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Abstract

Background: We conducted a randomized controlled trial to investigate the effects of consumption of yogurt
fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1 in women healthcare workers. In a previous study
we used these data to investigate hypothesized preventive effects against flu, however any effects on improving
mental quality of life were not analyzed at that time. In the present study, we focus on that aspect.

Methods: The participants (961 women; mainly nurses, aged 20-71 years) were randomly allocated to either the
yogurt group (n=479) or the control group (n=482). Participants in the yogurt group drank 112 mL of OLL1073R-1
yogurt for 16 weeks, while those in the control group did not consume any yogurt. All participants were prohibited
from consuming other yogurt or fermented dairy products during the study period. The participants answered the
Pittsburgh Sleep Quiality Index (PSQI), Short Form-8 Health Survey (SF-8), and Gastrointestinal Symptom Rating Scale
(GSRS) questionnaires at baseline and after 16 weeks.

Results: The PSQI score showed significant improvement after the intake of yogurt (p <0.01). SF-8 results showed
significant intervention effects in the General Health and Vitality scores (p =0.02 and p=0.01, respectively). In other
subscales of SF-8, we did not observe significant effects of the yogurt. In the GSRS, daily intake of yogurt exerted a
preventive effect on constipation (p=0.03).

Conclusions: Consumption of yogurt fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1 enhances
subjective psychological quality of life by improving quality of sleep and gastrointestinal condition among women
healthcare workers.

Keywords: Yogurt, Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1, Woman'’s health, Quality of sleep,
Psychological quality of life

Background

It has been established that yogurt, a fermented dairy
product, has beneficial effects on certain gastrointesti-
nal conditions including lactose intolerance, constipa-
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by changing the balance of the intestinal microbiota and
stimulating the intestinal immune system via lactic acid-
producing bacteria or substances produced by the bacte-
ria [3, 4]. Furthermore, some studies have attempted to
demonstrate the beneficial effects of probiotics on mental
health, i.e., ameliorating depression, anxiety, fatigue, and
sleep disturbance [5—11]. The reported results have how-
ever been inconsistent. Psychological disorders impair
the social functions of individuals, reduce the production
efficiency of workers, and cause comorbidity with physi-
cal disorders [12]. Therefore, the beneficial effects of pro-
biotics with respect to improving mental health should
be further investigated to reduce the burden of psycho-
logical disorders among the working population.

A previous study showed that yogurt fermented with
Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1
(OLL1073R-1), which produces a large amount of
exopolysaccharide (EPS), reduced the risk of catching a
cold in elderly subjects. Moreover, improvements in qual-
ity of life (QOL) in areas such as “Lacks general motiva-
tion’, “Irritation’, “Stress,” and “Easily fatigued” were also
observed in the study [13]. However, previous studies
have not comprehensively evaluated the effect of yogurt
on QOL-related overall health indices. Based on the pre-
vious results [13] and expected benefits of probiotics [1,
2], we hypothesized that consumption of OLL1073R-1
yogurt may exert beneficial effects on improving psy-
chological QOL and QOL-related overall health among
other populations.

We primarily conducted this randomized controlled
trial to evaluate the effects of OLL1073R-1 yogurt on
prevention of flu among women healthcare workers [14].
In the present paper, we as secondary analysis evaluate
the effects on improving psychological QOL and QOL-
related overall health. Women healthcare workers are
constantly exposed to the risk of infection because they
are in prolonged contact with patients suffering from
infectious diseases. Their level of psychological QOL also
may be lower than that associated with other occupations
due to the irregular nature of shift work [15]. Many work-
ing women are also busy with childcare and housework,
and thus especially in need of health support. For those
reasons, we selected women healthcare workers as the
participants in this trial.

Results
Table 1 shows the baseline characteristics of the partici-
pants. At baseline, there was no significant difference
identified between the two groups for any of the indices.
Table 2 shows the scores of PSQI, SF-8, and GSRS at
baseline and after 16 weeks in each group. Mean PSQI
scores at baseline and after 16 weeks were 5.50 and 5.03
in the yogurt group, and 5.33 and 5.22 in the control
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Table 1 Baseline characteristics of participants
Yogurt group (n=479) Control p value
group
(n=482)
Age (years) 39.3(11.5) 394 (11.4) 091*
BMI (kg/mz) 22.0(3.5) 21.8(3.5) 042*
Occupation 0.62**
Nurse 310 (64.7%) 312 (64.7%)
Care worker 43 (9.0%) 33 (6.9%)
Physical therapist/ 36 (7.5%) 40 (8.3%)
occupational
therapist
Others 90 (18.8%) 97 (20.1%)
Irregular shift workers 220 (46.0%) 228 (473%) 0.67**
Living by herself 118 (24.6%) 120 (24.9%) 0.93**
Current smokers 47 (9.8%) 43(89%)  0.64**

