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An Exercise Program for Prevention and/or Improvement of Lifestyle Related
Disease: A Randomized Conirolled Trial Using a Bench Step Exercise

Hidehiko Yamamoto? Mai Taketomo?, Hiroaki Tanaka?,
Rumiko Yoshida?, Makoto Kayashima?, Atsuko Ono?,
Shoichi Natori?, Teruto Hashiguchi®, Ikuro Maruyama?®

1)Health Screening Center, Iizuka Hospital
2)Faculty of Sports and Health Science,Fukuoka University
3)Department of Laboratory and Vascular Medicine,
Kagoshima University Graduate School of Medicine and Dental Sciences

Abstract

Objective: For the prevention or improvement of lifestyle related disease an 8-week
exercise program involving a bench step exercise was arranged. Methods: Thirty-three
employees who had been recommended to change their lifestyle following a routine health
check were enrolled. Before and after the program, their physical performance was
evaluated, and their waistline, total cholesterol value and blood pressure was recorded and
compared. There were no dietary restrictions. The 33 subjects were randomly divided into
two groups: an exercise group and a control group. The exercise group was instructed to
execute a bench-stepping exercise over ten consecutive minutes three times a day (.e.
twenty-one times a week) at a bench height and stepping rate that varied depending on
each individual's lactate threshold as determined by an exercise stress test. Results: Only
11.8% of the participants completed the step exercise program as planned (21 times/week),
but 42.2% executed it 14 or more times a week. These participants showed not only an
improved physical performance, but experienced a significant reduction in weight,
waistline size and total cholesterol value. Furthermore, the blood pressure of those
participants suffering from hypertension was lowered. Conclusion: The step exercise over 8
weeks at the lactate intensity threshold leads to a significant reduction in waistline, total
cholesterol value and blood pressure. We recommend executing the step exercise at the
lactate intensity threshold more than twice a day (i.e. 14 or more times/week).

Key words : lifestyle related disease, bench step exercise, randomized control trial
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Exercise and Physical Activity Reference Quantity for Health Promotion 2006
Physical Activity, Exercise, and Physical Fitness
Outline
Prepared August, 2006
By the Office for Lifestyle-Related Disease Control,
General Affairs Division, Health Service Bureau,

Ministry of Health, Labour and Welfare of Japan

We re-examined the recommended quantity of exercise for health promotion (1989) and
set reference values for the quantity of physical activity and exercise for Japanese
between the ages of 20 and 69 years. Specifically, for individuals who intend to promote
health mainly through physical activity, a daily walk of 8,000 to 10,000 steps is set as the
target. For those who rely on exercise for health promotion, the target was set at 35 min

of jogging or playing tennis or one hour of brisk walking every week.

1. This report, which concerns the quantity of physical activity and exercise for health
promotion, specifically for preventing life-style related diseases, is promulgated by the
“Committee for the Determination of the Recommended Exercise Allowance and
Exercise Guide” that was established on August 8, 2005. The basis for the report was the
“Recommended Quantity of Exercise for Health Promotion” compiled in 1989, utilizing

the latest scientific findings.



“Recommended Quantity of Exercise for Health Promotion” compiled in 1989, utilizing
the latest scientific findings.

2. The content of this report differs markedly from the Recommended Quantity of Exercise
for Health Promotion that was set in 1989 with the emphasis placed on the prevention of
lifestyle-related diseases. Some of the outstanding features in the report are: (1) both
domestic and overseas publications were thoroughly examined (systematic review) and
the references for the quantity of physical activity, exercise and physical fitness
(maximal oxygen uptake) are indicated; and (2) the relationship between the prevention
of lifestyle-related diseases and physical fitness (including muscle strength) is also
evaluated.

