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Abstract
The objective was to assess the mental health of the participants using psychological and biological indica-
tors in a health promotion program.  We conducted the individual program without any face-to-face com-
munications among instructors and participants.  The program offered Physical Activity (PA) data and
exercise guidance to subjects, using digital devices.  We quantified the amount and intensity of daily PA
with a uniaxial accelerometer.  Activities are categorized into eleven activity levels (0, 0.5, 1.0–9.0).  Two
batteries of psychosocial questionnaires and measurements of free-3-methoxy-4-hydroxyphenylglycol
(MHPG) in saliva were completed before and after the program.  The program showed no significant
changes of mean values of all subjects in the Beck Depression Inventory (BDI) and General Health Ques-
tionnaire (GHQ) scores, and the amounts of MHPG, either.  A positive correlation was observed between
the increases in the PA and the reductions in the BDI score.  Furthermore, the BDI reductions correlated pos-
itively with the increased time spent in the PA at light and moderate activity levels.  The MHPG increases
demonstrated a significant relationship with the decreases of time spent in the PA at the activity level of
sleep or non-activity.  The different properties of MHPG as an index of mental health were compared with
psychological questionnaires.  This pilot study suggested that monitoring not only the total amounts of PA
but also the intensity and duration of activities might be important to offer adequate guidance of mental
health to individuals.  Further research is needed to evaluate the impact of PA on mental health.
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Introduction

The merits of physical activity (PA) as a standard
therapy for life-style-associated diseases, such as obe-

sity, diabetes, and cardiovascular diseases, have been
well demonstrated.  Recently, the focus of PA has
shifted to its positive effect on mental health.  One
study reported that aerobic exercise at a dose consistent
with public health recommendations is an effective
treatment for depression1).  In contrast, exercise over
the lactate threshold (LT) has been shown to activate
the hypothalamic-pituitary-adrenal (HPA) axis while
increasing the plasma corticotropin (ACTH) and corti-
sol levels in the blood2).  This response leads to adverse
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events, including the “over-training syndrome”,
insomnia, loss of appetite, and depression3).  It is impor-
tant to monitor the amount of PA and the mental states
of participants during a health promotion program.

Traditionally, PA has been assessed using ques-
tionnaires, but there are limitations in subjects’ recall
ability, especially for ubiquitous, light, or moderate-
intensity activities4).  The activity monitor under free-
living conditions based on a uniaxial accelerometry
sensor is capable of obtaining objective information
on PA patterns, since it can continuously measure
steps, and the intensity, duration and frequency of
activities.  Based on the results from the comparison
of 13 models of pedometers, the electronic pedometer
Kenz Lifecorder (Suzuken Co. Ltd, Nagoya, Japan) is
available for applied physical activity research4).

The Beck Depression Inventory (BDI) and the
General Health Questionnaire (GHQ) have been
widely used for assessing psychiatric symptoms of
subjects5, 6).  Like other questionnaires, the BDI and
GHQ can be exaggerated or minimized by specific sit-
uations, such as the way they are administered or the
complications of concomitant physical illnesses7, 8).
Therefore, biological indicators are needed to assess
mental health.

Free-3-methoxy-4-hydroxyphenylglycol
(MHPG) is a major metabolite of noradrenaline in the
human brain.  Several reports indicated that healthy
volunteers with job stress show a high plasma level of
MHPG9, 10).  It has been reported that the saliva level of
MHPG correlates significantly with plasma and cere-
brospinal fluid levels of the metabolite11, 12).  We previ-
ously reported that the saliva level of MHPG was
strongly correlated with the plasma MHPG level in nor-
mal individuals13).  Because the sampling procedure for
saliva is much less invasive than that for blood drawing,
the free saliva MHPG level can be a useful indicator for
assessing not only the level of psychiatric symptoms,
but also the response to treatment in clinical practice.

To evaluate the mental health of all participants in
the comprehensive health promotion program, two
questionnaires were administered before and after the
program.  At the same time, the MHPG concentrations
in the saliva were also measured as a biological index.
The daily amount and intensity of PA in an individual
setting was quantified using a uniaxial accelerometer.
The hypothesis of this pilot study was that PA would
reduce both depressive symptoms and the MHPG lev-
els as a biological stress marker.

