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Abstract : Although participatory workplace improvement programs are known to provide favor-
able effects on high stress occupations like nursing, no studies have confirmed its effect using bio-
markers. The aim of this study was to determine whether a participatory workplace improvement
program would decrease stress-related symptoms as evaluated by biomarkers and self-reported
stress among hospital nurses. Three actions to alleviate job stress, which were determined through
focus group interviews and voting, were undertaken for two months. A total of 31 female Japanese
nurses underwent measurement of inflammatory markers, autonomic nervous activity (ANA), and
perceived job stress (PJS) at three-time points; before the program (T1), within a week after the
completion of the program (T2), and three months after the program (T3). A series of inflammatory
markers (Interferon-y, Interleukin (IL)-6, and IL.-12/23p40) decreased significantly at T2, and IL-
12/23p40 and IL-1S5 significantly decreased at T3 compared to T1, while ANA and PJS remained
unchanged. Our participatory program exerted beneficial effects in reducing inflammatory re-
sponses, but not for ANA and PJS. Further investigations with a better study design, i.e., a random-
ized controlled trial, and a larger sample size are warranted to determine what exerted beneficial
effects on inflammatory markers and why other outcomes remained unchanged.

Key words : Participatory workplace improvement program, Inflammatory markers, Nurses, Focus group
interview, Voting, Job stress, Autonomic nervous activity

Introduction

Tasks of nurses are diverse; their main tasks are to

*To whom correspondence should be addressed. provide patients’ medical care, assist daily activities of liv-
E-mail: nakataa-tky@umin.ac.jp ing, and consult with other medical professions, patients’
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is a profession with high responsibility along with long
work hours and irregular shifts, but yet nurses are poorly
treated”. They are often exposed to high quantitative/quali-
tative job demands® and are therefore relatively at a higher
risk of burnout®, anxietys), emotional exhaustion®, and
depression”. According to the white paper published by the
Japanese Nursing Association in 2009%, nearly one in 23
Japanese nurses are at risk of Karoshi (death by overwork)
due to excessive workloads and shortage of nursing staff.
A study on occupational stress among Japanese healthcare
professions reported that nursing staff had significantly
higher levels of quantitative and qualitative workloads
compared to administrative/clerical employees at the same
hospital, and nurses also reported not having sufficient sup-
port from supervisors and coworkers®. Thus, it is an urgent
matter for Japanese nursing professions to improve such
demanding work conditions with poor human relationships.
In the past ten years, organizational interventions to
improve employees’ physical/mental health and work
environment have been developed and implemented®'”.
A systematic review regarding job stress interventions
concluded that those targeting ‘organizations’ rather than
‘individuals’ are more beneficial because it exerted more
favorable effects on workplace climate, absenteeism, and
health behaviors'?. One of those effective organizational
interventions is an employee participatory program'® % 16,
which encourages employees to actively participate in
identifying workplace problems and find feasible actions/
solutions. In a participatory program, the employees take
a lead in planning the improvement at their workplaces.
Thus, making an employee participatory program more
flexible and acceptable than researcher-lead programs'?.
Indeed, an employee participatory intervention study of
Japanese nurses revealed that the program increased co-
worker support and workplace goalsm). Another participa-
tory intervention study among health care workers includ-
ing nurses reported significant increases in reward leading
to a decrease of effort to reward imbalance scores'®.
However, carrying out effective workplace interventions
is often difficult because it demands every employee to be
actively involved'®. In addition to work demands, prob-
lems in the workplace vary by situations of the workplace;
many complex problems exist, and the characteristics of
individuals and the group are often diverse'® '), There-
fore, employees may not always be eager to be involved
in the intervention programs, i.e., they may have other
priorities that make them hesitate to participate in the
intervention®”. Furthermore, a potential criticism of these
studies is that the evaluation of outcomes is mainly based

on “self-reports” not validated by objective markers, for
instance, biomarkers such as inflammatory markers and
autonomic nervous activities, which may limit the gen-
eralizability and reproducibility of the results. Objective
markers including the immune and autonomic nervous
system indicators are known to reflect levels of stress and
are helpful to evaluate stress objectively®' 2%

In the present study, we examined the effect of an em-
ployee participatory program among university hospital
nurses. The specific aim of this study was to investigate
whether the workplace participatory program is effective
in alleviating stress-related inflammatory markers, improv-
ing the balance of the autonomic nervous activities, and
perceived stress-related outcomes. We hypothesized that
after completion of the employee participatory program,
we would observe a reduction of stress-related inflamma-
tory markers, improved balance of the autonomic nervous
activities, and reduced perceived job stress by the effects
of the program itself. Because the intervention effect may
be delayed or lasting over a longer period, we examined
the baseline and two-time points after the participatory
intervention program, that is, immediately after and three
months after the intervention.

