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Abstract

In spite of health benefits of physical activity, a large part of the population keeps a sedentary lifestyle. Thus,
it remains an important public health challenge to develop intervention programs to promote physical activity.
In this study, the effect of a physical activity program using behavioral approaches was examined by 8-month
randomized controlled trial (2 months intensive intervention+6 months follow-up). ~Subjects were 86 sedentary
women, aged from 47 to 68 years old, and were randomly classified into two groups, an intervention group and
a control group. Results showed that the intervention group increased their total energy expenditure by a
significantly large degree compared with the control group in both the short-term (2 months) and long-term (8
months) (p=0.038 and p=0.014, respectively). According to the analysis of physical activity intensity, these
increases were mainly due to the increase of moderate activity. Some other measures of physical fitness and
body composition were significantly improved in the intervention group compared with the control group. In
conclusion, the present program based on behavioral medicine was effective to promote physical activity and to

improve physical fitness and body composition over 8§ months.

Introduction

It is well documented that regular physical activity is
beneficial for reduction of mortality?, for prevention of
cardiovascular disease?, diabetes®, and some kinds of
cancer”, and for maintenance of physical function in
older adults®. These evidences were widely accepted,
and were summarized as recommendation statements on
physical activity®®. However, a large part of the
population is not sufficiently active. In the United
States, more than 60% of people are not sufficiently
active”'?.  In Japan, only 30.2% of men and 27.5% of
women engage in 20 minutes or more of exercise two or
more times per week!”. Thus, it remains a public
health challenge to promote physical activity for preven-
tion and control of chronic diseases, and the develop-
ment of physical activity promotion methods is eagerly
awaited.

Given this background, behavioral theories and
models such as the learning theory'? the social cognitive
theory'®, the relapse prevention model', and the tran-
stheoretical model'®'®, are expected to be applied for
physical activity interventions. These theories and
models of human behavior are useful for understanding
health behavior'” and have played important roles in
the development and refinement of intervention pro-
grams for smoking cessation and other health behaviors.
Recently, applications of these theories to physical activ-
ity programs have begun to spread, and the results of
some intervention trials have been reported in the
United States'®'. Review articles on 127 intervention
studies concluded that intervention based on behavioral
science is an effective and recommended method to
promote physical activity?”?). However, applications
of behavior theories and models to physical activity
programs are still in development, and further studies to

Received December 25, 2002, Accepted January 28, 2003

Key words : Physical activity, Intervention, Randomized controlled trial, Behavioral medicine
Reprint requests to: Shigeru Inoue, Department of Preventive Medicine and Public Health, Tokyo Medical University, 6-1-1

Shinjuku, Shinjuku-ku, Tokyo, 165-8402, Japan

1



Mar., 2003

examine the effects of programs are needed, especially in
Japan. In this study, a physical activity program was
developed based in large part on the transtheoretical
model, a model spreading to heath education, and the
effects of the program on sedentary middle-aged and
senior women were examined by a randomized
controlled trial.

Methods

This study was conducted with the permission of the
Ethics Committee of Tokyo Medical University.

1. Study design

The study design was an eight-month randomized
controlled trial, conducted from April through Decem-
ber, 2001. The eight months consisted of a 2-month
intensive intervention period and a 6-month follow-up
period.

2. Subjects

Participant flow is shown in Fig. 1. Women with
obesity and hyperlipidemia were recruited by newspaper
advertisements. Inclusion criteria were: 1) sedentary
women aged from 45 to 69 years old who engage in
exercise less than once a week as of the occasion of the
explanation of the project, 2) meeting the criteria for
serum total cholesterol <280 mg/dl, triglyceride <400
mg/dl, fasting plasma glucose <126 mg/dl, resting
blood pressure < 160/100 mmHg, 3) taking no medica-
tions affecting lipid metabolism such as antihyper-
lipidemic drugs, antihypertensive drugs, etc., 4) no car-
diovascular or orthopedic disorders limiting participa-

tion in an exercise program, 5) others. Women with
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obesity or hyperlipidemia were given priority for partici-

pation. A total of 237 women applied for participation

in this study. Initial screening was done through appli-
cation forms, and 195 women were invited to a research

explanation meeting. Of the 157 participants, 156

signed informed consent forms. After a second screen-

ing conducted at the meeting, 90 women were invited for
baseline assessment. At baseline assessment, including
exercise test and blood sampling, one woman had
exercise-induced arrhythmia, and three had cholesterol
levels higher than the inclusion criteria. These four
subjects were excluded. Finally, 86 participants were
confirmed as subjects of this study and were randomized

into two groups, 42 females in the control group and 44

females in the intervention group.