Values are expressed as the mean. Standard deviation or percentage is indicated
in parentheses

*Wilcoxon’s rank-sum test

**Chi-squared test

group, respectively. The observed intervention effect
was statistically highly significant (p <0.01). For SF-8, the
intervention effects were significant in the GH and VT
scores (p=0.02 and p=0.01, respectively). The mean
GH scores at baseline and after 16 weeks were 49.2 and
50.1 in the yogurt group, and 49.1 and 48.9 in the con-
trol group, respectively. The mean VT scores at base-
line and after 16 weeks were 49.6 and 50.5 in the yogurt
group, and 49.4 and 49.2 in the control group, respec-
tively. We did not observe significant effects in other
subscales, physical component summary, and MCS. The
intervention effect in the GSRS score reached statistical
significance for constipation (p =0.03). Geometric mean
constipation scores at baseline and after 16 weeks were
1.74 and 1.72 in the yoghurt group, and 1.76 and 1.84 in
the control group, respectively. No statistically significant
intervention effects were observed in the other subscales
and total score.

Table 3 shows the correlation matrix between the
changes in PSQI, GSRS, and QOL scores in the yogurt
group. In the VT and MCS scores, a weak inverse cor-
relation with PSQI was demonstrated (r=— 0.26, — 0.22,
respectively). No correlation between the changes in
PSQI and GSRS scores was observed (r=0.08).

There were no serious side effects caused by the intake
of yogurt [14].

Discussion

The primary outcome of the trial was to evaluate the
preventive effects of yogurt fermented with L. bulga-
ricus OLL1073R-1 against influenza [14]. The present
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Table 2 Changes in the measurements during the trial period
Yogurt group (n=479) Control group (n=482) p value*
Baseline 16 weeks Baseline 16 weeks
PSQl score 5.50(2.71) 5.03 (2.68) 5.33(2.60) 5.22(2.68) 0.007
SF-8 score
PF (physical functioning) 50.6 (4.5) 51.0 (4.9) 50.2 (5.1) 50.2 (5.0) 0.23
RP (role physical) 50.1 (5.1) 504 (4.9) 49.8 (5.2) 49.8 (5.4) 0.58
BP (bodily pain) 49.3(8.5) 50.7 (8.3) 49.6 (8.5) 50.3 (84) 0.18
GH (general health) 492 (6.2) 50.1 (6.5) 49.1 (6.5) 489 (6.7) 0.02
VT (vitality) 496 (5.7) 505 (6.2) 494 (6.0) 49.2 (6.1) 0.01
SF (social functioning) 486 (7.2) 494 (6.9) 489 (7.3) 48.7 (7.5) 0.06
RE (role emotional) 48.7 (5.9) 494 (5.6) 49.1 (5.6) 49.2 (6.0) 0.17
MH (mental health) 47.0 (6.9) 479 (6.7) 472 (6.5) 477 (7.0) 027
PCS (physical component summary) 49.8 (5.8) 504 (5.7) 495 (5.9) 495 (6.1) 0.15
MCS (mental component summary) 46.6 (6.9) 474 (6.7) 47.0 (6.5 47.1(7.2) 0.12
GSRS
Total® 1.58 (0.54) 1.59 (0.56) 1.58 (0.58) 1.60 (0.54) 0.70
Reflux of acid* 1.23(0.85,1.79) 1.24(0.85,1.81) 1.23(0.84,1.78) 1.25 (O 86, 1.82) 0.54
Gastric painT 1.33(0.89, 1.99) 1.33(0.90, 1.95) 1.30(0.88,1.92) 1.32(091,1.93) 0.55
IndigestionT 148 (1.02,2.16) 147(1.00,2.16) 1.50(1.03,2.18) 146 (1.01,2.12) 0.52
Diarrhea’ 1.32(0.88,1.99) 1.37(0.92, 2.04) 1.29(0.89, 1.87) 1.31(0.90,1.91) 0.50
Constipation® 1.74.(1.09, 2. 80) 1.72(1.04,2.83) 1.76 (1.06, 2. 93) 1.84(1.09,3.11) 0.03
Values are expressed as mean. Standard deviation (— 15D, + 1SD) is indicated in parentheses
PSQ|, Pittsburgh Sleep Quality Index; GSRS, Gastrointestinal Symptom Rating Scale
*Two-way analysis of variance with repeated measures
 Geometric mean values
Table 3 Correlation matrix between the changes in PSQI, GSRS, and QOL scores in the yogurt group
PSQl GSRS SF-8 sub-categories SF-8 summary scores
GH VT SF PCS MCS
re p r* p r* 4 r* P r* 4 re p r* p
PSQl 1.00 -
GSRS 0.08 0.094 1.00
GH —0.16 <0.001 —0.12 0009 1.00 -
VT —0.26 <0.001 —0.12 0.007 0.41 <0.001 1.00 -
SF —-008 0072 —003 050 0.26 <0.001 0.36 <0.001 100 -
PCS —0.07 0.12 —0.18 <0.001 0.45 <0.001 0.36 <0.001 0.14 0.003 1.00 -
MCS —-022 <0.001 —0.12 0010 0.23 <0.001 0.36 <0.001 0.58 <0.001 —0.31 <0.001 100 -

