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ABSTRACT: Maintaining employees’ presenteeism is a major issue in the workplace. Simple and convenient methods to
improve presenteeism are required. We investigated whether administering the lactic acid bacteria Lactococcus lactis strain
Plasma (LC-Plasma) can improve the performance and physical condition of office workers. Subjects were randomly as-
signed to one of two groups: 1) an intake period (consumption of LC-Plasma-containing yogurt beverage) followed by a
non-intake period, or 2) a non-intake period followed by an intake period. Each period lasted 4 weeks and there was a 4-
week washout period between each. Assessment was conducted using the World Health Organization Health and Work
Performance Questionnaire (HPQ), the Profile of Mood States (POMS) questionnaire and physical condition questionnaires.
A total of 153 subjects were analyzed. Absolute presenteeism (as assessed by the HPQ) and vigor (as assessed by POMS)
were significantly higher in the intake period than the non-intake period. The subject’s physical health (as assessed by typ-
ical common cold symptoms, physical condition, sneezing or runny noses, coughing or sore throats, and lassitude) was al-
so superior during the LC-Plasma intake period. Our results suggest that intake of LC-Plasma for 4 weeks improves work

performance through reducing the risk of infection.
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INTRODUCTION

Absence from the workplace due to sickness is a global
public health problem. Specifically, infectious diseases,
such as the common cold and influenza, are of major con-
cern, especially in winter. In addition to absence from
work, decreased work performance owing to health prob-
lems has a profound effect in the workplace. The impact
of presenteeism on work performance is greater than that
of absenteeism. Presenteeism is defined as an employee
being physically present at work but with reduced per-
formance due to illness or another medical condition; ab-
senteeism is defined as absence from work (Hemp, 2004).
Studies have shown the socioeconomic cost of presentee-
ism is much higher than the direct cost of absenteeism
and medical care (Parsonage, 2007; Nagata et al., 2018).

The cost of absenteeism is readily apparent whereas with
the cost of presenteeism is difficult to assess. From an
industrial health perspective, the cost of presenteeism is
a major issue and needs to be addressed. A previous
study has been reported that short rests or physical ex-
ercise may improve presenteeism (Justesen et al., 2017;
Michishita et al., 2017). However, these methods largely
depend on the motivation of workers and may not be
easily sustained over the long-term. Accordingly, more
simple and convenient solutions are required.

Lactococcus lactis strain Plasma (LC-Plasma) is a syno-
nym for Lactococcus lactis subsp. lactis JCM 5805. LC-Plas-
ma is a cocci-shaped lactic acid bacteriumy; it is occasion-
ally used to make cheese and yoghurt and is registered
as the type strain of Lactococcus lactis. In previous studies,
LC-Plasma were identified when screening strains of lac-
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tic acid bacteria that activate plasmacytoid dendritic cells
(pDCs) and induce type I and type III interferons (Jounai
et al.,, 2012). pDCs play an important role in initiating
adaptive immune responses, including antigen presenta-
tion and anti-viral infection (Siegal et al., 1999; Cervantes-
Barragan et al., 2012). Oral administration of LC-Plasma
has been found to activate mucosal pDCs (Jounai et al.,
2012) and prevent respiratory (Jounai et al., 2015), mu-
cosal (Jounai et al., 2018), and systemic viral infections
(Suzuki et al., 2019). LC-Plasma reportedly stimulates
human pDCs to reduce flu-like symptoms, such as runny
noses and sore throats (Sugimura et al., 2013; Sugimura
et al., 2015). LC-Plasma has also been reported to reduce
accumulation of fatigue during consecutive high-intensi-
ty-exercise sessions in male athletes (Komano et al.,
2018).

We therefore formulated the following hypothesis:
daily LC-Plasma intake may reduce the risk of seasonal
health problems of office workers through activating im-
mune responses. Furthermore, the positive effects of LC-
Plasma for office workers may lead to improved work
performance and decreased presenteeism. To determine
the effects of LC-Plasma on work performance and phys-
ical conditions in winter, we performed a randomized
and open-label crossover study of healthy office workers.

MATERIALS AND METHODS

Subjects

Subjects were healthy volunteers 20~65 years of age
working in the Tokyo head office of Yahoo Japan Corpo-
ration. Included subjects did not regularly take medica-
tions, did not have a history of serious illness (e.g., dia-
betes, liver disease, kidney disease, and heart disease),
and were not allergic to dairy products. Before the start
of the trial, all subjects signed an informed consent form
after receiving proper explanation of the purpose, meth-
ods, and expected adverse events of the study. The study
received approval from the Ethics Committee of Shiba
Palace Clinic (IRB No. 139676, Tokyo, Japan) and was
conducted in accordance with the ethical principles of
the Declaration of Helsinki.

