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analgesics, hormone therapy, anticonvulsants and o-lipoic
acid.’ Considering the high incidence of psychiatric features, it
seemed that the psychiatric interventions for BMS were under-
estimated with only few randomized control trials focusing on
treating BMS with psychotropic agents.

In our opinion, BMS may incude the disturbance of both
the physiological and psychological systems. Anxiety, depres-
sion, pain disorder, hypochondriasis as well as delusional dis-
order should be considered for BMS. Thus, when clinicians see
BMS patients, besides arranging a detailed physical examina-
tion, the psychological aspects should also be considered and
psychiatric consultation may be needed. In this way, there will
be a more comprehensive consideration for BMS.

‘There are no potential conflicts of interest and no financial
support, including drug stores, for any authors. There is also no
grant support for this report. At the same time, we have no
special circumstances, vested interests, or sources of funding to
disclose.
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Psychological symptom and social
functioning subscales of the
modified Global Assessment of
Functioning scale: Reliability and
validity of the Japanese version

doi:10.1111/pcn.12250

HE GLOBAL ASSESSMENT of Functioning (GAF) scale and
the Sodial and Occupational Functioning Scale (SOFAS)

© 2014 The Authors

Psychiatry and Clinical Neurosciences 2015; 69: 122-127

easily and quickly evaluate overall function using a single con-
tinuous value with anchor points, and they are widely used in
both clinical and research settings.! These scales, however, are
subject to variability and can be influenced by the rater’s level
of education and experience and training with the scale, as well
as the quality and quantity of the patient’s clinical informa-
tion. Thus, the modified GAF (inGAF-original) scale was devel-
oped to improve the reliability and validity of the original GAF
scale.? We obtained the author’s permission to translate the
mGAF-original scale into Japanese and to make new scales
using the items and anchor points in it. Subsequently, we
developed the Japanese version of the mGAF-original scale as
well as the psychological symptom (mGAF-S) and social func-
tioning (mGAF-F) subscales by splitting the items and anchor
points of the mGAF-original scale. We used the lower value of
the mGAF-S and mGAF-F scores for the mGAF score in accor-
dance with instructions of the original GAF evaluation.! We
tested inter-rater reliability and concurrent validity for the new
subscales.

Developed scales, and detailed methods and results are
shown in Supporting information. To test inter-rater reliability,
five professionals administered the original and modified GAF
scales to five patients with schizophrenia. To test concurrent
validity, 10 professionals administered the original and modi-
fied GAF scales, and the Positive and Negative Syndrome Scale
(PANSS) to 31 patients with schizophrenia. Participants gave
written informed consent.

The intra-class correlation coefficients (ICC) of the mGAF-
original, mGAF-S, mGAF-F, and mGAF scales were 0.94, 0.8,
0.96, and 0.96, respectively. The mGAF-original score was sig-
nificantly correlated with the GAF score (r=10.91, P<0.001),
and the mGAF score was significantly correlated with the GAF
and mGAF-original scores (mGAF and GAF. 1=0.89,
P<0.001; mGAF and mGAF-original: r=0.97, P<0.001).
The mGAF-S score was significantly correlated with the
PANSS positive (r=-0.54, P=0.002), negative (r=-0.50,
P=0.004), general psychopathology (r=-0.59, P<0.001),
and total scores (r=-0.61, P <0.001). The mGAF-F score sig-
nificantly correlated with the SOFAS score (r=0.88,
P <0.001).

Our study showed excellent inter-rater reliability and con-
current validity of the Japanese versions of the mGAF-
original, mGAF-S, mGAF-F, and mGAF scales. These modified
versions of the GAF scale may be easier and more appropriate
when separately evaluating current psychological symptoms
and social functioning than the original GAF and SOFAS
scales.

The Japanese version of the mGAF-original, mGAF-S,
mGAF-F, and mGAF scales are available within research set-
tings for Japanese participants, and readers can contact the
corresponding author (http://npsy.umin.jp/indicator.html) if
they would like to use them.
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Appendix S1. Modified Global Assessment of Functioning
(GAF) scale.
Appendix $2. Detailed method.
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KAWASAKI ET AL.

