety [5]. A key difference between this previous work
and the present study is that, previously, the participants were instructed to write for 20 min,
whereas the participants in the present study wrote for only 10 min. It could be concluded
that 10 min is not a sufficient writing duration to induce mood effects. However, it has
been demonstrated previously that two minutes of positive writing is sufficient to induce
a change in positive mood [44]. Another difference between these studies is the mode
of writing. The present study required the participants to type, whereas the participants
used handwriting in previous studies that have observed significant mood effects [3,5].
However, a further previous study that required the participants to type [1] also observed
only moderation effects of social inhibition but no main effects of condition. Therefore,
it could be concluded that typing is a less sensitive mode of writing than handwriting,
whereby effects are only observed in the most optimal contexts. This point notwithstanding,
it is important to note that the present study was likely underpowered. The a priori power
analysis indicated that a minimum sample size of 55 would be required to observe medium
effects. However, despite initially recruiting 60 participants to take part in the study, only
37 participants were included in the analysis given the high attrition rate of the present
study. This might also account for the lack of main effects. Although this high (38%)
attrition rate contributed to the study being underpowered, it is not unusual to see a high
dropout rate in expressive writing studies. Indeed, the present study dropout rate is similar
to the 36% dropout rate reported by Round and colleagues (2022) for a positive expressive
writing study [45]. The high dropout rate in studies investigating these kinds of activities
could also be viewed in the context of Lyubomirsky and Layous’ (2013) positive activity
model, which suggests that individual differences dictate how suitable any intervention
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may be for a given individual [4]. There are likely some people who do not like or do not
feel comfortable writing expressively about emotions, and such individuals are more likely
to discontinue their participation.

A further limitation of the present study was the use of subjective self-report measures
of dietary quality and fibre intake. Due to social desirability bias, the participants may
have consciously or subconsciously wanted to convey healthier dietary habits when self-
reporting their dietary intake. This could have been overcome by employing a food diary
alongside an objective measure, such as having the participants take photos or videos
of all the food consumed to verify the precise foods consumed and portion sizes [46].
Alternatively, the nutrient status could be measured via blood biomarkers. Similarly, the
reported data might have been subject to recall bias or under/over-reporting as FFQs
tend to be heavily reliant on peoples” memory and ability to accurately estimate portion
sizes [47]. No data were collected on nationality, and it is plausible that participants from
a range of countries, with different dietary patterns that are not accounted for by the
questionnaires employed here, participated. Additionally, in the present study, we included
no measures of socioeconomic status (SES). There have been calls for expressive writing
studies to include measures of SES [48,49] as, speculatively, better-educated, higher-SES
individuals may be better engaged and experience greater benefits from expressive writing.
Further, there is a known relationship between SES and diet quality [50]. It is plausible
that measures of dietary quality and dietary fibre intake are essentially proxy measures for
SES, and this could account for the significant moderation effects observed in the present
study. Generally, a limitation of the study is that only minimal demographic information
was obtained from the participants, which makes it difficult to fully characterise the study
sample. Additionally, the cross-sectional study design means that the influence of the
dietary intake over time or the longevity of the expressive writing benefits could not be
determined here.

5. Conclusions

In summary, we have explored whether dietary quality and dietary fibre intake mod-
erate the effect of positive expressive writing on changes in mood. For the first time, we
report that dietary factors moderate these effects. Specifically, positive expressive writ-
ing induced a significant increase in positive mood relative to neutral writing, but only
in individuals with better self-reported dietary quality and higher dietary fibre intake.
However, given the attrition and small sample size, the present investigation should be
considered a pilot study. Further replication studies with substantially larger samples
are needed to ascertain whether dietary factors can optimise the conditions under which
positive expressive writing benefits occur before conclusive inferences can be drawn from
this evidence. Speculatively, we suggest that dietary influences on the gut microbiome,
and consequently the gut-brain axis, may be a mechanism via which these effects arise.
However, it is possible that the self-reported dietary factors here are merely a proxy for
other unmeasured mechanisms, such as SES.

Author Contributions: L.L. and M.A.S. contributed to the conception and design of the work, analysis
and interpretation of data, and drafting and revising of the manuscript. L.L. was solely responsible
for data collection. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethical Review Process at Northumbria University
(ID 3719, approved on 3 April 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are publicly available via the Open Science Framework (https:
/ /osf.io/akfer, accessed on 15 August 2023).


https://osf.io/akfer
https://osf.io/akfer

Nutrients 2024, 16, 2875 11 of 12

Conflicts of Interest: Michael A. Smith has previously earned consultancy income, running work-
shops on expressive writing for wellbeing.

