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Abstract

Purpose Accumulating evidence shows that effort-reward
imbalance (ERI) at work can cause various health prob-
lems. However, few studies have investigated the biological
pathways linking ERI and health outcomes, and their find-
ings have been inconsistent. In this study, we investigated
the associations between ERI, the hypothalamic—pituitary—
adrenocortical axis, and inflammation in a sample of police
officers.

Methods One hundred forty-two male police officers that
were engaged in a working system of 24-h shifts were fol-
lowed up during the work shift as well as during the two
subsequent work-free days. Throughout this period, the
participants provided two saliva samples each day for the
3-day period, and we measured the concentrations of cor-
tisol and C-reactive protein (CRP) in the saliva. The police
officers also completed the Japanese short version of the
Effort—-Reward Imbalance Questionnaire.

Results The results of linear mixed model analyses con-
trolled for possible confounding variables indicated that
higher effort scores (p = 0.031) as well as effort-reward
ratio (p = 0.080) were associated with lower cortisol lev-
els, and the effect of effort was strengthened in the younger
police officers (p = 0.017). Furthermore, higher effort
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scores were associated with higher CRP levels in younger
police officers (p = 0.037).

Conclusions Our results indicate that effort, a component
of ERI, has physiological effects in younger police offic-
ers, which possibly contribute to the development of stress-
related diseases.

Keywords Effort-reward imbalance - Cortisol - C-reactive
protein - Police officers - Job stress

Introduction

The effort—reward imbalance (ERI) model posits that work
conditions of high-effort (e.g., work demands, obligation)
coupled with low-reward (e.g., money, esteem, job security)
are considered particularly stressful and could have adverse
health effects (Siegrist 1996). Epidemiological studies have
indicated that ERI in the work environment contributes to
health problems such as coronary heart disease and depres-
sion (Kuper et al. 2002; Siegrist 1996; Siegrist et al. 1992;
Tsutsumi et al. 2001a, b).

The physiological mechanism underlying the associa-
tion between ERI and health problems remains unclear.
A potential biological pathway linking ERI to health out-
comes is the hypothalamic—pituitary—adrenocortical (HPA)
axis. Acute psychosocial stress is known to activate the
HPA axis, leading to elevated cortisol levels in the blood
and saliva (Dickerson and Kemeny 2004). Moreover, HPA
axis dysfunction is associated with various health prob-
lems such as depression and cardiovascular disease (McE-
wen 2000). Previous studies investigating the associations
between ERI and cortisol levels (awakening and diurnal
levels) yielded inconsistent results. Positive associations
(Eller et al. 20006), inverse associations (Eller et al. 2012;
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Maina et al. 2009), and no association (Hanson et al. 2000;
Harris et al. 2007; Irie et al. 2004; Marchand et al. 2016;
Ota et al. 2014) between ERI and cortisol levels were
reported. Characteristics of the participants (e.g., age, sex,
and the type of occupation), sample size, and frequencies
and timing of cortisol assessment differed between studies,
which could affect their findings.

Another possible process linking ERI and health out-
comes is inflammatory activity. It is well recognized that
psychosocial stress could alter inflammatory activity
(Segerstrom and Miller 2004). Further, inflammatory activ-
ity could contribute to the development of stress-related
diseases, such as cardiovascular disease, by accelerating
the process of arteriosclerosis (Steptoe and Brydon 2007).
In previous studies, job stress was reported to be associ-
ated with higher levels of inflammatory markers includ-
ing C-reactive protein (CRP), interleukin-6, and tumor
necrosis factor (Nakata 2012). However, few studies have
investigated the associations between ERI and inflamma-
tory activity. Hamer et al. (2006) reported that higher ERI
scores were associated with elevated CRP in response to
acute experimental stress, and Almadi et al. (2012) reported
a positive association between ERI and CRP in obese male
workers. Finally, inflammatory activity is closely connected
with HPA axis activity. Specifically, glucocorticoids inhibit
the synthesis, release, and/or efficacy of cytokines and
other mediators of immune and inflammatory responses
(Sapolsky et al. 2000).

The present study focused on the job stress experienced
by police officers working at police boxes in 24-h shifts.
These officers are required to prepare for the possibil-
ity of accidents and emergencies by wearing stab jackets
and carrying guns for a prolonged period, including night-
time, which could cause high stress and a chronic burden
to their health. Previous studies indicate that the preva-
lence of cardiovascular diseases and cardiovascular risks in
police offers is higher than that of the general population
(Franke et al. 1998, 2002; Joseph et al. 2009). However, to
our knowledge, no studies have investigated the biological
consequences of job stress, such as that caused by ERI, in
police officers.