Methods

Procedure
The program was conducted for 4 months from

October 2004 to February in 2005.  This study used a
pre/post measure design, which used subjects as their
own controls.  All subjects were mentally and physi-
cally assessed on two occasions: before and after the
program.  We estimated their mental health levels
using two batteries of psychosocial questionnaires
and MHPG measurement.  Depressive symptoms
were assessed by Beck Depression Inventory II (BDI).
Psychiatric symptoms and general distress symptoms
were assessed by the 28-item General Health Ques-
tionnaire (GHQ).  We continuously monitored the PA
between the former week before the start of the pro-
gram and the final week of the program.  The daily
average value of PA during a week was calculated as
the daily PA.

Subjects
Twenty-six Healthy Japanese subjects (41–59 yr

old) recruited by the Saga City Office participated in
this study.  After this study was carefully explained,
each subject signed an informed consent statement.
People who were unable to use IT devices were
excluded before registrations.  The study protocol was
approved by the ethical guidelines of Saga City in
accordance with the Helsinki Declaration.

Instrument 
We measured the PA using a uniaxial accelerom-

eter (Kenz Lifecorder®EX; Suzuken Co. Ltd, Nagoya,
Japan).  It measured 7 × 4 × 1.5 cm in size and was rig-
idly fixed on the belt during the daytime.  The activity
monitor measures the acceleration in the vertical
direction.  According to the technical details provided
by the manufacturer (Suzuken Co. Ltd, Nagoya,
Japan), the activities are categorized into eleven activ-
ity levels (0, 0.5 and 1.0–9.0; level) based on the pat-
tern of the accelerometric signal.  The activity levels
are subsequently converted by an algorithm to calcu-
late the energy expenditure (EE).  This accelerometer
accurately assessed EE (kcal) during both the exercise
period and non-structured activities14).  Activity level
1.0, 4.0, 7.0 are equal to 1.8, 3.6, 6.1 MET (metabolic
equivalents), respectively.
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Health promotion web page
The subjects are remotely supported by instruc-

tors using information technology (IT) devices: i.e.,
internet, e-mail.  The data, including the total EE, total
step frequencies and raw data based on an accelerom-
eter, can be stored for 200 days.  The data are then
transmitted to the Suzuken’s web page (Health Diary).
Suzuken then supplies advice directly to individuals
concerning their progress regarding specific targets
and methods to lead healthier lifestyles.  The subjects
can download their summary via their personal com-
puter and then communicate with instructors by e-
mail if they so desire (Figures 1 and 2).

MHPG measurement.  We measured the MHPG
concentrations in the saliva before and after the pro-
gram.  For the collection of saliva, a sterile cotton
swab was chewed by a participant for 2 min.  The
recovery of saliva from the cotton swab was carried
out by centrifugation at 3,500 rpm for 20 min and 0.5
ml of saliva from each individual was then placed in a
tube and stored at –80°C.  MHPG in the saliva was
determined by high performance liquid chromatogra-
phy with electrochemical detection according to the
method of Minegishi and Ishizaki15).  MHPG in saliva
was extracted employing a small C18 column.  Nanil-
lyl alcohol was used as an internal standard.  The data
were expressed ng/ml.

Expression of the data and statistical analyses.

The changes in BDI and GHQ in the program were
evaluated by the Wilcoxon signed-ranks test.  The
changes in PA, EE and MHPG were examined by the
paired Student’s t test.  The Spearman’s correlation
coefficient by rank was calculated to examine the cor-
relation of changes in the PA with changes in the BDI
and GHQ score, and MHPG, and changes in the time
spent in PA at each intensity level with changes in the
BDI and GHQ, and MHPG.  A p value of < 0.05 was
thus considered to be statistically significant.  All data
are presented as the means ± SD.

Results

A total of 24 male and 2 female subjects were eli-
gible for the study.  Twenty-two male and 1female
subjects completed the study.  The demographic char-
acteristics, including age, baseline PA, EE, BDI, GHQ
and MHPG are shown in Table 1.

The program demonstrated no significant
changes in the PA (t(22)=–0.25, p=0.81).  The
changes in the daily PA of each subject varied from
–5,667 steps (–128.9 kcal) to +6,350 steps (+219.3
kcal).