*Spearman’s rank correlation coefficient

PSQ|, Pittsburgh Sleep Quality Index; GSRS, Gastrointestinal Symptom Rating Scale;

summary; MCS, mental component summary

paper covers secondary outcomes of the same trial, not
covered in the previous report: namely, sleep quality,
subjective QOL, and gastrointestinal condition among
women healthcare workers. Significant improvements
in PSQI score, psychological QOL scores of the SF-8,

GH, general health; VT, vitality; SF, social functioning; PCS, physical component

and constipation score of the GSRS associated with
yogurt intake were demonstrated.

A novel finding of the present study was improve-
ment in the quality of sleep by the consumption of
OLL1073R-1 yogurt. This effect may have significantly
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improved the GH and VT scores of the SF-8. As shown in
Table 3, significant correlations were observed between
the PSQI score and VT score. Therefore, we suspect
that the observed increases in the GH and VT scores
reflected reduced fatigue, itself attributable to improved
sleep quality. A recent, randomized, placebo-controlled
trial demonstrated the anti-fatigue effect of OLL1073R-1
yogurt among healthy male volunteers suffering from
summer heat fatigue [16]. With respect to the GSRS, the
intervention effect on the constipation score was statis-
tically significant. This result suggests that constipation
was prevented rather than exacerbated by the daily intake
of yogurt (constipation score: 1.74—1.72). In the control
group, constipation worsened due to the restrictions on
yogurt intake (1.76—1.84). The effect of probiotics on
improving dysbiosis has been documented in several pre-
vious clinical trials [17-20]. Benefits of probiotics have
also been reported in the field of women-specific health
(e.g. urology and gynecology) [21, 22].

The mechanisms of the involvement of yogurt fer-
mented with L. bulgaricus OLL1073R-1 in the quality
of sleep and fatigue are not fully understood. However,
the EPS produced by OLL1073R-1 is considered one of
its active ingredients. Several studies reported that puri-
fied polysaccharides exert an anti-fatigue effect [23-29].
Mushroom polysaccharide, known for its antioxidant
activity, free radical scavenging activity, immunomodula-
tory activity, and maintenance of normal liver function, is
involved in the anti-fatigue effect [30]. OLL1073R-1 EPS
may exhibit anti-fatigue effects via similar mechanisms.
In addition, it contains immunostimulatory phospho-
polysaccharides [31] and possesses antioxidant activities,
which have also been reported in EPS produced from
another lactic acid bacterium [32-35].

The strength of the present study lies in the use of a
large-scale, randomized, controlled design. A previ-
ous study which evaluated the anti-fatigue effect of the
yogurt was small-scale [16]. The present results can pro-
vide new evidence in the field of nutritional psychology.
Another strength is that this large-scale study was per-
formed under stringently controlled conditions (i.e.,
participants did not consume any other fermented dairy
products during the 16-week trial). Despite this restric-
tion, the withdrawal rate was <3% (n=25), and > 900 par-
ticipants completed the trial.

