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Introduction

Psychobiotic supplementation of HK-PS23
improves anxiety in highly stressed clinical nurses:
a double-blind randomized placebo-controlled
study

Shu-I Wu, €2 %3P Chien-Chen Wu,€ Li-Hao Cheng,® Samuel W. Noble,® Chih-Ju Liu,®
Yu-Hsia Lee,? Chen-Ju Lin,? Chih-Chieh Hsu,® Wan-Lin Chen,® Pei-Joung Tsai,c
Po-Hsiu Kuo"® and Ying-Chieh Tsai"

Nurses often experience adverse health effects associated with increasing levels of work-related stress.
Stress may induce systemic effects through the HPA axis, glucocorticoid responses, and inflammatory
cascades. Psychobiotics may help alleviate stress through associations of the microbiota, anti-inflam-
mation factors, and the gut-brain axis. We aimed to investigate whether interventions with a psychobiotic,
heat-killed (HK)-PS23 cells, may help improve perceived stress, anxiety, and related biological markers
among highly stressed clinical nurses. This double-blind, randomized, placebo-controlled study included
seventy clinical nurses from a medical center in Northern Taiwan who scored 27 or higher on the 10-item
version of the Perceived Stress Scale (PSS), and participants were randomized into either taking HK-PS23
or a placebo for 8 weeks. Baseline and endpoint results of the PSS, Job Stress Scale, State and Trait
Anxiety Index (STAIl), emotional questionnaires, gastrointestinal severity questionnaires, Trails Marking
Tests, blood biological markers, and sleep data were analyzed. While both groups demonstrated improve-
ments in most measures over time, only the blood cortisol measure demonstrated significant group
differences after the 8-week trial. Further analyses of the subgroup with higher anxiety (nurses with STAI
> 103) revealed that anxiety states had improved significantly in the HK-PS23 group but not in the placebo
group. In summary, this placebo-controlled trial found significant reduction in the level of blood cortisol
after 8 weeks of HK-PS23 use. The distinctive anxiolytic effects of HK-PS23 may be beneficial in improv-
ing perceived anxiety and stress hormone levels in female nurses under pressure. Clinical trial registration:
https://clinicaltrials.gov/, identifier: NCT04452253-sub-project 1.

who may require 24-hour continuous care, hospital nurses
often work night shifts that are out of sync with their natural

The daily workload of nurses can be heavy and fast-paced, at
times compounded by intense emergency situations. Full con-
centration, carefully directed attention, and quick decision-
making are crucial." In addition, due to the needs of patients
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circadian rhythms. Studies have shown that the combination
of job stress and shift work pose a risk of various health dis-
orders, such as an increased risk of mental illness,”” meta-
bolic disease, or gastrointestinal disease.”® Work- or client-
related burnout among clinical nurses® may also contribute to
fatigue,” medical errors,>® and even patient harm.’

There are multiple ways by which job pressures may contrib-
ute to these negative outcomes. These occupational stressors can
influence the hypothalamus-pituitary-adrenal (HPA) axis and
affect overall glucose metabolism.'® Regulation of such meta-
bolic or inflammatory changes through microorganisms and
their metabolites have recently spurred much discussion.""*?
The gut microbiome has been shown to play a role in modulat-
ing inflammation or anxiety-like behaviors under stress in
animal models.">** Research has shown that germ-free mice
were found to have fewer anxiety-like behaviors and lower levels
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of neurotrophins than mice with normal microbiota."® Another
study also described that microbial colonization in mice during
early life may be associated with anxiety-like behaviors through
the regulation of the hippocampal serotonergic system.™

Stress may induce systemic effects through the HPA axis, glu-
cocorticoid responses, and inflaimmatory cascades. Emerging
evidence suggests that stress-related depression or anxiety may
be reduced by taking probiotics or psychobiotics, particularly
the Bifidobacterium or Lactobacillus, through restoring the integ-
rity of gut-barrier, modulating the effects of neurotransmitters
including GABA or the BDNF, and stimulating the vagal nervous
system to exert anti-inflammatory effects for brain protection
via the gut-brain axis."®'” Mohammadi et al. described signifi-
cant improvements in general health, depression, anxiety,
and stress in petrochemical workers who received 6 weeks of
probiotic capsules or probiotic yogurt, but not in those who
received conventional yogurt.'® Akkasheh et al. also reported
significant decreases in depression, serum insulin levels,
insulin resistance, and serum high-sensitivity C-reactive protein
concentrations in patients with major depressive disorder after
the administration of probiotics Bifidobacterium bifidum,
Lactobacillus acidophilus, and Lactobacillus casei as compared to
a placebo after 8 weeks of intervention.'® In healthy human vol-
unteers, Wu et al. reported significant improvements in self-per-
ceived stress, mood states, and positive and negative emotions,
as well as decreased cortisol levels in highly stressed technology
specialists who took Lactobacillus plantarum PS128 (PS128) for 8
weeks.* In animal experiments, both live Lactobacillus paracasei
PS23 (PS23) and heat-killed PS23 (HK-PS23), as well as PS128,
demonstrated improvements in depression- and anxiety-like
behaviors in mice with early life stress,>'** senescence-acceler-
ated mice,** and mice exhibiting anxiety-like behaviors induced
by chronic corticosterone injection.”® These results indicated
that psychobiotics could potentially regulate mood and play a
significant role in improving psychological well-being.

