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Abstract

The objective of the study was to examine the impact of a multi-strain probiotic (MSP) on sleep, physical activity,
and body composition changes. We used a randomised, double-blind, placebo-controlled approach with 70 healthy
men and women (3L0 + 9.5 years, 173.0 + 10.4 cm, 73.9 + 13.8 kg, 24.6 + 3.5 kg/m?) supplemented daily with
MSP (4 x 109 live cells Limosilactobacillus fermentum LF16, Lacticaseibacillus rhamnosus LRO6, Lactiplantibacillus
plantarum LPO1, and Bifidobacterium longum 04; Probiotical S.p.A., Novara, Italy) or placebo (PLA). In response
to supplementation (after 0, 2, 4, and 6 weeks of supplementation) and 3 weeks after stopping supplementation,
participants had subjective (Pittsburgh Sleep Quality Index, PSQI) and objective sleep indicators, body composition,
daily physical activity and resting hemodynamics assessed. Subjective sleep quality indicators using the PSQI
(sleep latency, sleep disturbance, and global PSQI score) improved (P < 0.05) at various time points with MSP
supplementation. Systolic blood pressure in PLA increased (P < 0.05) after 6 weeks of supplementation with no
change in MSP. No changes (P > 0.05) in sleep (hours asleep, minutes awake, number of times awake) or physical
activity (step count, minutes of sedentary activity, total active minutes) metrics assessed by the wearable device
were observed. Additionally, no changes in resting heart rate, diastolic blood pressure, and body composition were
discerned. In conclusion, MSP supplementation improved the subjective ability to fall asleep faster and disturbances
experienced during sleep, which resulted in improved overall sleep quality as assessed by the PSQI. No differences in
other sleep indicators, physical activity, hemodynamics, and body composition were observed during or following
MSP supplementation.

Registered at clinicaltrials.gov: NCT05343533
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1 Introduction in which the nervous, endocrine, and immune systems

communicate back and forth with the intestinal micro-
The existence of the gut-brain axis has been well- biota of the gastrointestinal tract (GIT) (Grenham et
established and recognised as a bidirectional pathway al., 2011; Mayer, 2011; Mayer et al., 2014). Through this
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pathway, the GIT microbiota’s bacteria, intestinal neu-
rons, neurotransmitters, and gut hormones are inter-
connected. The GIT bacteria signals the brain to activate
intestinal neurons, leading to the production of neuro-
transmitters and gut hormones, which help maintain
homeostasis within a host (Ahmed et al., 2022; Muller et
al., 2020). As the GIT alone has been estimated to have
ten times more microorganisms than that of human
cells in our bodies (Grenham et al., 2011). Consequently,
disruptions within the GIT can easily occur, inhibit-
ing the gut-brain axis (Mayer, 2011). With these factors
being identified, research has focused on specific inter-
ventions to help combat potential disruptions, improve
and/or maintain the gut-brain axis communication, and
support the GIT microbiota to ensure signalling of all
components are sufficient (Bagga et al., 2018a; Marotta
et al., 2019; Tillisch et al., 2013).

Notably, probiotics have been investigated as a sig-
nificant focal point for GIT microbiota interventions.
Defined as live microorganisms that, when adminis-
tered in adequate amounts, confer a health benefit on
the host (Colin Hill, 2014), probiotics have been shown
to significantly impact the microbial environment in the
GIT. In particular, a 2018 study conducted by Bagga et al.
(2018b) saw that four weeks of supplementation with
a multi-strain probiotic in 45 healthy adults changed
GIT microbiome profiles as seen through stool sam-
ples. Changes in brain activation patterns in response to
emotional memory and decision-making tasks were also
seen through functional magnetic resonance imaging
(fMRI). Tillisch et al. (2013) also used fMRI to conduct
a randomised, double-blind study in healthy females
(n = 36) to investigate the effects of supplementation
with a fermented milk product with probiotics (FMPP).
After four weeks of FMPP consumption, brain activ-
ity was improved in the brain regions that control the
central processing of emotion and sensation. Addition-
ally, through focusing specifically on different aspects
of mood, a six-week study that involved supplementa-
tion with a probiotic mixture in healthy adults (n = 38)
resulted in significant improvements in overall mood
and sleep quality, with reductions in a depressive mood
state, anger, and fatigue (Marotta et al., 2019).

As research has shown that probiotics significantly
affect the GIT microbiota and the bidirectional path-
way of the gut-brain axis to improve various aspects of
brain activation and mood, different factors associated
with this bidirectional pathway that may be impacted
by probiotics have been brought into question. Specif-
ically, parameters of sleep and sleep quality in general
have been investigated as to whether probiotics could
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improve the duration, quality, latency, and efficiency
of sleep. For example, Takada et al. (2017) saw that 11
weeks of supplementation with 1 x 10° cfu/ml of Lac-
tobacillus casei strain Shirota YIT 9029 (LcS) probiotic
fermented milk in healthy adults (n = 94) positively
improved subjective scores for sleepiness, sleep length,
and sleep latency. Sleep was also investigated in a 2021
study in 20 healthy male adults, where after eight weeks
of supplementation with 1 x 10° cfu/day of Bifidobac-
terium longum 1714 significant improvements in overall
sleep quality and duration of sleep were observed using
the Pittsburgh Sleep Quality Index (PSQI) (Moloney et
al., 2021). As briefly mentioned earlier, Marotta et al.
(2019) also examined the beneficial aspects of probiotic
supplementation on sleep and administered six weeks
of supplementation with 4 x 10° cfu/Active Fluorescent
Unit (AFU) of 2.5 g freeze-dried powder of the probi-
otic mixture containing Lactobacillus fermentum LF16
(DSM 26956), L. rhamnosus LR06 (DSM 21981), L. plan-
tarum LPO1 (LMG P-21021), and Bifidobacterium longum
BL04 (DSM 23233). Using the PSQI, improvements in
sleep quality were seen along with improved sleep
quality being correlated with improved anxiety/depres-
sive symptoms, fatigue, anger, confusion, and vigour.
Although examining sleep, mood, and brain function-
ing in relation to the beneficial effect probiotics have on
the gut-brain axis are at the forefront of investigations
and research studies, there are background factors that
warrant discussion.