MRC Social, Genetic and Developmental Psychiatry Centre, Institute of Psychiatry, King’s
College London, London, UK

Mental health problems, such as depression, are increasingly common among workers. Job-related stresses,
including psychological demands and a lack of discretion in controlling one’s own work environment, are important
causal factors. However, the mechanisms through which job-related stress may affect brain function remain
unknown. We sought to identify the relationship between job-related stress and frontotemporal cortex activation
using near-infrared spectroscopy. Seventy-nine (45 females, 34 males) Japanese employees, aged 2651 years, were
recruited from respondents to the Japanese Study of Stratification, Health, Income, and Neighborhood survey. Job-
related stress was measured using the Japanese version of Job Content Questionnaire, which can index “job demand”
and “job control”. We found a significant correlation between higher “job demand” and smaller oxygenated
hemoglobin [oxy-Hb] changes in the left dorsolateral prefrontal cortex in female (r = —.54 to —.44). Significant
correlations between higher “job control” and greater [oxy-Hb] changes in the right temporal cortex were observed
among male, and in the combined sample (r=.46—.64). This initial cross-sectional observation suggests that elevated
job-related stress is related to decrease frontotemporal cortex activation among workers. Integrating social epide-
miology and neuroscience may be a powerful strategy for understanding how individuals’ brain functions may

mediate between the job-related stress or psychosocial work characteristics and public mental health.

Keywords: Job-related stress; Job demand-control model; Frontotemporal cortex activation; Near-infrared spectroscopy;

Social epidemiolog.

Mental health problems in occupational environments,
such as major depression and other stress-related dis-
orders, are a serious public health issue (Benach,
Muntaner, Santana, & the Employment Conditions
Knowledge Network (EMCONET), 2007). Social epi-
demiology has been trying to disentangle how social
stratification may affect work environment (Berkman
& Kawachi, 2000), and neuroscientists have sought to
clarify how stress affects brain function in both animal
models (Holmes & Wellman, 2009) and humans
(Arnsten, 2009; McEwen & Morrison, 2013), albeit
under largely experimental conditions.

According to social epidemiology and psychology,
job-related stress is an important component of social
determinants of health in the occupational environment
(S. Stansfeld & Candy, 2006). The Job Demand-
Control (JDC) model, proposed by Karasek, Baker,
Marxer, Ahlbom, and Theorell (1981), is a well-estab-
lished model of the relationship between job stress and
health. The JDC model focuses on the workload (“job
demand”) and degree of discretion exercised in relation
to work (“job control”). In short, job demand refers to a
combination of work stressors, including quantitative
workload and one’s own role in workplace, while job
control is defined as one’s skill level and work-decision
authority. In the JDC model, workers with high job
demand and low job control may be theoretically
regarded as being the group under the highest strain.
These individuals exhibit sensitive reactions to psycho-
logical stress, and a state of high strain negative
impacts their health; their conditions include cardio-
vascular disease (Eller et al., 2009; Kivimaki et al.,

2012), hypertension (Ohlin, Berglund, Rosvall, &
Nilsson, 2007), and mental health problems, such as
depressive symptoms and major depressive disorder
(Bonde, 2008; Cropley, Steptoe, & Joekes, 1999; De
Lange, Taris, Kompier, Houtman, & Bongers, 2003;
Netterstrom et al., 2008; S. Stansfeld & Candy, 2006;
S. A. Stansfeld, Fuhrer, Shipley, & Marmot, 1999;
Wang, Schmitz, Dewa, & Stansfeld, 2009).

An epidemiological study showed that gender dif-
ferences appeared to be larger for job control, with
male perceiving higher control at work than female
(De Smet et al., 2005; Li, Yang, & Cho, 2006). Other
epidemiological study showed that job strain lead to
higher impact for female than for male (Vanagas,
Bihari-Axelsson, & Vanagiene, 2004). These studies
showed that the JCD model may have different effect
between male and female.

Neuroscience research has suggested that psycholo-
gical stress has an influence on prefrontal cortex function
in animals and humans (Holmes & Wellman, 2009;
McEwen & Morrison, 2013). When an individual is
exposed to psychological stress, the amygdala activates
stress pathways in the brainstem and hypothalamus
which impair the higher-order functions of the prefrontal
cortex, such as working memory and attention regula-
tion (Amsten, 2009). Prefrontal impairments manifest in
various psychiatric disorders, such as major depression
and stress-related disorders (Amsten, 2007; Drevets,
2000). These converging results have suggested that
stress induces prefrontal dysfunction. In addition, it is
common knowledge that gender influences on brain
structure and function (Cahill, 2006). These converging
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results have suggested that stress induces prefrontal
dysfunction by gender in a different way.

It is possible to integrate social epidemiology and
neuroscience to clarify the mechanism that underpins
the social determinants of health. To do so, we must
first elucidate the relationship between job-related
stress and brain function. Previous studies have
demonstrated the possible effects of chronic stress
on prefrontal function. Liston, McEwen, and Casey
(2009) reported that students exposed to 1 month of
psychological stress associated with academic exam-
inations showed impaired prefrontal function; how-
ever, this impairment was largely reversible. Other
studies examined the brain response to an individual’s
temporary exposure to psychological stress (Qin,
Hermans, Van Marle, Luo, & Fermandez, 2009;
Wang et al.,, 2007; Yang, Zhou, Gong, Luo, & Lu,
2009; Yang et al., 2007). Ohira et al. (2011) measured
[*0] H,0 using positron emission tomography (PET)
imaging during the reversal-learmning task in 20
healthy men. Their results showed that participants
with high job stress exhibited decreased activity in
the anterior caudate, orbitofrontal cortex, ventrolateral
prefrontal cortex, insula, and midbrain, all of which
are involved in goal-directed action. To our knowl-
edge, however, no study has investigated the relation-
ship between job-related stress and brain function in a
relatively large, unbiased sample of workers, such as
those recruited from a population-based social epide-
miological survey.