Subjects and Methods

Setting

The present study was conducted at a branch hospital
of A university hospital with 150 beds in the southern part
of Japan. The hospital had 144 nurses working under 19
clinical departments with seven units. The hospital is well-
known for community-based nursing, palliative care, and
orthopedics specialized in sports.

Design and procedure

Throughout the nursing departments, all nurses work-
ing at the hospital were asked to participate in this study
(n=144, female ratio: 96.5%). Inclusion criteria were, 1)
working at the hospital as a full-time nurse, 2) not being
pregnant, and 3) not having a severe illness which may
interfere with objective evaluations. A total of 36 nurses
agreed to participate in this study. We excluded partici-
pants who became pregnant during the implementation
of the program (n=1) and were absent from work due to
illness or family issues at the time of evaluations (n=3). A
male participant was excluded from the analysis because
of possible sex differences in outcome measures (n=1).
Finally, a total of 31 female nurses who participated in the
whole process were submitted to the final analysis.
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Ethics

The study was reviewed and approved by the ethical
committee of the University of Occupational and Envi-
ronmental Health (H29-049) and the ethical committee of
the International University of Health and Welfare (18-ml-
002). This study was registered on the University Hospital
Medical Information Network Clinical Trials Registry
(UMINO000039836). We informed potential participants
about the study aim, procedure, and confidentiality policy
for individual information, and participants filled out a
consent form before enrollment. Participants who agreed
to participate in blood sampling to measure inflammatory
markers, autonomic nervous activity, and job stress-related
questionnaire received a 1,000-yen gift card as a reward at
each time of the measurement.

Outline of the participatory program
We carried out a participatory program referring to the
procedure for the workplace improvement by the National

Personnel Authority, Japan'®

and several other reports
conducted in Japan® 'V, The following procedure was
undertaken. We first explained the idea of the participatory
workplace improvement program to the nursing direc-
tor/head nurses and then, held an information session to
explain the program and our research (presentations, and
handouts for those who could not attend the session) for
all nurses in the hospital. After that, we asked every nurse
at the hospital to fill out an anonymous questionnaire with
two open-ended questions; ‘Please share us your best ideas
to create ideal/pleasant workplaces’ and ‘“What could you
and other nurses do to create a better and ‘easy to work’
workplace in a common manner?’. We obtained more than
100 ideas from nurses. We also asked the nursing director/
head nurses to recruit nurses who are willing to participate
in the focus group interview (FGI) to discuss feasible
ideas regarding time, cost, and effort, to improve the work
environment/conditions. With reference to the ideas from
the questionnaire, we conducted two 2-h FGIs to prioritize
the action. Each FGI group consisted of five to eight
nurses representing their units/departments and a total of
24 nurses participated in the FGIs. Three facilitators (TT,
AN, and YO) assisted the FGIs throughout.

Next, based on the FGIs and discussion with facilitators,
actions of the participatory program were narrowed-down
to three ideas: a) taking turns to have no overtime, b) vol-
untarily predicting coworkers’ needs to smoothly carry out
their tasks, and c) sending ‘Thank-you’ cards to coworkers
to show appreciation. The idea that ‘voluntarily predicting
coworkers’ needs’ was, for examples, to set up materials

T TONDOKORO et al.

and devices for the next shift, to help other nurses when
nurse-calls were made from patients who were not in
charge of, to help coworkers transferring a patient to a
wheelchair or a bed, etc. Finally, we held a vote to select
one action from all the anonymous nurses to determine
the participatory program; we obtained 43 votes for a),
24 votes for b), 15 votes for ¢), and two votes with blank.
However, after the vote, head nurses pointed out that some
units were already conducting the action a), so the nurses
eventually decided to carry out all three actions. These
three actions were facilitated by the nursing director/head
nurses in each unit/department and implemented for two
months continuously by each unit (Fig. 1).

Evaluation

This study employed three types of measurements;
inflammatory markers, autonomic nervous activity, and
self-administered questionnaire. Participants were asked to
take blood sampling and evaluation of autonomic nervous
activity, and to fill out the questionnaire at three time
points; before the participatory program for baseline eval-
uation (T1), within a week after the end of the program to
measure an immediate effect (T2), and three months after
the end of the program (T3) to evaluate delayed/lasting ef-
fect (Fig. 2). Each evaluation point was scheduled for five
days to secure participants working daytime shifts on the
evaluation day. The data were collected between August
2017 and February 2018.

