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Abstract

Background In this double-blind placebo-controlled randomised intervention we investigated the potential
benefits of a prebiotic supplement on children’s well-being in a home setting. The primary aim was to determine if
this supplement could effectively reduce anxiety, improve mood, and enhance cognitive function, similar to findings
in young adults.

Methods Fifty-three healthy children, aged 6 to 14, participated in an 8-week trial. The trial consisted of three testing
time points; day zero marked the baseline measurement (T1) followed by a 28-day supplement intervention period
during which they consumed 5.5 g of the prebiotic galactooligosaccharides (GOS) daily under parental guidance.
Endline measures (T2) were conducted on the last day of supplement consumption, with a final follow-up testing
session (T3) on day 56. Primary outcomes were trait anxiety using a questionnaire and emotional behavior in a dot-
probe task on responses to positive and negative images. Secondary outcomes encompassed depression levels,
cognitive function tests, and dietary intake recorded in a 4-day food diary. Additionally, we explored whether parents’
emotional behavior had an impact on children’s responses.

Results While our statistical analysis did not reveal significant effects of GOS, there were noteworthy trends. Trait
anxiety levels decreased over time in both groups, with a more pronounced decrease in the GOS group (after
intervention, p=.090; after follow-up, p=.031). The GOS group exhibited reduced negative emotional responses
compared to the placebo group (p=.105), and post-trial depression levels decreased in the GOS group over time
(p=.015). Although parental emotional responses correlated with various emotional outcomes in children, they did
not influence the intervention effects.

Conclusions These findings suggest positive trends in line with our hypotheses, however further investigation with
greater statistical power would be beneficial.

Trial registration Retrospectively registered on https://clinicaltrials.gov/ [NCT06258135] on February 6, 2024.
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Prebiotics are psychobiotic compounds that exert
improvements in emotional well-being or cognition via
the gut microbiome [1]. Although these compounds have
demonstrated potential in improving the health and well-
being of adults, the evidence regarding their benefits for
children and young people (CYP) is inconsistent [2, 3].
This presents a significant challenge, particularly as men-
tal health issues among CYP are on the rise [4—6]. This not
only places a substantial burden on healthcare services
but also impacts on the affected young individuals and
their caregivers. Additionally, unresolved mental difficul-
ties before the age of 14 can significantly increase the risk
of lifelong challenges for individuals [7].

Securing effective mental health interventions for CYP
remains a persistent challenge, characterized by delays
and limited effectiveness [8]. Additionally, the stigma
surrounding mental health issues often deter CYP from
seeking help. A recent research review underscores an
imbalance in the literature, with an overemphasis on
clinical populations and disregards the stigma associated
with problematic mental health in young people [9]. This
research gap emphasized the importance of adapting suc-
cessful strategies to support subclinical CYP, aiming to
prevent the development of detrimental coping mecha-
nisms or maladaptive behaviors. Therefore, it is crucial
to prioritize early intervention strategies for subclinical
groups rooted in health-oriented principles, rather than
solely disease reduction.

Dietary factors are becoming a prominent dimension in
understanding ongoing neurodevelopment. Such effects
are thought to be mediated through the gut-brain axis
(GBA), a bidirectional communication system linking gut
microbiome composition and activity to brain function.
Preclinical research has demonstrated a strong relation-
ship between gut microbiome modulations and neuro-
development, influencing brain function and behavior
through immunological, neural, metabolic, and endo-
crine pathways (see [10] for a detailed review). These
findings provide compelling support for targeting the gut
microbiome therapeutically, particularly during critical
developmental windows, such as adolescence [11, 12].

In exploring dietary influences on wellbeing, our prior
work with young people's experiences of mental health
challenges identified a strong desire for autonomy in
maintaining wellbeing [2]. However, many reported feel-
ing overwhelmed by the complexity of general dietary
advice and expressed a need for more specific, evidence-
backed strategies [2]. Galactooligosaccharides (GOS)
are prebiotics with established health benefits, includ-
ing their ability to promote the growth of beneficial

gut bacteria. Given the emerging links between the gut
microbiome and mental health, investigating the role of
GOS supplementation in improving mental health out-
comes in CYP is a logical next step. GOS has been shown
to improve the growth of helpful Bifidobacteria in the
gut, and induced anxiolytic effects in our recent study
involving females in late adolescence/emerging adult-
hood [13].

This study aimed to investigate the potential of a galac-
tooligosaccharide (GOS) to enhance emotional well-
being among CYP aged 6-14 in a home-based setting.
The choice of age range 6—14 years was selected because
our prior systematic review identified this age group
in several other psychobiotic studies on cognition and
emotion behavior [3]. Herein, we found other existing
studies on psychobiotic interventions in CYP have pre-
dominantly centered around clinical populations [14, 15],
cognitive challenges [16], or neurodevelopmental condi-
tions [17-20]. Considering this, we aimed to extend our
successful testing protocol to a younger, typically devel-
oping cohort. In addition, we explored the effects of the
parental emotional climate, the sum of parental mood,
wellbeing and emotion regulation on children’s develop-
ment within the family [21], which has implications on
biological maturation [22], and may be adaptable via the
gut brain axis. The ultimate objective is to develop a read-
ily applicable and widely accessible dietary intervention
(e.g., a prebiotic) to promote adaptive emotional behav-
iors. This could potentially pave the way for its incorpo-
ration in settings like school meals.