Levels of physical activity and body composition can
also prove to be important factors to focus on regard-
ing the gut-brain axis and probiotic supplementation.
To date, limited research has explored the effect of
probiotic supplementation on physical activity levels
and changes in body composition in conjunction with
sleep assessment. Briefly, Quero et al. (2021) supple-
mented young, sedentary and professional soccer play-
ers with a mixture of probiotic strains (Bifidobacterium
lactis CBP-001010, Lactobacillus rhamnosus CNCM I-
4036, and Bifidobacterium longum ESI) and the pre-
biotic fructooligosaccharides for four weeks and eval-
uated changes in inflammatory, immune, and stress
biomarkers in addition to other questions and assess-
ments related to physical and mental health. The more
physically active group (the professional soccer players)
experienced greater improvements in physical activity
and sleep quality along with perceived levels of health,
stress, and anxiety. Furthermore, differential responses
were observed in IL-18, CRH, and dopamine that were
specific to each group. While more research is needed
to explore the interaction between probiotics and phys-
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ical activity levels, the links between mood, sleep, and
brain functioning on physical activity and body com-
position have undergone more research. Motivation, for
example, an aspect of mood and is a significant factor
that can impact the physical activity level of an indi-
vidual, which can extend to impact physical and mental
health in addition to body composition (Frederick et al.,
1996; Mayer, 2011). Motivation may also be an indicator
of how well the GIT microbiota and brain are commu-
nicating via the bidirectional pathway (Ahmed et al.,
2022; Mayer, 2011). Ensuring the gut-brain axis has effi-
cient bidirectional communication can help to improve
motivation specifically, but also mood, sleep, and brain
functioning.

Although there is a strong foundation for research
concerning probiotic supplementation on gastrointesti-
nal function, immunity, and certain aspects of the gut-
brain axis, less research is available that has explored the
potential efficacy for probiotics to modulate sleep, phys-
ical activity, and body composition. Due to the need for
research in this area, the purpose of this study was to
investigate the efficacy of supplementing with a multi-
strain probiotic on changes in sleep, physical activity,
and body composition.

2 Materials and methods

Overview of research design

A randomised, double-blind, placebo-controlled, paral-
lel group study was employed to evaluate the ability
of a multi-strain probiotic to influence sleep quality
and quantity, physical activity, body composition and
hemodynamics. The primary outcomes for this inves-
tigation were the sleep quality and quantity while the
outcomes related to physical activity, body composition,
and hemodynamics were secondary outcomes. Healthy
men and women between the ages of 18-50 years were
assigned to one of two supplementation groups. They
either received a multi-strain probiotic (1 x 109 live cells
of each of the four strains: Limosilactobacillus fermen-
tum LF16 (DSM 26956), Lacticaseibacillus rhamnosus
LRO6 (DSM 21981), Lactiplantibacillus plantarum LP01
(LMG P-21021), and Bifidobacterium longum 04 (DSM
23233); Bifizen™, Probiotical S.p.A., Novara, Italy) or
a maltodextrin placebo (PLA). Prior to study engage-
ment, all participants signed an IRB-approved informed
consent document (Lindenwood University: IRB-19-212,
approval date: 7/17/19, conformed to the standards set
by the latest revision of the Declaration of Helsinki),

TABLE 1 Overview of research design

Week Pre 0 2 4 6 9
Visit 1 2 3 4 5 6
Review and sign consent X

Answer study questions X

Food/fluid log X X X X X
Take assigned supplement X X X
DEXA X X X
Pittsburgh Sleep Quality Index X X X X X
Wearable sleep metrics X X X X X
Hemodynamics X X X X X X
Wearable physical activity X X X X X
Adverse event monitoring X X X X X

completed a health history questionnaire, and answered
a series of questions to determine study eligibility.

Participants were scheduled for four identical study
visits between 06:00-10:00 h while attempts were made
to standardise visit timing across the investigation. For
all visits, subjects were instructed to undergo an 8-10 h
fast (except water) and abstain from strenuous phys-
ical activity 48 hours prior to each visit. All partici-
pants supplemented for six weeks followed by a three-
week washout period post-supplementation. As seen in
Table 1, all participants completed 2-day food records
and were evaluated for changes in sleep parameters,
body composition, hemodynamics, and physical activity
levels after O, 2, 4, and 6 weeks of supplement admin-
istration and 3 weeks after supplementation ceased.
This study protocol and design was registered on Clin-
icaltrials.gov on April 25, 2022, as NCT05343533. Out-
comes related to self-assessed parameters of mood,
anxiety, and personality have been published previ-
ously (Walden et al.,, 2023). The study design was pow-
ered, and sample size was determined based upon the
required changes needed to investigate the impact of
supplementation on self-assessed parameters of mood.
Based upon previous data of Marotta et al. (2019) an a
priori sample size evaluation indicated that if a moder-
ate effect size was realised (d = 0.5), a sample size of
28-33 participants would be needed to detect statistical
significance with an assumed alpha (a) level of 0.05 and
estimated power (1 - 8) of 0.80.

Study participants

A total of 70 healthy men and women (31.0 + 9.5 years,
173.0 + 10.4 cm, 73.9 + 13.8 kg, 24.6 + 3.5 kg/m?) suc-
cessfully completed the study protocol. A Consolida-
tion Standards of Reporting Trials (CONSORT) diagram
is provided in Figure 1. Participants were included in
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Assessed for eligibility (n=120)

Consented (n=120)
Excluded (n=34)
¢ Not meeting inclusion criteria (n=4)
o Withdrew prior to randomisation (n=30)

Randomised (n=86)
1

Allocation

l

Allocated to intervention
MSP (n=42)

l

Allocated to intervention
PLA (n=44)

A Follow-up

Lost to follow up (n=4)
Withdrew consent (n=1)
Relocated (n=1)

Lost to follow up (n=7)
Withdrew consent (n=2)
Relocated (n=0)

1

Analysed (n=35)
Excluded from analysis (n=0)

FIGURE 1  CONSORT diagram.

the study if they were between the ages of 18-50 years,
had a body mass index (BMI) between 18.5-32 kg/m?
(if BMI was 30-32 kg/m?, participant was required to
have body fat percentage < 25% for men and <35%
for women for inclusion), were weight stable for the
past three months (<5% variation in body mass), and
deemed healthy through completion of a health history
questionnaire. Participants were excluded if they were
diagnosed or were being treated for any cardiac, respira-
tory, endocrine, psychiatric, musculoskeletal, renal, hep-
atic, neuromuscular or metabolic disease or disorder
that precluded safe participation or would contraindi-
cate quality control over the collected data, were diag-
nosed with or being treated for celiac disease, lactose
intolerance, digestive insufficiencies, or other gastroin-
testinal complications such as irritable bowel syndrome,
ulcerative colitis, etc., reported being a current smoker
or had quit within the past six months, reported having
used any illicit or recreational drugs including anabolic
steroids within the past 30 days, reported the intake of
any prescription or over-the-counter medications (i.e.