Objective evaluations
Inflammatory markers

A number of studies indicated that chronic psychoso-
cial job stress elevates inflammatory markers such as C-
reactive protein (CRP), interleukin (IL)-6, and tumor
necrosis factor (TNF)-0?% 2% 22 These studies observed
that workers with higher job stress (low organizational jus-
tice, increased job strain, or low social support) exhibited
increased levels of CRP and IL-6** 229 compared to the
lower stress counterpart. To objectively evaluate chronic
psychosocial job stress level, we measured traditional
inflammatory markers, such as interferon (IFN)-y, IL-6,
TNF-0, and high-sensitivity C-reactive protein (hs-CRP),
and as well as 1L-12/23p40, IL-15, and IL-27 since mea-
suring autonomic nervous balance may only reflect mo-
mentary stress levels but not the chronic one®”. Because
past studies confirmed an association between psychoso-
cial factors at work including job stress and inflammatory

22, 23, 25-29)

markers , we could expect a reduction of those

inflammatory markers if the participatory program is ef-

Industrial Health 2021, 59, 128-141



EMPLOYEE PARTICIPATORY INTERVENTION AND BIOMARKERS 131

On-duty issues
» Work lively

+ Learn widely
» Have a wide viewpoint

» Conduct discussion groups to identify the
strengths of our hospital and show the
strength (Sports orthopedics, community-
based care, palliative care)

» Have practicums at the operation unit and
home-visit nursing

» Spread good rumors about our hospital

» Show good working condition/environment
to students and future employees (Be kind
to students, smile against students)

 Raise salary

-

Interpersonal issues
* Be unirrigated

» Open to talk to bosses and
colleagues
» Have safe atmosphere to ask

* Predict coworkers’ needs and corporate
(i.e. setting up materials and devices for
the next shift, helping other nurses when
nurse calls were made from patients who
were not in charge of, helping coworkers
transferring patients to a wheelchair/bed,
etc.)

* Feedback the good nursing care

Off-duty issues

» Take more paid leaves

» Work healthier

- Have better work-life balance
- Take day offs equally (maternity
leave vs. non-maternity leave)

* Reduce overtime

* Hire more nurses including part-timers

* Increase flexible work hours

Fig. 1.
personal issues.

fective.

A total of 8.5 ml of venous blood samples was col-
lected to measure serum cytokines and hs-CRP. The blood
samples of each participant were collected in gamma-
rays sterilized polyethylene-terephthalate tubes containing
serum separating gel and coagulation accelerant (silica
particles) between 2 pm and 5 pm and stored in a cooler
box (0-5°C). These samples were then transported to our
laboratory twice in the afternoon by 4:30 pm and 7:30
pm (within two and half hours from blood collection).
At the laboratory, the samples were centrifugalized with
2,400 rpm for ten minutes to extract 500 pl of the serum
and deep-freezed (—20°C) until the analysis. The levels
of IFN-y, IL-6, TNF-a, IL-12/23p40, IL-15, IL-27, and
hs-CRP were measured with Enzyme Immunoassay or
Chemiluminescent Enzyme Immunoassay using MESO™
QuickPlex SQ 120 (Meso Scale Diagnostic, LCC, Rock-
ville, MD, USA), which were measured by the analyzing

Examples of obtained ideas from the focus group interviews. A group of interviewees raised ideas about on-duty, off-duty, and inter-

company, Life Science Institute Medience Corporation,
Japan. The minimum detectable level for IFN-y, IL-6,
TNF-a, 1L-12/23p40, IL-15, 1L-27, and hs-CRP was 0.2
pg/ml, 0.06 pg/ml, 0.04 pg/ml, 15.0 pg/ml, 2.0 pg/ml, 8
pg/ml, and 0.004 mg/dl, respectively, and the values lower
than the measurement limit were divided by square root of
two, “minimum detectable level/N2” for each inflamma-
tory markers’". In this sample, there were 12 cases for hs-
CRP, which exhibited below the minimal detectable limits.
Three cases for IFN-y and 14 cases for IL-6 also exhibited
below the minimal detectable level, however, their values
were detected from the calibration curve.

Autonomic nervous activity

Autonomic nervous activity is commonly assessed by
measuring heart rate variability (HRV), which is the varia-
tion of time intervals of heartbeats (R-R intervals). Several
studies reported that increased heart rate and decreased
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HRYV, which reflects sympathetic nervous activity (SNA),
are associated with high levels of job stress®!> 2% 28 32),
The SNA and parasympathetic nervous activity (PNA) are
known as antagonistic. Therefore, if a decrease of SNA
and increase of PNA are observed simultaneously after the
participatory program, we could expect a stress reduction
effect by the program.