To evaluate the practicality and impact of our inter-
vention, we conducted a randomized, double-blind, fully
remote, placebo-controlled trial involving GOS supple-
mentation. This approach was designed to minimize
researcher involvement, thereby mitigating potential per-
formance effects or biases. Our investigation specifically
focused on whether GOS intake enhances emotional
behavior or cognitive processing, utilizing behavioral
tasks and psychological testing in healthy participants
aged 6-14 years over 28 days. The primary outcomes
under consideration were trait anxiety and emotional
bias. Our hypothesis posited that GOS supplementation
would result in reduced trait anxiety levels and emotional
bias to negative emotions in a dot-probe task. Second-
ary outcomes were depression levels, cognitive function
of attention, and nutritional intake. Drawing on previ-
ous findings in young adults, we anticipated a decrease
in depression levels in the GOS supplement group and
improved efficiency in the attentional networks, as
measured by the attention network test. Additionally,
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we hypothesized a reduction in habitual dietary sugar
intake due to GOS supplementation. Tertiary outcomes
explored the influence of parent-measured emotional
behavior on child outcomes. All outcomes were assessed
for intervention effects and potential longevity during a
follow-up period without dietary intervention.

Method

This study received favorable ethical opinion from the
University of Surrey ethics committee. Participating
parents provided written informed consent as parents/
guardians and for individual participation. Children pro-
vided assent prior to study participation. Participants
were compensated for their time (£50). This protocol was
registered on https://clinicaltrials.gov/ [NCT06258135]
on February 6, 2024.

Participants
Based on a previous anxiolytic placebo controlled double
blind trial of a GOS dietary intervention from our labora-
tory [13], Sample size was calculated for a medium sized
effect on the primary outcome with 80% power and alpha
level 0.05 for an ancova model with four covariates. We
estimated a sample size of 30 per group was required to
replicate effects in a younger group. Siblings from the
same family could participate with a single parent. Eligi-
bility criteria was based on child characteristics, namely
aged 6-14 years old with no current clinical levels of
anxiety and/or co-morbid psychological diagnoses, no
developmental disorders, no gastro-intestinal problems
or disease, and no restrictive diets (e.g., lactose intoler-
ance, gluten free). Recruitment was via word of mouth
and invitations were extended to our existing participant
databases. 57 children were screened for eligibility, 1 was
excluded due to dietary restrictions. 56 children were
eligible to participate (from 37 separate families) and 3
declined to take part. 53 children enrolled in the study.
The flow of participants is outlined in Fig. 1. Of the
53 children enrolled, 11 children did not complete T1
outcomes. 42 children returned data at T1, thereafter, 2
children requested data withdrawn. 8 children declined
to complete T2 measures, thus 32 children returned
data at T2 (with n=17 for the GOS group and n=15 for
the placebo group). 3 children declined to complete T3
measures resulting in 29 children returning data at T3.
Of the 40 children with T1 data available for analysis, 21
had been allocated to the intervention group (14 females,
M,ge = 11.2 years, SD=2.91) and 19 had been allocated
to the placebo group (11 females, M,, = 12.7 years,
SD =1.06).

:t

Protocol adherence
Participants reported the date supplements were
started, and approximately 3 weeks after this were sent
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a reminder to complete the T2 assessments on day 28.
Participants confirmed that the course of supplements
would be complete on that date or stated an alternative
date for T2 completion (due to missing a day, beginning
supplementation later than reported, or family avail-
ability). 3 weeks after T2 completion, participants were
sent another reminder to complete T3 assessments on a
specified date (28 days after T2). Participants who did not
engage were re-contacted periodically for a duration of
2 months after the last contact, then presumed to have
discontinued. The average time between T1 and T2 was
31.5 days (SD=3.9; range 24—39 days), and between T2
and T3 37 days (SD=16.8, range 16—80 days).

Sample attrition

In total 4 children explicitly discontinued participation.
Parents explained that this was because their children
did not like the taste or texture of the supplement when
added to food (n=3) or cited bloating (n=1; as per the
product information leaflet). The remaining attrition (11
children in total) was due to lost contact; 8 children at
T2, and 3 children at T3. For those who ceased participa-
tion descriptive demographic and outcome variables (col-
lapsed across time) were similar to those who continued
participation, e.g., age; GOS group M=12.9 (SD=1.38),
placebo group M =11.88 (SD=1.36); trait anxiety; GOS
group M=31.17 (SD=7.73), placebo group M=37.83
(SD=9.41).

Design

This two-arm, randomized, double-blind placebo-con-
trolled trial aimed to recruit 60 healthy children aged
6-14 years with a parent between March 2021 and
November 2021. Once enrolled, children were ran-
domised to the GOS or placebo group 1:1 familywise
(siblings received the same supplement to maintain allo-
cation concealment), 28 children were allocated to the
GOS group, and 25 to the placebo group.