This study had several limitations. Firstly, participants
were not blinded, which means that no placebo foods
were prepared for the control group. Since it was impos-
sible to prepare a placebo yogurt with similar character-
istics (i.e., appearance, taste, and flavor) and deliver the
blinded yogurts (active or placebo) to each participant
every week, we employed an open-label design. As a
result, some participants in the control group who were
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eager to be in the yogurt group might have experienced
some stress due to the complete yogurt restriction. On
the other hand, the yogurt group participants would
have been motivated to complete the trial. Consequently,
the differences in the mood or stress levels between the
groups might have affected the results. Secondly, since
participants could not consume any fermented dairy
products except for the test food (for the yogurt group)
according to the rules of the study, a certain amount of
selection bias might have been generated. To eliminate
this effect, it may in future trials be desirable to select
participants who do not have a habit of consuming
probiotics.

Conclusions

The present study involving women healthcare work-
ers showed positive effects of OLL1073R-1 yogurt
intake on improving quality of sleep, fatigue, sense of
general health, and constipation. Our findings provide
new insights into the field of nutritional psychology and
contribute to a better comprehension for the benefits
of probiotics in our society. Consumption of probiot-
ics, including OLL1073R-1 yogurt, should support many
working women in their immunological and psychologi-
cal health. Further clinical trials employing appropriate
sample sizes and randomized controlled trial designs are
needed to validate these effects of yogurt or fermented
dairy products.

Methods

Study design and participants

The trial used to generate the data employed a rand-
omized, controlled, and open-label design. The main
objective was to examine the effects of OLL1073R-1
yogurt on the incidence of influenza among women
healthcare workers [14]. This paper details the secondary,
psychological health-related outcomes monitored in the
same trial.

The main contents of methods of the present trial
were explained in the previous report [14]. Women
(aged>20 years) who were currently employed as
medical or welfare-related professionals at medical
institutions in Ehime prefecture and could under-
stand the study purpose were selected, with written
informed consent. The exclusion criteria were as fol-
lows: (1) pregnancy; (2) contracting influenza dur-
ing the period from July 2016 to the date of providing
written informed consent; (3) allergic responses to
dairy products; (4) lactose intolerance; (5) instructed to
restrict calorie intake by a physician; (6) history of dis-
eases involving the immune system (e.g., rheumatism,
cancer, thyroid disorder, systemic lupus erythemato-
sus, myasthenia gravis, Graves’ disease, scleroderma);
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(7) participation in other clinical trials within the past
3 months; and (8) judged as unsuitable by the princi-
pal physician for other reasons. Of the 1026 women
who agreed to participate in this study, 20 failed the
exclusion criteria and 24 declined to participate after
the agreement. Therefore, 982 women were examined
at the screening session. By the day of the examination
session, 20 further women failed the exclusion crite-
ria and one declined participation. Consequently, 961
women (aged 20-71 years) were enrolled in the present
study.

All participants were instructed not to consume any
yogurt or fermented dairy foods from the day of agree-
ment to that of random assignment. Participants were
assigned to either the yogurt group (n=479) or the con-
trol group (n=482) through block randomization within
three strata: institutions of employment, age, and having
a plan of influenza vaccination or not.

Participants in the yogurt group consumed the test
yogurt daily for 16 weeks (from November 14, 2016 to
March 5, 2017), whereas those in the control group did
not consume yogurt during this period. Furthermore, all
participants were instructed not to consume any other
yogurt or fermented dairy products throughout this trial.
The participants answered self-administrated question-
naires at baseline and after 16 weeks. In addition, partici-
pants were provided with a “health notebook” to record
changes in their lifestyles, intake of the test yogurt (for
the yogurt group), and intake of any other yogurt or fer-
mented dairy foods (for both groups) during the trial
period. During the trial, four and 12 participants in the
yogurt and control group declined participation, respec-
tively. In the control group, two participants did not
attend the examination session and one did not complete
the self-administered questionnaires 16 weeks later. In
addition, two and four participants in the yogurt group
and control group, respectively, revealed that they were
pregnant during the trial, thereby infringing the exclusion
criteria. Figure 1 shows the sampling scheme throughout
this study.