Research investigating the effects of psychobiotics on
mental health conditions is scarce. No randomized placebo-
controlled trials have yet been conducted to test the possible
anti-stress or anti-anxiety effects of the psychobiotic HK-PS23.
We designed this double-blind randomized controlled trial to
examine whether an 8-week intervention of HK-PS23 may help
improve perceived stress, anxiety, mood states, and stress- or
oxidation-related blood biological markers among highly
stressed clinical nurses.

Materials and methods
Study design and participants

This study was part of a larger study (clinical registration
NCT04452253) consisting of two trial designs to test psychia-
tric symptoms in highly stressed employees before and after
taking probiotics for an 8-week period. Sub-project 2, an open-
label trial of technology specialists, was published pre-
viously.?® This study was approved by the institutional review
board of the Mackay Memorial Hospital (IRB no: 19CT013be).
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In this trial, sub-project 1, we tested the efficacy of psycho-
biotic HK-PS23 versus a placebo. Our study subjects were full-
time registered nurses aged 20-60 years, currently working in
hospital wards or in special units in a medical center in
Northern Taiwan. Participants were invited to participate in this
8-week trial and signed consent forms. They then completed
the 10-item Perceived Stress Scale (PSS), and those who met the
inclusion criteria of PSS > 27 at the screening time point (V0)
were included. These subjects were randomly allocated into
either the treatment or control group according to a computer-
generated list. Randomization was generated by the study statis-
tician, who did not have contacts with the subjects. Blood
samples were obtained, and participants underwent further
stress and mood state evaluations (baseline, V1). Participants,
samplers, the principal investigator, data collector, outcome
adjudicators, and another statistical specialist handling the
data analysis were all blind to the randomization of treatment
allocation. We also provided a fitness tracker smart watch
(Fitbit) and instructed participants to wear it in order to
monitor their sleep conditions during the trial. After the evalu-
ation at V1 was completed, the subjects were directed to take
two test capsules once daily. A second assessment 8 weeks after
V1 (endpoint, V2) was also performed, at which time partici-
pants were requested to return the remaining capsules.
Participants’ blood samples were collected at the same time of
the day at V1 and V2. Work schedules during the trial period
were obtained to analyze any possible influence of shift time.

We excluded those (1) who had taken or had received anti-
biotics within 1 month prior to the study, (2) who had used
probiotics in powder, capsule, or tablet form (except for
yogurt, fermented milk, and other related foods) within 2
weeks prior to the study, (3) had hepatobiliary or gastrointesti-
nal tract issues or who had previously undergone surgery; (4)
who had past or present inflammatory bowel disease; (5) who
had a history of cancer; (6) who were allergic to lactic acid bac-
teria; (7) who were currently pregnant or breastfeeding; or (8)
who were currently taking medication to treat acute or chronic
psychiatric diseases or sleep disorders. Participants were free
to withdraw from the study if they experienced adverse reac-
tions (e.g., abdominal fullness or diarrhea) or no longer
wished to continue.

In this study, the primary outcome measures were the
change in Perceived Stress Scale (PSS) score after the 8-week
intervention. The secondary outcome measures were the differ-
ences in the State and Trait Anxiety Index (STAI),
Questionnaire for Emotional Trait and State, Patient Health
Questionnaire (PHQ)-9, Insomnia Severity Index (ISI), Quality
of Life Enjoyment and Satisfaction Questionnaire-Short Form
(QLESQ-SF), Job Stress Scale (JSS), Visual Analog Scale (VAS) of
Gastrointestinal Symptoms, VAS of Occupational Stress, Trail-
Making Test (TMT), Fitbit, and blood biomarkers.

Materials

The HK-PS23 treatment capsule contained 300 mg of pow-
dered heat-killed L. paracasei PS23, equivalent to 10 billion
HK-PS23 cells. The Taiwan Food and Drug Administration has

This journal is © The Royal Society of Chemistry 2022
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approved L. paracasei as a food supplement with no serious
adverse effects, and L. paracasei was included in the safety list
notified by the European Food Safety Authority.>***** The
placebo capsule contained only the MCC. Neither type of capsule
contained lactose, and thus could be safely taken by people with
lactose intolerance. The placebo capsule was matched to the
HK-PS23 treatment capsule for size, color, and taste. All subjects
were administered two capsules per day for 8 weeks. In this
study, no adverse events related to intervention were found.

Perceived stress scale

We used the 10-item PSS as a screening tool to identify eligible
trial subjects. The 14-item full PSS was used to compare
whether there was perceived stress changes between V1 and V2
or differences between the HK-PS23 and placebo groups.
Previous studies have shown the validity and reliability of the
PSS (and its Mandarin version) to evaluate subjective feelings
of perceived stress within the past month,”®*” and the scale
has previously been applied in studies of stress levels of regis-
tered nurses.?® Higher scores on the PSS were associated with
poor health outcomes or risk behaviors in nurses,* increased
anxiety and depression in older adults,® and burnout or
inability to cope in athletes.*”

The state and trait anxiety index

The State and Trait Anxiety Index (STAI) was used to compare
anxiety level changes between V1 and V2, and differences
between the HK-PS23 and placebo groups. The index consists
of two subscales measuring the level of current “state” anxiety
(transient autonomic nervous system arousal to a particular
situation) and “trait” anxiety (susceptibility to feelings of stress
or discomfort with less regard to specific situations). STAI
scores have been found to be positively correlated with anxiety,
stress, or hopelessness in healthcare workers.’>** The
Chinese-language version of the STAI has been found to be
highly reliable.?*