Intervention
Supplements were supplied and blinded at packaging by
FrieslandCampina, NL. The GOS and placebo supple-
ments were provided in powdered form in coded sachets
7.5 g/day (corresponding with 5.5 g/day active Biotis®
GOS (FrieslandCampina, Amersfoort, the Netherlands)
and 7.5 g/day Maltodextrin Maltosweet G 181 (Tate &
Lyle) as placebo. The taste of both supplements can be
characterized as slightly sweet. Parents/caregivers were
instructed to assist their children in remembering to con-
sume the supplement each day with breakfast. Participat-
ing families were advised to maintain their habitual diets
for the duration of the trial.

Outcomes were assessed prior to intervention (base-
line, T1), at the end of the 4-week dietary intervention
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Enroliment
Assessed for eligibility (n = 57 children)
Excluded (n = 4 children)
* Not meeting inclusion criteria(n= 1)
* Declined to participate (n = 3)
Allocation
Allocated (n = 53 children, n = 37 parents)
Intervention 1:1 family wise
* Prebiotic (n = 28 children, n = 19 parents)
* Placebo (n = 25 children, n = 18 parents)
Attrition (lack of time, no longer interested)
Children (n=11)
parents (n = 10)
Measurements
Baseline
Children (n = 42) Parents (n=26)
Withdrew (n = 2) No response (n = 1)
Endline l l
Discontinued (n = 8) Discontinued (n = 6)
+ Did not like taste/texture (n=3) || = Withchild/ren (n =4)
* Bloating(n=1) * No response (n = 2)
* Noresponse (n = 4)
Follow up i l
Discontinued (n = 3) Discontinued (n = 6)
* No response (n = 3) * No response (n = 6)
Analysis

Intention to treat

Children (n = 101)
Baseline (n = 40)

Parents (n = 60)
Baseline (n = 26)

A

Endline (n = 32)
Follow up (n = 29)

Endline (n = 20)
Follow up (n = 14)

Fig. 1 Participant flow chart showing the number of participants (children and their parents) progressing through the study milestones. Note, there are

fewer parents than children due to siblings participating

(endline, T2) and 4 weeks later (follow up, T3). Primary
outcomes specified that GOS would induce and sustain
improved emotion ability over the assessment period
evidenced by lower anxiety levels as measured by the

trait subscale of the state-trait anxiety inventory [23],
and improved emotion behavior as measured by the
dot-probe task. Secondary outcomes similarly speci-
fied improved depression levels and cognitive function
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as measured by the child depression inventory [24] and
attention network test [25]. Changes in habitual nutri-
tional intake were also assessed. Tertiary outcomes
examined the influence of parental emotion behavior on
child outcomes over the assessment period.

Child measures

Trait anxiety was measured using the trait subscale
from the state-trait anxiety measure for children [23]
(STAIC). The STAIC consists of two 20-item scales that
measure state and trait anxiety, validated for use in chil-
dren. The trait scale measures longer-term trait anxiety,
which addresses how the child generally feels, whereas
the state anxiety scale measures the current anxiety
state in the child. Children chose one of three responses
(hardly=1, sometimes=2, often=3) to a statement e.g.,
“I feel unhappy...” Items were summed, with greater val-
ues reflecting greater anxiety. Reliability was calculated
on 20 items at each time point and was found to be good
(baseline a=0.916, endline o =0.917, follow up o =0.923).
Scores on the trait scale range from 20 to 60, with US
sample norms around M =35.7, SD = 6.6 (collapsed across
males and females).

Emotion processing was measured using the dot-probe
[26] task on their home laptop or computer, delivered
via an experimental software [27] hosted online at Pav-
lovia (https://pavlovia.org/). The dot-probe task assesses
implicit attentional biases towards emotion information,
such as emotional expressions. During the dot-probe task
participants were instructed to focus on a central fixation
cross. After an interval, two pictures of faces with emo-
tional expressions appeared on both sides of the screen.
The faces were a combination of angry expressions (to
draw out negative emotions), happy expressions (to draw
out positive emotions) and calm expressions (for non-
emotional response). Each emotional expression always
appeared with a calm expression. The faces were visible
for 500 ms, before a dot is presented in the location of
one former picture. Children had to use the arrow keys
to indicate if the dot was on the left or right side of the
screen. The response time (RT) to the dot was recorded.
Positive vigilance to happy faces and negative vigilance
to angry faces was calculated from the RTs of correct
responses by subtracting congruent RTs (e.g., dot in the
same location as emotional face) from incongruent RTs
(e.g., dot in opposite location from emotional face) for
happy and angry faces separately.

Depression was measured using the child depression
inventory [24] (CDI). The CDI is a 27-item measure of
unidimensional depressive symptoms in children. Chil-
dren are presented with groups of three sentences and
asked to choose the one that best describes him or her in
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the past two weeks. Sentences are scored a=0; b=1; c=2
with some items reversed, and totals are summed. Scales
range from 0 to 54, and higher scores indicate greater
levels of depressive symptoms. Reliability was calculated
on 26 items at each time point and was found to be good
(baseline a=0.914, endline a=0.934, follow up a=0.96).
In school aged children who are not depressed, mean
scores on the CDI are around 8-10, with standard devia-
tions of 7-8. Clinical levels of depression are indicated in
those scoring above 17-19 points.