We measured the autonomic nervous activity by Silmee
Bar Type Lite (Silmee, Tokyo Denki Kagaku (TDK), To-
kyo, Japan), a non-invasive device, that can measure HRV
within 15 min, as described elsewhere®?. Briefly, Silmee
is a small electrocardiograph device that is applied to the
lower sternum of a subject, and HRV, pulse wave, and
body motion were detected by the sensors. It automatically
calculates HRV by the power spectral analysis and could
measure three SNA parameters; low-frequency HRV/total
frequency HRV (standing position), mean R-R interval
/ R-R interval per minute (standing position), and mean
R-R interval (supine-stand position). Similarly, we could
measure three PNA parameters; mean R-R interval (supine
position), high-frequency HRV/total frequency HRV (su-
pine position), and the standard deviation of R-R intervals
(SDRR) (supine position). From these values, SNA/PNA
ratios were calculated. All these measured values can be
shown immediately by a radar chart on the tablet screen,
which is connected by Bluetooth. We measured autonomic
nervous activities in two rooms of the hospital with a dim
light and quiet environment between 2 pm and 5 pm to
adjust in-day fluctuation. Since Silmee detects current
autonomic nervous activity, we used it to evaluate partici-
pants’ acute stress levels, as it is used in past studies®* 3.

Subjective evaluation

The self-administered questionnaire contained questions
regarding psychosocial job stress, demographics, health,
lifestyle, and work. In this study, we used perceived
psychosocial job stress and psychosocial/physical stress
reactions as measured by the Brief Job Stress Question-
naire®. Job satisfaction was measured by the NIOSH job

satisfaction scale (translated in Japanese)”’ 38

, and depres-
sive symptoms as measured by the Center for Epidemio-
logic Studies Depression Scale (CES-D)*”. We also asked
all nurses at the hospital to fill out anonymous questions
whether they were voluntarily predicting coworkers’ needs
and taking proactive actions before and after implementa-
tion by a 10-point Likert scale (0= not at all aware of/
not taking any proactive action at all, ..., 10= very much

aware of/taking enough proactive actions).

T TONDOKORO et al.

questions) distributed to all nurses

[ Questionnaire (two open-end
(August 2017)

Nurses agreed to take the
evaluations (n=36)

‘( Excluded (n=1)
'L e Absent from work

Baseline evaluation (T1) (n=35)
(August-September 2017)

Focus group interviews
(September 2017)

Final voting on the actions
(September 2017)

Implementation
(October - December 2017)

N
Excluded (n=1)
e Absent from work

v

.

Evaluation (T2) (n=34)
(December 2017)

AN

-
Excluded (n=2)

> ¢ Pregnant

¢ Absent from work

Evaluation (T3) (n=32)
(February 2018)

AN

>
Excluded (n=1)
* Male

. J

v

Submitted to final analysis (n=31)

Fig.2. Flow chart of methods and study participants.

Statistical analyses

To observe distributions of obtained values, we per-
formed the Shapiro-Wilk test. If the Gaussian distributions
were confirmed (p>0.05), we applied a one-way analysis
of variance (ANOVA), and if the non-Gaussian distribu-
tions (p<0.05), we applied Friedman’s tests to compare
differences among time points of evaluations (T1, T2, and
T3). In this sample, the Gaussian distributions were con-
firmed on IL-15, mean R-R interval in the supine position,
sympathetic nerve/parasympathetic nerve ratio, subjective
quantitative workload, and physical stress response, and
the rest was the non-Gaussian distributions. If there was
a significant difference among three time points, we per-
formed a pairwise comparison with the Bonferroni test.

Before comparing the intervention effects on outcome
measures, we compared inflammatory markers, autonomic
nervous activity markers, and sleep duration between
daytime and 2-shift workers at baseline, because working
under two different shifts may have an impact on these
outcomes. As a result, we found no statistical differences
between the groups, and thus we handled the data with
shift and non-shift-workers together (Appendix 1-3).

To estimate the reliability of items on the questionnaire,
Cronbach’s alphas were calculated as well. We confirmed
that 30 out of 33 job stress scales measured in this study
had acceptable level (>0.60) of Cronbach’s alphas. We
analyzed data using IBM SPSS Statistics for Windows,

Industrial Health 2021, 59, 128-141
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version 25.0 (IBM Corp., Chicago, IL, USA), and the
level of significance was set at p<0.05.