3. Reference values for the quantity of physical activity and exercise for health promotion

4] Quantity of physical activity: 23 MET-hours/week
(Equivalent of an activity with an intensity of 3 METs or more lasting for
about 60 min per day. If the activity is composed mainly of walking, the
quantity is equivalent to 8,000 to 10,000 steps per day)
)] Quantity of exercise: 4 MET -hours/week
(e.g., 60 min of fast walking or 35 min of jogging or playing tennis)
4. Reference values for the maximal oxygen uptake for health promotion by gender and age

levels (mL-kg " min™)

Gender/Age 20s 30s 40s 50s 60s
Males 40 38 37 34 33
Females 33 32 3] 29 28

5. This report incorporates the latest scientific findings concerning the relationship between

health and physical activities and physical fitness. To amass new findings that may



emerge later, including findings on questions that have not been elucidated, it is necessary

to continue studies, acquire new scientific findings and periodically update this report.
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1. Introduction

As an all-out approach to formulate a national policy for health promotion, the First
National Program for Health Promotion was issued in 1978. The Second National Progrém fora
Health Promotion was introduced in 1988; and in 2000, a “campaign for health promotion in the
21* century (Healthy Japan 21)” was established. As a legislative backup for the positive health
promotion and the prevention of diseases in citizens, with special reference to “Healthy Japan
21,” a Health Promotion Law was formulated in 2002 and the campaign for health promotion has
been well on its way since then.

In view of the global trends for health promotion, “Healthy Japan 21” purports to achieve
objectives such as extending one’s healthy life expectancy: specifically, topics were selected that
relate to improving one’s lifestyle affecting the development and progression of lifestyle-related

diseases (e.g., cancer, heart diseases, stroke and diabetes mellitus). Some 70 specific numerical

. ? <<

objectives in 9 areas were listed—"nutrition and food habits,” “physical activities and exercise,”
“rest and mental health,” “smoking,” “alcohol drinking,” “dental health,” “diabetes mellitus,”
“circulatory diseases” and “cancer.” Currently, efforts are being made to promote health in these
areas.

For the starting point in promoting health through physical activities and exercise, the
committee, based on scientific findings, established the “Recommended Quantity of Exercise for
Health Promoion™ in 1989 as a target for the quantity of exercise considered necessary to
maintain one’s health. To create a happy, active and healthy life, in 1993, the “Exercise

Guideline for Health Promotion” was published. This was followed in 1997 by a report from the

“Committee to Study Physical Activities for Health throughout One’s Life.”



With rapid aging of the population in recent years, morbidity patterns have changed: the
proportion of lifestyie-related diseases (e.g., cancer, ischemic heart disease, cerebrovascular
diseases and diabetes mellitus) to total morbidity increased. Among the causes of death, about
60% was attributed to lifestyle-related diseases (cancer, 30.5%; ischemic heart diseases, 15.7%;
cerebrovascular diseases, 13.0%; diabetes mellitus, 1.3%; and hypertensive diseases, 0.6%). In
fiscal 2003, the medical cost for these diseases amounted to 10.2 trillion (2.8 trillion each for
hypertensive diseases and cancers; 2.0 for cerebrovascular diseases; 1.9 for diabetes mellitus
including its complications; and 800 billion for ischemic heart diseases). Within the framework
of health insurance, the total amounts to about 30% of the medical expenditures for the whole
nation, indicating the burden of these diseases place on people. As these diseases increase in
severity, the burden on national nursing insurance will also increase.

In May 2004, at a conference attended by the Secretary General of the Ruling Parties and
Chairman of the Policy Research Council, “A Strategy for the Health Frontier” was formulated.
In response to this development, the Government adopted the following as central themes for its
policies to extend one’s expectancy of a healthy life by about 2 years: 1) “plan to assure health
during the productive years,” 2) “urgent anti-cancer policy for women,” 3) “a 10-year strategy
for nursing and disease prevention,” and 4) “promotion of scientific technology to extend
expectancy of healthy life.” Starting in 2005, active programs are being and will be developed

over the succeeding 10 years.

2. Process leading to the establishment of the policies described above
The “Recommended Quantity of Exercise for Health Promotion (1989)” was formulated
mainly to prevent coronary artery diseases. With the passage of more than 15 years following the

establishment of this standard, the morbidity pattern of people changed, in which lifestyle-related



diseases—such as diabetes mellitus, hypertension and dislipidemia—come to the forefront. In
April 2005, the disease concept and diagnostic standard for “metabolic syndrome,” the basis for
the aforementioned conditions, were explicated at the related 8 academic societies.”