Analysed (n=35)
Excluded from analysis (n=0)

antibiotics) that may impact study outcomes, reported
the current use of any dietary supplements known to
impact digestion or sleep quality for the past 30 days,
reported taking a probiotic within the past 30 days, had
been actively trying to lose weight, or were currently
following a ketogenic or low carbohydrate diet within
the past 30 days. Further, antibiotic use at any point
in the study protocol led to removal from the study.
Women who were pregnant, lactating, or indicated dur-
ing screening they were actively trying to become preg-
nant were excluded from the study.

Procedures

Baseline demographics and hemodynamics

Body mass was determined using a digital scale (Tanita
BWB-627A, Tokyo, Japan) and recorded to the nearest +
0.1 kg. Height was measured using a standard wall-
mounted stadiometer (Tanita, HR-200) and recorded to
the nearest + 0.5 cm. Both measurements were made
after participants voided their bladders and removed
their shoes. Participants then rested quietly for approx-
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imately 10 minutes before measuring resting heart rate
and blood pressure (Omron BP785, Omron Corporation,
Kyoto, Japan).

Diet assessment and control

Study participants completed the automated self-ad-
ministered 24-h dietary assessment tool (ASA24; https://
epi.grants.cancer.gov/asa24/). Healthy Eating Index val-
ues were computed from the completed food records.
The Healthy Eating Index is a measure of diet quality
that can be used to assess compliance with the Dietary
Guidelines for Americans. From the collected food
intake information, 13 different food categories (seafood
and plant proteins, fatty acids, refined grains, sodium
added sugars, saturated fats, total fruits, whole fruits,
total vegetables, greens and beans, whole grains, dairy,
and total protein foods) are populated and the amount
of food and fluid consumed that aligns with that food
category is evaluated against the recommended intake
(https://epi.grants.cancer.gov/hei/interpret-visualise
-hei-scores.html). Each category is then assigned a per-
centage and from there a Healthy Eating Index compos-
ite score is determined. Radar plots have been generated
to evaluate the difference in Healthy Eating Index val-
ues between groups and to evaluate the extent to which
composite Healthy Eating Index values changed across
time.

Body composition

Body composition was obtained using dual-energy X-ray
absorptiometry (DEXA) after 0 and 6 weeks of supple-
mentation as well as three weeks after stopping supple-
mentation to evaluate changes in fat mass, fat-free mass,
and percent body fat. Calibration procedures were per-
formed before each testing session and all scans were
completed using a Hologic QDR Discovery A (Hologic,
Bedford, MA, USA) and analysed using the accompany-
ing software (Hologic APEX Software, Version 4.5.3). The
test-retest reliability (ICC and CV) of these procedures
has previously been determined to be 0.99% and 1.26%
for DEXA fat and 0.99% and 0.75% for DEXA fat-free
mass (data not shown). All results were calculated using
the NHANES correction factor.

Sleep quality and quantity

The Pittsburgh Sleep Quality Index (PSQI) is a vali-
dated self-report questionnaire that subjectively eval-
uates various aspects of sleep quality over the past
month (Buysse et al., 1989). The PSQI has 19 questions
that inquire about usual bedtime, time to fall asleep,
waking time, hours slept per night, and other aspects

of sleep quality. Each item is weighted on 0-3 scale,
whereby a score of 3 reflects the negative extreme on the
scale. All scores are grouped in seven component scores
(sleep duration, use of sleeping medications, sleep dis-
turbances, subjective sleep quality, habitual sleep effi-
ciency, daytime dysfunction, and sleep latency) and all
component scores can be added together to yield a
global score. Qualitatively, a global sum of 5 or greater
indicates poor sleep quality. In addition to the PSQ]I, par-
ticipants were outfitted with a wrist-based accelerome-
ter (Fitbit Inspire 2, Fitbit, San Francisco, CA, USA) to
quantitively and objectively evaluate additional sleep
metrics (average total minutes slept, number of times
restless, number of times awake, total minutes awake or
restless).

Physical activity

Physical activity was not controlled throughout this
study protocol. Eligible participants were instructed to
maintain physical activity status throughout the study
protocol, and to inform research staff if their physical
activity habits changed throughout the study protocol.
Further, wrist-based accelerometers (FitBit Inspire 2)
were worn for one week prior to beginning the sup-
plementation intervention and for the entire duration
of the study. Weekly averages of step counts, minutes
of sedentary activity, and total activity minutes per day
were recorded and evaluated.

Supplementation protocol

Using a randomised, double-blind, placebo-controlled,
parallel group fashion, participants were assigned to
ingest a single capsule of either a maltodextrin placebo
(PLA) or a mixture of four probiotic strains (MSP). Each
probiotic dose was delivered in capsules containing a
1 x 10° live cells dose of each of the following strains
(total daily dose of 4 x 10° live cells): Limosilactobacillus
fermentum LF16 (DSM 26956), Lacticaseibacillus rham-
nosus LRO6 (DSM21981), Lactiplantibacillus plantarum
LPO1 (LMG P-21021), and Bifidobacterium longum 04
(DSM 23233) (Probiotical S.p.A., Novara, Italy). Capsules
for the placebo and probiotic strain were identical in
color, shape, size, and transparency and were packaged
into identical, bottled, containers that contained the
same number of capsules. Participants were instructed
to consume each dose at approximately the same time
each day with 240-360 ml of water and within two hours
of consuming a meal. Product stability was monitored
across the whole study up to 24 months at three differ-
ent temperature conditions (refrigerated at 5 °C, Zone
IT at 25 °C and 65% relative humidity and Zone IVb
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at 30 °C and 75% relative humidity) confirming the
threshold values of 4 x 10° live cells at the end of the
24 months program (Walden et al., 2023).

Adverse event reporting

Adverse events were collected via spontaneous report-
ing by the participants, clinical evaluation, interac-
tion of a research team member with a participant, or
through review of a participant’s research file through-
out the entire duration of the protocol. This data has
been previously reported (Walden et al., 2023).