Questionnaire for emotional trait and state

The 36-item Questionnaire for Emotional Trait and State was
used to compare changes between V1 and V2, as well as differ-
ences between the two groups, in four emotion domains,
including happiness, sadness/worry, anger, and hopefulness.
Good construct validity and internal consistency of the ques-
tionnaire have been reported previously.*

Patient health questionnaire-9

The Patient Health Questionnaire (PHQ)-9 was designed to
detect depressive symptoms. At a cutoff score of >10, the
Mandarin version of the PHQ-9 was found to have good internal
consistency and validity among Chinese primary care patients.*®

Insomnia severity index

We used the Insomnia Severity Index (ISI) to compare the levels
of sleep difficulties between both groups at V1 and V2. Good
validity (0.87) had previously been demonstrated at a score of
14 or higher, which indicated the possibility of insomnia.*”

This journal is © The Royal Society of Chemistry 2022
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Quality of life enjoyment and satisfaction questionnaire-short
form

The Quality of Life Enjoyment and Satisfaction Questionnaire-
Short Form (QLESQ-SF) is used to measure patients’ subjective
feelings regarding their general well-being, work or school
functions, leisure activities, or social relations during the past
week.*® Higher scores on the QLESQ-SF indicated a higher
level of satisfaction with life.

Job stress scale

The Job Stress Scale (JSS) used was the version translated by
the Ministry of Labor in Taiwan. It is a self-rated scale with
items addressing overall job stress, job burden, interpersonal
relationships, satisfaction, and psychological and general well-
being. We used the JSS to measure whether nurses’ overall job
burden changed from V1 to V2.

Visual analog scale of gastrointestinal symptoms

We used a 10-point visual analog scale (VAS) to compare
whether there were differences between the groups or changes
between the two time points in gastrointestinal areas of dis-
comfort, including diarrhea, flatulence, difficulty swallowing,
decreased appetite, dry mouth, nausea or vomiting, consti-
pation, gastralgia, and upper or lower abdominal pain.*®

VAS of occupational stress

Both groups were asked to give an overall job-related stress
score on another 10-point VAS at baseline and at the endpoint.
AVAS score of >7 when assessing occupational stress has been
shown to have a high level of sensitivity and specificity in
detecting elevated job stress.*’

Trail-making test

The Trail-Making Test (TMT) consists of the TMT Part A (par-
ticipants are asked to draw lines to connect numbers 1-25 in
ascending order; their ability to do so is associated with visuo-
motor or graphical processing speed), and the TMT Part B
(participants are asked to alternate between circling numbers
and letters in ascending orders [1-A-2-B-3-C] as quickly as poss-
ible; their ability to do so is related to inhibition control and
working memory). Each part of the test is measured three
times, with numbers or letters shown at different locations
each time. In this study, the TMT was primarily used to
measure whether there were improvements or differences in
executive function related to changes in stress or anxiety.*

Fitbit

We asked the participants to wear the Fitbit, a fitness-tracking
smart watch, during their sleep to monitor changes in sleep
patterns and stages during the trial. Results of the Fitbit com-
pared to those of standard overnight polysomnography have
previously demonstrated high inter-device reliability and high
sensitivity in identifying light, deep, or rapid eye movement
(REM) sleep stages in healthy adults** and in patients with
depression.”® Total sleep time (TST), wake time after sleep
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onset (WASO), sleep onset latency (SOL), latency to REM sleep,
stages of light, deep, or REM sleep, and sleep efficiency (SE)
were also recorded.

Blood biomarkers

We measured several blood inflammatory or antioxidative bio-
markers, including cortisol, high-sensitivity C-reactive protein
(Hs-CRP), total antioxidant capacity (TAC), and serum dehydroe-
piandrosterone sulfate (DHEA-S). Blood samples (10 mL) were
collected not in a fasted state and at the same time of day at V1
and V2 to minimize the impact of circadian rhythms. The
serum Hs-CRP level was determined by a turbidimetric
immunoassay.** Plasma TAC was measured using a colorimetric
assay kit (BioVision Incorporated, Milpitas, CA, USA). Serum
DHEA-S levels were measured using a chemiluminescent
enzyme immunometric assay.*> Serum cortisol levels were deter-
mined using an electrochemiluminescence immunoassay kit
(Elecsys Cortisol, Roche Diagnostics, Germany). All procedures
were performed according to the manufacturer instructions.

Statistical analysis

Our analyses of efficacy were performed on an intention-to-treat
population and with the last observation carried forward.
Baseline characteristics of HK-PS23 versus the placebo group were
first compared using the chi-square test for categorical variables
and the #test for continuous variables. Repeated-measures ana-
lysis of variance from general linear models was then used to
compare within-group changes (baseline to endpoint) and
between-group differences (HK-PS23 versus placebo) of results
from the TMT, blood markers and psychological measures.
Linear mixed models were used to compare within- or between-
group differences in different sleep stages and parameters
obtained from 56 days of continuous Fitbit monitoring.
Subgroup analyses distinguishing participants with PSS > 33 or
STAI > 103 (based on median values, balanced and sufficient
numbers in both groups, and median PSS and STAI scores
obtained in our previous study regarding psychobiotic use in
highly stressed information technology specialists*®) were also
performed to compare the possible effects of HK-PS23 vs. placebo
in subgroups with relatively higher levels of stress or anxiety.