The attention network test (ANT) adapted for use
by children and showing the same effects in adults [25]
was used to measure cognition, at home using the online
software as for the dot-probe task. The ANT assesses
performance in three key attention networks: the alert-
ing, orienting and executive function network. The ANT
combines cued reaction time trials with flanker task trials
to elicit varying reaction times that represent efficiency
in three distinct processes of attention; alerting, orient-
ing and executive control [28]. There are 3 blocks of 48
trials (after a 15-trial practice block with performance
feedback). Trials were comprised of a fixation cross of
duration jittered between 400 and 1600 ms, followed by a
warning cue presented for 100 ms, another fixation cross
of 100 ms, then target/flanker combinations for a maxi-
mum 1700 ms, after which if no response was made the
next trial began or in the instance of a response a post
fixation period occurred until 4000 ms passed from trial
onset. There were 3 different conditions (neutral, congru-
ent, and incongruent) and 4 different cue conditions (spa-
tial, double, none or center) resulting in 12 different trial
types, each of which was presented 12 times across the 3
blocks. Alerting and orienting networks were estimated
based on reaction rate (inverse transform on individual
trials of reaction time, to estimate speed of response) fol-
lowing the four distinct cue trials. Alerting network effi-
ciency was computed from median reaction rate in no cue
condition minus median reaction rate in double cue con-
dition. Orienting efficiency was calculated as median reac-
tion rate in center cue condition minus median reaction
rate in spatial cue condition. Executive function efficiency
was computed from target types; median reaction rate to
trials with target incongruent to flanker stimuli minus the
median reaction rate to trials where target was congru-
ent with flanker stimuli. Responses quicker than 200 ms
(too quick) were re-coded as errors and not included in
efficiency analysis. Missed responses (too slow) were re-
coded as errors. The median number of errors across the
12 different trial types, participants, and time was 2, with
no difference dependent on trial type. Only participants
who accurately responded to at least 8/12 (e.g., clearly
greater than chance) trials on each of the 12-trial con-
dition/cue combinations were included in the efficiency
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analysis. On this basis, one participant was not included
in the endline efficiency analysis.

Nutritional intake was measured using a food diary
over 4 days. Parents were asked to help children record
everything they ate and drank, including brands, portion
sizes and time of consumption. These data were entered
into a nutritional analysis database [29] that estimated
daily energy intake, and macronutrient intakes that were
then averaged over 4 days. The reported macronutri-
ents reported were converted to a percentage of average
energy intake using 4 calories per gram for carbohydrates
and protein, 9 calories per gram for fat and 8 calories per
gram for alcohol. Sugars are calculated from mono- and
disaccharides (excluding oligosaccharides) and free sug-
ars encompass all added sugars, including those from fruit
juice and honey.

Demographic measures were collected by self-report,
height in centimeters and weight in kilograms and sex.
Age was calculated from the reported date of birth and
testing date. Pubertal maturation was measured using the
Petersen development scale [30] (PDS). The PDS is a self-
report 7 item instrument, each item has four statements
(scored 1-4) with one statement selected per item that
corresponds with current stage of development. Items are
averaged to give a development score; higher scores indi-
cate greater maturation.

Baseline measures
(T1)

- Survey -
- Behavioural tasks -

Food diary
8]
I I I

Endline measures

Food diar
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Parental measures

Parents completed the same dot-probe task, ANT task,
food diary and demographic measures in addition to
adult equivalent measures of trait anxiety [31] (STAI) and
depression [32] (Becks Depression Inventory, BDI). The
trait sub-scale of the STAI has 20 items for assessing trait
anxiety. Trait anxiety items include: “I worry too much
over something that really doesn’t matter” and “I am
content; I am a steady person” All items are rated on a
4-point (1-4) scale (e.g., from “Almost Never” to “Almost
Always”). Score range is from 20 to 80 and higher scores
indicate greater anxiety. Reliability was good calculated
on 20 items at each time point (baseline a=0.915, end-
line «=0.932, follow up a=0.934). The BDI is a unidi-
mensional measure of depression symptoms of 21 items
using a four-point scale which ranges from 0 (symptom
not present) to 3 (symptom very intense). Values are
summed, score range is from 0 to 84 and greater values
indicate more depression symptoms. Reliability was good
at each time point (21 items, baseline a=0.789, endline
a=0.848, follow up a=0.789).

Procedure

For this project, we adapted a previously successful
supplement intervention protocol [13] for at-home use
(Fig. 2). A 28 day supply of supplements was mailed to
the participants homes, with a link to an online testing
platform hosting the study tasks [27, 33]. For baseline
measurements, participants (children and parents) were

Follow-up measures
(T3)

Survey
Behavioural tasks

l l

Food diar
¢

(T2)

Survey -
Behavioural tasks -

a—
0 1 4

25

-

28 53 56 Days

Daily supplement

>

Fig. 2 The study protocol outlines the timing of the three testing points spanning 56 days. Day Zero marks the baseline measurement (T1) followed by
a 28-day supplement intervention. Endline measures (T2) were conducted on the last day of supplement consumption, with a final follow-up testing
session (T3) around day 56. The duration for recording food diaries is also marked. All measures were administered through online platforms and included
a survey with validated questionnaires measuring trait anxiety, depression, and additional demographic variables. Additionally, two behavioral tasks were

employed to measure emotion behavior and cognitive processing
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instructed to complete the tasks online (questionnaires
and behavioral tasks) and the following day children
were to begin consuming one supplement per day for
28 consecutive days. For the first 4 days of supplement
consumption, a food diary was kept by both parents and
children and again for the final 4 days of the supplement
consumption, and again 28 days later. Outcomes were
assessed at the end of dietary intervention (T2) and 28
days later (T3).