Statistical analysis

Before any statistical tests were performed, raw data
was screened for data entry and organisation errors, and
then analysed for normality, skewness, and kurtosis. Any
non-normally distributed value was normalised, if pos-
sible, using log-transformations. All data is reported as
mean + standard deviation. For all statistical tests, data
was considered statistically significant when the proba-
bility of type I error is 0.05 or less. A trend or a tendency
for change was determined when the probability of type
I error was P = 0.051- < 0.10. Parametric data was anal-
ysed using mixed factorial ANOVA (group x time) with
repeated measures on time. When significant group x
time interactions were found, delta values (from base-
line) were calculated and assessed using independent
t-tests. Normality was not assessed on the calculated
delta values. Main effects of time were analysed using
single-factor ANOVA with repeated measures on time,
and pairwise comparisons were evaluated using Bonfer-
roni corrections. Non-parametric data was first assessed
using a Friedman test for K-related samples, and if sig-
nificant (P < 0.05), follow-up assessments were com-
pleted using a Wilcoxon signed-rank test between each
baseline score and each subsequent follow-up time-
point. Following this approach, the Friedman test was
used to evaluate the presence of changes over time for
sleep latency, subjective sleep, sleep duration, sleep effi-
ciency, sleep medications, sleep disturbance, daytime
dysfunction, and global PSQI scores. Wilcoxon signed
rank tests were used to evaluate changes between time-
points within a given condition for sleep latency and
global PSQI scores. Bonferroni corrections were applied
to evaluate pairwise comparisons (0.05 / # of com-
parisons being made). Between-group differences were
evaluated at individual timepoints using Mann-Whitney
U for subjective sleep, sleep duration, sleep efficiency,
sleep medications, sleep disturbance, daytime dysfunc-
tion, and global PSQI scores. All analyses were com-

C.M. KERKSICK ET AL.

pleted using Microsoft Excel and the Statistical Package
for the Social Sciences (v27; SPSS Inc., Chicago, IL, USA).

3 Results

Confirmation of probiotic viability

As reported previously (Walden et al., 2023), the fin-
ished supplementation product was analysed (Biolab
stl., Novara, Italy) via flow cytometry (ISO 19344, 2015:
IDF 232: 2015) upon batch release which resulted in a
cell count of >4 x 109 Active Fluorescent Unit (AFU)/g
and plate count method as cfu (Internal Method 014-
06).

Supplementation compliance

Compliance to the supplementation protocol was cal-
culated and reported herein. Participants assigned to
the MSP condition reported compliance between 76.2-
100.0% (mean + standard deviation (SD): 93.7 + 7.3%)
while compliance in the PLA group ranged from 71.4-
100.0% (mean = SD: 94.6 + 7.1%).

Adverse event reporting

Participants self-reported adverse events throughout
the study protocol. Twelve adverse events were reported
in MSP (constipation, n = 1; tired in morning, n = 1, flatu-
lence, n = 4, bloating, n = 3; lower back pain, n = 2; lower
abdominal pain, n = 1) while 46 adverse events were
reported by participants assigned to the PLA condition
(constipation, n = 3; tired in morning, n =1, burping, n =
3; flatulence, n = 6, bloating, n = 4; lower back pain, n =
2;lower abdominal pain, n =1; acid reflux, n = 4; irritated
oesophagus, n = 2; skin irritation, n = 13, dry eyes, n = 4,
fatigue, n = 2, and increased need to use bathroom, n =
1). All reported adverse events, independent of supple-
ment assignment, were mild or moderate in severity. No
serious adverse events were reported.

Dietary intake

Of the 70 participants who completed the current study,
60 of them provided suitable dietary data and this data
has been presented previously (Walden et al, 2023).
Four additional participants provided suitable baseline
dietary data but did not provide a suitable follow-up
measure. For these four cases, missing data was replaced
by carrying the baseline value forward. No differences
were identified between groups for energy (MSP: 1,891 +
569 kcals/day vs PLA: 2,050 + 618 kcals/day, P = 0.27),
protein (MSP: 87.2 + 31.8 g/day vs PLA: 97.2 + 37.6 g/day,
P = 0.23), fat (MSP: 77.1 = 26.2 g/day vs PLA: 88.5 + 29.6
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FIGURE 2  (A) Changes in PSQI Sleep Latency scores from

baseline. (B) Changes in Global PSQI scores from
baseline. * = Significantly different from baseline

(P < 0.05). Data is presented as change scores from
baseline + standard deviation.

g/day, P = 0.09), and carbohydrates (MSP: 212.3 + 66.2
g/day vs PLA: 213.0 + 76.7 g/day, P = 0.97) throughout
the study. In addition, composite Healthy Eating Index
(HEI) scores were computed as part of the ASA24 and
are illustrated as a radar plot in Figure 2.

Baseline characteristics

Table 2 provides age, height, body mass, percent body
fat, and BMI values at baseline for all participants (n =
70), men (n = 35), and women (n = 35). No differences
were present prior to supplementation.

Hemodynamics

All hemodynamic data can be found in Table 3. Resting
heart rate values indicated no changes in the group x
time interaction (P = 0.913, Y)Iz) = 0.004), group effect
(P = 0.724, 3 = 0.002), or time effect (P = 0.980,
nlzj =0.002). A statistically significant group x time inter-
action was observed for the changes in systolic blood
pressure (P = 0.040, nf, = 0.036) while no statistically
significant changes were observed for the main effect
for group (P = 0.347, Y;Izj = 0.013), or time (P = 0.568,

nf, = 0.011). Change scores from baseline were computed
and revealed the changes in PLA were statistically dif-
ferent than the changes observed in MPS after 6 weeks
of supplementation (P = 0.006) and three weeks after
stopping supplementation (P = 0.08). Diastolic blood
pressure values indicated no changes in the group x
time interaction (P = 0.742, v]lzj = 0.007), group effect
(P = 0.420, v = 0.010), or time effect (P = 0.521, v =
0.012).

Body mass and body composition

Changes in body mass indicated no significant group x
time interaction (P = 0.513, Y)IZ) = 0.012), further, the
main effects for group (P = 0.213, Y)% = 0.023) and
time (P = 0.311, yj = 0.017). Body composition was also
assessed and can be found in Table 4. Changes in fat
mass indicated no significant group x time interaction
(P = 0.266, n; = 0.019) or group effect (P = 0.509, v =
0.006), but did demonstrate a significant main effect of
time (P = 0.014, v;f, = 0.067). Lean mass did not exhibit
a statistically significant group x time interaction (P =
0.383, )5 = 0.014) or group effect (P = 0.240, > = 0.020),
but did yield a significant main effect of time (P = 0.007,
V)IZ) = 0.078). Fat-free mass did not exhibit a statistically
significant group x time interaction (P = 0.359, th) =
0.015) or group effect (P = 0.252, ny = 0.019), but did
yield a significant main effect of time (P = 0.006, Y]g =
0.081). Body fat percentage did not exhibit a statistically
significant group x time interaction (P = 0.206, v;f, =
0.023) or group effect (P = 0.955, nf, = 0.000), but did
yield a significant main effect of time (P = 0.01], V;IZJ =
0.070). Lean: fat ratio did not exhibit a statistically sig-
nificant group x time interaction (P = 0.404, Y;}% =0.013)
or group effect (P = 0.522, Y;Iz) = 0.006), while the main
effect of time tended to change (P = 0.081, n; = 0.037).