At an anticipated mean PSS reduced by at least 20% (esti-
mated from our previous study’®), an o error of 0.05, and a
power (1-B) of 0.80, the sample size required was 35 for each
group.”® Considering a dropout rate of 8% from our previous
study, we planned to recruit 38 subjects in each group. For sub-
group analysis, with the same standard of an « error of 0.05, and
a power of 0.80, the smallest sample size required was 10 for
each group. Statistical significance was set at a p-value of <0.05.

Results
Baseline characteristics

Fig. 1 shows the flowchart of the study. Seventy registered
nurses who met the inclusion criteria agreed to participate
and signed an informed consent form. These participants
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Fig. 1 Study flowchart.

were randomly allocated to the HK-PS23 and placebo groups.
All except one participant in the HK-PS23 group were female,
and 80% of the participants in the HK-PS23 group and 74.3%
of that in the Placebo group were shift workers. All baseline
characteristics were similar between the groups (Table 1). The
health products the participants taking included multi-
vitamin, vitamin B-complex, or calcium supplements.

Outcomes of stress, mood, and sleep

Table 2 shows comparisons of intra- (time effects) and inter-
group (group effects) differences on stress, mood, and insom-
nia measures during this 8-week trial. Participants in both
groups demonstrated significant reductions in perceived
stress, anxiety, perceived job-related stress, job burden, sleep
disturbances, negative emotions, gastralgia, and overall stress
measured by the VAS at 8 weeks as compared to baseline.
Significant increases over time in scores regarding positive
emotions, job satisfaction, energy level, psychological or
general health, and quality of life were also found in both
groups. Although mean differences in PSS scores between
baseline and the endpoint were 8.60 (SD 9.47, p < 0.001) in the
HK-PS23 group and 6.86 (SD 7.38, p < 0.001) in the placebo
group, the difference was not significant (p = 0.915). Scores of
the STAI, ISI, PHQ-9, QLESQ, and emotional trait and state
questionnaire also followed a similar pattern, showing differ-
ences over time in both groups but not between groups.
Changes in body weight, blood pressure, and gastrointestinal
complaints did not differ significantly in the HK-PS23 and
placebo groups before or after the intervention.

Outcomes related to the TMT, fitbit, and blood biomarkers

Table 3 compares the results of TMT between the HK-PS23
and placebo groups and their time effects before and after the
intervention. Only the time of completing question # 1 in the
TMT Part B was significantly different when comparing the
endpoint and the baseline in both groups. No significant
between-group differences were observed for the other
measures, including the Fitbit data.

This journal is © The Royal Society of Chemistry 2022
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Table 1 Comparisons of baseline characteristics between the HK-PS23 and the placebo group

HK-PS23 group (1 = 35) Placebo group (1 = 35)

n % n % p-Value
Gender
Female 34 97.1 35 100 0.314
Shift worker 28 80.0 26 74.3 0.569
Education 0.730
Senior high + vocational school 12 34.3 9 25.7
College degree 21 60.0 24 68.6
Master degree 2 5.7 2 5.7
Taking other health products® 6 17.1 9 25.7 0.382

Mean SD Mean SD p-Value

Age 35.39 11.19 36.24 9.20 0.729
Job experiences (years) 4.63 2.33 5.09 2.32 0.413
Years of education 15.83 1.70 15.89 1.69 0.889
Baseline systolic blood pressure 111.80 12.72 110.14 14.57 0.614
Baseline diastolic blood pressure 72.46 9.12 70.46 8.77 0.353
Baseline BMI 22.21 4.71 22.08 3.95 0.903

“Multivitamins, vitamin B-complex, or calcium supplementation. SD: standard deviation.

A comparison of the blood stress biomarkers before and
after the trial is shown in Fig. 2. Cortisol levels decreased sig-
nificantly after the 8-week intervention period in the group-by-
time interaction (p = 0.043). No other stress- or anxiety-related
biomarkers showed significant differences after the
intervention.

Outcomes of sub-analyses

Tables 4 and 5 describe the results of the participant sub-
groups who, compared with the rest of the study subjects, had
higher stress or anxiety scores at baseline. Among participants
with higher baseline stress levels (PSS > 33), significant
between-group differences over time were found in levels of
cortisol and job satisfaction (group-by-time interactions in
Fig. 3A and Table 4). Although significant differences emerged
between baseline and endpoint on STAI (p = 0.001), job-related
stress (p = 0.007), job satisfaction (p = 0.008), psychological
health (p = 0.014), and positive emotions of happiness and
acceptance (p = 0.014) in the HK-PS23 group, and not in the
placebo group, results from repeated measures did not show
group-by-time interactions.

As for data from Fitbit, significant differences were found
in mean total sleep time (minutes per day) and the mean per-
centage of rapid eye movement (REM) stage between the
HK-PS23 and placebo groups during the 8-week observation
period (Table 4).