Statistical analysis

The statistical analysis plan was written for intention to
treat analysis using all available data and performed in
R [34]. Missing data was not imputed. For all outcomes
we planned to use linear mixed models using ImerTest
package [35] to estimate fixed effects of the supplement
group (GOS or placebo) and time period (intervention
effects for contrast T1-T2; and longevity which contrasts
T1-T3). Random effects were specified at the participant
level. Sex, age, and pubertal maturation were investigated
as covariates. For analysis of nutritional intake, the chil-
dren’s BMI centile was investigated as a covariate. For ter-
tiary child outcomes, parent emotion-related measures
were investigated as covariates (trait anxiety, depression,
negative vigilance, positive vigilance). Restricted Maxi-
mum Likelihood (REML) was used to estimate variance
components. To show that GOS influenced an outcome
in contrast to the placebo group, we examined inter-
actions of supplement group during the intervention
period. To show longevity of effects, we examined the
interaction of supplement group during the follow up
period. Outcomes are significant at p <.05 and considered
trend level p<.1.

Post-hoc analysis

We altered the planned statistical analysis follow-
ing the study completion due to disrupted data collec-
tion. Unforeseen circumstances affected the platform
hosting our online tasks that resulted in participants
being unable to complete the tasks at the correct time.
While this was quickly resolved, there remained ongo-
ing related complications that did not become apparent
until data collection ceased. This chiefly affected follow
up data (T3) thus for emotion behavior and cognitive
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processing we assessed only the intervention period (T1-
T2) using ANCOVA models. Similarly, we assessed only
the intervention period with ANCOVA for nutritional
outcomes. This was due to a low return rate of the food
diaries across the study (T1 23/40, T2 23/32, T3 14/29),
and particularly at follow up with participant attrition.
We speculate that the remote nature of the task lessened
the focus on completing the food diaries, given that both
survey and computer tasks were presented together and
were not so laborious for parents who supported children
with food diary completion. Resultingly, the outcomes
Trait anxiety and depression were assessed with LMM,
and dot probe task, ANT task, and nutrient intake with
ANCOVA.

Results

Descriptive statistics

Of the 53 children enrolled, 40 provided baseline mea-
sures (21 in GOS group and 19 in placebo group). Par-
ticipating children’s demographic details are described in
Table 1.

Primary outcomes

We anticipated that GOS consumption, as opposed to
placebo consumption, would lead to a decrease in trait
anxiety. Baseline trait anxiety scores were similar with
no group difference (Mgog = 34.27, SD=7.58, Mjscebo
37.05, SD =10.24, p =.335). Trait anxiety scores were nor-
mally distributed, and there were no significant covariates
from sex, age, or pubertal maturation. The mixed model
identified a reduction in trait anxiety scores following
intervention period (p=.048) and in the follow up period
(p=.016) but no interaction of time and supplement
group. Simple effects analysis found the reduction in trait
anxiety scores was greater in the GOS group (interven-
tion period, T2-T1; B -2.68 points, SE=1.33, p=.090, fol-
low up period, T3-T1;  -3.37 points, SE=1.36, p=.031)
than in the placebo group (intervention period, T2-T1;
-2.69 points, SE=1.46, p=.131, follow up period, T3-T1;
B -2.59 points, SE=1.51, p=.166), Fig. 3A.

On emotion processing an increase in positive vigi-
lance to happy faces and/ or reduction in negative
vigilance to angry faces is desired. For this analysis, we
proceeded with an Ancova of the endline measures, with

Table 1 Demographic measures at baseline for GOS and placebo groups split by male and female children

GOS mean (SD)

Placebo mean (SD)

Female Male Total Female Male Total
Sex (n) 14 7 21 11 8 19
Age (years, range 6-14) 11.2(2.97) 11.6(2.19) 11.61(2.52) 12.7 (1.06) 11.8(1.90) 12.32(1.49)
Pubertal maturation (score range 1-4) 2.26 (0.081) 1.79(0.67) 2.10(0.78) 229 (0.46) 1.87(0.47) 2.12(0.50)
Weight (kg) 446 (17.2) 36.5(13.6) 41.89(16.17) 453 (18.8) 404 (4.97) 4311 (14.59)
Height (cm) 143(18.2) 142 (23.2) 14248 (19.39) 156 (9.83) 157 (16.4) 156.56 (12.72)
BMI Centile (%) 72.5(23.7) 59.8 (30.7) 69.1(25.2) 416 (37.5) 46.3 (32.1) 442 (32.9)
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group, T2 anxiety decreased, and by T3, a significant reduction in trait anxiety was observed. Panel B displays EMM for the secondary outcome of emo-
tion behavior during the dot probe task at T2. ANCOVA analysis reveals decreased vigilance to negative information in the GOS group compared to the
placebo group. Panel Cillustrates square root transformed EMM for the secondary outcome of depression, as assessed by linear mixed modelling. Simple
effects analysis compares T2 and T3 responses to T1 within GOS and placebo groups separately. In the GOS group, T3 depression was reduced compared
toT1, with no such change observed in the placebo group. Panels D, E, and F present cognitive outcomes with EEM plotted following ANCOVA. While no
significant effects were observed, it is noteworthy that the GOS group demonstrated more efficient results in all three networks compared to the placebo
group. Error bars are standard errors of EMM. Significance levels: * p<.05,° p<.10