Perceived sleep and wearable sleep outcomes

As seen in Table 5, perceived sleep parameters were
evaluated using the Pittsburgh Sleep Quality Index.
Within the PSQI, seven subscales and a global score
were analysed. No changes across time were observed
within each group using the Friedman test for subjective
sleep (MSP, P = 0.668; PLA, P = 0.195), sleep duration
(MSP, P = 0.668; PLA, P = 0.195), sleep efficiency (MSP,
P = 0.668; PLA, P = 0.195), and sleep medications (MSP,
P = 0.668; PLA, P = 0.195). Between-group differences
were evaluated at each timepoint using Mann-Whitney
U, which revealed no significant differences for subjec-
tive sleep, sleep duration, sleep efficiency, and use of
sleep medications at any timepoint (all P > 0.05).
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TABLE 2 Baseline characteristics!

C.M. KERKSICK ET AL.

Group Mean (SD) Minimum Maximum P-value
All subjects (n = 70) Age MSP 29.7 (9.0) 18 47 0.25
PLA 32.3 (10.0) 18 50
Height (cm) ~ MSP 171.8 (10.6) 152 193 0.35
PLA 174.2 (10.2) 148 195
Weight (kg) MSP 71.9 (13.9) 50.6 107.5 0.23
PLA 75.9 (13.6) 46.5 104.7
DXA % fat MSP 26.5 (5.8) 13.2 37.3 0.88
PLA 26.8 (8.3) 14.4 45.9
BMI (kg/m?) MSP 24.3 (3.5) 18.8 325 0.41
PLA 25.0 (3.5) 19.4 32.3
Females (n = 35) Age MSP 28.0 (8.9) 18 47 0.03
PLA 35.3 (10.2) 20 50
Height (cm) MSP 165.7 (7.7) 152 181 0.50
PLA 1676 (8.5) 148 178.5
Weight (kg) MSP 64.6 (9.7) 50.6 82.1 0.37
PLA 67.8 (112) 465 88.9
DXA % fat MSP 29.2 (4.9) 21.5 37.3 0.05
PLA 33.0 (6.5) 22.5 45.9
BMI (kg/m?) MSP 23.6 (3.8) 18.9 3L9 0.68
PLA 241 (3.3) 19.4 31.8
Males (n = 35) Age MSP 317 (9.0) 19 47 0.57
PLA 29.8 (9.6) 18 48
Height (cm) MSP 179.1 (9.0) 160 193 0.83
PLA 179.7 (8.2) 156.5 195
Weight (kg) MSP 80.6 (13.3) 59.5 107.5 0.62
PLA 82.8 (11.8) 64 104.7
DXA % fat MSP 234 (5.4) 13.2 34.1 0.32
PLA 21.6 (5.5) 14.4 34.2
BMI (kg/m?) ~ MSP 25.1 (3.1) 20.5 314 0.60
PLA 25.7 (3.5) 19.9 310

I Data is presented as mean (standard deviation (SD)); BMI = body mass index; MSP = multi-strain probiotic; PLA = placebo; DXA = dual-
energy x-ray absorptiometry; P-value as assessed by independent t-tests.

For the PSQI - Sleep Latency scores, a notable main
effect of time was identified for MSP (P = 0.009). In
contrast, the PLA group showed no significant change
(P = 0.744). In the MSP group, the PSQI — Sleep
Latency scores decreased after 6 weeks of supplementa-
tion (P = 0.005) and remained lower three weeks after
supplementation ended (P = 0.012) compared to base-
line values. No between-group differences were found
for PSQI — Sleep Latency scores at any timepoint (all
P > 0.05). No main effect of time was observed for
PSQI — Sleep Disturbance for either group (MSP, P =
0.343; PLA, P = 0.480) or Daytime Dysfunction (MSP,
P = 0.688; PLA, P = 0.133) while no between-condition
differences (all P > 0.05) were observed between con-

ditions for either variables at any timepoint. Global
PSQI scores indicated a tendency for MSP scores (P =
0.055) to be different across time while no changes were
observed for PLA (P = 0.154). Wilcoxon signed-rank
tests with Bonferroni corrections applied for multiple
comparison indicated a tendency for PSQI global scores
to be different from baseline after 2 weeks of supple-
mentation (P = 0.07) and six weeks after supplementa-
tion (P = 0.07) while statistically significant differences
were observed three weeks after stopping supplementa-
tion (week 9, P = 0.005). No changes within the PLA
group were observed across time (all P-values > 0.05).
Mann-Whitney U tests indicated no between-group dif-
ferences at all time points (all P-values > 0.05).
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TABLE 3 Hemodynamic parameters after 0, 2, 4, and 6 weeks of supplementation as well as 3 weeks after stopping supplementation
(week 9)!
Group Week 0 Week 2 Week 4 Week 6 Week 9 P-value

Resting heart rate MSP  64.6 (11.5) 63.8(10.6) 64.3(11.7) 64.3(9.5) 63.5(10.0) Group (G) 0.72
(beats/min) PLA 64.5 (10.0) 644 (10.0) 65.2(9.4) 64.7(9.5) 653(101) Time(T) 0.97
GxT 0.89

Diastolic blood MSP  71.8(9.8) 710(9.2) 712(9.9) 721(10.3) 71.3(101) Group (G) 0.42
pressure (mm Hg) PLA 716 (1L3) 72.9(10.0) 72.4(10.8) 74.8(8.7) 73.3(81) Time(T) 0.52
GxT 0.74

Systolic blood MSP  112.7 (12.7) 111.3(13.0) 111.4(12.4) 109.8 (14.6) 111.4(13.1) Group (G) 0.35
pressure (mm Hg) PLA 1114 (14.8) 111.3(10.8) 114.4 (11.4) 116.2(12.0) 1151(12.4) Time(T) 0.57
GxT 0.04

IMSP = multi-strain probiotic; PLA = placebo. Data is presented as mean (standard deviation).