In the present study, we investigated the associations
between ERI, cortisol, and CRP in a sample of police offic-
ers during their 24-h work shift and the two subsequent
work-free days. We took saliva samples and assessed their
cortisol and CRP levels. Recent studies have demonstrated
the biological validity of salivary CRP, including moderate
correlations between circulating and salivary CRP (Ouellet-
Morin et al. 2011; Punyadeera et al. 2011). We hypothesize
that a stressful work environment, evaluated by ERI, alters
the diurnal pattern or basal secretion level of cortisol, and
contributes to higher CRP levels in police officers. In the
sequence of statistical analyses, we investigated whether
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ERI components (effort and reward) altered the HPA and
inflammatory activities, because previous studies reported
biological correlates of only effort or reward (Eller et al.
2006; Maina et al. 2009). We also investigated the effects of
ERI on biological parameters in younger and older police
officers, considering a possible modification effect of age,
because in the past the relationship between job stress and
cardiovascular disease was stronger in younger workers
(Chandola et al. 2008; Kuper and Marmot 2003; Theorell
et al. 1998). Furthermore, correlations between cortisol and
CRP levels were calculated considering the known anti-
inflammatory effects of cortisol.

Methods
Participants

In this study, male police officers engaged in a work-
ing system of 24-h shifts were repeatedly measured for
3 days. The police officers were recruited from police
offices located in Chiba Prefecture, Japan in August 2013.
The sample initially consisted of 200 male police officers
aged 31-59 years, randomly selected by their identification
number. The sample size was determined by availability
of financial resource. Fifty-eight subjects were excluded
for various reasons: 21 for a history of possible inflamma-
tion- or adrenal-related diseases (cardiovascular diseases,
liver disease, diabetes, or depression), 19 for current use
of medications (steroidal, lipid-lowering, or anti-hyper-
tensive medications, or analgesics), 15 for obesity (body
mass index (BMI) > 30), and 3 for missing data on the
ERI questionnaire. Therefore, the final sample consisted of
142 male police officers. The participants’ mean (standard
deviation [SD]) age was 43.0 (9.1) years. Their mean (SD)
body mass index (BMI) was 24.3 (2.6) kg/m?, and 54 par-
ticipants were current smokers. Written informed consent
was obtained from participants, and the institute’s ethical
committee approved the study (Kitasato University Medi-
cal Ethics Committee, B13-92).

Measurements

Saliva samples for cortisol and CRP measurements were
obtained using a Salivette (Sarstedt Ltd.) with a polypro-
pylene and polyethylene polymer swab. The participants
were asked to place the swab under their tongue for 3 min
to obtain the sample.

ERI was assessed using the 10-item Japanese short
version of the Effort-Reward Imbalance Questionnaire
(ERIQ), which includes three items for effort (e.g., “I have
constant time pressure due to a heavy work load”) and
seven items for reward assessment (e.g., “My job security
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is poor”). The 10-item Japanese short version of the ERIQ
was reported to have acceptable internal consistency, reli-
ability, and construct validity (Tsutsumi et al. 2002, 2008).
In this sample, Cronbach’s alpha coefficients for effort and
reward scales were 0.81 and 0.70, respectively. The effort—
reward ratio was calculated by the formula effort/reward*c,
where ‘¢’ is a correction factor weighting the different
numbers of items in numerator and denominator (3/7).

Procedure

The police officers engaged in 3-day rotating shifts with
a 24-h work shift (0900-0900 h) followed by two work-
free days. In this study, samples were collected during the
3 days, including the 24-h work shift and the 2 work-free
days. Saliva samplings were conducted twice a day in the
morning (0900 h) and evening (1900 h). Thus, the partici-
pants provided six samples in total: before the start of the
24-h shift (0900 h), during the shift (1900 h), after the end
of the shift (0900 h), and 10-h (1900 h), 24-h (0900 h), and
34-h (1900 h) after the end of the shift. Previously, corti-
sol awakening response was frequently investigated in the
context of work stress (Karlson et al. 2012). However, in
this study, sleep patterns could be largely different between
the participants after the 24-h work shift (e.g., time of sleep
and awakening, deep sleep or short nap). Therefore, we
assessed diurnal pattern of cortisol but not cortisol awaken-
ing response.

Before the study started, the participants were verbally
instructed on saliva-sampling protocols and were requested
to refrain from eating, drinking, smoking, heavy exercise,
or brushing their teeth for 1 h before the saliva collec-
tions. Participants were also asked to record their bedtime
and awakening time during the 3-day study period. Writ-
ten instructions on the saliva collection protocol were also
handed out. We further provided 1-h time windows for
morning- and evening-saliva collections (0830-0930 h and
1830-1930 h, respectively) because a stricter schedule was
expected to be too difficult for the police officers during
their work. Saliva samples were frozen in the freezers of
police offices or participants’ homes and transported frozen
to the laboratory at the end of the experimental period.