3. Measurements

Assessments were conducted three times, at baseline,
immediately after intensive intervention (at 2 months),
and after 6-month follow-up period (at 8 months) for all
measurements.

1) Measurements of physical activity energy expend-
iture, exercise behavior, physical fitness, and
nutrition

Physical activity energy expenditure

For physical activity energy expenditure assessment, a
24-hour physical activity record was used. Participants
were asked to record all kinds of physical activities that
they did every ten minutes for seven consecutive days.

The intensity of each activity was self-classified into one

of 5 categories : intensity | - sleeping, intensity 2 - seden-

tary activity mainly in a sitting position, intensity 3 -
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light activity in a standing position, intensity 4 - moder-
ate activity (3-6 metabolic equivalents : METSs), intensity
5 - vigorous activity (>6 METs). To help subjects to
classify the intensity, face to face instruction was given to
each subject. In addition, a table of concrete examples
of activities and intensities, which was constructed with
reference to the compendium of physical activities repor-
ted by Ainsworth et al.??, were provided. The records
were confirmed by interviews at collection. Energy
expenditure was calculated according the equation
below??.

Energy expenditure (kcal/kg) = Intensity (METs)X
Duration(min) X 3.5 (ml/min/kg)x 0.005 (kcal/ml)

3.5 ml/min/kg: Oxygen uptake for | MET

0.005 kecal/ml : Energy expenditure per 1 ml oxygen
uptake

On calculation of energy expenditure, METs values of
physical activity below were assigned to each intensity
category.

Intensity 1: 0.9 METs, Intensity 2: 1.5 METs, Inten-
sity 3: 2.0 METs,

Intensity 4: 4 METs, Intensity 5: 7 METs

In this study, 3 measurements of energy expenditure -
total energy expenditure (kcal/kg/day), energy expendi-
ture by moderate activity (kcal/kg/day), and energy
expenditure by vigorous activity (kcal/kg/day) were
used.

Exercise behavior

Three measurements regarding exercise behavior : fre-
quency of exercise per week (times per week), stage of
change for exercise behavior, and exercise self-efficacy,
were assessed by a self-administered questionnaire.

The stage of change is the main concept of the transth-
eoretical model proposed by Prochaska and Di-
Clemente!®1®. It is the scale that estimates
motivational readiness of behavior change and consists
of 5stages: Precontemplation (individuals who do not
exercise and do not intend to start exercise in the next 6
months), Contemplation (individuals who do not exer-
cise, but intend to start exercising in the next 6 months),
Preparation (individuals who do some exercise but not
regularly), Action (individuals who exercise regularly,
but only began doing so within the last 6 months), and
Maintenance (individuals who exercise regularly and
have done so for longer than 6 months). Regular exer-
cise was defined as exercising three times per week??.
People are thought to progress through these stages,
moving back and forth before attaining the goal of
maintenance. Participants were classified into one of
these five stages depending on answers to three questions
regarding frequency of exercise, intention to start exercise
within the next 6 months, and duration of continuing
the current exercise habit.

Self-efficacy is originally a concept in social cognitive
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theory, proposed by Bandura'®. It means the percep-
tion of one’s ability to perform the behavior. The
transtheoretical model adopted this concept as one of the
predictors of the stage of change'®'®. This scale is
related to the stage of change, meaning that persons in a
higher stage have higher self-efficacy?®?®. 1In this study,
self-efficacy was rated by one question that asked sub-
jects to evaluate their perception of ability to perform
exercise on a ll-point scale ranged from “not at all
confident”=0% to “very confident”= 100%2927.