This program tended to reduce the BDI scores
from 7.1 (ranges: 0 to 15; SD=5.2) to 5.4 (ranges: 0 to
18; SD=5.0), while increasing the GHQ scores from
3.7 (ranges: 0 to 11; SD=3.4) to 4.4 (ranges: 0 to 17;

Figure 1 The illustration of the internet-based health promotion program.
©Copyright 2006–2007 Suzuken Company Limited.  All Rights Reserved.
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SD=4.5), however, no significant difference was
found (z=–1.81, p=0.07) (z=–0.40, p=0.69).  There
was a positive relationship between the increases in the
PA and the reductions in the BDI (rho=–0.449,
p=0.035) (Figure 3, Table 2).  Furthermore, the BDI
reductions correlated positively with the increases of
duration in the PA at the activity levels of 2, 3, and 4
indicating the light to moderate activity (correspond-
ing to walking or running slowly) (rho=–0.454,
p=0.033) (rho=–0.494, p=0.021) (rho=–0.429,
p=0.044).  On the other hand, the MHPG changes had
no correlation with the changes of time spent in the PA
at the consistent intensity levels (Table 3)  (rho=0.378,
p=0.076) (rho=0.126, p=0.554) (rho=0.182, p=0.392).

The MHPG increases in the saliva demonstrated a
significant relationship with the increases of duration
in the PA at the activity levels of 0.5 and 1 (correspond
to 1 to 1.8 Mets, studying or driving)14) (rho=0.673,
p=0.002) (rho=0.431, p=0.043) and with the decrease
of duration in the PA at the 0-intensity level (sleep or
non-activity) (Table 3) (rho=–0.591, p=0.006).

Discussion

This study revealed a positive correlation
between the decreased BDI and PA increases in an

internet-based health promotion program.  Reduc-
tions in the BDI and/or GHQ scores showed a signif-
icant relationship to the PA at the light and moderate
intensity levels (equivalent to walking or running
slowly).  Contrary to the previous hypothesis, the
increase in MHPG in the saliva demonstrated a signif-
icant relationship with a decrease in the duration of PA
at the 0-intensity level (sleep or non-activity).  These
results suggested the different properties of MHPG as
an index of mental health in comparison to psycholog-
ical questionnaires.

We previously reported that the saliva levels of

Figure 2 The program offered PA data and exercise guidance as a Log Book to subjects.
©Copyright 2006–2007 Suzuken Company Limited.  All Rights Reserved.

Table 1   Characteristics of subjects.

Baseline After Program

Age (yr) 50.5 (6.8)
BDI score 7.1 (5.2) 5.4 (5.0)
GHQ score 3.7 (3.4) 4.4 (4.5)
MHPG (ng/ml) 15.4 (17.9) 10.8 (12.4)
PA (steps/day) 8,243 (3,229) 8,102 (3,161)
EE (kcal/day) 253 (114) 261 (112)

n=23, Data are mean (SD). SD: Standard Deviation.
No signicant differences were observed in all indices
between baseline and after program (the Wilcoxon
signed-ranks test or the paired Student’s t test).
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MHPG in patients with anxiety disorders were signif-
icantly higher than those of control subjects, and that
the levels were reduced by 1 wk of alprazolam
treatment16).  Furthermore, several reports have indi-
cated that healthy volunteers with job stress show a
high plasma level of MHPG9, 10).  These studies sug-
gested that increased MHPG could indicate deleteri-
ous states of mental health.  The hypothesis of our
pilot study was that participants who increased PA
would reduce both their depressive symptoms and
MHPG levels.  In contrast with the depressive symp-
toms, our present investigation demonstrated that the
MHPG changes had no correlation with the changes of
time spent in the PA at the light and moderate inten-
sity.  These inconsistent results between the BDI and
MHPG are thus considered to weaken support for the
above hypothesis on the effects of our program.