Salivary assays

The samples were thawed and centrifuged at 3000 rpm for
15 min. The concentration of cortisol in saliva was deter-
mined by an enzyme-linked immunosorbent assay (ELISA)
Kit (IBL International, Hamburg, Germany). The lower
limit of detection was 0.14 nmol/L, and inter- and intra-
assay variations were below 7.3 and 9.3 %, respectively.
The concentration of CRP in saliva was determined using
an ELISA kit (Salivary C-Reactive Protein ELISA Kit,

Salimetrics LLC, PA, USA). The lower limit of detection
was 0 pmol/L, and inter- and intra-assay variations were
below 11.2 and 5.9 %, respectively.

Statistical analyses

Cortisol data were measured from all six saliva samples,
and CRP data were measured from two saliva samples (the
evening sample of the first day and the morning sample
of the second day); salivary CRP levels were expected to
be relatively stable over the course of 3 days (Izawa et al.
2013). Cortisol and CRP concentrations were logarithmi-
cally transformed (common logarithm) because the Kol-
mogorov—Smirnov test indicated a violation of the assump-
tion of normality (skewed distribution).

The differences in the salivary cortisol levels were
analyzed using linear mixed models with an unstructured
error covariance matrix. We first examined variations in
cortisol levels across 3 days, treating day (the first, sec-
ond, and third days) and time (0900 and 1900 h) as fixed
effects and individual intercept as a random effect. Possi-
ble confounding variables (age, BMI, and smoking status)
were also included in the model as fixed effects, as these
variables have previously been reported to be correlated
with cortisol and CRP (Ouellet-Morin et al. 2011; Maina
et al. 2012). Further, whether or not the sample was col-
lected during the 1-h period after awakening was included
in the model as a time-varying factor, because it is well
known that cortisol levels rapidly increase during the first
hour after awakening (Pruessner et al. 1997). Secondly, we
examined the effects of effort, reward, and effort-reward
ratio on the cortisol levels; effort score, reward score,
or effort-reward ratio were additionally included in the
model as fixed effects.

Differences in salivary CRP levels were analyzed by lin-
ear mixed models in the same manner as cortisol. We first
examined variation in CRP levels during shifts, treating
time (evening and morning) as fixed effects and individual
intercept as a random effect. Possible confounding vari-
ables (age, BMI, and smoking status) were also included in
the model as fixed effects. The effort score, reward score,
or effort-reward ratio were additionally included in the
model as fixed effects.

In preliminary analyses of cortisol and CRP, we found
no significant interactions of ERI components with day and
time, and thus we did not include these interaction terms in
the models. We further examined the effects of ERI com-
ponents on cortisol and CRP levels in younger (age <40,
N = 72) and older (age >40, N = 70) participants, in order
to consider the possible modification effect of age.

Pearson and Spearman correlation analyses and partial
correlation analyses were conducted to investigate the asso-
ciation between cortisol and CRP. Statistical calculations
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Table 1 Characteristics of the
participants

Total (N = 142)

Age<d0 (N=72)  Age>40(N=70) p°

Age (years)

Body mass index (kg/m?)
Smoking status (%)
ERIQ

Effort

Reward

Effort-reward ratio

43.0+9.1 350£29 51.1£53 <0.001
243 £2.6 242 +£2.7 243 +2.6 0.852
38.0 36.1 40.0 0.633
79+19 7.8+1.9 8.0+2.0 0.737
19.5+28 203+24 18.6 £2.9 <0.001
1.0+£04 09£03 1.0£04 0.040

Data are presented as mean = standard deviation

ERIQ Japanese short version of the Effort—Reward Imbalance Questionnaire

# Independent  tests or Chi-square tests were conducted between younger and older groups

Table 2 Average salivary cortisol and CRP levels adjusted for possible confounders

24-h work shift

Work-free day

Ist day 0900 Ist day 1900 2nd day 0900 2nd day 1900 3rd day 0900 3rd day 1900
Cortisol (log nmol/I) 1.30 (0.02) 0.85 (0.03) 1.24 (0.02) 0.81 (0.03) 1.19 (0.02) 0.83(0.02)
CRP (log pmol/l) - 2.10 (0.03) 2.09 (0.03) - - -

Standard errors of the mean appear in parentheses

were performed with the SPSS statistical package 18.0 for
Windows (SPSS Software Inc., Tokyo, Japan).