Physical fitness

Physical fitness was estimated by grip strength (kg),
sit-ups (times/30 sec.), jumping reaction time (msec.),
vertical jump (cm), and sitting trunk flexion (cm).  Grip
strength, vertical jump, and sitting trunk flexion were
tested twice in each subject and the better performances
were recorded. Grip strength was expressed as the
mean of the right and left hands. = Sit-ups were counts of
performance over 30seconds. Jumping reaction time
was the duration from the moment of the light signal
until jumping, and this was tested 5times. After
maximum and minimum data were excluded, three
performances were averaged. A few subjects were
unable to perform the tests because of their orthopedic
disorders. Therefore, the number of data that could be
analyzed varied from 79 to 84 depending on the kind of
tests.

Nutrition

As a parameter of nutrition, total energy intake (kcal/
day) was calculated by a self-administered questionnaire
including questions on frequency and amount of food
intake?”.

2) Measurements of physique and blood lipids

Physique measurements included body weight (kg),
body mass index (BMI) (kg/m?), and percent body fat.
Percent body fat was measured by the caliper method,
and calculated using the Nagamine?” and Brozek3®
equation. BMI was defined as weight in kilograms
divided by the square of height in meters. Fasting
blood samples were obtained and analyzed for total
serum cholesterol (TC), high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and triglyceride (TG). Samples were anal-
yzed using enzymatic technique (TC, LDL-C, TG) and
direct technique (HDL-C).

4. Intervention procedures

The intervention program was conducted at the
Tokyo Metropolitan Health Promotion Center. After
baseline assessment, results of tests were reported for each
subject in both groups. General information including
how to interpret the data and recommendation on
physical activity was also offered for both groups in
30-minute group lectures. Recommended physical
activity was to meet one of three criteria: 1) walking
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more than 10,000 steps per day®?, 2) accumulation of 30
minutes or more moderate intensity physical activity
more than 5days a week®, 3) three times or more
The point of recommendation was
to increase energy expenditure by either lifestyle activity
or structured exercise. In addition to the lecture, sub-
jects in both groups received guidance in the use of
facilities of the Tokyo Metropolitan Health Promotion
Center, and they were allowed to use the center during
the research period. The processes written above were
common for both groups. For the control group, no
more intervention was conducted

The intervention program for the intervention group
aimed for long-term adherence to active lifestyle. The
8-week intensive program and the 6-month follow-up
period were set. Eight weeks included eight sessions
(one session a week), and each session consisted of one
hour of group work and one hour of exercise practice.
The program was based on a behavior change model
called the “stage of change.” The model postulate that
the stage-specific intervention is useful. We engaged
various behavioral management skills in the program
depending on the stage of change shown in Table I.
These skills were originally derived from various the-
ories and models of human behavior*?*® such as the
learning theory'?, the social cognitive theory'® and the
For example, self-efficacy
is originally the concept of the social cognitive theory
and also a component of the transtheoretical model.
Stimulus control and reinforcement management are
skills derived from the learning theory. Practical educa-
tional procedures were prepared based on these skills.
The procedures were combined depending on the stage
of change (Table 1), and the subjects were trained to use
these skills. In practice, the group work was conducted
according to the schedule shown in Table 2.  Although
the concepts and methods of goal setting and self-

exercise a week??.

relapse prevention model'®.
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monitoring were explained in the second week, subjects
continued to practice these two skills every week during
intensive intervention period. Goal setting was con-
ducted in two forms, short-term (the goal of that week)
and long-term (the goal of 8 weeks). Since almost all
subjects (92.9%) were in Contemplation (71.4%) and
Preparation stages (21.4%), we prepared only one pro-
gram, a program for the Contemplation/Preparation
stage. We included skills for the Contemplation stage
and the Preparation stage early in the 8-week period, and
skills for the Action stage and the Maintenance stage
later in the 8-week period. Although the behavioral
approaches were used mainly in group work, exercise
practice also included the concepts of behavioral science.
For example, we expected that the exercise practice
would be a good chance to increase the self-efficacy
through enactive attainments, vicarious experiences and
verbal persuasions that are pointed out by Bandura as
effective in raising self-efficacy®®.