Obtaining neuroimaging data from a large cohort is
challenging. Multi-channel near-infrared spectroscopy
(NIRS) is a functional imaging system that enables non-
invasive, less-constrained measurement of the spatioterm-
poral characteristics of cerebral function. Thus, NIRS,
compared with other neuroimaging techniques, such as
PET and functional magnetic resonance imaging (fMRI),
is appropriate for use in large-scale surveys, such as
community-based cohort studies. Recently, NIRS studies
have reported that subjective emotions, including anxiety
(Takizawa, Nishimura, Yamasue, & Kasai, 2013), sub-
jective fatigue (Suda et al., 2009), and apathy (Sawa et al.,
2013), were associated with frontotemporal cortex activa-
tion in healthy adults. Additionally, NIRS studies reported
that patients with major depressive disorder showed
lower-than-healthy frontotemporal cortex activation dur-
ing a cognitive task (Suto, Fukuda, Ito, Uehara, &
Mikuni, 2004; Takizawa et al., 2014). Another NIRS
study reported that individuals who were more depressed
exhibited lower frontotemporal cortex activation among a
sample of individuals with major depressive disorder
(Noda et al., 2012). Considering the previous studies,
decreased prefrontal cortex activation during the cogni-
tive task is estimated to indicate the prefrontal cortex
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dysfunction. These findings suggest that NIRS may
show the impact of psychological stress on brain activity.

In the present study, we investigated the effects of
job stress on brain function, as detected by NIRS
during a verbal fluency task (VFT), in a large sample
of workers recruited from a population-based survey
of social-stratification determinants of health. We
hypothesized that higher “job demand” and lower
“job control” would induce frontotemporal cortex
dysfunction, and this effect would differ between
men and women.

MATERIALS AND METHODS
Participants

A total of 79 (45 females, 34 males) Japanese employ-
ees, aged 26-51 years, were invited to participate in
the study (Table 1). Participants were recruited from
two of the four cities in the metropolitan region of
Tokyo sampled in the Japanese Study of Stratification,
Health, Income, and Neighborhood (J-SHINE) survey
(Takada, Kondo, & Hashimoto, 2014). In J-SHINE,
adult community inhabitants, aged 25-50 years, were
probabilistically selected from the residential registry
in each of four municipalities (two in Tokyo metro-
politan area and two in neighboring prefectures). All
participants were unmarried native Japanese speakers.
The exclusion criterion for this group was a history of
neurological or psychiatric disease. To rule out any
neurological and psychiatric disorder, trained investi-
gator interviewed all participants using questionnaire
information written by the participants. This study
was approved by the Research Ethics Committee of
the University of Tokyo Hospital (approval No. 630-
7, 3361). Following a thorough explanation of the
study requirements and procedures, all participants
provided written informed consent, in accordance
with the Declaration of Helsinki.

Measures

Job-related stress was measured using the Japanese ver-
sion of Job Content Questionnaire (JCQ) (Kawakami &
Fujigaki, 1996). The JCQ is a self-reported assessment
based on the JDC model (Karesek & Theorell, 1990).
The JCQ is the 22-item self-report scale that can mea-
sure job demand and job control, as defined according to
the JDC model. Job demand comprises five elements
(working fast, working hard, demand for extra work,
insufficient time to work, and conflicting demands). Job
control was defined as the sum of two subscales: (1) skill
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TABLE 1
Participants’ demographic and clinical characteristics
Total (female + male) Female Male Gender difference
Mean SD Mean SD Mean SD p-Value

N 79 45 34

Age, years 33.7 6.0 33.8 5.9 33.6 6.2 0.865
Education, years 15.2 2.0 15.2 1.9 15.3 2.2 0.852
Annual personal income, million Yen 3.4 1.6 33 1.9 35 1.6 0.624
Estimated 1Q 107.6 9.0 106.1 9.4 109.6 8.3 0.082
Sleepiness 2.0 0.9 1.9 0.9 22 0.9 0.069
Task performance 15.7 4.4 15.6 3.9 16.0 5.1 0.684
CES-D 9.1 6.1 8.6 5.9 9.9 6.3 0.349
Job Content Questionnaire