TABLE 4 Body composition data after 0 and 6 weeks of supplementation as well as 3 weeks after stopping supplementation (week 9)!
Group Week 0 Week 6 Week 9 P-value
Fat mass (kg) MSP 19.4 (6.1) 19.7 (6.1) 19.8 (6.2) Group (G) 0.51
PLA 20.6 (7.50 20.5(7.7) 21.1(8.2) Time (T) 0.02
GxT 0.26
Lean mass (kg) MSP 50.9 (10.4) 50.7 (10.0) 50.3 (9.7) Group (G) 0.24
PLA 53.8 (11.8) 54.1 (11.6) 53.1(11.0) Time (T) 0.008
GxT 0.37
Fat-free mass (kg) MSP 53.4 (10.8) 53.3(10.4) 52.9 (10.1) Group (G) 0.25
PLA 56.4 (12.2) 56.7 (12.0) 55.7 (11.4) Time (T) 0.007
GxT 0.34
Fat % MSP 26.5(5.8) 26.8 (5.8) 27.0 (5.9) Group (G) 0.96
PLA 26.8 (8.3) 26.5(8.2) 27.3(8.5) Time (T) 0.01
GxT 0.21
Lean: Fat MSP 2.8(0.9) 2.8 (0.9) 2.8 (0.9) Group (G) 0.52
PLA 3.0(1.3) 3.0 (1.3) 2.9 (1.3) Time (T) 0.08
GxT 0.39

Data is presented as mean (standard deviation). WO = Week 0 of supplementation (baseline); W6 = Week 6 of supplementation; W9 = 9
weeks after supplementation which was equivalent to three weeks after stopping supplementation. MSP = multi-strain probiotic; PLA =

placebo.

In addition to PSQ], sleep was assessed using a wear-
able sleep tracking device and this data can be found
in Table 6. No significant group x time interaction (P =
0.449, v> = 0.012), main effect of time (P = 0.389, v; =
0.014), or main effect of group (P = 0.086, Y)IZ) = 0.043)
was observed for total hours of sleep per day. No signif-
icant group x time interaction (P = 0.388, V]IZJ = 0.014),
main effect of time (P = 0.273, Y)f, = 0.019), or main
effect of group (P = 0.830, v;f, = 0.001) was observed for
minutes awake per day. A significant group x gender x
time interaction was observed (P = 0.009, nf, = 0.071)
for number of times awake. In males, the group x time

interaction was statistically significant between condi-
tions (P = 0.030, n}% = 0.110) while no main effect of
time (P = 0.445, V]f) =0.023) or group was observed (P =
0.43], Y)IZ) =0.021). The significant interaction was further
decomposed by calculating the changes from baseline
and comparing the differences between each supple-
mental condition in the males. Using this approach, a
significant difference in the numbers of times males
reported waking up from the start of the supplemen-
tation protocol was different (P = 0.025, Mean differ-
ence: 1.85 + 0.78, 95% confidence interval: 0.25, 3.44).
An identical approach was taken to analyse changes in
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TABLE 5
supplementation (week 9)!

C.M. KERKSICK ET AL.

Pittsburgh Sleep Quality Index (PSQI) after 0, 2, 4, and 6 weeks of supplementation as well as 3 weeks after stopping

Group Week 0 Week 2 Week 4 Week 6 Week 9 Friedman

(P-value)
Subjective sleep quality MSP 114 (0.65) 111(0.58) 103 (0.71) 111(0.76) 103 (0.71)  0.67
PLA 118 (0.57) 103(0.66) 1.09(0.70) 0.94(0.59) 1.00(0.54) 0.20
Sleep latency MSP  117(0.98) 0.91(0.85) 0.97(0.79) 0.74(0.82) 0.80(0.93) 0.01
PLA 0.91(0.98) 0.83(0.95) 0.80(0.87) 0.71(0.86) 0.86(0.91) 0.74
Sleep duration MSP  0.77(0.60) 0.74(0.70) 0.77(0.69) 0.83(0.86) 0.71(0.79)  0.83
PLA 0.71(0.62) 0.89(0.72) 0.80(0.72) 0.77(0.73) 0.74(0.70)  0.23
Sleep efficiency MSP  0.54(0.78) 0.46 (0.82) 0.43(0.70) 0.46(0.82) 0.37(0.65) 0.74
PLA  0.38(0.64) 0.60(0.69) 0.60(0.74) 0.46(0.70) 0.60 (0.69) 0.6
Sleep disturbances MSP  0.86(0.36) 0.80(0.41) 0.89(0.47) 0.80(0.41) 0.77(0.43) 0.34
PLA  0.97(045) 0.97(0.17)# 0.89(0.32) 0.94(0.34) 0.86(0.36) 0.48
Sleep medication MSP  0.26(0.61) 0.09(0.28) 0.14(0.36) 0.09(0.28) 0.09(0.37) 0.24
PLA 0.41(0.91) 0.31(0.80) 0.31(0.72) 0.31(0.83) 0.26(0.66) 0.61
Daytime dysfunction MSP  0.69(0.68) 0.66(0.64) 0.71(0.75) 0.63(0.65) 0.57(0.65) 0.69
PLA 0.85(0.73) 0.77(0.73)  0.74(0.66) 0.57 (0.61)* 0.63(0.65) 0.13
Global score MSP  543(24) 4.77(2.3) 494 (2.6) 4.65(27) 434(25) 0.06
PLA 541(29) 540(2.5) 5.22(2.7) 4.71(24) 494 (25)# 015

I MSP = multi-strain probiotic; PLA = placebo. Data is presented as mean (standard deviation). *

Indicates differences of specified time

point from respective WO (baseline) value using a Wilcoxon Signed Rank Test (P < 0.05). # Indicates difference between groups using

Mann-Whitney U at specified time point (P < 0.05).

females whereby the group x time interaction tended to
be different between conditions (P = 0.087, nf, =0.071)
while no main effect of time (P = 0.244, nlzj = 0.041)
or group was observed (P = 0.734, v]f, = 0.004). How-
ever, our a priori statistical approach was to evaluate
differences in a mixed gender cohort. When this is com-
pleted and both genders were collapsed, no significant
group x time interaction (P = 0.698, Yhz) = 0.006), main
effect of time (P = 0.241, v = 0.021), or main effect of
group (P = 0.739, Y)f, = 0.002) was observed for num-
ber of times awake. Additionally, no significant group x

ipants decreased across the study protocol (P < 0.001, =
V]f, = 0.179), however, no significant group x time interac-
tion (P = 0.478, Y)f, = 0.0ll) or main effect of group was
observed (P = 0.521, v;p 0. 006) No significant group x
time interaction (P 0.787, np 0.004), main effect of
time (P = 0.086, Y; = 0.040), or main effect of group
(P = 0.762, Y]IZ) = 0.002) was observed for minutes of
sedentary activity. A significant main effect of time was
observed demonstrating that total active minutes accu-
mulated per day decreased in all participants across the

study protocol (P < 0.001, V]f, = 0.205), however, no sig-

time interaction (P = 0.198, Y)f, = 0.024), main effect of  nificant group x time interaction (P = 0.113, ‘0]23 =0.036)
time (P = 0.258, v; = 0.020), or main effect of group  or main effect of group was observed (P = 0.212, v)f, =
(P = 0.080, v]p 0.045) was found for the total time  0.026).

spent in bed each day.