Metabolic syndrome is a pathophysiologic condition manifested by hyperglycemia,
dyslipidemia and hypertension, all of which share a common etiology: a visceral-type obesity.
When these disease conditions overlap, the risk for developing ischemic heart diseases and
cerebrovascular disorders increases; therefore the basic rationale concerning this metabolic
syndrome is that such a risk may be reduced when the visceral fat is minimized.

By promoting the policies to control lifestyle-related diseases, incorporating this concept
related to the metabolic syndrome, in particular by encouraging people to engage in physical
activities and exercise and improving their understanding and also that of personnel concerned
with public health of the importance of “prevention,” it is believed that the current policies may
be effectively carried out.

According to the “National Health and Nutrition Survey in Japan, 2004,” the proportion
of those who were regularly exercising was 30.9% for men and 25.8% for women since
determination of the Recommended Quantity of Exercise for Health Promotion in 1989. In spite
of the efforts represented by “Healthy Japan 21,” these percentages failed to increase, showing
that two-thirds of the population did not have the habit of exercising regularly.

While the public is becoming increasingly more aware of the policies concerning
lifestyle-related diseases, the Section on the Regional Health, Promotion of Heaith and Nutrition
of the Public Welfare Science Council formulated “The Promotion of Future Policies concerning

Lifestyle-Related Diseases (an interim report). Thus under a slogan of “first, exercise and



physical activity; second, diet; third, smoking cessation; and last, medication,” further emphasis
was placed on policies for physical activities and exercise.

Facing this situation, it was decided to draw up the “Recommended Quantity of Exercise
for Health Promotion (1989)” to show the references for physical activity, exercise and physical
fitness. These references, based on the latest scientific findings, were designed to maintain and
promote the health of people and prevent lifestyle-related diseases through improving their

capacities for physical activity and exercise.

3. Approaches for establishing criteria

With the rapid aging of the population over the last few decades, morbidity patterns have
changed drastically: the proportions occupied by lifestyle-diseases, such as cancer, ischemic
heart diseases, cerebrovascular diseases and diabetes mellitus, to the total morbidity have
increased. For the causes of death also, lifestyle-related diseases are implicated in about 60%.
When these lifestyle-related diseases become more advanced many patients require nursing care.

In both domestic and foreign studies it has been suggested that there is a relationship
between the prevention of lifestyle-related diseases and physical activities and exercise.
Promoting people’s physical activities and exercise will produce a notably positive effect on the
prevention of lifestyle-related diseases.

The “Exercise and Physical Activity Reference Quantity for Health Promotion 2006
(defined herein) 1s designed to prevent lifestyle-related diseases and contribute to a state of

positive health.

Relationship among the prevention of lifestyle-related diseases, physical activities, exercise and

physical fitness



Scientific studies on physical activities, exercise, lifestyle-related diseases, and total
mortality have rapidly advanced during the last quarter of a century: the preventive effects of
physical activities and exercise—not only on coronary artery diseases but also on lifestyle-related
diseases, such as diabetes mellitus—have been scientifically proven. Ever since the establishment
of the recommended quantity of exercise for the first time (1989) in particular, a considerable
amount of evidence has been amassed on the prevention of lifestyle-related diseases through
physical activities and exercise. Therefore for the current “Exercise and Physical Activity
Reference Quantity for Health Promotion,” it was decided to conduct a systematic review based
on the accumulated evidence and to indicate the quantity of physical activity and exercise that is
necessary to prevent lifestyle-related diseases.

In general, the level of physical fitness is higher in a person who engages in physical
activities to a large extent.** However, there is a lower limit in the exercise intensity to heighten
physical fitness,” and the correlation between the quantity of physical activity that is quantified
by the total energy expenditure (kcal/day) and physical fitness is not necessarily evident.®
Especially, a large quantity of physical activity of low intensity is not always associated with
notable physical fitness.”” There is also significant genetic influence on physical fitness.®
According to recent studies conducted in the west, not only the quantity of physical activity but
also physical fitness act as independent factors to predict the development of a lifestyle-related
disease.”) Therefore in the “Exercise and Physical Activity Reference Quantity for Health
Promotion 2006” 1t was decided that a reference for physical fitness be independently defined, in

addition to those for physical activities and exercise.