McEwen’s theory on the stress response is useful
in explaining the conflicting results of the current
study17, 18).  A process in which the internal milieu var-
ies to meet perceived and anticipated demand, which
has been referred to as allostasis by McEwen.  The NA

responses to an event initiating a novel life-style may
be adaptive in the short run.  However, if recovery
from the acute event is not accompanied by an ade-
quate homeostatic response to terminate the acute
adaptive response of the NA system, then deleterious
effects on the psychological and physiological func-
tion, termed the allostatic load, might occur.  Based on
our present results, we speculated that the increases of
PA at light and moderate intensity levels might play a
role in improving depressive symptoms, and that the
increased state of arousal might facilitate the NA acti-
vation, potentially leading to a deleterious outcome to
the participants in the long run.  McEwen’s concept of
stress responses shows a possible link between the
protective value of BDI reduction during the short-
term, and the adverse consequences of NA activation
for subjects in the long-term.

Exercise over the LT has been shown to activate
the HPA axis while increasing the ACTH and cortisol
levels in the blood2).  This response might lead to allo-
static states, or an “over-training syndrome”, insom-
nia, loss of appetite loss, and depression3).  We
previously reported that mild exercise at the LT for 6
wk had a preventative effect on glucose intolerance19).
As our exercise guidance in this program, we recom-
mended a standard heart rate equivalent to less than
the estimated LT as a safe and effective exercise load
to prevent life-style-associated diseases.  This exer-
cise load might also be effective for preventing partic-

Figure 3 The relationship between changes in the PA and
the BDI scores in the health promotion program.

Table 2 Correlations between changes in the PA and
changes in the BDI, GHQ and MHPG after
the completion of health promotion program

BDI score GHQ score MHPG

PA (steps) –0.449* –0.263 0.129

Data are rho value.  *: p<0.05 (the Spearman’s correlation
coefficient by rank).

Table 3 Correlations between changes in the time spent in each intensity level activity and changes in the BDI, GHQ
and MHPG after the completion of health promotion program

Activity levels

0 0.5 1 2 3 4 5 6 7 8 9

BDI score 0.398 –0.306 –0.343 –0.454* –0.494* –0.429* –0.289 –0.272 –0.218 –0.156 –0.190
GHQ score 0.046 0.110 –0.107 –0.036 –0.097 –0.421* –0.118 –0.272 –0.117 0.000 0.223
MHPG (ng/ml) –0.591** 0.673** 0.431* 0.378 0.126 0.182 0.065 0.219 –0.031 0.024 0.121

Data are rho value.  *: p<0.05; **: p<0.01 (the Spearman’s correlation coefficient by rank).
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ipants from demonstrating the symptoms of allostatic
load and thereby establishing an allostatic state.  Our
pilot study suggested that quantifying the intensity
and duration of activities might be important to offer
adequate guidance to improve mental health of indi-
viduals.

There were several limitations in our study that
should be noted.  First, as the present investigation did
not include a control group, it is difficult to evaluate
the impact of PA on mental health in the observed out-
comes.  Second, our intervention did not significantly
increase the mean values of PA of all subjects.  This
result indicated that social support in a health promo-
tion program might be a critical factor to promote
exercise and physical activities.  Another possible rea-
son for the intervention inefficiency was that the pres-
ent results might have been influenced by seasonal
variations, including the climate and social factors.
We quantified PA as a pre-control in October.  In this
month, many athletic festivals and sports events were
held all over the country because Health and Sports
Day (a national holiday) is held on the second Monday
in October.  According to the Japan Meteorological
Agency, the average temperature in this location was
23.6 degrees Celsius (74.5 degrees Fahrenheit) in
October and 6.3 degrees Celsius (43.3 degrees Fahr-
enheit) in February, at the end of the program.  Third,
IT literacy might have influenced the results of our
study because participants were required to use digital
devices to enroll in the program.  Applicants who were
unable to use IT devices were excluded before regis-
tration.  Therefore, the number of female participants
was lower than that of male participants.

Conclusions

The mental health of subjects in an internet-based
individual health promotion program was assessed.
The different properties of MHPG as an index of men-
tal health were compared with psychological ques-
tionnaires.  This pilot study suggested that monitoring
not only the total amounts of PA, but also the intensity
and duration of activities, might be important to offer
the adequate guidance of mental health to individuals.
Further research and randomized controlled trials are
needed to evaluate the impact of PA on mental health.
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