Test samples

Yogurt beverages containing LC-Plasma were prepared
by Koiwai Dairy Products Co., Ltd. (Tokyo, Japan). The
beverage contained milk, powdered skimmed milk, granu-
lated sugar, milk peptides, and water. Subjects consumed
one cup of the beverage daily, which weighed 115 g and
contained approximately 1x10"" colony-forming units of
LC-Plasma. The dose of LC-Plasma was the same as that
used in previous studies (Sugimura et al., 2015; Shibata
et al., 2016; Fujii et al., 2017; Komano et al., 2018). The

nutritional composition of the beverage was as follows:
71 kcal, 3.4 g protein, 1.6 g lipid, 10.8 g carbohydrate, 44
mg sodium, and 117 mg calcium. Test beverages were
refrigerated until consumption.

Study design

This was a randomized and open-label crossover compar-
ative study, conducted from November 2017 to February
2018. As this was a preliminary study, we followed an
open-label study design with less burden to subjects. The
study comprised of three periods: first period (4 weeks);
washout period (4 weeks); and second period (4 weeks).
We randomly allocated subjects to two groups (A or B),
matched by age and sex. Subjects in group A were asked
to consume the test samples during the first period but
not during the second period. Subjects in group B were
asked to consume the test samples during the second pe-
riod but not during the first period. Thus, over the whole
study period, every participant had both a test sample in-
take period (LC-Plasma period) and non-intake period
(control period). The experimental design is shown in
Fig. L.

Daily during the first and second periods, subjects re-
corded test sample intake, work attendance, and inci-
dence of sickness in a diary, and completed a question-
naire about their physical condition. Subjects additional-
ly completed the World Health Organization Health and
Work Performance Questionnaire (HPQ) and Profile of
Mood States (POMS) questionnaire at the end of the first
and second periods. Subjects were instructed to maintain
their daily habits (e.g., for diet, exercise, and sleep) and
avoid foods containing lactic acid bacteria as much as
possible.

This study was registered at the University Hospital
Medical Information Network Clinical Trial Registry as
UMIN000029950.

Subject characteristics

The consolidated standards of reporting trials flow dia-
gram for this study is shown in Fig. 2. The study volun-
teers were recruited from October to November 2017.
After providing informed content, 226 subjects were
randomized and allocated to groups A and B. During the
study period, no participants were lost to follow-up. Ow-
ing to a low frequency of test sample intake or poor work
attendance in the first and second periods, we excluded
33 subjects in group A and 40 subjects in group B from
the analysis. Accordingly, 153 participants were in-
cluded in the analysis. There were no significant differ-
ences in the baseline characteristics of subjects in
groups A and B (Table 1).

Questionnaires
We used the Japanese version of the HPQ to assess the
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Fig. 1. Experimental design. Subjects were allocated to either the Lactococcus /actis strain Plasma (LC-Plasma) intake or non-intake
groups (period 1). After a 4-week washout period, the subjects’ entered the second period. Subjects who were previously in the
intake period had a period of non-intake, and subjects previously in the non-intake period had a period of LC-Plasma intake.
Every day during the first and second periods subjects kept a diary. Subjects completed the World Health Organization Health
and Work Performance Questionnaire (HPQ) and Profile of Mood States (POMS) at the end of each period.

Assessed for eligibility (n=226)

Enrollment .

Excluded (n=0)

A 4

Randomized (n=226)

|

'

Group B (n=113)

A

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Fig. 2. Consolidated standards of
reporting trials flow diagram. The

subject volunteers were random-
\ ized to two groups prior to the start

Allocation Group A (n=113)
A
; Lost to follow-up (n=0)
Follow-up Discontinued intervention (n=0)
A
. Analyzed (n=80)
Analysis Excluded from analysis (n=33)

Analyzed (n=73)
Excluded from analysis (n=40)

of the study. Subjects who did not
meet the inclusion criteria were ex-
cluded from the analysis.

Table 1. Characteristics of the subjects analyzed in the efficacy
group

Group A Group B Pvalue
Number of subjects 80 73 -
Age (years) 362192 364190 0.85
Gender (% male/% female) 58.8/41.2 57.5/42.5 0.88

Values are mean=SD.
Statistical comparisons were carried out using the Student’s
t-test for age and chi-square test for gender.

effect of the intervention on the subject’s workplace per-
formance (Kessler et al., 2003). We assessed four factors:
relative and absolute absenteeism, and relative and abso-
lute presenteeism based on the HPQ. Absenteeism is an
indicator of absence from work. Absolute absenteeism is
calculated by subtracting actual work hours from ex-
pected work hours. Relative absenteeism is the percent-
age of absolute absenteeism hours out of the expected

work hours. If the person works more than expected, the
value is negative. Presenteeism is defined as reduced per-
formance at work due to illness or medical conditions.
Respondents assessed their personal job performance and
the job performance other workers in similar roles, using
the eleven-point Likert scale. Absolute presenteeism is
actual job performance, relative presenteeism is a ratio of
actual job performance compared with the job perform-
ance of other workers in similar roles. Higher absentee-
ism scores indicate greater absence; higher presenteeism
scores indicate greater work performance.