References

1. Allen, S.F; Wetherell, M.A.; Smith, M.A. Online writing about positive life experiences reduces depression and perceived stress
reactivity in socially inhibited individuals. Psychiatry Res. 2020, 284, 112697. [CrossRef]

2. Pennebaker, ].W. Writing about emotional experiences as a therapeutic process. Psychol. Sci. 1997, 8, 162-166. [CrossRef]

3. Burton, C.M,; King, L.A. The health benefits of writing about intensely positive experiences. J. Res. Pers. 2004, 38, 150-163.
[CrossRef]

4. Lyubomirsky, S.; Layous, K. How do simple positive activities increase well-being? Curr. Dir. Psychol. 2013, 22, 57-62. [CrossRef]

5. Smith, M.A,; Thompson, A.; Hall, L.J.; Allen, S.E; Wetherell, M.A. The physical and psychological health benefits of positive
emotional writing: Investigating the moderating role of Type D (distressed) personality. Br. |. Health Psychol. 2018, 23, 857-871.
[CrossRef] [PubMed]

6. Meegan, A.P; Perry, L].; Phillips, C.M. The Association between Dietary Quality and Dietary Guideline Adherence with Mental
Health Outcomes in Adults: A Cross-Sectional Analysis. Nutrients 2017, 9, 238. [CrossRef] [PubMed]

7. Burrows, T.; Teasdale, S.; Rocks, T.; Whatnall, M.; Schindlmayr, J.; Plain, J.; Latimer, G.; Roberton, M.; Harris, D.; Forsyth, A.
Effectiveness of dietary interventions in mental health treatment: A rapid review of reviews. Nutr. Diet. 2022, 79, 279-290.
[CrossRef]

8.  Jacka, EN,; Kremer, PJ.; Berk, M.; de Silva-Sanigorski, A.M.; Moodie, M.; Leslie, E.R.; Pasco, ].A.; Swinburn, B.A. A prospective
study of diet quality and mental health in adolescents. PLoS ONE 2011, 6, €24805. [CrossRef]

9.  Kulkarni, A.A.; Swinburn, B.A.; Utter, J. Associations between diet quality and mental health in socially disadvantaged New
Zealand adolescents. Eur. J. Clin. Nutr. 2015, 69, 79-83. [CrossRef]

10.  Firth, J.; Gangwisch, J.E.; Borsini, A.; Wootton, R.E.; Mayer, E.A. Food and mood: How do diet and nutrition affect mental
wellbeing? BM]J 2020, 369, m2382. [CrossRef]

11. Lassale, C.; Batty, G.D.; Baghdadli, A.; Jacka, F.; Sanchez-Villegas, A.; Kivimaki, M.; Akbaraly, T. Healthy dietary indices and
risk of depressive outcomes: A systematic review and meta-analysis of observational studies. Mol. Psychiatry 2019, 24, 965-986.
[CrossRef] [PubMed]

12. Moreno-Agostino, D.; Caballero, FF.; Martin-Maria, N.; Tyrovolas, S.; Lépez-Garcia, P.; Rodriguez-Artalejo, F.; Haro, ].M.;
Ayuso-Mateos, J.L.; Miret, M. Mediterranean diet and wellbeing: Evidence from a nationwide survey. Psychol. Health 2019, 34,
321-335. [CrossRef] [PubMed]

13.  Muscaritoli, M. The impact of nutrients on mental health and well-being: Insights from the literature. Front. Nutr. 2021, 97,
656290. [CrossRef] [PubMed]

14. Mills, S,; Stanton, C.; Lane, J.A.; Smith, G.J.; Ross, R.P. Precision nutrition and the microbiome, part I: Current state of the science.
Nutrients 2019, 11, 923. [CrossRef] [PubMed]

15. Saghafian, F; Hajishafiee, M.; Rouhani, P.; Saneei, P. Dietary fiber intake, depression, and anxiety: A systematic review and
meta-analysis of epidemiologic studies. Nutr. Neurosci. 2023, 26, 108-126. [CrossRef]

16. Saghafian, F; Sharif, N.; Saneei, P.; Keshteli, A.H.; Hosseinzadeh-Attar, M.].; Afshar, H.; Esmaillzadeh, A.; Adibi, P. Consumption
of dietary fiber in relation to psychological disorders in adults. Front. Psychiatry 2021, 12, 587468. [CrossRef]