Test yogurt

The test food was “Meiji Probio Yogurt R-1” drink type
(Meiji Co., Ltd., Tokyo, Japan), which is currently avail-
able on the market. This yogurt is manufactured using
two lactic acid bacterial species, namely L. bulgaricus
OLL1073R-1 and a strain of Streptococcus thermophilus,
originally isolated from traditional Bulgarian yogurt. One
bottle contains 112 mL of drinkable yogurt and provides
76 kcals, 13.9 g carbohydrate, 0.67 g fat, 3.6 g protein,
and > 1.12 x 10° CFU (colony forming units) of L. bulga-
ricus and S. thermophilus.
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Outcome measurement

The participants completed the self-administrated
questionnaires discussed below at baseline and after
16 weeks.

Quality of sleep

The Pittsburgh Sleep Quality Index (PSQI) was used
as an index of subjective sleep condition [36], as it has
been established that dairy products exert beneficial
effects on relaxation and quality of sleep [37]. The ques-
tionnaire is self-administered, and the participants were
asked to answer the questions according to their quality
of sleep (i.e., onset, duration, efficiency, difficulty, medi-
cation, and daytime sleepiness) during the previous
1 month. Each answer is converted into the score and
the total score reflects the comprehensive sleep condi-
tion. Higher scores represent worse condition.

Subjective QOL

The eight-item Short Form Health Survey (SF-8) was
used to evaluate subjective QOL [38]. The effect of
OLL1073R-1 on improving mood status have been pre-
viously reported [13]. Therefore, we examined its role
in improving psychiatric QOL. The SF-8 is a generic
questionnaire widely used to compare the impact of dif-
ferent medical conditions, and as an outcome measure
of different therapeutic interventions. The question-
naire is self-administered, and the participants were
asked to complete eight questions according to their
experiences during the previous 1 month. The ques-
tions were divided into eight subscales and two dimen-
sions that described the overall health status. The eight
subscales were physical functioning (PF), role physi-
cal (RP), bodily pain (BP), general health (GH), vitality
(VT), social functioning (SF), role emotional (RE), and
mental health (MH). The two dimensions were physi-
cal component summary (PCS) and mental component
summary (MCS), which were calculated based on the
scores of the eight subscales using specific standardized
algorithms. The scores of each scale ranged from 0 to
100, with high scores representing better QOL.

Gastrointestinal condition

The Gastrointestinal Symptom Rating Scale (GSRS)
was used as an index of gastrointestinal condition [39,
40], as it has been established that probiotics improve
gastrointestinal symptoms, such as constipation [2].
The GSRS consists of 15 questions; the participants
answered all questions according to their gastrointesti-
nal condition during the previous 1 week. We evaluated
the total score and five subscale scores (reflux of acid,
gastric pain, indigestion, diarrhea, and constipation).
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Recruitment of participants

~
1,026 agreed to participate
L (only women) )
— 24 declined after agreement
— 20 failed the exclusion criteria
982 participated in the baseline
examination session
—— 1 declined after examination session
— 20 failed the exclusion criteria
961 were enrolled
random allocation

v l

Yogurt group Started on Control group

(n — 479) Nov. 14, 2016 (n = 482)

[ 475 were examined ]

— 2 were preghant
during this trial

A 4
473 completed the
protocol

Fig. 1 Sampling scheme throughout this study

— 4 declined during this trial

Examination session
after 16 weeks
on March 5, 2017

— 12 declined
during this trial

—» 2 were absent from
the examination
session after 16 weeks

— 1 did not answer the
guestionnaire after
16 weeks

[ 467 were examined ]

— 4 were pregnant
during this trial

Y
463 completed the
protocol
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The scores of the total and each subscale ranged from
1 to 7, with higher scores representing worse condition.

Statistical analysis

All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA) based on
intention-to-treat analysis. Differences in the means of
the indices between the two groups at baseline and after
16 weeks were analyzed using an unpaired t-test. The
effects of the intervention on the scores of the PSQI,
SF-8, and GSRS were analyzed through two-way analy-
sis of variance with repeated measures. Owing to the
non-normal distribution of the GSRS score, geomet-
ric means were calculated and used for analysis. In case
of participant withdrawal from the study, the values for
PSQI, SF-8, and GSRS obtained at baseline were used as
those after 16 weeks. In the yogurt group, the correlation
between the changes in QOL scores and changes in PSQI
and GSRS scores were analyzed using Spearman’s rank
correlation analysis. For the incidence of adverse events
in both groups, the rates were analyzed in 10 categories
using the chi-squared test. In all analyses, p<0.05 (two-
sided) denoted statistical significance.
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