Physical activity 4 Discussion

All physical activity data can be found in Table 6. A
significant main effect of time was observed for total
calories burned as calories expended decreased across
the study protocol (P < 0.00], ng =0.400). No significant
group x time interaction (P = 0.274, v = 0.021) or main
effect of group was observed (P = 0.469, Y]f, = 0.009).
A significant main effect of time was observed for step
count as the number of steps accumulated in all partic-

In this investigation, we sought to examine the pres-
ence of any changes in indicators of sleep quality and
quantity, physical activity, hemodynamics, and body
composition in a mixed gender cohort of healthy adults
after supplementing with a multi-strain probiotic prepa-
ration for six weeks and also three weeks after ceas-
ing supplementation. The primary findings from this
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TABLE 6
supplementation (week 9)!

Wearable sleep and physical activity data after 0 and 6 weeks of supplementation as well as 3 weeks after stopping

Group  Week 0 Week 6 Week 9 P-value
Sleep data
Hours asleep MSP 6.8 (1.0 6.9 (0.9) 7.0 (LO) Group (G)  0.09
PLA 6.5 (1.5) 6.3 (1.4) 6.6 (1.4) Time (T) 0.39
GxT 0.45
Minutes awake MSP 24.2 (15.5) 29.7 (22.6) 31.5 (24.1) Group (G) 0.83
PLA  29.7(29.1) 28.0 (24.2) 312(344)  Time(T) 027
GxT 0.37
Number of times awake MSP 5.1(8.9) 5.6 (9.8) 5.2(9.1) Group (G) 0.74
PLA  39(68) 5.1(8.4) 4.8 (8.8) Time (T)  0.24
GxT 0.70
Total time in bed (h) MSP 7.2 (1.1) 7.5(0.9) 7.5(0.9) Group (G)  0.08
PLA 7.0 (14) 6.8 (1.3) 7.1(L1) Time (T) 0.26
GxT 0.20
Physical activity data
Total calories burned MSP 2,481 (494) 2,416 (518) 2,108 (471) Group (G) 047
PLA 2494 (499)  2,526(504)  2,241(475)  Time(T)  <0.001
GxT 0.27
Step count MSP 9,683 (3605) 9,188 (4284)  7,601(4049)  Group (G)  0.52
PLA  9765(4136) 10,218 (4387) 8179(3966) Time(T)  <0.001
GxT 0.48
Minutes of sedentary activity =~ MSP 721 (97) 728 (181) 689 (218) Group (G) 0.76
PLA 698 (115) 735 (145) 674 (228) Time (T)  0.09
GxT 0.79
Total active minutes per day MSP 291 (73) 288 (80) 230 (76) Group (G)  0.21
PLA 298 (85) 306 (90) 275 (92) Time (T) <0.001
GxT 0.1

! Data is presented as mean (standard deviation). MSP = multi-strain probiotic; PLA = placebo.

investigation indicate that probiotic supplementation
improved perceived global sleep scores, sleep latency,
and sleep disturbance scores as assessed by the Pitts-
burgh Sleep Quality Index whereas daytime dysfunction
ratings were improved in the placebo group. Addition-
ally, a trend was observed (P = 0.086, V;f, = 0.043) for
total hours of sleep per day recorded by the wearable
device whereby greater levels of sleep tended to be
greater across all timepoints in the MSP group when
compared to PLA. No changes were identified in either
group for physical activity and body composition vari-
ables while hemodynamic evaluation demonstrated
an increase in systolic blood pressure in the placebo
group with no concomitant change in the probiotic
group. Additionally, no changes in heart rate or dias-
tolic blood pressure were observed in either group. The
observed improvements in sleep outcomes align with
previous studies involving probiotic supplementation

BENEFICIAL MICROBES 0 (2024) 1-16

in healthy (Marotta et al., 2019; Takada et al, 2017),
acutely stressed (Kato-Kataoka et al., 2016; Sawada et
al., 2017), and individuals with chronic fatigue (Jack-
son et al., 2015) and chronic pain (Kato-Kataoka et
al., 2016). The results communicated by Marotta et al.
(2019) are particularly helpful as they used an identical
multi-strain probiotic combination and supplementa-
tion regimen as the present study (1 x 10° live cells of
each of the four strains: Limosilactobacillus fermentum
LF16 (DSM 26956), Lacticaseibacillus rhamnosus LRO6
(DSM 21981), Lactiplantibacillus plantarum LPO1 (LMG
P-21021), and Bifidobacterium longum 04 (DSM 23233)
and also showed improvements in global sleep scores as
assessed by the Pittsburgh Sleep Quality Index. Addi-
tionally, Sawada and colleagues (Sawada et al., 2017)
supplemented 24 medical students for four weeks in a
crossover manner with either a placebo or 1 x 1010 cfu of
Lactobacillus gasseri CP2305. They reported significant

Downloaded from

Brill.com 02/19/2024 02:29:01PM

via Open Access. This is an open access article distributed under the terms

https://creativecommo

of the CC BY 4.0 license.
ns.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

12

reductions in the global PSQI score and sleep distur-
bance ratings like what was observed in the present
study. A recent study published by Boehme et al. (2023)
had 45 healthy adults supplement with a probiotic (Bifi-
dobacterium longum NCC3001, 1 x 10° cfu/day) for
six weeks and evaluated changes in stress, sleep qual-
ity, and depression. Probiotic supplementation reduced
perceived stress while also significantly improving sub-
jective sleep quality ratings measured using the PSQI
to a greater degree when compared to a placebo. To
summarise their results, these authors pointed to the
ability of probiotic strains to positively impact men-
tal health in healthy participants, an outcome that is
reinforced by the established and known relationship
between sleep quality and mood (Lastella et al., 2014)
and align well with our previously reported data that
highlighted improvements in mood, depression, and
anxiety (Walden et al., 2023).