Results

Characteristics of the participants are shown in Table 1.
Younger participants exhibited higher reward scores
(fr140) = 3.7, p < 0.001) and lower effort-reward ratios
(fr140; = 2.1, p = 0.040) than older participants. BMI and
smoking status did not differ between groups. Geometric
means of cortisol levels (95 % CI) for morning and evening
were 17.7 (16.6-18.9) nmol/L and 6.7 (6.0-7.4) nmol/L,
respectively. Geometric means of CRP levels (95 % CI)
for evening and morning were 126.7 (77.1-176.4) pmol/L
and 125.9 (80.7-169.4) pmol/L, respectively. Logarithmi-
cally transformed cortisol levels across the 3 days are given
in Table 2. In the first model, linear mixed model analyses
detected significant differences in morning cortisol levels
across the 3 days (8 = 0.091, p = 0.014), and post hoc tests
indicated that the cortisol levels on the morning of the third
day were lower than those on the first and second days.
Logarithmically transformed CRP levels during the shift
are also shown in Table 2. Linear mixed model analysis of
CRP detected no significant differences between the even-
ing and morning levels.

In the second model, linear mixed model analyses for
cortisol detected significant effects of effort (8 = —0.014,
p = 0.031) as well as marginally significant effects of
effort-reward ratio (8 = —0.063, p = 0.080). The effects
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of reward were not significant. Further, the effects of
effort on cortisol were strengthened in the younger group
(B = —0.020, p = 0.017) but weakened in the older group
(B = —0.009, p = 0.337, Fig. 1). The effects of the effort—
reward ratio on cortisol were not significant in either group.
Linear mixed model analyses for CRP detected margin-
ally significant effects of effort (8 = 0.026, p = 0.081) but
not reward or effort-reward ratio. The effects of effort on
CRP were significant in the younger group (8 = 0.054,
p = 0.037) but not in the older group (8 = —0.008,
p = 0.547, Fig. 1).

Pearson and Spearman correlation analyses revealed no
significant associations between cortisol and CRP levels
on either the first evening or the second morning (correla-
tions ranged from —0.02 to 0.04). Partial correlation analy-
ses controlling for age, BMI, smoking status, and timing of
saliva collection (within 1 h of awakening or not) revealed
no significant associations between cortisol and CRP lev-
els. The correlation analyses were further divided into
younger and older groups, but no significant associations
were detected.

Discussion

In this study, we investigated the association between ERI
and the HPA axis and inflammatory activities in a sample
of police officers during a 24-h work shift and the 2 subse-
quent work-free days. We found that ERI, especially effort,
had some physiological effects: higher effort scores were
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associated with lower salivary cortisol levels and higher sali-
vary CRP levels in younger police officers. We did not find
any association between cortisol and CRP levels. This study
employed two measures, one endocrine and one inflamma-
tory, to investigate the biological associations of ERI. We
believe this to be valuable data because most previous stud-
ies employed only one biological parameter (e.g., cortisol
or CRP). Further, to our knowledge, this is the first study to
investigate the biological effects of ERI in a sample of police
officers who are engaged in severe shiftwork (24-h shifts)
with both a mentally and physically strenuous work load.

We found that police officers with higher ERI scores,
especially effort scores, exhibited lower cortisol levels,
consistent with previous findings. Maina et al. (2009)
reported lower cortisol secretion after awakening and dur-
ing the diurnal period in call-center workers with higher
ERI or effort scores. Similarly, Eller et al. (2012) reported
that higher ERI or effort scores were associated with lower
cortisol levels after awakening in female participants. Fur-
thermore, in the previous studies, high ERI or its compo-
nent was associated with dysregulation of the HPA axis
in that there was an attenuated cortisol response to acute
psychosocial stress (Siegrist et al. 1997) and lower corti-
sol awakening response to the dexamethasone test, imply-
ing higher negative feedback sensitivity (Bellingrath et al.
2008). Taken together, it can be speculated that workers
with high ERI are exposed to stress-induced cortisol for
prolonged periods, which causes higher negative feedback
sensitivity of the HPA axis, as well as lower cortisol levels
or attenuated cortisol responses. This biological speculation
was also supported by a recent study in burnout patients,
which found that patients with severe burnout exhibited
lower cortisol and ACTH response to acute psychosocial
stress compared to patients with low burnout and healthy
controls (Lennartsson et al. 2015).