During the 6-month follow-up period, newsletters
were mailed to intervention group subjects every 2
months.

5. Data analysis

Analysis of variance with repeated measures was used
to test the change of values of all measures, except stage
of change, from baseline to 2 months and to 8§ months.
For the comparison between two groups, analysis of
covariance was performed. Covariance factors were age
and baseline data for the tests of physical activity energy
expenditure, exercise behavior, physical fitness, nutrition,
and physique. In the analysis of blood lipids, age,
BMI, postmenopausal status and baseline data were
adjusted as covariance factors. The x? test was used to
compare the distribution change in stage of change
between the two groups. All statistical analyses were
performed with the SPSS 11.0J for Windows, SPSS Inc.,
Chicago, USA. A p value of less than 0.05 was taken

Table 1 Combination of behavioral management skills depending on the stage of change for exercise behavior in the

present program

Behavioral management

The stage of change

strategies

Precontemplation Contemplation Preparation Action Maintenance

Knowledge of physical activity © @) O

Sellf-monitoring O O © © O
Goal setting O © © O
Self-efficacy O © © © O
Decisional balance © © O

Stimulus control O © © O
Reinforcement management O © © O
Social support O © © ©
Contracting O ©)

Positive self-talk O © O
Relapse prevention © ©)

© : strongly recommended skills, O : recommended skills
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Table 2 Behavioral management skills taught in group sessions

Knowledge of physical activity, Explanation of benefits and recommended amounts of physical activity to help

To set concrete goals including the type, place, time and duraton of physical activity.
To record one’s own behavior. In the program, activity diary and accerelometer were

To agree with the contract to maintain an active lifstyle to enhance commitment.
Subjects signed the contract to formalize the agreement.

To discuss benefits, costs and barriers of physical activities in order to overcome
barriers and to support participants in setting goals with more benefits and with fewer

To increase environmental cues or stimuli to do physical activity such as wearing sports
shoes in daily life, putting a written note on the wall, having a routine time and place

To seek support of family, friends and coworkers who understand the subject’s effort,
encourage participation in physical activity or do physical activity together.

To control reinforcers encouraging physical activity such as giving self-praise, record-

ing the activity chart, setting favorite walking course, etc.

To train positive thinkings in difficult situations in order to maintain the active

To identify high-risk situations for relapse and to prepare ways of coping with them

week 1
Recommendation participants to have realistic expectations.
week 2 Goal setting
Self-monitoring
delivered for self-monitoring.
Contracting
week 3 Decisional balance
costs.
week 4 Stimulus control
for exercise, etc.
week 5 Social support
week 6  Reinforcement management
week 7 Positive self-talk
lifestyle.
Relapse prevention
week 8  Summary Summary of above skills

to indicate a statistically significant difference.
Results

1. Baseline characteristics and program adherence

In total, 84 subjects participated in all three assess-
ments (follow-up rate: 97.7%). One subject in the inter-
vention group declined to participate in the program due
to a disease in the family. However, she did participate
in all three assessments. Therefore, according to the
intention-to-treat analysis principle, the data were anal-
yzed as the data of the intervention group. Thus, data
with regard to 84 women (43 subjects in the intervention
group, 41 subjects in the control group) were analyzed.

Baseline characteristics of subjects are shown in Table
3. The mean (SD) age was 57.2 (5.4) years old, ranging
from 47 to 68 years old. Almost all (90.5%) engaged in
exercise less than once a week and were considered to be
sedentary women. The mean (SD) BMI was 22.9 (2.8)
kg/m?  According to the guidelines for diagnosis and
treatment of atherosclerotic diseases of the Japan Ather-
osclerosis Society®”, 50.0% of subjects had high LDL-C
level (=140 mg/dl), 2.4% had low HDL-C level (<40
mg/dl), and 17.9% had high triglyceride level (=150
mg/dl). Most of the subjects had normal levels of
blood glucose and blood pressure. In all outcome
measures, no significant difference between groups was
observed at baseline.
2. Effects on physical activity, exercise behavior,

physical fitness, and nutrition

1) Results at 2 months

Table 4 shows mean changes in measures of physical
activity, exercise behavior, physical fitness, and nutrition.