The POMS test (brief version, Japanese) comprises of
30 questions and uses a five-point Likert scale to assess
current mood state. The test has the following subscales:
tension-anxiety, depression-dejection, anger-hostility,
vigor, fatigue, and confusion (McNair et al., 1981). Ex-
cept for vigor, a low POMS score indicates a better state
of mood.
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To assess the incidence and severity of typical com-
mon cold symptoms, participants reported their physical
condition every day during the first and second periods.
The daily questionnaires addressed their physical condi-
tion and symptoms such as sneezing or runny noses,
coughing or sore throats, feverishness, and lassitude. We
assessed those symptoms for consistency with previous
reports (Shibata et al., 2016; Fujii et al., 2017; Komano
et al., 2018). The severity of each symptom was scored
based on a five-point Likert scale, with low scores indi-
cating a better state.

Study outcomes

The primary efficacy outcome measure was work per-
formance, as evaluated with the HPQ score. The secon-
dary outcome measures were the POMS score and the
results of the physical condition questionnaire.

Statistical analyses

All values were expressed as mean=standard deviation
(SD). We compared the HPQ and POMS questionnaire
scores between the control and LC-Plasma periods using
a two-tailed Wilcoxon signed-rank test. We compared the
cumulative numbers of incident days for each symptom
using a chi-square test. We performed all statistical anal-
yses using the Excel Toukei software program (Social
Survey Research Information, Tokyo, Japan). We consid-
ered a P-value of <0.05 as statistically significant.

RESULTS

HPQ

To evaluate the influence of LC-Plasma administration on
work performance, subjects completed the HPQ at the
end of the intervention period. Absolute presenteeism
was significantly higher in the LC-Plasma period than in
the control period (P=0.04; Table 2). We did not observe
any differences between the two periods in terms of the
other scores, absolute absenteeism, relative absenteeism,
and relative presenteeism.

POMS

We evaluated the subject’s states of mood by POMS tests.
The POMS test score for vigor was significantly higher in
the LC-Plasma period than in the control period (P=0.02;
Table 3). There were no significant differences for the
other scores.

Physical condition

Table 4 shows the frequency of the occurrence of the
specified physical symptoms. The frequency of incident
days for abnormal physical condition (P<0.01), sneezing
or runny nose (P=0.04), coughing or sore throat (P<
0.01), and lassitude (P=0.01) were significantly lower in
the LC-Plasma period than in the control period. There
were no significant differences in the frequency of inci-
dent days for subjects feeling feverish (P=0.35) between
the two groups.

Table 2. World Health Organization Health and Work Performance Questionnaire scores for absolute presenteeism improved during

the Lactococcus lactis strain Plasma (LC-Plasma) periods

Control period LC-Plasma period P-value
Absolute absenteeism —4.11+22.47 —4.79+26.78 0.90
Relative absenteeism —0.04£0.15 —0.04+£0.17 0.95
Absolute presenteeism 57.29+15.68 60.14+14.39 0.04*
Relative presenteeism 1.00£0.26 1.02+0.24 0.30

Values are mean=%SD.
*P<0.05.

Statistical comparisons were carried out using Wilcoxon signed-rank tests.

Effect size was calculated by Cohen’s D as 0.19.

Table 3. Profile of Mood States scores for vigor improved during the Lactococcus /actis strain Plasma (LC-Plasma) periods

Control period LC-Plasma period P-value
Tension-anxiety 47.11£9.99 46.61+£11.21 0.61
Depression-dejection 48.87+9.91 49.09+10.53 0.56
Anger-hostility 46.92+10.63 47.37+£11.37 0.76
Vigor 40.7318.86 42.35+9.70 0.02*
Fatigue 51.20+1.00 50.41£10.42 0.24
Confusion 52.81+10.03 52.61+10.72 0.66

Values are mean=%SD.
*P<0.05.

Statistical comparisons were carried out using Wilcoxon signed-rank tests.