Results

Characteristics of participants

The baseline characteristics of female nurse participants
who were submitted to the final analysis (n=31) are shown
in Table 1. The median age of participants was 38.0 yr
old and one-quarter of them were married. Except for the
department G (nursing department), four to six nurses in
each unit participated in this study. More than half of the
participants worked for the day shift and the rest of them
worked for 2-shifts with 16-hour night shift (16:30-9:30).
They had the median overtime of 9.25 h in the previous
month of the evaluation. Over 90 percent of participants
had six or more hours of sleep on workdays. More than
three-quarters of participants were under regular menstrual
cycle.

Selected actions

Overall, four units/departments (orthopaedics, gastro-
intestinal surgery, obstetrics, and gynecology unit, rheu-
matology, diabetic tract medicine, pulmonary medicine,
cardiovascular medicine, and nephrology unit, gastrointes-
tinal medicine, palliative care, hematology, oncology, and
urology unit, and operation department) in the hospital
carried out the action ‘taking a turn to have no overtime’.
The scores of voluntarily predicting coworkers’ needs and
taking proactive actions were not significantly different
before and after the implementation; the median for aware-
ness of proactive actions before and after were both 7.0 (no
change), and the median score for taking proactive actions
before and after were both 6.0 (no change). In addition,
nurses sent each other a total of 43 ‘Thank-you’ cards.

Inflammatory markers

Table 2 shows medians, interquartile range, means,
standard deviations (SD) of inflammatory markers at T1,
T2, and T3, and statistical comparisons among the time
points by either Friedman’s tests or one-way ANOVA.
IFN-y (p=0.003), IL-6 (p=0.047) and 1L-12/23p40
(p=0.004) were significantly decreased at T2 compared to
T1. Similarly, IL-12/23p40 (p=0.019) and IL-15 (p=0.015)
were significantly decreased at T3 compared to T1.

Autonomic nervous activity
Table 3 shows medians, interquartile range, means,
SD of autonomic nervous activity at T1, T2, and T3, and

statistical comparisons among time points by either Fried-
man’s tests or one-way ANOVA. There were no significant
differences among time points.

Psychosocial job stress

Table 4 presents medians, interquartile range, means,
SD of perceived psychosocial job stress, psychosocial
and physical stress reactions, job satisfaction, and CES-
D at T1, T2, and T3, and comparison among time points
by either Friedman’s tests or one-way ANOVA. The
physical stress response showed a significant difference
among three-time points (p=0.048), however, with the
pair-wise comparison, we did not observe any significant
difference. CES-D score was marginally decreased at T2
(median=12.5) and T3 (median=12.0) compared to T1
(median=14.0) (p=0.077).

Discussion

The primary objective of this study was to determine
whether a participatory workplace improvement program
would decrease stress-related symptoms as evaluated by
stress-related biomarkers, i.e., inflammatory markers and
autonomic nervous activity, and self-reported stress as
measured by the Brief Job Stress Questionnaire among
hospital nurses. We evaluated its effect at baseline (T1),
immediately after (T2), and three months after the end of
the program (T3). As a result, we observed reductions in
inflammatory markers at T2 and T3 compared to T1, al-
though autonomic nervous activity and self-reported stress
remained unchanged. The differences in inflammatory
markers could not be explained by the difference in work
shifts because we did not confirm statistical differences by
work schedules. To our knowledge, this is one of the first
studies to evaluate the effects of participatory interven-
tion by introducing multiple biomarkers and self-reported
stress at the same time.

Our initial hypothesis was that the current participa-
tory program would exert beneficial effects on alleviating
stress-related symptoms, i.e., a reduction of inflammatory
markers, healthier autonomic nervous system balance, and
a decrease of perceived job stress simultaneously. How-
ever, only a significant reduction in inflammatory markers
was observed. There are several possible explanations for
this unexpected finding. First, past studies have reported
that participatory intervention is protective against the
deterioration of mental health rather than improving it'*
40 According to a study by Tsutsumi et al., that tested
the effects of participatory intervention aimed to improve
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Table 1. Baseline characteristics of female nurse participants (N=31)

T TONDOKORO et al.

n % Median Interquartile range

Age 38.0 25.0-42.0
Marriage status

Single 22 71.0

Married 8 25.8

Divorced 1 32
Number of years employed as a nurse 7.0 3.0-20.0
Number of participants by units and departments

A (orthopaedics, gastrointestinal surgery, obstetrics and gynecology unit) 5 16.1

B (rheumatology, diabetic tract medicine, pulmonary medicine, cardiovascular medicine, and nephrology 4 12.9

unit)

C (gastrointestinal medicine, palliative care, hematology, oncology, and urology unit) 6 19.3

D (operation department) 5 16.1

E (out-patient department) 5 16.1

F (home nursing department) 5 16.1

G (nursing department) 1 32
Work shift

Daytime 19 613

2-Shifts 12 387
Overtime (hours/last month) 9.25 4.60-16.50
Average sleep hours on work days 6.00 6.00-7.00