Table 3 Baseline characteristics of participants

Variables n=_84
Age, years old 57.2+54
Employment (full time worker) 47.6 (7.1)
rate, %
Total energy expenditure, kcal/ 39.84+2.7
kg/day
Stage of change for exercise 3.6:714:214:24:12
behavior *, %
Frequency of exercise, times/ 0.29+£0.91
week
Height, cm 154.1+52
Weight, kg 54.6+7.3
BMI, kg/m? 229+238
Body fat, % 30.1£7.7
Total cholesterol, mg/dl 235.9+23.7
HDL-C, mg/dl 66.5+15.7
LDL-C, mg/dl 137.0+21.5
Triglyceride, mg/dl 106.5+59.9
Fasting plasma glucose, mg/dl 92.3+7.0
Systolic blood pressure, mmHg 1142+ 14.5
Diastolic blood pressure, mmHg 74.1+£8.4
Postmenopausal status, % 88.1

Values are mean=SD except sex, work status, stage of
change, and postmenopausal status.

#: values indicates distribution of stage in form as
Precontemplation : Contemplation : Preparation :
Action : Maintenance.

BMI : body mass index,

HDL-C : High density lipoprotein cholesterol

LDL-C: Low density lipoprotein cholesterol

Fig. 2 also shows the changes in energy expenditure
depending on the intensity of activity. The intervention
group significantly increased their total energy expendi-

(5)



Table4 Mean changes in measures of physical activity energy expenditure, exercise behavior, physical fitness, and nutrition

Comparison Comparison
A aialbili baseline Change from baseline between Change from baseline between
after 2 months groups after 8 months groups
(p value) (p value)
Energy expenditure, kcal/kg/day
Total Control 40.11x3.07 0.104+2.19 j 0.38 —1.05+2.43* :I 0.14
Intervention 39.5312.23 1.2642.20%* ' 0.30+1.95 ’
Moderate activity Control 4241397 —0.81+2.97 j s — 138 EJ2TH* j 003
Intervention 3.19+2.84 0.92+2.71* ' 0.8142.93 ’
Vigorous activity Control 0.434+1.49 0.02+1.75 j 977 —0.27+t1.38 ] 146
Intervention 0.30+£1.02 0.55+2.25 ’ 0.03+1.00 '
Exercise behavior
Frequency of exercise, days/week Control 0.46+1.25 0.57+1.30** ] <001 0.34+1.75 j 005
Intervention 0.13£0.29 1.741.39%** ’ L.27£1.00%*%* o
Stage of change for exercise behavior, % Control ~ 2.4: 659: 244: 49: 24°¢ 39.0% ] & ] 341 # j -
Intervention 4.7: 76.7: 18.6: 0: 0F 81.4% ’ 62.8 % '
Exercise self-efficacy Control 62.4+19.6 —1.7%22.2 ] 035 —6.1120.6 :| 001
Intervention 60.01+20.4 8.8 19.5**% ’ 8.8+ 18.8%* '
Physical fitness
Grip strength, kg Control 234139 0.9+2.0** j - 03122 j 157
Intervention 24.6+4.9 0.3+3.0 ' 0.5+2.2 '
Sit-ups, times/30 sec. Control 8.1+49 0.0+2.1 j o I et j 127
Intervention 8.615.7 1240 3%% ’ 2.043.2%** ’
Jumping reaction time, msec. Control 399.7+59.8 15.3+48.6 j 035 8.2+41.8 :I -
Intervention 398.2+48.6 —5.0+34.38 T 2.4438.5 ’
Vertical jump, cm Control 26.8+5.7 0.0£4.5 :| 039 —0.8£48 ] 190
Intervention 28.9+5.7 0.5+3.4 ’ —1.0+4.1 '
Sitting trunk flexion, cm Control 11.8+8.3 1.1-13.3* ] 230 0.7+4.0 ] o012
Intervention 13.8£5.7 1.5d2.4%** ' 1.942.3%** ’
Nutrition
Total energy intake, kcal/day Control 1,549+279 —54+235 :] 541 —851260* j 138
Intervention 1,440+242 —20+241 ’ —64+228 '

All values without stage of change are expressed as mean=+SD.