Standardization of Terminology



Definitions of the terminology related to physical activities and exercise described in this

report are given 1n the section of reference materials.

4. Physical activities and exercise that are necessary to maintain and improve health

A systematic review of the domestic and foreign literature was conducted on the
relationship between physical activities and exercise and lifestyle-related diseases to define the
reference that is given below. In this instance, separate references were selected for physical
activity and exercise, both intensities being over 3 metabolic equivalents (METSs).

The ages of the subjects were assumed to be in a range of 20 to 69 years. The references
were set for the uniform quantity of physical activity and exercise (MET -hours/w) regardless of

the gender or age.

Quantity of physical activity

For physical activity, the reference was set at 23 MET -hours/w.

The results from the systematic review indicated that the lower threshold of physical
activity that is effective in preventing lifestyle-related diseases is distributed between 19 and 26
MET-hours/w. The time for physical activity per week equivalent to this value is between 54 and
74 min per day at an intensity of 3 METs (walking at normal pace). However for an ordinary
person, it is not easy to determine the time corresponding to 3 METs; nor is it possible to discern
the latitude of 20 min. Thus for a reference for the quantity of physical activity, a single

value—the mean of the values extracted from the systematic review—was used.

10



People are expected to exceed this reference, depending on one’s current level of physical
activity. In this manner, it is hoped that the risk of developing a lifestyle-related disease will be
reduced.

Physical activities that exceed 3 METs for intensity include exercise and non-exercise
activity, for example, walking (such as shopping and commuting), cleaning floors, yard work,
carrying objects, and playing with children. Because the intensity of activities represented by

walking at normal pace is around 3 METs, 23 MET-hours/w (3.3 MET-hours/d) is the

equivalent of about 60 min per day for physical activity at an intensity of about 3 METs. This
physical activity is not necessarily limited to walking but most activities at this intensity are
normally accompanied by walking. Therefore, if one considers the activity is composed mainly
of walking, the time is equivalent to about 60 min per day (about 6,000 steps if one takes 1,000
steps every 10 min). In daily activities, one takes 2,000 to 4,000 steps at low intensity without

(10

being conscious of exercising and the total number of steps one takes per day probably

amounts to 8,000 to 10,000 steps.

Quantity of exercise

The reference quantity for exercise and its range are 4 MEs-hours/w and 2 to 10
MET hours/w.

These are based on the corresponding figures of the exercise reference that ranged about
2 to 10 MET hours/w and the mean, 4 MET hours/w, according to the systematic review.
Depending on the current exercise level, a person should set his target above the reference or its
range. For example, a person who has no habit of exercising is to set the goal at 2 MET-hours/w;

one whose customary level of exercise is below the reference value should raise the quantity to

11



the reference; and for a person whose quantity of exercise exceeds the reference should aim at 10
MET hours/w. In this manner, it is expected that the risk for developing a lifestyle-related disease
will be reduced.

Specific examples of exercises at intensities being 3 METs and more include brisk
walking, physical exercises (with active movements), jogging, running, swimming and ball
games. For example, brisk walking is associated with an intensity of about 4 METs (90 to 100m
per min). Thus 4 MET hours/w is converted to brisk walking of about 60 min per week. Similarly,

Jogging or playing tennis (about 7 METSs) is the equivalent of about 35 min/wk.

5. Physical fitness essential to maintaining and promoting health

A systematic review was conducted on domestic and foreign literature dealing with the
relationship between physical fitness and lifestyle-related diseases. For physical fitness, a
reference was set for maximal oxygen uptake, an index for endurance, as shown below. As for
muscular strength, the basis for setting a quantitative reference was lacking so a qualitative

description was used instead.