baselines as a covariate due to obtaining only for 5 chil-
dren (GOS group) and for 8 children (placebo group)
completed datasets at follow up. Baseline vigilance scores
did not differ between groups for negative (p=.323) or
positive (p =.555) emotions, and there was no influence of
sex, age, or pubertal maturational score. Variables were
normally distributed. There was no group effect follow-
ing intervention in an ancova model considering positive
and negative vigilance simultaneously, however, simple
effects contrasts of group responses to negative and

positive vigilance separately showed a trend towards a
reduction in negative vigilance following intervention in
the GOS group compared to placebo group (p -30.75 ms,
SE=18.58, p=.105), Fig. 3B.

Secondary outcomes

On depression a reduction in scores was predicted in
the GOS group compared to the placebo group. Distri-
bution of scores on the CDI instrument are right skewed
with a high incidence of zeros. This was reflected in the
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baseline scores (Mgqg = 8.11, SD=4.62, Mj,ceho = 12.00,
SD =10.02). The square root transform normalized the
distribution and resultantly there was no baseline group
difference, p=.391. There were no significant covariates
from sex, age, or pubertal maturation. The mixed model
identified a reduction in depression levels in the follow
up period (p=.008) but no interaction of time and group.
Simple effects analysis found the reduction in depression
levels was greater in the GOS group during follow up
(T3-T1; p -0.61, SE=0.22, p=.015), Fig. 3C.

On cognitive processing, we evaluated networks
involved in alerting attention, orienting attention, and
executive function. In alerting and orienting, desired
improvements in efficiency are illustrated by increased
processing times (higher numbers). In executive func-
tion, improved efficiency is represented by reductions
in processing times (smaller numbers). In all three net-
works, there were no group differences at baseline
(alerting, p=.360; orienting p=.544; executive function,
p=.672) and all efficiency outcomes were normally dis-
tributed. There was no covariate influence on any net-
work from sex, age, or pubertal maturation. To test
supplement intervention effects, ancova models were
used with endline measures as outcomes and baseline
measures as covariates as there were only datasets of 6
children (GOS group) and of 5 children (placebo group)
available at follow up. For alerting efficiency, there was no
effect of supplement group (p=.895), there was no sup-
plement group effect for the orienting network (p =.268),
or for executive function (p=.581). Numerically, at T2
all networks appeared more efficient for the GOS group
(e.g., responding in the expected direction) compared to
the placebo group (Fig. 3D-F).

On nutrient intake, we have previously found reduced
intakes of carbohydrate, sugars and increased fat intake
following GOS supplementation [36]. We anticipated
similar results here. In the GOS group, 13 food diaries
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were returned at baseline, 14 at endline, and 6 at fol-
low up. In the placebo group, there were 10 at baseline,
9 at endline and 8 at follow up. To conserve power, we
assessed only endline group effects with baseline mea-
sures as covariates. A descriptive overview of baseline
energy intake and key nutrients is presented in Table 2.
Table 3 presents the outcome of the ancova analyses.
Free sugar differed following intervention, where the
placebo group had lower reported intakes than the GOS
group, where there had been at similar levels at baseline.
Monounsaturated fat also differed following intervention,
where the placebo group had lower reported intakes than
the GOS group, where there had been at similar levels at
baseline.

Tertiary outcomes

Parent emotion-related variables, trait anxiety, depres-
sion, negative vigilance, and positive vigilance were con-
sidered at baseline as predictors for child level outcomes.
Significantly influential parent variables were included in
the child outcome model to determine if parent’s emo-
tion behavior had an impact on the intervention or follow
up period.

In terms of child trait anxiety, parents’ negative vigi-
lance was linked to increased child anxiety (p=.017),
while parents’ positive vigilance was associated with
decreased child anxiety (p=.027). However, these paren-
tal vigilance factors did not affect the outcomes of
the supplement intervention or the follow-up effects.
Regarding child negative vigilance, parents’ negative vigi-
lance exhibited a negative correlation (p =.028), whereas
parents’ positive vigilance showed a positive correla-
tion (p=.039). For child positive vigilance, there was no
impact from parents’ emotional behavior, and no dis-
cernible effects on children’s emotional vigilance were
observed following the supplement intervention. Parents’
emotional behavior did not exert any influence on child

Table 2 Descriptive overview of nutritional elements analysed at baseline. Data are the average of 4-day comprehensive food diaries