P values were calculated after adjustment for age and baseline value except Stage of change.

#. values indicate distribution of stage in form as Precontemplation : Contemplation : Preparation : Action: Maintenance.
# . Values indicate the proportion of subjects who improved their stage compared with baseline.

*: p<0.05, **: p<0.01, ***: p<0.001 for the comparison with the baseline
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Change in total energy expenditure
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Fig.2 Changes in energy expenditure depending on the inten-
sity of activity
*: p<0.05, **: p<0.01 for the comparison with the
baseline
p values indicate the results of comparison between
groups

ture by 1.26 kcal/kg/day. The amount of increase was
significantly larger than the control group (p=0.038).
Analysis of the components of activity revealed that the
intervention group significantly increased their energy
expenditure only in moderate activity over time. Also,
the amount of increase was significant larger in the
intervention group compared with the control group
(p=0.025). On the other hand, in vigorous activity, no
significant difference was observed over time or between
groups.

Significant improvements in frequency of exercise,
stage of change for exercise behavior, and exercise self-
efficacy were also observed in the intervention group at
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2 months compared with baseline. Comparison of the
changes in these measures between groups also showed
significantly more improvement in the intervention
group.

In physical fitness, grip strength and sitting trunk
flexion in the control group, and sit-ups and sitting
trunk flexion in the intervention group were significantly
improved from baseline to 2 months. On comparison
between the two groups, the intervention group
significantly improved performance in sit-ups (p=0.012),
jumping reaction time (p=0.026), and vertical jump
(p=0.039). Total energy intake was unchanged in both
groups.

2) Results at 8 months

Total energy expenditure and moderate activity energy
expenditure were significantly decreased from baseline in
the control group. In the intervention group, mean
changes from baseline were 0.30 kcal/kg/day in total
energy expenditure and 0.81 kcal/kg/day in moderate
activity energy expenditure, but no significant difference
was observed compared with baseline. The amounts of
increase in total and moderate activity energy expendi-
ture were significantly higher in the intervention group
compared with the control group (p=0.014, and p=
0.003, respectively). The differences in changes of
energy expenditure between the two groups were+ 1.35
kcal/kg/day for total energy expenditure, and-2.39
kcal/kg/day for moderate activity energy expenditure.
As observed at 2 months, vigorous activity energy
expenditure was not significantly changed at 8 months.

Frequency of exercise, stage of change for exercise
behavior, and exercise self-efficacy were improved by
significantly large degrees in the intervention group
compared with the control group at 8 months (p=0.025,
p=0.009, and p=0.001, respectively).

In physical fitness, both groups improved their perfor-
mance in sit-ups from baseline, but no significant
difference between groups was observed. Sitting trunk
flexion was significantly improved only in the interven-
tion group. Significant difference between groups was
also observed in the amount of improvement of sitting
trunk flexion (p=0.012).

Total energy intake was significantly decreased in the
control group, but there was no significant difference
between groups.

3. [Effects on physique and blood lipids

1) Results at 2 months

Table 5 shows the mean changes in measures of
physique and lipid metabolism. The intervention
group significantly decreased body weight and BMI from
baseline to 2 months. Comparison between the two
groups also showed significantly large decreases in body
weight and BMI in the intervention group (p=0.036,
p=0.006, respectively). In blood lipids, the interven-
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Table 5 Mean changes