MSP supplementation did not impact how much
physical activity was completed by our study par-
ticipants. Clear links have been established between
psychological health and physical activity status in
healthy, non-clinical populations (Peluso and Guerra
de Andrade, 2005; Rebar et al, 2015), which may in
part be due to the known impact of physical activity
on the bacterial communities found in the microbiome
(Dziewiecka et al., 2022). Currently, limited data is avail-
able that has examined any ability of probiotics to influ-
ence physical activity. A 2022 study by Akhgarjand et al.
(2022) reported that 12 weeks of supplementation with
two different probiotic strains in 90 patients diagnosed
with Alzheimer’s disease improved physical activity lev-
els greater than what was observed in a placebo in one
but not both physical activity scales. Two key differences
from this study and the present study were the psycho-
logical health of the study participants and the length
of supplementation (12 weeks vs 6 weeks). Regardless,
more research is needed to fully explore the ability of
probiotic supplementation to impact physical activity.
Another key difference in terms of physical activity was
the type of assessment. The previous work of Akhgar-
jand et al. (2022) used validated questionnaires that
evaluated the quantity of activities of daily living that
were completed while the present study utilised a com-
mercially available wrist-based fitness tracker. However,
many other studies have been published using these
types of trackers to evaluate changes in physical activ-
ity (Brickwood et al., 2019; Ferguson et al., 2022) thus it
remains more likely that MSP supplementation either
did not produce a measurable impact in our healthy

C.M. KERKSICK ET AL.

cohort or the supplementation period was not long
enough (or both).

Results from the present study failed to identify any
ability of the MSP to influence changes in body com-
position. Other studies have evaluated the ability of
probiotics to impact body composition and obesity sta-
tus with these studies demonstrating conflicting out-
comes regarding the ability of probiotics to mitigate
body mass and body fat changes. For example, Oster-
berg et al. (2015) had 20 non-obese males supplement
with either a probiotic (VSL#3) or a placebo for four
weeks while consuming a high fat, hypercaloric diet.
Supplementation with the probiotic effectively offset
the observed gains in fat mass and body mass that
was seen in those participants consuming a placebo.
Coman et al. (2022) also reported that probiotic use
was responsible for improved weight loss, body mass
index, and waist circumference values supplementing
for 90 days with L. plantarum IMC 510 (1.5 x 10'° bac-
terial cells) in 19 overweight and obese volunteers while
no changes were observed with placebo supplementa-
tion. Two other studies, one by Dechelotte et al. (2021)
reported that supplementing with the probiotic Hafhia
alvei HA4597 (100 billion bacteria per day) in combi-
nation with a hypocaloric diet over a 12-week period
led to a significantly greater number of people who
lost at least 3% of their body mass than the placebo
group (54.9% vs 41.4%) and another by Cho et al.
(2022) reported greater weight loss when a probiotic
was added to a reduced calorie diet in 100 healthy obese
and overweight subjects after 12 weeks. In contrast, not
all studies have demonstrated the ability of a probi-
otic to positively influence body mass loss or fat loss.
Choi et al. (2023) supplemented 152 overweight adults
for 12 weeks with either a placebo or L. rhamnosus
HA-114 (1 x 10'° cfu/day) and reported no difference in
weight loss or fat loss in the probiotic group when com-
pared to the placebo. While previous results do conflict
as to whether probiotics can be considered successful
weight loss agents, key considerations from the present
study and these other studies include the length of sup-
plementation and the inclusion of a hypocaloric diet.
To this point, all studies which reported an enhanced
potential for weight loss with probiotic use were at least
90 days in duration while our study only lasted for six
weeks. Moreover, optimal practices for weight loss stud-
ies should include a hypocaloric diet to be followed
alongside any supplementation as this is considered
‘best practice’ to achieve weight loss (Miller et al., 1997).

Findings from the present study also suggested im-
provements in systolic blood pressure secondary to MSP
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supplementation. Similar results were reported by Mah-
boobi et al. (2014) who recruited 60 prediabetic patients
to supplement with either a placebo or a probiotic
for 8 weeks. Moreover, a meta-analysis by Khalesi et
al. (2014) summarised the probiotic literature and also
reported that probiotic administration exerts a modest
ability to improve blood pressure. Hemodynamic out-
comes were considered a secondary outcome in our
investigation and this would be the first time these out-
comes have been reported after supplementing with this
combination of probiotic strains. As such, any underly-
ing mechanisms as to why blood pressure levels would
be improved are currently unknown. Future research
should further examine the potential ability of probi-
otics to positively impact observed blood pressure lev-
els.

Considering the outcomes presented, some limita-
tions of our study should be acknowledged. First, while
dietary patterns have been previously shown to impact
the bacterial communities present in the microbiome
(Beam et al., 2021; Bibbo et al., 2016; Singh et al., 2017),
participants were not required to follow or abide by any
specific type of dietary pattern throughout the study
protocol. Evaluation of the dietary intake of our par-
ticipants did determine that no changes in energy or
macronutrient intake occurred throughout the study
protocol. Moreover, Healthy Eating Index values were
calculated and determined that there were no differ-
ences in the proportion of various food groups con-
sumed by each group occurred across the study protocol
(Walden et al, 2023). These findings limit the possi-
bility that foods containing prebiotics and synbiotics
were consumed in varying amounts between the groups.
One of the primary underlying mechanisms to explain
the changes we observed in sleep quality implies that
MSP supplementation altered the composition of the
intestinal microbiota which impacted the production of
various biomarkers that may have impacted sleep, phys-
ical activity, and body composition changes. As such,
collecting blood and stool samples would have pro-
vided objective outcomes to combine with our subjec-
tive assessments to foster a deeper understanding of any
underlying mechanistic reasons for our observed out-
comes.

5 Conclusions
In conclusion, results from this study indicate that a

six-week regimen of a MSP consisting of four probi-
otic strains (Limosilactobacillus fermentum LF16 (DSM

26956), Lacticaseibacillus rhamnosus LRO6 (DSM 21981),
Lactiplantibacillus plantarum LPO1 (LMG P-21021), and
Bifidobacterium longum 04 (DSM 23233 providing a
total dosage of 4 x 10° live cells/day) in a cohort of 70
healthy men and women improved subjective ability to
fall asleep and daytime dysfunction, which resulted in
improved in overall sleep quality.
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