Job demand 323 6.3 31.0 6.1 34.0 7.9 0.062
Job control 67.0 11.2 65.6 11.2 68.8 11.2 0.215
Job strain 1.00 0.33 0.98 0.33 1.02 0.33 0.637

Notes: 1Q: intelligence quotient; CES-D: Center for Epidemiologic Studies Depression Scale; Job strain: job demand/job control x 2.

discretion, measured by four elements (the continuous
need to acquire new knowledge, skill requirement,
requirement for creativity, and repetitiveness); and [2]
decision authority, measured by two elements (freedom
to make decisions and choice in the approach to work).
Under the JDC model, job strain was defined as the ratio
between job demand and job control (Job demand/Job
control x 2). Information regarding participant age,
years of education, and annual personal income was
also obtained. Furthermore, an estimate of each partici-
pant’s intelligence quotient (IQ) was obtained through
the 25-item Japanese version of the National Adult
Reading Test (JART25) (Matsuoka, Uno, Kasai,
Koyama, & Kim, 2006). The Japanese version of the
Center for Epidemiologic Studies Depression Scale
(CES-D) was also administered to measure participants’
depression levels (Shima, Shikano, Kitamura, & Asali,
1985). Each participant’s sleepiness was evaluated using
the Stanford Sleepiness Scale (Hoddes, Dement, &
Zarcone, 1971).

Verbal fluency task

The cognitive activation task was a modified letter
version of the VFT employed for the NIRS measure-
ments. Each participant was seated in a comfortable
chair in a room during the daytime with eyes open
throughout the measurement. Participants performed a
VFET consisting of a 30-s pre-task baseline period, a
60-s task period, and a 70-s post-task baseline period
(Takizawa et al., 2014).

Briefly, for the 60-s task period, the participant was
mstructed to verbally generate as many words as possible

that begin with a given initial Japanese syllable. The task
period was split into three sub-periods; participants were
required to generate words using three syllables (first, /a/,
/to/, or Mal; second, /ki/, /se/, or /i/; third, /ha/, /o/, or /ta/).
These syllables changed every 20 s to prevent participants
from being silent. In the 30-s pre-task and 70-s post-task
periods, the participants were instructed to repeat the
syllables /a/, /i/, /u/, /e/, and /o/ (the Japanese counterparts
of a, b, ¢, d, and e in English). We recorded the total
number of correct words generated by each participant
during the VFT period.

NIRS measurement

Oxygenated hemoglobin ([oxy-Hb]) and deoxyge-
nated hemoglobin  ([deoxy-Hb]) concentration
changes were measured using 52-channel NIRS
(ETG-4000, Hitachi Medical Corporation, Japan) to
measure the absorption of two wavelengths of near-
infrared light (695 and 830 nm). In addition, [oxy-Hb]
and [deoxy-Hb] were calculated according to the
modified Beer—Lambert law (Delpy et al, 1988).
The distance between the pair of emission and detec-
tion probes was set at 30 mm; the NIRS machine
measured [Hb] at the midpoints between the probes
at depths of 20-30 mum from the scalp; that is, the
surface of the cerebral cortex (Toronov et al.,, 2001).
We defined the midpoints between the probes as one
“channel.” The NIRS probes were placed on a parti-
cipant’s frontotemporal region with the mid-column of
the probe located over Fpz in accordance with the
international 10/20 system used in electroencephalo-
graphy. The probes measured [Hb] changes at 52
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measurement points arranged in a 6 x 30-cm area. The
arrangement of probes measured [Hb] from the bilat-
eral prefrontal cortical areas (e.g., frontopolar (FP;
approximately corresponding to Brodmann’s area (BA)
10), dorsolateral (DL; BA 9, 46), ventrolateral (VL; BA
44, 45, 47)), and superior temporal cortical surface
regions—an approach supported by a multi-subject
study of anatomical craniocerebral correction via the
international 10/20 system (Okamoto et al., 2004). The
estimated cortical regions were localized at each channel
using a virtual registration method available at Jichi
Medical University (Tsuzuki et al., 2007).

The absorption of near-infrared light was measured
with a time resolution of 0.1 s. The data were analyzed
using the “integral mode™: the pre-task baseline was
determined as the mean across the last 10 s of the 30 s
pre-task period; the post-task baseline was determined
as the mean across the last 10 s of the 70 s post-task
period. Linear fitting was applied to the data between
these two baselines, as described in previous studies
(Kameyama et al., 2006; Suto et al., 2004). The mov-
ing average method (5 s moving average window) was
used to exclude short-term motion artifacts in the ana-
lyzed data. Even with these artifact-rejection proce-
dures, visible artifact waveforms remained. Thus, we
used a computer program that rejected a channel when
artifact waveforms were visible (Takizawa et al., 2014).