in measures of physique and blood lipids

Comparison Comparison
. . Change from baseline between Change from baseline between
Variables baseline X
after 2 months groups after 8 months groups
(p value) (p value)
Physique
Weight, kg Control 549+7.7 —0.2+09 —04=£15
] 036 ] .184
Intervention 544169 —0.6 L 1.0%** —0.8+1.5%*
BMI, kg/m? Control 23.1£3.0 —0.1£04 —0.1£0.6
:| .006 :| 124
Intervention 22.8%2.6 —0.3+04%** —0.3+£0.6**
Body fat, % Control 30.0+8.4 05135 —0.8+£2.8
] 056 ] .002
Intervention 302+7.1 —0.7:£2.7 —2.5+3.0%**
Blood Lipids
Total cholesterol, mg/dl Control 234.4+27.6 —4.3+21.5 ~— Q22,7
] 207 ] 877
Intervention 237.3£19.6 —10.8£22.9 — [J=E28.5
HDL-C, mg/dl Control 68.715.0 —22+79 —1.4+8.1
] 432 ] 934
Intervention 64.5+16.2 =2 FH6,5%* —0.84+8.3
LDL-C, mg/dl Control 134.1+£239 8.2+ 17.4** 10.3£16.7%**
] 075 ] 639
Intervention 139.8+19.0 0.8+14.3 6.6 18.7*
Triglyceride, mg/dl Control 101.1+62.0 —8.0+39.3 ] —13.4+479
761 ] 374
Intervention 111.64+58.2 —8.0+63.9 —7.7x512

All values are expressed as mean=+SD.
P values were calculated after adjustment for age and baseline value in the enalysis of body weight, BMI, and body fat.

P values were calculated after adjustment for age, BMI, menopausal state and baseline value in the analysis of blood lipids.
*: p<0.05, **: p<0.01, ***: p<0.001 for the comparison with the baseline
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tion group showed a significantly decreased HDL-C
level, and the control group showed a significantly
increased LDL-C level. However, no significant group
difference was seen in any blood lipids.

1) Results at 8 months

The intervention group significantly decreased body
weight, BMI, and percent body fat at § months compar-
ed with baseline, while no significant decrease was
observed in the control group. The change in body fat
was significantly greater in the intervention group (p=
0.002). The LDL-C levels in both groups significantly
increased, but change values were not statistically
significant between the two groups.

Discussion

The major finding of this study is that a developed
program based on behavioral science significantly in-
creased physical activity and improved some measures of
physical fitness and body composition at 2 months
compared with baseline. Furthermore, the effects of
intervention were maintained after a 6-month follow-up
period.

1. [Effects on physical activity and physical fitness

Observed differences in change of total energy expend-
iture at 8 months between groups was+1.35 kcal/kg/
day. By calculation with the assumptions of walking
speed =70 m/min, 3 METs in intensity, width of a
step="70 cm, and body weight=50 kg, + 1.35 kcal/kg/
day is parallel to an energy expenditure increase of 2,579
steps per day®®. This effect is large enough to meet the
target of Health Japan 21, an increase of 1,000 steps per
day on average in the general population®V. In this
study we used 24-hour physical activity records to evalu-
ate energy expenditure. In this method, all kinds of
activities done by subjects were recorded and calculated.
It is reported that the physical activity record method has
fair to good validity in estimating energy expendi-
ture®®3?.  In fact, a high correlation between total
energy expenditure as estimated by 24-hour physical
activity record used in this study and as measured by
accelerometer (7=0.68) supports the validity of physical
activity assessment in this study (data not shown).

Although a significant difference was observed in
mean change of total energy expenditures between the
two groups, the values in both groups were decreased by
approximately 1 kcal/kg/day at 8 months compared
with 2 months. The reasons for this may include sea-
sonal change of physical activity, decrease of motivation
in both groups, etc. Seasonal variation may play an
especially important role for this result. Matthews et al.
reported that women increased their activity level by 1
METs-hours/day (1.05 kcal/kg/day) during summer in
comparison with winter’®. Supposed that there was a
comparable seasonal effect on physical activity in this
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study, the decrease of energy expenditure from 2 months
(July) to 8 months (December) is understandable.

Regarding the intensity of activity, only moderate
activity was increased by intervention. No significant
change was observed in vigorous activity. In this study,
the recommendation of physical activity for both groups
emphasized the increase of energy expenditure without
reference to intensity. Also, it is likely that moderate
activity is more acceptable, easier to start, and easier to
maintain for these subjects.