17. Wilson, A.S.; Koller, K.R.; Ramaboli, M.C.; Nesengani, L.T.; Ocvirk, S.; Chen, C.; Flanagan, C.A.; Sapp, ER.; Merritt, Z.T.; Bhatti, F,;
et al. Diet and the human gut microbiome: An international review. Dig. Dis. Sci. 2020, 65, 723-740. [CrossRef]

18.  Mayer, E.A.; Nance, K.; Chen, S. The gut-brain axis. Annu. Rev. Med. 2022, 73, 439-453. [CrossRef]

19. Osadchiy, V,; Martin, C.R.; Mayer, E.A. The gut-brain axis and the microbiome: Mechanisms and clinical implications. Clin.
Gastroenterol. Hepatol. 2019, 17, 322-332. [CrossRef]

20. Berding, K.; Bastiaanssen, T.F.; Moloney, G.M.; Boscaini, S.; Strain, C.R.; Anesi, A.; Long-Smith, C.; Mattivi, E; Stanton, C.; Clarke,
G.; et al. Feed your microbes to deal with stress: A psychobiotic diet impacts microbial stability and perceived stress in a healthy
adult population. Mol. Psychiatry 2023, 28, 601-610. [CrossRef]

21. Jarbrink-Sehgal, E.; Andreasson, A. The gut microbiota and mental health in adults. Curr. Opin. Neurobiol. 2020, 62, 102-114.
[CrossRef] [PubMed]

22. Lane, M.; Howland, G.; West, M.; Hockey, M.; Marx, W.; Loughman, A.; O’'Hely, M.; Jacka, F.; Rocks, T. The effect of ultra-
processed very low-energy diets on gut microbiota and metabolic outcomes in individuals with obesity: A systematic literature
review. Obes. Res. Clin. Pract. 2020, 14, 197-204. [CrossRef]

23.  Leo, E.EE.M.; Campos, M.R.S. Effect of ultra-processed diet on gut microbiota and thus its role in neurodegenerative diseases.
Nutrition 2020, 71, 110609.

24. Madison, A.; Kiecolt-Glaser, ] K. Stress, depression, diet, and the gut microbiota: Human-bacteria interactions at the core of
psychoneuroimmunology and nutrition. Opin. Behav. Sci. 2019, 28, 105-110. [CrossRef] [PubMed]

25.  Godos, J.; Currenti, W.; Angelino, D.; Mena, P; Castellano, S.; Caraci, F.; Galvano, F.; Del Rio, D.; Ferri, R.; Grosso, G. Diet and
mental health: Review of the recent updates on molecular mechanisms. Antioxidants 2020, 9, 346. [CrossRef] [PubMed]

26. Makki, K.; Deehan, E.C.; Walter, J.; Backhed, F. The Impact of Dietary Fiber on Gut Microbiota in Host Health and Disease. Cell

Host Microbe 2018, 23, 705-715. [CrossRef]


https://doi.org/10.1016/j.psychres.2019.112697
https://doi.org/10.1111/j.1467-9280.1997.tb00403.x
https://doi.org/10.1016/S0092-6566(03)00058-8
https://doi.org/10.1177/0963721412469809
https://doi.org/10.1111/bjhp.12320
https://www.ncbi.nlm.nih.gov/pubmed/29862618
https://doi.org/10.3390/nu9030238
https://www.ncbi.nlm.nih.gov/pubmed/28273871
https://doi.org/10.1111/1747-0080.12754
https://doi.org/10.1371/journal.pone.0024805
https://doi.org/10.1038/ejcn.2014.130
https://doi.org/10.1136/bmj.m2382
https://doi.org/10.1038/s41380-018-0237-8
https://www.ncbi.nlm.nih.gov/pubmed/30254236
https://doi.org/10.1080/08870446.2018.1525492
https://www.ncbi.nlm.nih.gov/pubmed/30320519
https://doi.org/10.3389/fnut.2021.656290
https://www.ncbi.nlm.nih.gov/pubmed/33763446
https://doi.org/10.3390/nu11040923
https://www.ncbi.nlm.nih.gov/pubmed/31022973
https://doi.org/10.1080/1028415X.2021.2020403
https://doi.org/10.3389/fpsyt.2021.587468
https://doi.org/10.1007/s10620-020-06112-w
https://doi.org/10.1146/annurev-med-042320-014032
https://doi.org/10.1016/j.cgh.2018.10.002
https://doi.org/10.1038/s41380-022-01817-y
https://doi.org/10.1016/j.conb.2020.01.016
https://www.ncbi.nlm.nih.gov/pubmed/32163822
https://doi.org/10.1016/j.orcp.2020.04.006
https://doi.org/10.1016/j.cobeha.2019.01.011
https://www.ncbi.nlm.nih.gov/pubmed/32395568
https://doi.org/10.3390/antiox9040346
https://www.ncbi.nlm.nih.gov/pubmed/32340112
https://doi.org/10.1016/j.chom.2018.05.012