Statistical analysis

First, the mean [oxy-Hb] and [deoxy-Hb] changes
during the VFT period were compared between male
and female participants for each channel using
Student’s t-tests. Then, Pearson’s correlation coeffi-
cients were calculated for each channel in order to
assess the relationship between the mean [oxy-Hb]
and [deoxy-Hb] changes and JCQ characteristics (job
demand, job control, and job strain). Since we per-
formed 52 #-tests, we also applied the false discovery
rate (FDR) correction for multiple comparisons. We
specified a maximum FDR value of 0.05 to ensure a
false -positive rate no more than 5% on average
(Singh & Dan, 2006). For the channels with signifi-
cant correlation between mean [oxy-Hb] change and
JCQ scores in each gender group, we performed three
hierarchical multiple regression analysis to confirm
the relationship between mean [oxy-Hb] changes and
demographic characters (gender, age, estimated IQ,
CES-D, sleepiness, task performance, and JCQ
scores). We used mean [oxy-Hb] changes during the
VFT in each channel as a dependent variable and
demographic characters as independent factors. In
the first step (Stepl), the JCQ score and gender were
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entered. Next step (Step2), interaction effect (the JCQ
score X gender) was added as a dependent variable.
Final step (Step3), six demographic characters (age,
estimated IQ, CES-D, sleepiness, task performance,
and remain JCQ score) were added further dependent
variables in a stepwise manner (entry: p = .05; and
removal: p = .10).

All statistical analyses were performed using SPSS
19.0 J (IBM Inc., Armonk, NY, USA) and MATLAB
R2011 (MathWorks Inc., Natick, MA, USA) software.

RESULTS
Demographic characteristics

There were no significant differences between male
and female participants with regard to mean age, years
of education, annual personal income, estimated IQ,
sleepiness, task performance, CES-D, and JCQ scores
(Table 1). No . significant correlation was observed
between job demand and job control in the total
(male plus female) sample (» = .08, p = .48). We
found a positive correlation between years of educa-
tion and job control in the total sample (r = .25,
p = .03). No significant correlations were found in
any other combinations of the variables.

Difference between male and female in
NIRS signal

No significant difference was found in mean [oxy-Hb]
changes during the VFT period between male and
female participants for any channels (FDR-corrected
p>.05). The mean [deoxy-Hb] change was significantly
lower for female than male participants at one channel
(chl: FDR-corrected p = .0009), located approximately
in the right-primary somatosensory cortex.

Correlation between JCQ score and
NIRS signal

Figure 1 depicts the relationship between job demand
and mean [oxy-Hb] change during the VFT period in
the total sample. Among female participants, higher
job demand was associated with lower [oxy-Hb] dur-
ing the VFT period at seven channels (ch6: » = —.44,
chl18: r=—42, ch2l: r = —.44, ch28: r = —.42, ch39:
r = —51, ch48: »r = —.54, ch49: r = —0.51; FDR-
corrected p = .0004—.0052), located approximately in
the left-middle frontal and left-inferior frontal regions.
There was no significant correlation between job
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Male

Uncorrected p < .05

Figure 1. The relationship between job demand and mean [oxy-Hb] change during the VFT period using Pearson’s correlation. Brain area in
red corresponds to the NIRS channels that showed a significant correlation (FDR-corrected pp < .05), and brain area in pink corresponds to the
NIRS channels that showed a significant correlation (uncorrected p < .05).

demand and mean [oxy-Hb] change (FDR-corrected
p > .05) for the total or male sample. Furthermore,
there was no significant correlation between job
demand and mean [deoxy-Hb] change during the
VFT period for the total, male, or female sample
(FDR-corrected p > .05).

Figure 2 shows the relationship between job con-
trol and mean [oxy-Hb] change. Lower job control
was associated with decreased [oxy-Hb] changes dur-
ing the VFT for the total sample at two channels
(ch43: r = .51, ch44: r = .46; FDR-corrected
p = .0001-.0006), located approximately in the
right-middle temporal region. Similarly, a significant
positive correlation between job control and mean
[oxy-Hb] changes during the VFT period was found
at one channel (ch43: » = .64; FDR-corrected
p = 0.0007) among male participants, located approxi-
mately in the right-middle temporal cortex. No sig-
nificant correlations were found between job control
and mean [oxy-Hb] changes (FDR-corrected p > .05)
among female participants or between job control and
mean [deoxy-Hb] change during the VFT for the total,
male, or female sample (FDR-corrected p > .05).

Job strain was not significantly correlated with
mean [oxy-Hb] and [deoxy-Hb] changes for the
total, male, or female sample (FDR-corrected p > .05).