Table 5 and Fig. 3B describes the significant results from
the subgroup of participants with higher anxiety (STAI > 103).
Similarly, in this subcohort, significant group-by-time inter-
actions were found in changes of cortisol and STAI-state.
Although significant time effects were found for the PSS, STAI,
job stress or burden, psychological or general health, energy
level, PHQ, QLESQ, and positive and negative emotions at the
endpoint, no significant differences in the changes over time

This journal is © The Royal Society of Chemistry 2022

between the HK-PS23 and placebo groups were detected.
Furthermore, in this subgroup of individuals with higher
levels of anxiety, significant differences were found in the
average duration of wake up after sleep onset (WASO) (minutes
per day) and the stage of light sleep between the HK-PS23 and
the placebo groups during the eight-week observation
(Table 5).

Discussion

This is the first double-blind randomized placebo-controlled
study that compared effects of HK-PS23 intake with a placebo
on improvements of perceived stress, mood states, or related
blood biological markers among highly stressed registered
nurses working in a clinical setting. The level of serum cortisol
in the HK-PS23 group was significantly decreased as compared
to that in the placebo group after the 8-week intervention.

Although differences were found in almost all measures
when comparing endpoint with baseline results, the overall
differences in score changes between the HK-PS23 and
placebo groups were not statistically significant. Further ana-
lyses on subgroups exhibiting higher initial stress or anxiety
revealed significant improvements derived from taking
HK-PS23 (but not from taking placebo) in levels of cortisol and
job satisfaction or anxiety states, respectively, over the 8-week
duration of the trial. Such outcomes indicate that
HK-PS23 may have distinctive advantages in relieving anxiety
symptoms in anxious individuals working under high
pressure.

We found reductions in cortisol levels associated with
HK-PS23 use among clinical nurses and subgroups with
higher stress or anxiety than the rest of the participants after
the 8-week trial. Such findings were consistent with previous
literature describing decreased levels of corticosterone in mice

Food Funct., 2022,13, 8907-8919 | 8911
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Table 2 Results from repeated-measure analysis comparing PSS, JSS ISl, STAI, PHQ, QLESQ, and the emotional trait and state between the

HK-PS23 and the placebo groups

HK-PS23 group

Placebo group

(n=33) (n=32)
Group effects Time effects Group x time effects

Mean SD Mean SD F F F
PSS total 0.01 58.04*** 0.74
Baseline 32.29 6.03 31.29 5.25
8 weeks 23.69 6.40 24.43 8.24
STAI 1.04 25.69%** 0.93
Baseline 103.35 12.35 103.94 12.30
8 weeks 91.21 14.83 95.68 12.96
STAI-State 1.42 28.27%** 0.897
Baseline 50.32 7.43 50.97 7.65
8 weeks 42.71 8.91 45.66 8.15
STAI-Trait 0.68 15.85%** 0.40
Baseline 52.71 6.48 53.12 5.89
8 weeks 48.46 6.92 50.03 5.78
JSS
Job stress 2.91 18.64*** 0.33
Baseline 67.43 17.55 72.00 13.89
8 weeks 57.71 15.92 64.57 17.55
Control over job 1.16 1.27 0.74
Baseline 69.55 9.19 66.61 8.36
8 weeks 69.85 9.99 68.87 7.79
Job burden 0.05 5.75*% 0.06
Baseline 75.25 12.38 74.82 12.64
8 weeks 73.41 12.45 72.56 12.94
Interpersonal relationships 0.04 0.31 1.26
Baseline 72.70 8.92 74.38 8.77
8 weeks 74.54 12.12 73.75 11.77
Job satisfaction 2.28 6.36% 1.08
Baseline 64.00 15.94 61.14 15.30
8 weeks 70.85 18.37 64.00 12.65
Psychological health 0.36 13.05** 0.20
Baseline 50.29 11.57 49.49 12.95
8 weeks 57.49 13.83 55.09 15.13
Energy level 0.001 28.11%** 0.02
Baseline 37.57 14.62 37.86 13.74
8 weeks 47.00 17.50 46.86 14.40
General health 0.04 9.57** 1.06
Baseline 62.74 13.33 64.91 15.49
8 weeks 69.14 14.01 68.11 12.52
ISI 0.15 8.59** 0.43
Baseline 12.34 6.19 12.29 6.24
8 weeks 9.69 4.96 10.60 4.75
PHQ 1.37 17.26%** 0.04
Baseline 9.52 4.25 10.40 4.10
8 weeks 7.18 3.79 8.29 4.38
QLESQ 2.00 23.97%%* 0.10
Baseline 48.06 7.22 46.29 5.80
8 weeks 52.79 7.99 50.44 6.89
The questionnaire of emotional trait and state
Total 1.10 23.06%** 0.29
Baseline 93.29 14.83 91.09 13.02
8 weeks 102.66 14.76 98.57 15.44
Happy and acceptance 0.68 23.19%** 0.08
Baseline 29.20 5.52 28.52 5.33
8 weeks 32.66 5.25 31.60 4.92
Sad and scared 1.55 11.52%* 0.24
Baseline 23.69 5.06 24.60 4.07
8 weeks 21.20 5.07 22.74 5.10
Angry and disgust 0.55 15.50%** 0.31
Baseline 22.00 4.87 22.49 4.74
8 weeks 19.57 4.69 20.66 5.53
Look forward to 0.28 23.62%** 0.11
Baseline 12.00 2.29 11.86 1.96
8 weeks 13.37 2.16 12.89 2.10
GSI
Total 0.31 2.81 0.66
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Table 2 (Contd.)