Nutrients 2024, 16, 2875 12 of 12

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Young, L.M.; Gauci, S.; Arnoldy, L.; Martin, L.; Perry, N.; White, D.J.; Meyer, D.; Lassemillante, A.C.; Ogden, E.; Silber, B.;
et al. Investigating the Effects of a Multinutrient Supplement on Cognition, Mood and Biochemical Markers in Middle-Aged
Adults with ‘Optimal’ and ‘Sub-Optimal’'Diets: A Randomized Double Blind Placebo Controlled Trial. Nutrients 2022, 14, 5079.
[CrossRef]

Faul, F; Erdfelder, E.; Buchner, A.; Lang, A.G. Statistical power analyses using G* Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149-1160. [CrossRef]

Watson, D.; Clark, L.A.; Tellegen, A. Development and validation of brief measures of positive and negative affect: The PANAS
scales. . Pers. Soc. Psychol. 1988, 54, 1063. [CrossRef]

Crawford, J.R.; Henry, ].D. The Positive and Negative Affect Schedule (PANAS): Construct validity, measurement properties and
normative data in a large non-clinical sample. Br. J. Clin. Psychol. 2004, 43, 245-265. [CrossRef]

Healey, G.; Brough, L.; Murphy, R.; Hedderley, D.; Butts, C.; Coad, J. Validity and reproducibility of a habitual dietary fibre intake
short food frequency questionnaire. Nutrients 2016, 8, 558. [CrossRef] [PubMed]

Healey, G.; Brough, L.; Butts, C.; Murphy, R.; Whelan, K.; Coad, ]. Influence of habitual dietary fibre intake on the responsiveness
of the gut microbiota to a prebiotic: Protocol for a randomised, double-blind, placebo-controlled, cross-over, single-centre study.
BM]J Open 2016, 6, €012504. [PubMed]

Cleghorn, C.L.; Harrison, R.A.; Ransley, ].K.; Wilkinson, S.; Thomas, J.; Cade, J.E. Can a dietary quality score derived from a
short-form FFQ assess dietary quality in UK adult population surveys? Public Health Nutr. 2016, 19, 2915-2923. [CrossRef]
Doak, S.; Kearney, ].M.; McCormack, ].M.; Keaver, L. The relationship between diet and lifestyle behaviours in a sample of higher
education students; a cross-sectional study. Clin. Nutr. ESPEN 2023, 54, 293-299. [CrossRef] [PubMed]

Mumena, W.A.; Ateek, A.A.; Alamri, RK.; Alobaid, S.A.; Alshallali, S.H.; Afifi, S.Y.; Aljohani, G.A.; Kutbi, H.A. Fast-food
consumption, dietary quality, and dietary intake of adolescents in Saudi Arabia. Int. ]. Environ. Res. Public Health 2022, 19, 15083.
[CrossRef]

O’Callaghan, N.; Douglas, P.; Keaver, L. Nutrition practices among adult cancer survivors living on the island of Ireland: A
cross-sectional study. Nutrients 2022, 14, 767. [CrossRef]

Boyd, R.L.; Ashokkumar, A.; Seraj, S.; Pennebaker, ].W. The Development and Psychometric Properties of LIWC-22; University of
Texas at Austin: Austin, TX, USA, 2022; pp. 1-47.

Pennebaker, ].W.; King, L.A. Linguistic styles: Language use as an individual difference. . Pers. Soc. Psychol. 1999, 77, 1296.
[CrossRef]

Hansen, S.R.; Wetherell, M.A.; Smith, M.A. Written benefit finding for improving psychological health during the COVID-19
pandemic first wave lockdown. Psychol. Health 2022, 37, 1223-1240. [CrossRef] [PubMed]

Hayes, A.F. Mediation, moderation, and conditional process analysis. In Introduction to Mediation, Moderation, and Conditional
Process Analysis: A Regression-Based Approach, 2nd ed.; The Guilford Press: New York, NY, USA; London, UK, 2013; Volume 1.
Cronin, P; Joyce, S.A.; O'Toole, PW.; O’Connor, E.M. Dietary fibre modulates the gut microbiota. Nutrients 2021, 13, 1655.
[CrossRef]