<6h 3 9.7

>6h 28 903
Menstrual cycle

Menstruation 3 9.7

Follicular phase 7 22.6

Luteal phase 14 452

Menopause 4 12.9

Other 1 32

Not ascertained 2 6.5

mental health and job performance among blue-collar
workers, participants allocated to the control group had
poorer scores on mental health status after the 1 yr inter-
vention period'?. In contrast, participants allocated to the
intervention group maintained the same level of mental
health status, resulting in significant protective effects of
the intervention. More recently, a study that examined the
effects of participatory organizational-level workplace
intervention aimed to reduce the level of unnecessary
and unreasonable tasks for employees in pre-schools
reported that the intervention group maintained the same
level of unnecessary and unreasonable tasks after the 2 yr
intervention period, whereas the control group yielded an
increased level of those tasks*”. Our results of maintaining
a comparable level of self-reported stress before and after
intervention are in accord with these results, although our
finding needs to be validated by a better study design such
as the randomized controlled trial.

Second, the intervention effect may not always appear
at the same time when a different type of outcome is mea-
sured simultaneously*?. According to a study which eval-
uated the effects of an art-based leadership development
program, the intervention (art-based leadership) group ex-
erted a protective effect on dehydroepiandrosterone-sulfate
(DHEA-s) but not for the cortisol levels*?. With regard
to psychosocial factors in the same study, the intervention
group had significant improvement in total mental health
status, covert coping, and performance-based self-esteem
scores than the conventional intervention (control) group,
but scores on emotional exhaustion, sleep disturbances,
and depressive symptoms did not show significant in-
tervention effect. Similarly, a study by Uchiyama ef al.,
which focused on improving the psychosocial workplace
environment, reported that scores of coworker support and
workplace goals significantly improved by intervention
but not for mental health status after a 6-month interven-
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Table 2. Differences in inflammatory markers at T1, T2, and T3
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T1 T2 T3
p- p-value
Median Interquartile Mean SD Median Interquartile Mean SD Median Interquartile Mean SD Vvalue (pair-wise)®
range range range

IFN-y (pg/ml)? 276 (2.05-4.91) 215 (131-3.48) 268 (1.86-3.92) 0.004 Tl vs. T2: 0.003,
T1 vs. T3: 0.432,
T2 vs. T3:0.197

IL-6 (pg/ml)* 046 (0.24-0.60) 035 (0.25-0.54) 036 (0.29-0.56) 0.044 Tl vs. T2: 0.047,
T1 vs. T3:0.226,
T2 vs. T3: 1.000

TNF-a (pg/ml)* 1.46  (1.25-1.82) 142 (1.10-1.68) 133 (1.20-1.62) 0.244

IL-12/23p40 (pg/ml)* 124 (98.7-154.0) 102 (83.4-127.0) 115 (87.1-137.0) 0.003  T1 vs. T2: 0.004,
T1 vs. T3:0.019,
T2 vs. T3: 1.000

IL-15 (pg/ml)® 276 0.44 275 048 26 042 0009 TIvs. T2: 1.000,
T1 vs. T3: 0.015,
T2 vs. T3:0.058

IL-27 (pg/ml)* 1050 (935-1300) 973 (886-1220) 1090 (887-1400) 0.089

hs-CRP (mg/dl)?* 0.013  (0.007-0.032) 0.013  (0.006-0.031) 0.013  (0.008-0.042) 0.304

2Friedman’s test.
bOne-way analysis of variance.
“Bonferroni test.

The values with the non-Gaussian distribution are shown as medians and interquartile range. The values with the Gaussian distribution are shown as

means and SDs.

T1: baseline (before the program); T2: immediately after the program; T3: 3 months after the program; IFN: interferon; IL: interleukin; TNF: tumor

necrosis factor; hs-CRP: high-sensitivity C-reactive protein.

tion period'®. Thus, the appearance of the intervention
effect may differ by the timing of evaluation and the type
of outcomes measured.

Third, because of the small sample size of this study,
our analysis may have had less power to detect statisti-
cal significance. For example, we observed a borderline
(p<0.10) significant decrease in depressive symptom
(CES-D) scores before and after the intervention (Table
4); compared to CES-D score (median) of 14.0 at baseline,
the CES-D score decreased to 12.5 immediately after
the intervention and further decreased to 12.0 after the
three-month from the intervention period. A borderline
significant decrease in physical stress response score was
also observed at T3 compared to T2. Further studies with a
larger sample size are needed to confirm this speculation.