GOS Placebo
Intake Child, N=13" Parent, N=10" Child, N=10" Parent, N=8'
Energy (kcal) 1,737.80 (305.82) 1,604.34 (325.89) 1,894.48 (487.39) 1,775.83 (460.07)
Carbohydrate (%) 4975 (441) 44,04 (6.80) 47.70 (4.34) 43.27 (6.43)
Fat (%) 33.58 (4.39) 34.64 (4.20) 36.16 (4.17) 36.08 (3.28)
Protein (%) 14.80 (2.28) 16.36 (4.31) 14.55(3.31) 16.51 (4.02)
Fibre (g) 20.81 (5.68) 1797 (5. 74) 21.98 (8.18) 23.29 (6.47)
Sugars (%) 19.06 (3.94) 18.04 (2.24) 16.36 (3.82) 13.33(5.02)
Free sugar (%) 6.45 (3.49) 737 (247) 7.13(4.84) 446 (2.68)
Saturated fat (%) 12.99 (2.43) 13.01 (2.53) 13.75(3.89) 11.28 (2.40)
Monounsaturated fat (%) 9.69 (143) 12.02 (2.02) 10.10 (1.97) 10.68 (2.87)
Diet
Omnivore 11/13(85%) 6/ 10 (60%)
Vegetarian 2/13(15%) 4 /10 (40%)

"Mean (SD); % = percentage of energy intake
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Table 3 Statistical outcomes of intervention group effects at endline assessed with ANCOVA. Estimated marginal means and standard

errors are reported with significance level

GOS Placebo

Intake Influential covariate EMM SE EMM SE p
Energy (kcal.) NA 1456.70 139.44 1696.05 154.39 0.269
Carbohydrate (%) NA 49.30 141 49.11 1.56 0.932
Fat (%) NA 35.07 141 34.87 1.57 0.928
Protein (%)’ Energy, Diet. 1411 0.81 16.07 0.81 0.101
Fibre (g)? Energy, Diet. 19.31 1.10 19.56 1.10 0.182
Free Sugars (%) NA 8.20 1.29 3.30 1.26 0.013
Sugars (%) NA 18.15 1.06 16.88 1.18 0452
Saturated Fat (%) NA 13.87 0.80 1291 0.88 0429
Monounsaturated fat (%) NA 9.38 0.58 7.46 0.65 0.041

" Protein as a percentage of energy intake at baseline was influenced by energy intake where greater energy consumption was associated with lower protein intake

and vegetarian diets were associated with lower protein intake

2 Fibre in grams at baseline was influenced by energy intake where greater energy consumption was associated with increased fibre intake, and vegetarian diets

with greater fibre intake

depression. In terms of child cognition within the execu-
tive control network, parents’ depression levels were
positively linked to poorer child efficiency in executive
control (p =.003). However, this association did not trans-
late into observable effects on child responses following
the supplement intervention.

In assessing nutrition outcomes, we considered the
influence of the matched parental intake at baseline. If
significant, this influence was included in the ANCOVA
child outcomes model to examine the impact of parental
nutritional intake on child nutritional intake. Concern-
ing energy intake, carbohydrate, fat, protein, fibre and
saturated fat, parental intake showed a positive correla-
tion with child intake. In other words, the more of each
nutrient consumed by the parent, the more consumed by
the child. However, incorporating parental intakes into
the child Ancova model did not affect any group effects.
Notably, the intakes of free sugar, sugars and monoun-
saturated fat by parents were not correlated with child
intakes.

Discussion
The objective of this trial was to evaluate the potential of
an easily accessible supplement intervention in enhanc-
ing the wellbeing of children and young people (CYP)
by targeting emotion behavior, cognition, or nutrient
intakes. Our hypothesis was that daily supplementation
with the prebiotic GOS would have anxiolytic effects,
improve mood, cognition, and induce improvements in
nutrient intakes. The observed results displayed positive
trends aligning with our hypotheses, including a decrease
in anxiety over time, reduced vigilance to negative stim-
uli, and decreasing depression levels in the GOS group.
However, we note that these trends did not reach statisti-
cal significance when compared to the placebo group.
Previous research investigating the impact of prebiotics
on mental health outcomes in children has yielded mixed

or inconclusive results, which have be influenced by fac-
tors such as study designs [2, 3]. A recent systematic
review and meta-analysis on the effects of dietary fiber on
mental health and cognitive outcomes in CYP found that
while observational studies suggest increased fibre intake
is associated with reduced depression, intervention trials
find minimal effects [37]. These findings indicated low
confidence in the use of dietary fibres as a definitive strat-
egy for improving neurocognitive outcomes, reinforcing
the need for further, well-defined RTCs.

In the present study, the observed positive trends in the
GOS group suggests potential reductions in anxiety, neg-
ative emotional responses, and depression levels but did
not reach statistical significance. However, these trends
align with the known effects of prebiotics observed in
adult studies, providing preliminary insights into their
potential role in younger populations. While improve-
ments in an otherwise healthy sample may be inherently
constrained, the observed direction of changes warrant
further investigation. Importantly, future research should
focus on large-scale trials and incorporate outcome mea-
sures that are more sensitive to detecting subclinical
changes. This is particularly relevant for typically devel-
oping children and young people, including those with
subclinical anxiety, who remain underrepresented in the
existing literature.