Ashley, L.; O’Connor, D.B.; Jones, E. Effects of emotional disclosure in caregivers: Moderating role of alexithymia. Stress Health
2011, 27, 376-387. [CrossRef]

Xiong, R.G.; Li, J.; Cheng, J.; Zhou, D.D.; Wu, S.X.; Huang, S.Y.; Saimaiti, A.; Yang, Z.J.; Gan, R.Y.; Li, H.B. The role of gut
microbiota in anxiety, depression, and other mental disorders as well as the protective effects of dietary components. Nutrients
2023, 15, 3258. [CrossRef]

Burton, C.M.; King, L.A. Effects of (very) brief writing on health: The two-minute miracle. Br. ]. Health Psychol. 2008, 13, 9-14.
[CrossRef]

Round, E.K.; Wetherell, M.A.; Elsey, V.; Smith, M.A. Positive expressive writing as a tool for alleviating burnout and enhancing
wellbeing in teachers and other full-time workers. Cogent Psychol. 2022, 9, 2060628. [CrossRef]

Rantala, E.; Balatsas-Lekkas, A.; Sozer, N.; Pennanen, K. Overview of objective measurement technologies for nutrition research,
food-related consumer and marketing research. Trends Food Sci. Technol. 2022, 125, 100-113. [CrossRef]

Hooson, J.; Hutchinson, J.; Warthon-Medina, M.; Hancock, N.; Greathead, K.; Knowles, B.; Vargas-Garcia, E.; Gibson, L.E.; Bush,
L.A.; Margetts, B.; et al. A systematic review of reviews identifying UK validated dietary assessment tools for inclusion on an
interactive guided website for researchers: www.nutritools.org. Crit. Rev. Food Sci. Nutr. 2022, 60, 1265-1289. [CrossRef]
Russell, J.A. Expressive Writing and Community College Students: Making Meaning of Their Experiences in Life and Academics; American
Association for Adult and Continuing Education: Atlanta, GA, USA, 2021; pp. 204-210.

Mosher, D.K.; Hook, ].N.; Captari, L.E.; Hodge, A.S.; Bellegarde, N.; Davis, D.E.; McElroy-Heltzel, S.E.; Choe, E.J.; Van Tongeren,
D.R.; Davis, E.B.; et al. Spiritually oriented expressive writing and promoting positive outcomes after a natural disaster. Couns.
Psychol. 2021, 49, 847-881. [CrossRef]

Pechey, R.; Monsivais, P. Socioeconomic inequalities in the healthiness of food choices: Exploring the contributions of food
expenditures. Prev. Med. 2016, 88, 203—209. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/nu14235079
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1348/0144665031752934
https://doi.org/10.3390/nu8090558
https://www.ncbi.nlm.nih.gov/pubmed/27626442
https://www.ncbi.nlm.nih.gov/pubmed/27591024
https://doi.org/10.1017/S1368980016001099
https://doi.org/10.1016/j.clnesp.2023.01.036
https://www.ncbi.nlm.nih.gov/pubmed/36963876
https://doi.org/10.3390/ijerph192215083
https://doi.org/10.3390/nu14040767
https://doi.org/10.1037/0022-3514.77.6.1296
https://doi.org/10.1080/08870446.2021.1936521
https://www.ncbi.nlm.nih.gov/pubmed/34130556
https://doi.org/10.3390/nu13051655
https://doi.org/10.1002/smi.1388
https://doi.org/10.3390/nu15143258
https://doi.org/10.1348/135910707X250910
https://doi.org/10.1080/23311908.2022.2060628
https://doi.org/10.1016/j.tifs.2022.05.006
https://doi.org/10.1080/10408398.2019.1566207
https://doi.org/10.1177/00110000211010499
https://doi.org/10.1016/j.ypmed.2016.04.012

	Introduction 
	Materials and Methods 
	Participants 
	Materials 
	Positive and Negative Affect Schedule (PANAS) B29-nutrients-3160092 
	Dietary Fibre Intake Food Frequency Questionnaire (DFI-FFQ) B31-nutrients-3160092 
	Short-Form Food Frequency Questionnaire (SFFFQ) B33-nutrients-3160092 
	Linguistic Inquiry and Word Count (LIWC) Software B37-nutrients-3160092 

	Procedure 
	Design and Analysis 

	Results 
	Baseline Data 
	Manipulation Check 
	Positive Affect 
	Negative Affect 

	Discussion 
	Conclusions 
	References

