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Explanation of questionnaires

The Bristol Stool Scale! (BSS) is a self-report scale designed to allow individuals to classify stool
form. This scale requires participants to report the number of times they defecate each day, along
with the form and consistency of their most recent stool, assessed on a seven-point pictorial scale.
This scale was used since stool consistency has been shown to be strongly related to gut
microbiome composition, richness and enterotypes??® and stool frequency is also associated with
gut microbiome composition*®. In addition, the bowel complaints questionnaire assesses the
frequency with which gastrointestinal symptoms are experienced and is based on the Gastro-

Questionnaire developed to evaluate functional gastrointestinal disorders®.

The State—Trait Anxiety Inventory’ (STAI) is a commonly used measure to assess anxiety
distinctive from depression. It assesses both state and trait anxiety by asking participants to rate
statements on a scale from 1 (‘falmost never’) to 4 (‘falmost always’). Two scores are obtained, one
for state anxiety and one for trait anxiety, each ranging between 20 and 80, with higher values

indicating greater anxiety.

The Penn State Worry Questionnaire® (PSWQ) includes 16 items, with participants indicating the
degree to which each characteristic best describes them on a scale from 1 (‘not at all typical of me’)
to 5 (‘very typical of me’). Total scores can range from 16 to 80, with higher scores indicating

greater worry.



The 10-item Perceived Stress Scale® (PSS) assesses the degree to which individuals perceive life
as unpredictable, uncontrollable and overloading. Statements about feelings and thoughts during
the last month are rated for frequency of occurrence from 0 (‘never’) to 4 (‘very often’). Atotal PSS

score ranges between 0 and 40, with higher scores indicating higher levels of perceived stress.

The revised version of the Leiden Index of Depression Sensitivity'® (LEIDS-R) assesses cognitive
reactivity to sad mood, i.e. the extent to which an individual activates dysfunctional thought patterns.
Participants are asked to imagine a day in which one feels down, but not depressed, and to rate 34
statements from O (‘not at all’) to 4 (‘completely applies to me’). This results in a total score ranging
from 0 to 136, with higher scores indicating greater cognitive reactivity. Cognitive reactivity
measured by this scale can be divided into six subscales that reflect more specific dysfunctional

thought patterns: hopelessness, acceptance, aggression, control, risk aversion and rumination.

The Centre for Epidemiological Studies Depression Scale!! (CES-D) includes 20 statements that
are rated from O (‘rarely or none of the time’) to 3 (‘most or almost all of the time’). It identifies
depression symptoms along four subscales: somatic-retarded activity, depressed affect, positive
affect (lack of) and interpersonal affect. A total score ranges from 0 to 60, with higher scores
indicating more depressive symptoms. The CES-D can also be used to identify individuals at risk

for clinical depression*?.

The Positive and Negative Affect Schedule™ (PANAS) includes 20 scales assessing 10 positive
and 10 negative affect states. Participants are asked to rate, from 1 to 5, the extent to which they
are experiencing each of the 20 presented affect states at that moment. A positive and a negative

affect score, both ranging from 10 to 50, are obtained by adding the respective items.

The Emotion Reactivity Scale!* (ERS) contains 21 self-report items intended to measure emotional
reactivity, i.e. the tendency to experience emotional arousal, which can be divided into three
components: emotion sensitivity, emotion intensity and emotion persistence. Statements are rated
on a 5-point scale using 0 (‘not at all like me’) to 4 (‘completely like me’). Total scores range from

0 to 84, with higher scores indicating higher emotional reactivity.



The Multidimensional Assessment of Interoceptive Awareness!® (MAIA) is a self-report measure
for interoceptive body awareness along eight dimensions with 32 statements that are rated on a
scale from 0 (‘never’) to 5 (‘always’). Respective items are averaged to assess interoception in
terms of noticing bodily sensations; not distracting oneself from pain or discomfort; not worrying
about feelings of pain or discomfort; being able to regulate attention for bodily sensations; being
aware of emotional state and bodily sensations; being able to self-regulate distress by giving
attention to bodily sensations; actively listening to one’s body to gain insight; and experiencing

one’s body as safe.