Growing evidence supports the use of prebiotics to
enhance overall wellbeing, not only for supplements but
also by incorporating prebiotic food into entire diets [38].
In a novel 4-arm placebo controlled dietary intervention
trial, which compared a high prebiotic diet, or a probi-
otic diet or symbiotic combinations, found participants
on the high prebiotic diet reported improved mood over
an 8-week period, especially those with initially very low
fiber consumption [39]. Another intervention focused
on adults with poor dietary habits, involving a 4-week
psychobiotic dietary program. The participants received
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educational training from a dietitian, contrasting with
a generic healthy eating control group [40]. At the con-
clusion of the trial, the psychobiotic diet group reported
lower perceived stress scores, accompanied by changes in
nutritional intake, such as increased fibre, and alterations
in gut microbiome composition [40]. Although these
studies targeted adults, the focus on non-clinical popu-
lations is commendable and underscores the potential of
dietary prebiotics and psychobiotics in safeguarding the
well-being in CYP with persistently poor dietary habits.

For individuals already maintaining nutritionally ade-
quate diets, the addition of prebiotic supplementation
can potentially impact both nutritional intake and overall
well-being. A 2-arm placebo controlled study involving
GOS supplements over a 4-week period in young female
adults revealed notable changes in gut microbiome com-
position associated with alterations in nutritional intake
by the study’s conclusion [36]. Specifically, carbohydrate
and sugar intake decreased, and fat increased in the GOS
group relative to the placebo group. Additionally, the
GOS supplement led to higher abundances of Bifido-
bacterium which correlated with reduced carbohydrate.
However, this was not replicated in the present study. We
found that the placebo group exhibited lower free sugar
intake at the trial’s end in comparison to the GOS group.
It is essential to approach these results with caution due
to the limited number of returned food diaries. The pro-
tocol’s requirement for participants, particularly parents,
to maintain their food diaries might not have been effi-
cient, potentially placing an added burden on parents in
documenting both their own and their children’s food
consumption. Recognizing the challenges in obtaining
accurate dietary assessments from CYP (e.g [41]), future
studies could address some of the reporting difficulties
by utilizing simpler food frequency questionnaires with
accurate portion sizes specifically designed for CYP, as
suggested in previous research [42].

One noteworthy observation from the nutrition anal-
ysis is the independence of children’s intake of sugars,
free sugar, and monounsaturated fats from parental
intakes. Sugars are calculated from mono- and disac-
charides (excluding oligosaccharides) and free sugars
encompass all added sugars, including those from fruit
juice and honey. As depicted in Table 2 children reported
consuming more sugars and free sugars but less mono-
unsaturated fat compared to parental reports. This vari-
ance could suggest greater autonomy among children in
choosing these specific types of foods. Alternatively, it
may indicate differential taste preferences between adults
and children, with children showing a tendency to favor
sweeter tastes over fat [43]. The reported intakes of free
sugar fall below the World Health Organization’s recom-
mendation of 10% of total energy intake [44]. However,
this observation underscores the potential effectiveness
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of dietary interventions targeted at children, particularly
those oriented towards sweet tastes and reduced fat pref-
erences. Such interventions could play a crucial role in
promoting healthier dietary habits among children.

Irrespective of the intervention effects, parents’ emo-
tion measures exhibited a positive influence over chil-
dren’s emotion measures. This impact is supported by
the concept of heritability, representing the proportion of
trait influenced by genetic factors. For anxiety [45] and
depression [46], heritability can be substantial, increasing
the likelihood that biological children will demonstrate
similar tendencies. The use of self-report instruments
enabled subjective assessments of an individual’s traits
within the context of their experiences and environment.
This approach captures environmental sensitivity, indi-
cating context-dependent individual reactions [47, 48].
Environmental sensitivity is bidirectionally influenced by
both biological and psychosocial factors. Consequently,
therapeutics interventions, such as the potential effects
of prebiotics on the gut-microbiome-brain axis, hold
promise for children (CYP) and environmentally sensi-
tive parents by potentially balancing CNS reactivity.

Limitations

While this study provides valuable insights into the
potential effects of GOS supplementation on mental
health and cognition in children and young people (CYP),
several limitations must be considered. The absence of
statistically significant effects necessitates caution in
interpretation, and observed trends should not be over-
stated. One key limitation is the statistical power of the
study. Given that participants were within typical ranges
for mental health and cognitive function, the scope for
detecting meaningful improvements was limited. Future
research may benefit from targeting populations with
existing mental health or cognitive challenges, where the
intervention may have a greater impact. Developmental
differences also pose a challenge in interpreting the find-
ings. A narrower age range may allow for a more precise
evaluation of effects, as neurodevelopmental variability
between early childhood and adolescence could influence
outcomes. Additionally, incorporating more sensitive
measures capable of detecting subtle, subclinical changes
in mood and cognition would strengthen future studies.
Finally, while this study included a mixed-gender sample,
stratifying analyses by sex or conducting single-sex stud-
ies could help clarify potential sex-specific effects of GOS
supplementation, given known differences in neurodevel-
opment and gut-brain interactions.

In conclusion, the prebiotic intervention in CYP reveals
encouraging trends in enhancing well-being using a well-
tolerated supplement. However, a notable limitation of
this study that should not be disregarded is the small
sample size. It is crucial for future studies to address this
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by adequately powering trial arms to detect controlled
intervention effects. This approach will enhance the
robustness and reliability of findings, contributing to a
more comprehensive understanding of the potential ben-
efits of prebiotic interventions in this population.
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