Multiple lines of evidence suggest that high job stress
is associated with increased levels of inflammatory mark-
ers such as CRP, IL-6, and TNF-a2> 2. Such evidence
supports that alleviating job stress may lead to a reduction
in basal level of inflammatory markers. In this study,
we found significant decreases of IFN-y, IL-6, and IL-
12/23p40 immediately after the termination of the inter-
vention program and delayed decreases or lasting effect in
IL-12/23p40 and IL-15 three months after the termination

of the program. Although we cannot fully deny that the
current finding was by chance or merely by seasonal/

4345 ), our result

diurnal variation of inflammatory markers
was in an expected direction that reduced job stress is as-
sociated with lower levels of inflammation in our body.

The results of our study may also be relevant to the
findings that more regular/flexible schedules among
nurses working under shift work are associated with
healthier cardiovascular profile*®. According to this quasi-
experimental intervention study, which aimed to achieve
regularity of shift schedules, i.e., fewer consecutive night
shifts, more weekends off, and only 2 different types of
shifts (day-evening or day-night), have led to an increase
in high-density lipoprotein (HDL) cholesterol level and re-
duction of the total cholesterol and low-density lipoprotein
(LDL) cholesterol levels after 6 months of intervention.
Increasing regularity against shift work may have reduced
job stress associated with shift work, and consequently
lead to a healthier cardiovascular profile. Our results are
partly in line with above results that reducing job stress
is associated with healthier inflammatory/cardiovascular
profiles.

Unlike inflammatory markers, we did not find signifi-
cant changes in the measures of autonomic nervous activ-
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Table 3. Differences in autonomic nervous activity at T1, T2, and T3
Tl T2 T3
Interquartil Interquartil Interquartil m
Median OIUME Nean  SD Median oAU ™ Mean  SD Median o dYTE Mean  Sp o value
range range range
Low frequency/total frequency 0.71 (0.62-0.76) 0.75 (0.65-0.81) 0.76 (0.63-0.83) 0.368
(standing)*
Mean R-R interval/ R-R inter- ~ 223.4  (172.7-273.0) 2364 (179.4-261.6) 2259 (180.2-263.0) 0.542
val per minutes (standing)?
Mean R-R interval 157.6  (96.7-204.4) 147.8  (123.5-196.9) 1422 (113.0-193.0) 0.542
(supine-standing)?
Mean R-R interval 841.3 112.3 839.9 112.0 836.7 106.0 0.969
(supine)®
High frequency/total frequency ~ 0.62 (0.53-0.71) 0.65 (0.50-0.77) 0.68 (0.54-0.74) 0.798
(supine)?
SDRR (supine)? 292 (23.741.7) 327 (24.8-40.5) 328  (24.7-42.6) 0.968
Sympathetic nerve 1.02  0.26 1.08 0.28 1.05 025 0.286

/parasympathetic nerve ratio®

?Friedman’s test.
YOne-way analysis of variance.

The values with the non-Gaussian distribution are shown as medians and interquartile range. The values with the Gaussian distribution are shown as

means and SDs.

T1: baseline (before the program); T2: immediately after the program; T3: 3 months after the program; SDRR: standard deviation of R-R intervals.

ity. Several studies confirmed that acute psychological
stress had a significant impact on HRV>* 3> 47 whereas
some studies reported that chronic job stress does not
associate with an increase of HRV* %)) Because nurses
are under high quantitative and qualitative workload in ev-
eryday settings, perceived chronic stress may be detected
by inflammatory markers but not by autonomic nervous
system activity % >V,

Our study did not find significant decreases in subjec-
tive job stress measures as well. It could be construed that
the amount of individual workload may have not been
reduced by the intervention itself but those participating in
the program may have felt increased job performance, or-
ganizational beliefs, role clarification, and social relation-
ships as well as reducing illegitimate job tasks than before
implementing intervention*® *! 3. Such organization-
focused measures may help understand the effects of
intervention programs further.

Study strengths and limitations

The most obvious strength of this study was that we
used stress-related biological measures, i.e., blood inflam-
matory markers and autonomic nervous activity simul-
taneously, to confirm the effects of the program. Given
that most past studies examined the impact of workplace
improvement intervention programs only by self-reported
13, 14, 16, 53*57), it remained to be resolved whether
intervention programs could exert beneficial effects on