Effect size was calculated by Cohen’s D as 0.17.
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Table 4. The cumulative number of incident days of typical common cold symptoms were improved during the Lactococcus lactis

strain Plasma (LC-Plasma) period

1 2 3 4 5 P-value
Physical condition"”
Control period 660 1,050 1,728 344 43 <0.01**
LC-Plasma period 724 1,207 1,597 290 40
Sneeze or running nose?
Control period 2,217 1,185 319 91 13 0.04*
LC-Plasma period 2,156 1,318 296 75 13
Cough or sore throat?
Control period 2,735 751 252 75 12 <0.01**
LC-Plasma period 2,773 839 184 55 7
Feverishness?
Control period 3,318 337 134 27 9 0.35
LC-Plasma period 3,318 382 123 30 5
Lassitude?
Control period 1,976 1,077 478 245 49 0.01*
LC-Plasma period 2,076 1,063 497 184 38

Values are mean=SD.
*P<0.05 and **P<0.01.

Statistical comparisons were carried out using chi-square tests.

R very good; 2, good; 3, normal; 4, bad; 5, very bad.
21, normal; 2, slight; 3, mild: 4, moderate; 5, severe.

DISCUSSION

It has previously been reported that LC-Plasma may up-
regulate the anti-viral immune system by activating pDCs
and, subsequently, interferon alpha (Jounai et al., 2012).
In addition, oral administration of LC-Plasma has been
shown to lower the incidence of influenza and common
cold-like symptoms in many clinical studies (Sugimura et
al., 2015; Shibata et al., 2016; Fujii et al., 2017; Komano
et al., 2018). In the present investigation, we used a ran-
domized open-label crossover approach to determine
whether regular LC-Plasma administration may improve
the work performance of office employees in winter.
Absolute presenteeism (assessed by the HPQ) and vigor
(assessed by the POMS test) were significantly higher in
the LC-Plasma period than in the control period. The in-
cidence of typical common cold symptoms was also su-
perior in the LC-Plasma period. Our results indicate that
intake of LC-Plasma can enhance work performance with
respect to sickness in winter.

The HPQ, our primary efficacy outcome measure, was
developed and has been validated by the WHO to assess
subjective work performance (Kessler et al., 2003). Using
the HPQ, responses are classified into relative and abso-
lute values for both absenteeism and presenteeism. Re-
ducing poor productivity in the workplace by reducing
presenteeism is a major issue in occupational health. In
a previous study, the cost of presenteeism was shown to
account for about 70% of the total economic burden of
employee health; by contrast, direct cost (such as medical
and pharmacy expenses) account for about 20% (Edington

and Burton, 2003). In the present study, intake of LC-
Plasma for 1 month significantly increased the absolute
presenteeism score. This is the first investigation to report
improvement in presenteeism by food or food ingredient
supplementation. LC-Plasma also improved the physical
condition of the study participants; thus, the effect of LC-
Plasma on work performance appears to derive from up-
regulation of the immune system following the onset of
sickness.

We also confirmed that the vigor score (determined by
POMS) improved with LC-Plasma intake. Vigor is char-
acterized as high levels of mental energy and mental re-
silience, and the willingness to undertake effort at work
(Schaufeli et al., 2002). Work performance depends on
both the physiological and psychological state of the em-
ployee. Accordingly, the improvement in vigor as a result
of LC-Plasma intake is consistent with the results from
the work performance scores.

Most typical common cold symptoms were significantly
lower during the LC-Plasma period. Our results are con-
sistent with those of previous clinical studies (Shibata et
al., 2016; Fujii et al., 2017; Komano et al., 2018). The im-
muno-protective effect of LC-Plasma on physical condi-
tion was more conspicuous.

There are some limitations with our analysis, which
may have affected the results. The study population was
small and the investigation was only conducted upon of-
fice employees at a single workplace. Thus, it is unclear
whether our findings might also apply to employees en-
gaged in other areas, such as physical labor. Furthermore,
this study adopted an open-label design with subjective
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outcomes. As subjects knew whether they were in the
LC-Plasma or control period, the results may have been
influenced by the placebo effect. Objective outcomes were
not evaluated in this study even though the effect of LC-
Plasma on biochemical immune parameters have been
reported in previous studies. We instructed subjects to
keep to their normal lifestyle within the test period, but
we could not eliminate the influence of confounding fac-
tors. More extensive studies with a double-blind study
design, using test samples of capsules of dried LC-Plasma
powder or placebo beverages, are necessary to confirm
our findings.

In conclusion, we found that intake of LC-Plasma for 4
weeks improved work performance and the physical con-
dition of healthy office employees. More extensive stud-
ies of LC-Plasma are required. However, this strain of lac-
tic acid bacteria appears to be beneficial as a functional
food for improving the work performance of office em-
ployees with respect to risk of infection.
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