Other studies failed to observe an association between
ERI and cortisol (Hanson et al. 2000; Harris et al. 2007,
Irie et al. 2004; Marchand et al. 2016; Ota et al. 2014).
The reason for the discrepant findings remains unclear;
however, characteristics of the participants, intensity of
the stressor, sample size, and the frequency and timing of
cortisol assessment could affect the results, as suggested in
a recent review of work stress and cortisol (Karlson et al.
2012). Age could be an important factor, because we found
pronounced effects of effort on cortisol in younger partici-
pants. No previous studies had investigated the modifying
effect of age on the relationship between ERI and cortisol.
Furthermore, our study assessed cortisol levels during the
work shift as well as the work-free days and appropriately
excluded any participants having factors that might affect
HPA and inflammatory activities (e.g., history of diseases,
medications, and obesity). This could help to increase the
statistical power to detect the significance of the effect of
ERI on cortisol levels.

The possible effects of a 24-h work shift including
night shifts should also be mentioned. In previous stud-
ies, working night shifts could reduce cortisol secretion:
Lower cortisol levels were observed in the morning after
the night shift, compared with levels on a morning not fol-
lowing a night shift (Costa et al. 1994; Leese et al. 1996;
Munakata et al. 2001). However, in this study, the cortisol
levels after the 24-h shift were comparable to those before
the shift (the morning of the first day). We speculate that
this was because the police officers involved in this study
were allowed to take a short nap during the shift. We found
lower cortisol levels on the morning of the third day, com-
pared with those of the first and second days. The previous
studies reported that cortisol responses after awakening on
the work-free day were lower than that during the work day
(Kunz-Ebrecht et al. 2004; Schlotz et al. 2004), which was
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speculated to be linked to stress-related anticipation of the
upcoming day (Fries et al. 2009). The lower morning cor-
tisol levels on the third day might result from this phenom-
enon, and not from night shift working per se.

We also found that police officers with higher effort
scores exhibited higher CRP levels during the shift. In
the past, only two studies had investigated the association
between ERI and CRP (Hamer et al. 2006; Almadi et al.
2012), and their findings were consistent with the finding
of the current study. Further, we found pronounced effects
of effort on CRP in younger participants, similar to the
observed association between cortisol and effort. In a pre-
vious study on long-haul bus drivers (Tsai et al. 2014), a
relationship between job stress (job demand) and CRP
was observed only in younger participants, consistent with
the finding of this study. In the past, it has been repeat-
edly reported that the relationship between job stress and
incidence of coronary heart diseases was stronger among
younger workers (Chandola et al. 2008; Kuper and Mar-
mot 2003; Theorell et al. 1998). Biological factors associ-
ated with aging could contribute to the diminished effect
of job stress on biological consequence. Furthermore, a
survivor effect could be considered; Police officers who are
highly vulnerable to the effect of job stress are less likely to
work into old age, which could also diminish the biological
effects.

In addition, we did not find negative correlations
between cortisol and CRP, although we expected reduced
cortisol secretion to contribute to increased inflammation.
Previously, disturbances in the HPA axis were shown to be
associated with higher inflammatory activity (e.g., Theorell
et al. 2000). The reason for this finding remains unclear;
however, a previous study (Bellingrath et al. 2013) demon-
strated that high ERI is also associated with lower gluco-
corticoid sensitivity of interleukin-6 in vitro indicating the
possibility that cortisol unsuccessfully regulated the inflam-
matory activity under the condition of high ERI. Therefore,
a less effective anti-inflammatory regulation by cortisol,
rather than reduced cortisol secretion, could largely con-
tribute to increased inflammation in the high-ERI group.

This study has certain limitations that may affect the
interpretation of the findings. Firstly, the study population
was limited to male police officers because the majority of
police officers in Japan are male. Secondly, our findings
cannot be generalized to the general working population.
The police officers involved in this study were in govern-
ment employ, implying fairly provided chances of job pro-
motion and salary and good employment security. Such
an occupational status could contribute to the results we
observed regarding the biological effect of effort, but not
reward or effort-reward ratio. Therefore, caution should
be exercised in over-generalizing the current findings to
a wider population. Furthermore, we conducted many
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significance tests (effort/reward/ERI, young/old, cortisol,
CRP), which should be exercised when interpreting the
results.

In conclusion, we investigated the biological conse-
quences of ERI using well-designed protocols. Randomly
sampled police officers, selected using appropriate exclu-
sion criteria, were investigated during their work shift as
well as the following work-free days by employing endo-
crine and inflammatory measures. We provided evidence
that younger police officers with higher effort scores exhib-
ited lower salivary cortisol levels as well as higher salivary
CRP levels. These biological features could possibly con-
tribute to the future development of stress-related diseases
such as cardiovascular diseases in the police officers.
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