Table 2 showed that the results of the hierarchical
multiple regression analysis. For job demand score,

the following two steps showed that job demand and
gender have meaningful relationship of mean [oxy-
Hb] change independently, without the interaction
effect between job demand and gender in five chan-
nels (ch6, 18, 21, 28, and 39, Figure 3(a)) localized in
the left dorsolateral prefrontal cortex and the left
superior temporal cortex. In contrast, the interaction
effect between job demand and gender has meaningful
relationship of mean [oxy-Hb] change in two channels
(ch48 and 49, Figure 3(b)) localized in the left fron-
topolar cortex. The final step (Step3) showed that
significant contributions were found for estimated IQ
in channel 21, and task performance in channels 28
and 39. For job control score, the following two steps
showed that job control have meaningful relationship
of mean [oxy-Hb] change without effects of gender or
the interaction between job control and gender in two
channels (ch43 and 44, Figure 3(c)) localized in the
right middle temporal cortex. The final step (Step3)
showed that no significant additional relationship of
mean [oxy-Hb] change in channels 43 and 44 and
demographic variables.

Other correlational analyses

We found a negative correlation between years of
education and mean [oxy-Hb] changes during the.
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Kale

Figure 2. The relationship between job control and mean [oxy-Hb] change during the VFT period using Pearson’s correlation. Brain area in
red corresponds to the NIRS channels that showed a significant correlation (FDR-corrected p < .05), and brain area in pink corresponds to the
NIRS channels that showed a significant correlation (uncorrected p < .05).

TABLE 2
Results of the hierarchical multiple regression analysis
JCO Channel Step* AR? AF df p-Value
Job demand Left dorsolateral prefrontal cortex
6 1 0.142 5.948 2.72 0.004
2 0.021 1.760 1.71 0.189
18 1 0.122 5.001 2.72 0.009
2 0.004 0.321 1.71 0.573
28 1 0.098 4.013 2.74 0.022
2 0.004 0.323 1.73 0.572
3 (task performance) 0.073 6.336 1.72 0.014
39 1 0.130 5.245 2.70 0.008
2 0.024 1.959 1.69 0.166
3 (task performance) 0.047 4.018 1.68 0.049
48 1 0.038 1.232 2.63 0.299
2 0.075 5.268 1.62 0.025
49 1 0.076 2.815 2.68 0.067
2 0.052 3.973 1.67 0.050
Left superior temporal cortex
21 1 0.196 7.908 2.65 0.001
2 0.003 0.255 1.64 0.616
3 (estimated IQ) 0.048 4.019 1.63 0.049
Job control Right middle temporal cortex
43 1 0.260 8.661 2.49 0.001
2 0.053 3.696 1.48 0.061
44 1 0.211 6.549 2.49 0.003
2 0.030 1.893 1.48 0.175

Notes: *Entered independent variables; Stepl: the JCQ score and gender; Step2: interaction effect (the JCQ score x gender); Step3 in a
stepwise manner: age, estimated 1Q, CES-D, sleepiness, task performance and remain JCQ score.
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Figure 3. (a) Scatterplots for correlations between job demand and mean [oxy-Hb] change during the VET period at channel 39 (left
dorsolateral prefrontal cortex) in female (black) and male (gray). (b) Scatterplots for correlations between job demand and mean [oxy-Hb]
change during the VFT period at channel 48 (left frontopolar cortex) in female (black) and male (gray). (c) Scatterplots for correlations between
job control and mean [oxy-Hb] change during the VFT period at channel 43 (right middle temporal cortex) in female (black) and male (gray).

VFT period in the total sample (ch30: » = —.56; FDR-
corrected p = .0005) and the female sample (ch2:
r = —55; FDR-corrected p = .0006). No significant
correlations were found between any other variables
and mean [oxy-Hb] or [deoxy-Hb] changes during the
VFT period in the total, male, or female sample.

DISCUSSION

As hypothesized, our study showed a significant asso-
ciation between job stress and frontotemporal cortex
activation. Higher job demand was correlated with
decreased activation in the left-middle and inferior
frontal regions among females, while lower job con-
trol was associated with decreased brain activation in
the right-middle temporal region in both the total and
male samples. To the best of our knowledge, this is
the first study that integrates social epidemiology and
neuroscience to depict the association between job
stress and brain activity in a relatively large, unbiased
sample of workers.