The Bermond-Vorst Alexithymia Questionnaire'® assesses difficulties in an individual's ability to
identify their own emotions (i.e. alexithymia). Participants are asked to rate 40 items on a scale
from 1 (‘completely’) to 5 (‘not at all’), to indicate to what extent a certain statement applies to them.
Higher scores represent more difficulty in identifying one’s own emotions. A total alexithymia score
ranges from 40 to 200 and is obtained by adding items assessing both cognitive and affective

understanding of one’s emotions.

The Buss—Perry Aggression Questionnaire!’ (BPAQ) contains 29 items used to calculate a total
score ranging from 29 to 145. Participants indicate how applicable each item is on a scale from 1
(‘extremely uncharacteristic of me’) to 5 (‘extremely characteristic of me’). Aggression measured
by this questionnaire can be divided into four subscales: anger, physical aggression, verbal

aggression and hostility.

Pandemic impact

Since the active testing stage of the study took place between March 2019 and April 2020 (except
no participants were involved over the Christmas period to exclude possible holiday effects®), some
testing sessions were disrupted due to the global COVID-19 pandemic. Leiden University
implemented safety measures entailing closure of all university buildings, including testing
laboratories, as of 14 March 2020. No pre-intervention sessions were scheduled after this date and

post-intervention sessions that had already been scheduled for after 14 March 2020 had to be



adjusted. On the day of the scheduled post-intervention session, exactly four weeks after starting
the probiotics or placebo, participants were sent an e-mail providing access to the questionnaires.
Participants were instructed to complete the questionnaires from their own device on that day and
notify the experiment leader after completion. Consequently, for participants with this adjusted
post-intervention session, the methods that required attendance at the testing laboratory could not
be carried out. These adjusted measures were approved by the local ethics committee (Psychology
Research Ethics Committee, Institute of Psychology, Leiden University) and affected 19

participants.

As a result, there were missing data for these participants for the tests of emotional processing and
also the intended heart rate measurements (which were originally taken to assess heart rate
variability® as this is considered a physiological measure of emotion regulation?®?). As well as the
participants that could not complete the second session because of the start of the pandemic, the
sample size for the heart rate analysis was further impacted due to some unreliable heart rate
readings. After the heart rate data were recorded (using the wireless H7 Polar heart rate sensor??
in conjunction with the Elite HRV application and processed with Kubios?®), unusual signals were
identified by the software as artefacts and resulted in data from an additional ten participants having
to be excluded (see Table S7 for exclusion reasons). This, combined with the pandemic impact,
substantially reduced the power of the subsequent heart rate analysis but for completeness the
results are presented in Table S8, indicating no significant differences between the two groups in

any of the measures.



Supplementary figures
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Figure S1. Change in daily Bristol Stool Scale during the four-week intervention. Graph depicts the

mean and standard error, with the probiotic group shown in blue and the placebo group in red.
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Figure S2. Intercorrelation plot for the pre-intervention questionnaire scores and day one mood
reports. Plot depicts strength and direction of pairwise correlations, as measured by Kendall’'s Tau-b

correlation coefficient.



Supplementary tables

Table S1. Mean questionnaire scores pre- and post-intervention and change in questionnaire scores

Table shows mean change in scores for

after intervention for the probiotic and placebo groups.

questionnaires (and their subscales). Where the non-parametric Wilcoxon testf was conducted, the Z value

is given instead of the t value.
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Table S2. Change in bowel complaints and frequency after intervention for the probiotic and placebo

groups. Since the non-parametric Wilcoxon test was conducted, the Z value is given.

Bowel complaints & frequency | Probiotics | Placebo | Z value | P value
Loose stool 0.00 0.42 -1.92 0.055
Cramps -0.02 -0.16 -0.64 0.522
Flatulence 0.32 0.21 -0.38 0.704
Constipation 0.00 0.09 -0.94 0.349
Bloating 0.20 -0.07 -1.85 0.064
Nausea 0.07 0.09 -0.90 0.366
Frequency -0.05 0.02 -0.52 0.605

Table S3. Change in dot-probe task after intervention for the probiotic and placebo groups. Table
shows mean change in reaction times (ms) for each emotional expression. Where the non-parametric

Wilcoxon testt was conducted, the Z value is given instead of the t value.