Maximal oxygen uptake

A systematic review was conducted on the domestic and foreign literature to find the
relationship between maximal oxygen uptake and lifestyle-related diseases. Based on the data
thus obtained, the references for maximum oxygen intake and its range, which were stratified for
each gender and age group (from the 20s to 69 years, see below), were set. The systematic
review provided us with several of the lowest values for the maximal oxygen uptake, with
significantly different risks for developing a lifestyle-related disease. It was considered

appropriate to set the reference value for maximal oxygen uptake to prevent a lifestyle-related
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disease for each gender and age category. The mean was computed from these values to define

the reference for maximal oxygen uptake for health promotion.

Table 1. Reference values for the maximal oxygen uptake for health promotion by gender and age levels
(mL-kg"min™)

Gender/Age 20s 30s 40s 50s 60s
Males 40 38 37 34 33
Females 33 32 31 29 28

In addition to the reference values, the current study exhibits a range for the maximal
oxygen uptake required for health promotion. This range is one in which the lowest values of the
maximal oxygen uptake by which the effect to prevent lifestyle-related diseases is noted in the
systematic review; and it is a range of values in at least one study in which the effect of the
maximal oxygen intake to prevent lifestyle-related diseases is evident. Therefore if the maximal
oxygen uptake is below this range, one should aim to raise it within the level. If the maximal
oxygen uptake is below the reference, one should be reminded to aim for this reference. Even
when one’s maximal oxygen uptake is higher than the reference or the range shown in the table
(below), one should try to make certain that lifestyle-related diseases will be effectively

prevented by improving his physical fitness.

Table 2. Range of maximal oxygen uptake that is effective for health promotion

(mL-kg min™)

Gender/Age 20s 30s 40s 50s 60s
Males 23-47 31-45 30-45 26-45 25-41
Females 27-38 27-36 26-33 26-32 26-30
Muscular strength

On the relationship between muscular strength and reductions all cause mortality, several

studies indicated that muscle strength is inversely related to overall risk for death among men;
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but this relationship was frequently absent among women. However, in all the studies in which
both men and women were evaluated as a single group, muscular strength was inversely related
to the overall risk of death.

There are several methods for measuring muscular strength; but regardless of the method
adopted, the all-cause mortality is significantly reduced in each group because of the presence of
those whose muscular strength exceeds the mean of that group. To prevent osteoporosis and
fractures also, it is important to maintain a certain level of muscular strength.

Muscular strength and muscle volume decrease with age. Reductions in the overall
mortality or the risk of fractures due to osteoporosis have been noted in those exceeding the
average of these data in each group that was studied. Although based on qualitative data only,
maintenance of muscular strength over the current mean can be a yardstick for the modem

Japanese in each generation.

Other parameters for physical fitness

It has been known that the risk for fractures due to osteoporosis is reduced in those who
maintain their equilibrium or are nimble. However, there were no studies that focused on
reductions in mortality or the prevention of lifestyle-related diseases. Therefore no quantitative

reference was set for other parameters related to physical fitness.

6. Notes on applying these references
Sufficient care should be taken because excessive or inappropriate exercise may have
adverse effects on one’s health. When a person already suffers from a certain illness but plans to

engage in exercise, the exercise program should be conducted under the guidance of a physician.
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7. Future objectives and directions

In carrying out physical activities and exercise according to the “Exercise and Physical
Activity Quantity for Health Promotion 20067, it is necessary that the results are evaluated after a
certain period; and that the references are periodically revised, taking into consideration of the
results of evaluations and those of new studies.

Based on the current study, the following are considered necessary for future research:

e Accumulation of evidence concerning physical activity, exercise, and physical fitness
(including muscular strength and muscle volume) of Japanese and the prevention of
lifestyle-related diseases.

e Standardization of methods for evaluating physical activity

e Evaluation of physical activity, exercise and physical fitness for each gender, age level
(ranging from childhood to advanced age) and specified life-related diseases

e Evaluation of specific references for muscular strength and muscle volume

@ Evaluation of the upper threshold of physical activity and exercise for health promotion

e Determination of the effect of moderating medical expenses that becomes possible

when one engages in physical activity and exercise
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