In three measures related to exercise behavior, the
intervention group also improved behavioral parameters
such as stage of change and self-efficacy in significantly
large degrees compared with the control group over 8
months. The parallel increase of self-efficacy with the
improvement of stage of change and with the increase in
energy expenditure is consistent with the result of past
studies®.  Since self-efficacy is reported to be a strong
predictor of behavior change in many studies, the
improvement of this scale suggests the maintenance of
active lifestyles among the intervention group.

2. Effects on physique and blood lipids

The effects of intervention were also observed in body
weight, BMI, and percent body fat, although weight
reduction was not the main focus in this program. As
such, goal setting and self-monitoring were implemented
mostly on physical activity and behavioral skills.
These differences in the physique are mainly due to the
increase of physical activity, as there was no significant
group difference observed in total energy intake. It is
thought that the improvement of body composition was
due to the sequence of sustained physical activity.

In analysis of blood lipids, there was no significant
group difference in change values. Regarding LDL-C,
subjects of this study had slightly increased levels of
LDL-C, and 50% of them had high levels of LDL-C
defined as 140 mg/dl or more at baseline. The result
was the same as if the analysis was limited to 42 women
with elevated levels of LDL-C. However, this is not
surprising, as these results are consistent with past
studies.  Stefanick reviewed five randomized trials on
lipoprotein effects of aerobic exercise in individuals with
mean BMI less than 25 kg/m?*?.  According to this
review, only one of five trials that showed an improve-
ment in LDL-C or TC with exercise involved an addi-
tional dietary component. In our study, mean BMI of
subjects, 22.9 kg/m? was far less than 25 kg/m?.

3. Limitations of this study and future direction

There are some limitations to this study. First, the
limited variety of subjects; all subjects were middle-
aged and senior women in a community setting. While
47.7% of subjects had jobs, only 7.1% were full-time
workers.  For different age groups and sex, there may
be different types of barriers to increasing physical
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activity, for example barriers such as lack of time due to
work or childcare. The acceptability of the program
may also be different depending on sex and age.
Further studies are needed to examine the effects of the
program in other settings and populations. Secondly,
subjects in this study were volunteers who had relatively
high levels of motivation of behavior change. Distribu-
tion of stage of change indicates that 71.4% of subjects
had the intention to start exercise at baseline, and that
21.4% were doing some exercise even though the amount
was not enough to obtain health benefits. The effects
of the program on subjects in the Contemplation and the
Preparation stages were the main observations in this
study. Further studies are needed for people who have
lower levels of motivation and for people in the
Precontemplation, Action and Maintenance stages.
However, even for people in the Contemplation stage
and in the Preparation stage, it is not easy to adopt and
maintain the active lifestyle, and practitioners most
frequently have the opportunity to educate people in
these two stages. Thus the result of this study is quite
useful in health education practices. The third limita-
tion is that the effects of elements of the program, i.e. the
behavioral group work and the exercise practice, could
not be differentiated from each other due to the study
design. It may be pointed out that the effects of the
program may be mainly due to the exercise practices
themselves or due to the frequent contacts with educators
(8 times in 8 weeks) even though the behavioral elements
was emphasized in this program. What can be con-
cluded from this study design is that the present program
was more effective than the treatment for the control
group in which subjects received explanations of the
results of medical checks and were offered chances to use
the exercise facility. According to past studies, how-
ever, intervention methods like health risk appraisal,
exercise prescription or supervised exercise practice by
itself demonstrated small effects to change behavior,
while the behavior modification approaches showed
large effects?®?V. It is likely that behavioral approaches
played an important role in promoting physical activity
in this program. In the future, studies that differentiate
effects of each element in the program are expected to
improve the intervention method.

In spite of these limitations, the results of this study
suggested the potential of behavioral science in physical
activity education. It is worthwhile in the public health
context that the program was based on a theoretical
framework, since a theoretical framework can guide the
application of the program in many other kinds of
health promotion practices such as the development of
educational materials, the training of health profes-
sionals, and the development of modified programs in
various settings.
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Conclusion

The physical activity program using behavioral
approaches effectively increased physical activity, and
improved exercise behavior, physical fitness, and body
composition over 8 months including a 2-month inten-
sive intervention period and a 6-month follow-up
period.
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