Emotion Probiotic | Placebo | t or Zvalue | P value
Sadness 9.21 3.36 -0.40 0.688
Fear -2.02 3.29 0.37 0.715
Anger -4.86 -1.90 0.19 0.851
Happinesst 1.18 2.35 -0.26 0.798
Surpriset 39.04 22.83 -0.52 0.600

Table S4. Output from linear mixed-effects model predicting percent accuracy in recognising
emotional expressions. Results are given with the estimate for the coefficient, standard error and 95%
confidence limit (CL). Note that the placebo group was set as the reference level for group (such that a
positive coefficient indicates increased accuracy of recognition in the probiotic group) and anger was the

reference level for emotion.

Model term Coefficient | SE | Lower CL | Upper CL | P value
Group -1.96 | 2.11 -6.08 2.16 0.355
Session (pre- or post-intervention) 2.34 | 0.88 0.62 4.05 0.008
Disgust 16.38 | 0.98 14.46 18.30 | <0.001
Fear 13.62 | 0.98 11.70 15.54 | <0.001
Happy 24.41 | 0.98 22.49 26.33 | <0.001
Sad -0.55 | 0.98 -2.47 1.37 0.576
Emotion intensity 0.96 | 0.01 0.94 0.99 | <0.001
Group x Session 247 | 1.26 0.01 4.93 | 0.0499




Table S5. Output from linear mixed-effects model predicting the change in daily Bristol Stool Scale
during the four-week intervention. Results are given with the estimate for the coefficient, standard error
and 95% confidence limit (CL). Note that the placebo group was set as the reference level such that a
negative coefficient indicates a lower score in the probiotic group.

Model term Coefficient | SE Lower CL | Upper CL | P value
Group 0.105 | 0.214 -0.312 0.523 0.622
Time 0.006 | 0.006 -0.005 0.016 0.318
Group x Time -0.005 | 0.008 -0.020 0.011 0.556

Table S6. Correlation between pre-intervention questionnaire scores and the change in negative
mood over time for the probiotic and placebo groups. Results are given for the pre-intervention scores

that showed a correlation (P < 0.08) with the change in negative mood in the probiotic group.

Pre-intervention questionnaire | Group Kendall’s Tau-b coeff | P value
STAI trait anxiety g{gfggs _8:(2); 812?5
LEIDS-R risk aversion glr;)g;%t;cs 8(2)2 82%2
LEIDS R tota Probiotics 03T o8
CES-D positive affect (lack of) Ilzlr;)gie%t;cs 8(2)3 8323
MAIA not-distracting Ilzlr;)i%técs gig 8233
BVAQ total Hicne” a0 T 1000

Table S7. Reasons for exclusion of participants based on heart rate data recorded. Unusual signals
in the heart rate data are recorded by the software as artefacts and can occur for a number of reasons such
as the participant moving (e.g. sneezing or coughing) or interference from another device. A small
percentage of data rejected due to artefacts is acceptable but above 10% the data become too unreliable.
While the aim was to collect heart rate data for 5 mins, this was not possible for every participant and a
recording for a duration of less than 4 mins was excluded since it was not long enough to reliably extract
heart rate variables. One recording also had to be removed because the RMSSD (root mean square of
successive interbeat interval differences), a measure of heart rate variability, was considerably outside the

normal range and thus treated as an anomaly.

Reason for exclusion
> 10% artefacts

Recording (Participant ID)

75 (140), 105 (156), 116 (162), 121 (164), 127 (168), 128
(168), 129 (169), 130 (169), 131 (170), 135 (172), 136 (172)
64 (133)

31 (116)

< 4 mins
Abnormally high RMSSD




Table S8. Change in heart rate variables after intervention for the probiotic and placebo groups. The

heart rate variability measures assessed were RMSSD (root mean square of successive interbeat interval

differences), SDNN (standard deviation of interbeat intervals) and pNN50 (percentage of successive interbeat

intervals that differ by more than 50 ms). Where the non-parametric Wilcoxon test’ was conducted, the Z

value is given instead of the t value.

Heart rate & variability | Probiotics | Placebo | t or Z value | P value
Mean heart rate (bpm) 2.08 1.41 -0.23 0.820
Min heart rate (bpm) 0.93 2.01 0.42 0.674
Max heart rate (bpm)t 0.41 1.21 -0.81 0.420
RMSSD (ms)t -4.06 -8.99 -0.86 0.393
SDNN (ms)t -4.57 -8.39 -0.74 0.459
pNN50 -3.03 -5.59 -0.54 0.595
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