View Article Online

Paper

HK-PS23 group

Placebo group

(n=133) (n=32)
Group effects Time effects Group x time effects
Mean SD Mean SD F F F

Baseline 18.23 12.01 18.54 13.32

8 weeks 14.69 11.74 17.31 13.26

Dry mouth 0.14 2.05 0.56
Baseline 3.54 2.37 3.14 2.89

8 weeks 3.00 2.53 2.97 2.66

Difficulty swallowing 0.25 0.01 3.96
Baseline 0.51 1.22 0.17 0.45

8 weeks 0.29 0.96 0.43 1.12

Decreased appetite 0.01 0.92 1.94
Baseline 2.06 2.62 1.54 2.39

8 weeks 1.29 2.18 1.69 2.49

Nausea or vomiting 0.86 0.001 0.01
Baseline 0.51 1.76 0.80 1.55

8 weeks 0.54 1.38 0.77 1.57

Flatulence 0.03 0.003 0.80
Baseline 3.14 2.68 2.80 2.71

8 weeks 2.89 2.75 3.03 2.98

Gastralgia 1.45 6.03** 0.03
Baseline 2.74 2.96 3.46 3.37

8 weeks 1.89 2.78 2.71 2.89

Upper abdominal pain 0.16 0.37 0.13
Baseline 1.09 2.09 1.34 2.13

8 weeks 1.03 2.19 1.11 1.71

Lower abdominal pain 2.33 0.18 0.50
Baseline 0.77 1.35 1.17 1.86

8 weeks 0.71 1.27 1.40 2.20

Constipation 0.55 3.63 0.67
Baseline 2.57 3.15 3.26 3.17

8 weeks 2.29 2.70 2.54 2.45

Diarrhea 0.62 2.35 0.46
Baseline 1.29 2.46 0.86 1.42

8 weeks 0.77 1.63 0.66 1.21

Visual analogue scale of stress 2.61 39.84%** 0.34
Baseline 6.11 1.61 6.54 1.31

8 weeks 4.60 2.00 5.29 1.84

PSS: perceived stress scale; STAI: state trait anxiety index; JSS: job stress scale; ISI: insomnia severity index; PHQ: patient health questionnaire;
QLESQ: quality of life enjoyment and satisfaction questionnaire; GSI: gastrointestinal severity index. *P < 0.05; **P < 0.01; ***P < 0.001. SD:

standard deviation.

given HK-PS23 after suffering from the stress of maternal sep-
aration in early life,”* and decreased levels of cortisol in infor-
mation technology engineers after 8-week’s intake of psycho-
biotic PS128.>° Chronic psychological stress may trigger the
HPA axis, activate the autonomic nervous system, increase the
blood level of corticosterone, and initiate inflammation.*’
Research has demonstrated anti-inflammatory effects after the
administration of oral probiotics in healthy or subjects with
metabolic or liver diseases.”” The gut microbiota diversity has
been shown to be related to saliva cortisol stress response.*®
Although we were unable to examine levels of other pro- or
anti-inflammatory markers or cytokines, our result was partly
supported by literature describing how HK-PS23 may help
decrease the level of serum corticosterone accompanied by the
increase in anti-inflammatory interleukin-10.>" Such changes
in levels of cortisol or cytokines were found to be associated
with decreased anxiety- or depression-like behaviors in mice
after HK-PS23 administration. Huang et al. also reported that
after senescence-accelerated mice received PS23, reductions in

This journal is © The Royal Society of Chemistry 2022

pro-inflammatory cytokines were correlated with decreases in
severity of inflammation, the progression of aging, and
anxiety-like behaviors.>® They concluded that PS23 may be neu-
roprotective through the modulation of the microbiota-gut-
brain communications. Further investigations are still needed
to examine whether the supplement of psychobiotics may
decrease inflammatory responses manifested by a decrease in
serum cortisol and can regulate mental health through the lin-
kages of microbiota, the gut, and the central nervous system.
We found that significant reduction in state anxiety or
increase in job satisfaction associated with HK-PS23 use only
occurred in subgroups exhibiting higher initial anxiety or
stress levels, respectively. The result of increase in job satisfac-
tion among those that perceived higher stress at baseline may
agree with past literature. Benton et al. described that although
no significant changes in depression or anxiety were found
among healthy volunteers consuming probiotics, there was an
increase in those reporting themselves as ‘happy’ rather than
‘depressed’ in the participants whose mood condition ranked

Food Funct., 2022,13, 8907-8919 | 8913
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Table 3 Results from general linear model comparing TMT between HK-PS23 and the placebo groups

HK- PS23 group Placebo group

(n=33) (n=32)
Group effects Time effects Group x time effects
Mean SD Mean SD F F F