measures

biological markers. In this way, we could prevent report-

ing bias as well as increase the validity of the results.
However, we must mention several limitations of this
study. First, we had a small sample size (n=31), which
may have hampered by reduced statistical power. With
the small sample size at the initial point, we were not able
to conduct a study setting a control group, i.e., applying
a randomized controlled trial design. Thus, it leaves a
question toward the generalization of the results. Second,
because we placed the feasibility of intervention impor-
tant, nurses carried out three actions, which made it dif-
ficult to identify which action had the strongest impact on
biomarkers. Although we targeted only nurses at a single
hospital, the hospital had multiple units/departments and
we are not certain that those implementations were truly
suitable for each unit/department. Also, we decided to
conduct a 2-months intervention period through several
discussions with the nursing representatives. A longer
length of intervention may have given nurses more time to
get used to the current intervention, leading to clearer dif-
ferences in outcome measures. In addition, those actions
were facilitated by head nurses in each unit/department,
therefore, commitment to take these actions may vary
by units/departments. Third, we could not confirm the
tasks and demands that participants engaged in during
the program. The operations and demands, i.e. number
of patients, the severity of patients’ illness and disability,
were more likely to be inconsistent over the program.
In consideration of these limitations, we must carefully
interpret that the decline of inflammatory markers may

Industrial Health 2021, 59, 128-141
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not be the direct effect of the participatory program as
stated earlier. Finally, in the current study, participants
were working under two-different shifts, i.e., daytime and
2-shift schedules. Although we measured objective mark-
ers when participants were under daytime schedule, we
cannot conclusively deny that they were under different
phase of diurnal rhythm affecting measured outcomes.

Conclusion

Although limitations need to be considered carefully
when interpreting the results, we observed reducing effects
of inflammatory markers after the participatory workplace
improvement program targeting hospital nurses. This study
suggests the importance of introducing objective measures
to evaluate participatory workplace improvement program,
in addition to subjective measures.
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Appendix 1.
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Differences in inflammatory markers at T1 between daytime and shift workers

Daytime workers (n=19)

Two-shift workers (n=12)

Median Interquartile range Mean SD Median Interquartile range Mean SD p-value
IFN-y (pg/ml)? 2.79 (2.05-4.96) 2.63 (1.97-3.54) 0.535
1L-6 (pg/ml)? 0.48 (0.32-0.56) 0.29 (0.19-0.73) 0.459
TNF-a (pg/ml)® 1.48 0.30 1.68 0.60 0.287
IL-12/23p40 (pg/ml)® 133.2 50.6 125.6 35.6 0.658
IL-15 (pg/ml)® 2.85 0.44 2.62 0.41 0.155
IL-27 (pg/ml)? 1,050 (921-1300) 1,063 (936-1275) 0.857
hs-CRP (mg/dl)? 0.013 (0.006-0.066) 0.013 (0.008-0.029) 0.734

“Mann-Whiteney U test.
T-test.

The values with the non-Gaussian distribution are shown as medians and interquartile ranges. The values with the Gaussian distribution are shown as

means and SDs.

T1: baseline (before the program); T2: immediately after the program; T3: 3 months after the program; IFN: interferon; IL: interleukin; TNF: tumor
necrosis factor; hs-CRP: high-sensitivity C-reactive protein.

Appendix 2.

Differences in autonomic nervous activity at T1 between daytime and shift workers

Daytime workers (n=19)

Two-shift workers (n=12)

Mean SD Mean SD p-value
Low frequency/total frequency (standing) 0.69 0.13 0.72 0.11 0.456
Mean R-R interval/ R-R interval per minutes (standing) 220.6 74.4 226.7 65.3 0.819
Mean R-R interval (supine-standing) 150.3 70.9 160.0 59.5 0.698
Mean R-R interval (supine) 860.5 88.0 810.9 141.7 0.238
High frequency/total frequency (supine) 0.65 0.15 0.60 0.14 0.344
SDRR (supine) 327 133 30.8 10.5 0.689
Sympathetic nerve/parasympathetic nerve ratio 0.97 0.27 1.11 0.24 0.143

All values showed the Gaussian distribution. T-tests were performed.
T1: baseline (before the program); T2: immediately after the program; T3: 3 months after the program; SDRR: standard deviation of R-R

intervals.

Appendix 3. Differences in sleep hours at T1 between daytime and shift workers

Daytime workers

Two-shift workers

n Median (h) Interquartile range (h) n Median (h) Interquartile range (h) p-value
Average sleep hour on workdays 19 6.00 (6.00-7.00) 12 6.00 (6.00-7.00) 0.765
Average sleep hour on off days 19 8.00 (7.00-8.00) 12 8.00 (7.00-8.75) 0.734
Sleep hour on the previous day of evaluation 17 6.50 (6.00-7.25) 11 6.00 (5.00-6.50) 0.091

All values showed the non-Gaussian distribution. Mann-Whitney U tests were performed.
T1: baseline (before the program); T2: immediately after the program; T3: 3 months after the program.