The relationship between job demand
and frontotemporal cortex activity

In this study, higher job demand was associated with
lower activation in the left dorsolateral prefrontal cor-
tex among female participants. Several studies have
found the association between high job demand and
depressive symptoms (Broadbent, 1985; Bromet,
Dew, Parkinson, Cohen, & Schwartz, 1992; Estryn-
Behar et al., 1990; Kawakami, Haratani, & Araki,
1992; S. Stansfeld & Candy, 2006; S. A. Stansfeld

et al., 1999), as well as a higher risk for depression
(Andrea, Bultmann, Van Amelsvoort, & Kant, 2009;
Bultmann, Kant, Schroer, & Kasl, 2002; Niedhammer,
Goldberg, Leclerc, Bugel, & David, 1998; S. Stansfeld
& Candy, 2006). More recently, a longitudinal cohort
study revealed that job demand had a stronger influ-
ence on the onset of depression than changes in job
control (Smith & Bielecky, 2012). Other cohort studies
have shown that women are more susceptible to major
depression than men (Bebbington et al., 1998; Kessler,
McGonagle, Swartz, Blazer, & Nelson, 1993).
Decreased left dorsolateral prefrontal cortex activity
has consistently been found in depression (Drevets,
1999; Goodwin & Jamison, 2007). A previous NIRS
study on healthy volunteers found a correlation
between high apathy scores and decreased activation
in the left prefrontal cortex during the VFT (Sawa
et al, 2013). Most NIRS studies have also shown
reduced brain activation during cognitive tasks in
major depressive disorder (Noda et al, 2012;
Schecklmann et al., 2011; Suto et al., 2004; Takizawa
et al., 2014). The present findings, therefore, suggest
that increased job demand may lead to the reduced left
dorsolateral prefrontal cortex function we found among
female participants. These results may imply the impor-
tance of stress-related prefrontal dysfunction as a med-
iating factor for female workers in developing mental
illnesses, such as major depression.

The relationship between job control
and frontotemporal cortex activity

We also found a positive correlation between job
control and a level of activity in the right superior
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temporal region during the VFT, in both the total and
male samples. Previous studies have reported that job
control is associated with work absences due to men-
tal health issues and depression (Hesketh &
Shouksmith, 1986; Inoue et al., 2010). In line with
our findings, a previous NIRS study found an associa-
tion between reduced activation of the right superior
temporal region during the VFT with a stronger sub-
jective feeling of psychological fatigue (Suda et al.,
2009). In contrast, however, an fMRI examination
showed higher compensatory activation of the afore-
mentioned region among participants after one night
of sleep deprivation (Strangman, Thompson, Strauss,
Marshburm, & Sutton, 2005). These varying results
possibly indicate some differences between the effects
of exposure to short-term and/or persistent stress on
brain function. Further studies are required to eluci-
date the differential effect of length, quality, and quan-
tity of stress on right superior temporal functions.

The relationship between job strain and
frontotemporal cortex activity

The present study revealed an association between
frontotemporal cortex activation and job stress accord-
ing to gender; however, such an association was not
applicable to the job strain index, which falls under
the JDC model. In the JDC model, work characteris-
tics fall into four categories, made up of a combina-
tion of job demand and job control. For example, a
group that experiences high job demand with low job
control is considered a “high strain” group. This group
shows sensitivity in terms of its reaction to psycholo-
gical stress. In addition, high strain has a negative
effect on these individuals® health that can manifest
as cardiovascular disease (Eller et al., 2009; Kivimaki
et al., 2012), hypertension (Ohlin et al., 2007), and
mental health problems, such as depressive symptoms
and susceptibility to major depressive disorder
(Bonde, 2008; Cropley et al., 1999; De Lange et al.,
2003; Netterstrom et al., 2008; S. A. Stansfeld et al.,
1999; Wang et al., 2009). Our findings suggest differ-
ential mechanisms of how job demand versus job
control may influence the functional brain network.
Future social epidemiology and neuroscience studies
using the JDC model should be aware that using this
simplified index of “job strain” might mask the real
relationships between job-related stress and brain
functional alterations.

Furthermore, the job demands-resources (JD-R)
model (Demerouti, Bakker, Nachreiner, & Schaufeli,
2001), which contains both the JDC model and the
effort-reward imbalance model, is recently proposed.
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The survey based on this model showed that the bum-
out mediates the relation between high job demands
and health problems, while job resources including job
control are associated with work engagement
(Schaufeli & Bakker, 2004). The present results and
the previous study presumably indicate that job
demand serves a different function from job control.