TMT part A#1 (sec) 1.66 3.79 1.13
Baseline 35.19 9.35 38.91 11.44

8 weeks 34.05 8.40 35.03 7.79

TMT part A#2 (sec) 0.96 0.20 0.32
Baseline 34.73 8.14 36.06 8.68

8 weeks 33.68 9.64 36.19 10.52

TMT part A#3 (sec) 0.38 0.05 0.13
Baseline 32.53 8.04 33.90 7.97

8 weeks 33.00 7.54 33.79 8.80

TMT part B#1 (sec) 1.04 5.26* 1.56
Baseline 52.50 12.40 57.85 15.48

8 weeks 50.71 15.74 51.80 16.13

TMT part B#2 (sec) 0.03 0.08 0.22
Baseline 53.06 14.79 52.92 12.45

8 weeks 51.98 13.01 53.21 16.06

TMT part B#3 (sec) 0.16 1.36 2.49
Baseline 51.10 12.28 52.23 11.10

8 weeks 51.68 16.07 48.36 11.06

TMT: trails making tests; TMT-A#1: indicating the time needed to complete the first test in TMT part A (connect numbers 1-25 in ascending
order); TMT part A#2: indicating the time needed to complete the second test in TMT Part A; TMT part B#3: indicating the time needed to
complete the third test in TMT Part B (to circle and alternate between numbers and letters, e.g. 1-A-2-B-3-C); Sec: second. *P < 0.05; SD: standard

deviation.
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Fig. 2 The effect of HK-PS23 intervention on blood stress biomarkers.
Levels of cortisol (A), Hs-CRP (B), TAC (C), and DHEA-S (D) were deter-
mined at baseline and after eight weeks of intervention.

the bottom third at baseline.”® As for the anxiolytic effects
found only in people with initial higher anxiety, Rao et al. also
reported patients with chronic fatigue syndrome who had
possible subclinical anxiety symptoms but no anxiety disorder
comorbidity had decreased anxiety levels after consuming 8
weeks of L. casei.”®

Our results might indicate HK-PS23’s potential to amelio-
rate anxiety symptoms or subjective perception of stress is the
greatest in those with subclinical or clinical anxiety and/or
mental health issues. It has been proposed that L. paracasei

8914 | Food Funct,, 2022, 13, 8907-8919

might help prevent a stress-induced decrease in positive
mood.”" Previous studies on mice which were administered
PS23 showed that the decrease in anxiety-like behaviors was
correlated with high levels of blood BDNF and brain
1323 Similar to past literature that described the
possible mechanisms of probiotics on depression may be
associated with the antidepressant activity of brain
neurotransmitters,">'*>>>® researchers have suggested the
anxiolytic effects were possibly mediated by dopamine, norepi-
nephrine, and serotonin neurotransmitter pathways in the
brain.>"** These neurotransmitters may help regulate the HPA
axis and expression of stress-related glucocorticoid and miner-
alocorticoid receptors in the hippocampus, striatum, and
frontal cortex regions.'®>" It is possible that probiotics may
modulate the microbiome and reduce inflammation in the
gut, then connect with the central nervous system through the
enteric nervous system and the vagal sensory nerve fibers,
further influencing neurotransmissions in the brain.'®>*3%>*

monoamines.

However, such explanation remains an assumption without
much available data supporting the detailed causal pathways.
Future investigations on possible biological mechanisms
underlying the anxiolytic effects of HK-PS23 associated with
anti-inflammatory factors, connections between the gut and
the brain neurotransmitters, and influences on the HPA axis
are still warranted.>

Although no significant between-group differences were
found from our Fitbit data in the main analysis, upon looking
at subgroup data, differences were found between the treat-
ment and placebo cohorts. Among participants with higher
levels of perceived stress, mean-from-baseline total sleep time
and REM stage percentage was decreased in those taking

This journal is © The Royal Society of Chemistry 2022
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Table 4 Significant results from General Linear Model comparing PSS,
HK-PS23 and the placebo among the subgroup of nurses with PSS > 33

View Article Online

Paper

JSS ISI, STAIL, PHQ, QLESQ, and the emotional trait and state between the

HK- PS23 group Placebo group
(n=15) (n=12)
Group effects Time effects Group x time effects
Mean SD Mean SD F F F
STAI 4.72* 13.56%* 1.67
Baseline 108.40 14.22 111.58 13.91
8 weeks 88.80 13.99 102.17 14.50
STAI-state 6.37* 15.06** 1.78
Baseline 52.93 8.37 55.83 7.58
8 weeks 41.33 7.02 50.17 9.90
JSS
Job stress 8.62** 2.80 4.63
Baseline 68.00 18.21 75.00 12.43
8 weeks 54.67 14.07 76.67 16.70
Job satisfaction 8.43** 6.50** 6.50**
Baseline 64.29 13.72 60.00 16.00
8 weeks 67.86 17.50 61.54 12.55
Psychological health 7.05% 6.52*% 1.59
Baseline 48.00 14.18 41.00 14.49
8 weeks 60.80 13.87 45.33 13.14
The questionnaire of emotional trait and state
Total 4.27* 11.73** 1.42
Baseline 89.13 13.95 84.50 12.70
8 weeks 105.00 14.22 92.17 15.27
Happy and acceptance 5.44* 19.21%** 1.43
Baseline 27.13 5.34 25.33 4.66
8 weeks 34.13 4.47 29.33 5.00
Fitbit average during the 8-week trial (mixed linear model) Mean difference Standard error p-Value
Total sleep time (min) 348.29 9.32 398.54 11.26 -50.24 14.50 0.002
REM (%) 16.28 0.68 19.41 0.81 -3.12 1.05 0.007

PSS: perceived stress scale; STAI: state trait anxiety index; JSS: job stress scale; ISI: insomnia severity index; PHQ: patient health questionnaire;

QLESQ: quality of life enjoyment and satisfaction questionnaire; GSI:

standard deviation.

gastrointestinal severity index. *P < 0.05; **P < 0.01; ***P < 0.001. SD:

Table 5 Significant results from repeated measure ANOVA comparing PSS, JSS ISI, STAI, PHQ, QLESQ, and the emotional trait and state between

the HK-PS23 and the placebo among the subgroup of nurses with STAI > 103
HK-PS23 group Placebo group
(n=17) (n=19)
Group effects Time effects Group x time effects
Mean SD Mean SD F F F
STAI-state 4.21* 45.09%** 4.32%
Baseline 55.24 6.91 55.68 5.84
8 weeks 41.76 6.61 48.58 8.39
Visual analogue scale of stress 5.92% 20.94%** 1.80
Baseline 6.24 1.56 6.79 1.27
8 weeks 4.12 1.73 5.63 2.01
Fitbit average during the trial (mixed linear model) Mean difference Standard error p-Value
8-Week WASO (min) 177.95 53.81 256.17 51.68 —78.22 24.27 0.005
8-Week light sleep (min) 185.80 56.47 263.22 55.52 —77.42 25.74 0.008

STALI: state trait anxiety index; WASO: wake up after sleep onset; *P < 0.05; **P < 0.01; ***P < 0.001. SD: standard deviation.

HK-PS23 compared with placebo. Those with higher anxiety
levels saw shorter average WASO and light sleep stage dur-
ations if taking HK-PS23. In line with previous studies that
described improvements in sleep after probiotics use,>*>°™>%
reductions in the percentage of REM sleep, average time of

This journal is © The Royal Society of Chemistry 2022

WASO, and light sleep in our HK-PS23 group may be signs of
increased quality of sleep. However, a lower total sleep time in
our HK-PS23 group compared to the placebo does not necess-
arily mean that the participants did not have sufficient sleep.
The subjective perception of sleep restoration varied from

Food Funct., 2022,13, 8907-8919 | 8915
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Fig. 3 The effect of HK-PS23 intervention on blood level of cortisol
among the subgroup of nurses with PSS > 33 (A) and STAI > 103 (B).

person to person.’® Since participants in both groups did not
show significant differences in mean changes from baseline
on the ISI, it is possible that these changes detected from the
Fitbit were not sufficient to cause changes in the subjective
perception of sleep conditions.

In our results, the time of completing question #1 in the
Trails Marking Test (TMT) Part B was significantly different
between endpoint and the baseline in both groups, but no
group-by-time interaction was noted. Our original purpose to
include the TMT was intended to measure whether possible
alleviations in stress or anxiety associated with psychobiotic
use in this study population may help improve their executive
function at work. The TMT Part B was therefore used to
measure ability associated with working memory and inhi-
bition control. Our finding that there was a time effect in the
test performance indicated that the ability was improved after
the 8-week trial. However, the result of lacking group-by-time
interaction implied that, as with our other psychological
measures in the main analysis, the improvements over time
were similar between the HK-PS23 and the placebo groups. It
may be that HK-PS23 is no better than placebo in improving
executive function. However, it is also possible that although
our participants perceived that they were under significant
stress, their mental health conditions were still within an
acceptable range because they had not yet reached the severity
of clinical depression or anxiety. Such condition implied that
they maintained fair performance at their job or executive
function before and after the interventions, the efficacy of
improvements in concentration or working memory in probio-
tics may not reach significant level as compared to that of the
placebo. Perhaps in the future, it may be feasible to investigate
whether psychobiotics might have clinical efficacy in improve-
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ments of attention, memory, or executive function using other
neuropsychological assessments in the patient population
with clinical diagnoses of anxiety or depression.

Strengths and limitations

The main strengths of this study are its prospective, double-
blind, randomized placebo control design and comprehensive
measures for comparing mood, stress, sleep, and biological
changes before and after the trial. The first limitation is the
relatively small sample size of this study with almost all of the
participants being female and not all being shift workers. A
larger sample is needed to obtain more conclusive results, par-
ticularly in terms of analyses of a highly stressed or anxious
population. However, the current study may be regarded as a
pilot and explorative randomized controlled trial, which
demonstrated feasibility and tolerability profiles. Second,
although significant results were found within a particular
subgroup of nurses in this study, these findings may more ade-
quately apply to female nurses. Generalizations of our results
to other nurses, healthcare workers, or employees in different
industries may still be restricted. A third limitation is that,
despite the multiple stress- or anxiety-related biological
markers tested, there were still potential confounders, such as
variations in individual workload, life stressors, or dietary
habits, that we were not able to control. Although we gave each
participant a fitness tracker to record stages of their sleep, we
only require them to wear the Fitbit while they sleep, and not
24 hours a day. Therefore, not all physical activities were
recorded. In future research, dietary or records of physical
activities and assessments of other neuropsychological or bio-
logical examinations (e.g., gut permeability or other inflamma-
tory markers) may help expand the understanding of possible
biological mechanisms.

Conclusions

This study showed good tolerability and safety profiles of the
psychobiotic HK-PS23 in female nurses, who work in a high
stress condition. HK-PS23 demonstrated potential benefits in
reducing the level of cortisol compared to placebo and might
improve perceived anxiety states in nurses under particularly
higher levels of anxiety. The mechanism of action in these
improvements has yet to be determined. We suggest further
studies involving microbiota profiles and brain imaging to
clarify the complex relationships among stress, anxiety, inflam-
mation, immunomodulation, and neurology are still needed.
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