The relationship between job stress and
CES-D

Many follow-up studies showed that job-related stress
is regarded as a moderately elevated risk of major
depression. (Bonde, 2008; Netterstrom et al., 2008;
Wang et al., 2009). In contrast, we found no signifi-
cant correlation between job-related stress scores and
CES-D scores. This discrepancy in the result may
arise from the following methodological difference
between the previous studies and our study. The pre-
vious studies recruited population-based participants
including patients with psychiatric disease such as
major depression disorder. In contrast, only healthy
subjects participated in the present study by use of the
exclusion criterion for any history of neurological or
psychiatric disease (e.g., hemicrania, insomnia, major
depression disorder, and pervasive developmental dis-
orders), because of the elimination of the changes due
to the neurological or psychiatric disease.
Additionally, we found a significant correlation
between job-related stress scores and frontotemporal
cortex activation. Our results suggest that high job
stress induces frontotemporal cortex dysfunction in
healthy subjects. Selye H proposed three response
stages of chronic stress (alarm reaction, resistance,
and exhaustion) in human (Selye, 1976). Physical or
mental upset will appear to fight stress in stage of
alarm reaction. If stress stimulus is exposed continu-
ously, the stage of stress response moves to the stage
of resistance. In this stage, it is noted that the body
becomes accustomed to stress-induced changes, and
the physiological indices such as autonomic function
and one’s subjective feeling improve temporarily. Our
result is similar to the stage of resistance. The present
finding showed that the brain function might be
damaged by the chronic stress in the stage of resis-
tance, in contrast to the peripheral physiological
response and one’s feeling. If the exposure of the
stress persists chronically, the response stage is in
transition to the stage of exhaustion developing a
disease such as depression. At any rate, the present
results implicate that job stress influences on the
brain, regardless of the subjective depressive feelings.
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Gender difference of frontotemporal
cortex activity associated with job
stress

Our results also showed gender differences in the
association between JCQ and frontotemporal cortex
activation. Many studies have previously suggested
that the effects of job stress on health vary according
to gender (Karasek, Gardell, & Lindell, 1987; Van
Der Doef & Maes, 1999). The range of psychological
distress relating to job stress is greater for men than
women (Vermeulen & Mustard, 2000). Furthermore,
female workers may be more sensitive to the impact
of stress on health (Roxburgh, 1996). In other
instances, psychological stress has been shown to
affect brain function differently in men and women.
In the current study, significant correlations between
higher job control and greater [oxy-Hb] changes in
the right temporal cortex were observed among men
and in the total sample. Leueken et al. (2009) has
reported that the central regulation of cortisol secre-
tion is under excitatory control of the right hemi-
sphere in patients with unilateral stroke and
suggested that the region in the right hemisphere
may affect response patterns of the hypothalamic—
pituitary—adrenal axis. These results indicate that job
control is related to brain function in the right hemi-
sphere, and more broadly, the management of job
control is vital for all workers’ health.

Furthermore, job control is involved in the decision
authority. Gender-related difference has been observed
in the brain using a decision -making task; greater
right hemisphere activation during a Towa gambling
task in men, whereas women demonstrated more left
hemisphere activation (Bolla, Eldreth, Matochik, &
Cadet, 2004). This is comparable to the present results
of stronger correlation in men. Meanwhile, we found
a significant correlation between higher job demand
and smaller [oxy-Hb] changes in the left dorsolateral
prefrontal cortex in women. Job demand represents
quantitative workload such as working hard and pres-
sure of work. In other words, it would appear that the
extent of job demand assessed by self-reported ques-
tionnaire is related to negative emotional response of
workload. The processing of emotional regulation
including negative feeling varies by gender. Tranel
and colleagues have reported that men with right-
sided but not left-sided damage and women with
left-sided but not right-sided damage show the altered
social and emotional behaviors, following damage to
limbic system including the medial prefrontal cortex
(Tranel, Damasio, Denburg, & Bechara, 2005) or the
amygdala (Tranel & Bechara, 2009). Dorsolateral pre-
frontal cortex plays a role in the emotional regulation

along with limbic system (Davidson, 2002). Previous
functional brain imaging studies have shown that
female participants reduced activity in the dorsolateral
prefrontal cortex while watching stressful movie (Qin
et al., 2009). Another NIRS studies showed that pre-
frontal cortex activation during the exposure to nega-
tive stimuli (Yang et al., 2007) was differed by gender.
Taken together, the association of high job demand
and small activation in the left dorsolateral prefrontal
cortex in women might be regarded as the dysfunction
in emotional processing. These results suggest that
stress response might depend on different brain struc-
ture and function for men and women.

LIMITATIONS

This study employed a cross-sectional design.
Additionally, our model of the directional relationship
between job-related stress and brain functioning may
be too simple. There may be bidirectional relationships
between a stressful environment and brain characteris-
tics; namely, it is possible that a person’s stress-coping
ability and brain functioning can affect his/her social
adjustment and job-related environment. Future long-
itudinal investigations should be conducted to assess
the causal link between social stratification and job-
related stress, as well as individual characteristics of
personality and stress-coping styles, brain functioning,
and consequent health problems (Wang et al., 2009).

CONCLUSION

This study integrated social, neuro, and public health
sciences to identify possible individual and policy
interventions to resolve an emerging worldwide issue
of social stratification determinants of health.
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