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ABSTRACT
Aims/Introduction: Recently, the prevalence of lifestyle-related disease has increased, and its associated medical costs have
become considerable. Although walking is thought to prevent lifestyle-related disease, few studies have evaluated its effect on
medical costs in Japanese subjects. We aimed at evaluating the effect of walking on medical costs by simulation mainly focusing
on diabetes in the Japanese population.
Materials and Methods: A Markov model focusing on diabetes was constructed. As complications of diabetes, ‘dialysis’, ‘ischemic
heart disease’ and ‘stroke’ were included. The model has four states: ‘non-diabetes’, ‘diabetes’, ‘dialysis’ and ‘dead’, and ‘ischemic
heart disease’ and ‘stroke’ were included as events that occurred in each state. The effect of walking was included as changing the
rate of transition and incident rates of events.
Results: After 10 years, the numbers of subjects with diabetes were 4.3 and 7.3% lower for daily increase of 3,000 and 5,000
steps, respectively. The numbers of cases of ischemic heart disease and stroke also decreased. Lower medical costs were also seen
according to the daily increase in steps. In 10 years, the total medical costs were 5.2 and 8.4% lower for 3,000 and 5,000 steps
increase, respectively. The cost reduction associated with a daily increase of 3,000 steps walked was calculated as ¥0.00146 for each
step.
Conclusions: Walking is one of the most common and accessible forms of exercises. The present results suggested that walking
reduced the medical costs associated with lifestyle-related disease, which will have a large impact on health policy. (J Diabetes
Invest, doi: 10.1111/jdi.12114, 2013)
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INTRODUCTION
Recently, the prevalence of lifestyle-related disease, especially dia-
betes, has increased and the associated medical costs have become
a considerable part of the overall medical financial burden1. In
Japan, the medical cost associated with diabetes, ischemic heart
disease and stroke was estimated to be approximately ¥4.9 tril-
lion; that is, approximately 15% of the total medical cost in
20042.
Physical inactivity is thought to play a part in the recent

increase in lifestyle-related disease, and regular exercise is rec-
ommended for health maintenance and disease prevention3–5.
Walking is one of the most common, popular and accessible
exercises, and is believed to prevent some diseases, especially
those associated with lifestyle. In fact, there is some epidemio-
logical evidence that walking decreases the risk of diabetes,

ischemic heart disease and stroke6–8. Therefore, it is expected
that the medical costs associated with lifestyle-related disease
can be reduced by walking. However, few quantitative studies
have been carried out, and the effect of walking on medical
cost is unclear in the Japanese population.
The purpose of the present study was to evaluate the effect

of walking on medical costs using a simulation model mainly
focusing on diabetes in the Japanese population.

MATERIALS AND METHODS
Model
We constructed a Markov model focusing on diabetes to esti-
mate the change in the medical cost of diabetes and related dis-
eases by walking (Figure 1). The following three states,
‘normal’, ‘border’ and ‘diabetes’ were selected to represent the
diabetes status. The ‘border’ represents people with borderline
diabetes. The ‘border’ was combined with ‘normal’, because
subjects with borderline diabetes are generally untreated and do
not incur any diabetes-related medical costs. This combined
group was termed ‘non-diabetes’. As complications of diabetes,
we included ‘dialysis’, ‘ischemic heart disease’ and ‘stroke’ in
the model, because these complications are thought to account
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for a considerable part of diabetes-related medical costs. Dialysis
was included in the model as a state. Ischemic heart disease
and stroke were included in the model as events, because most
of the costs of these diseases were thought to be associated with
the acute phase. We assumed that these events can occur in
each state of the model except dialysis, because dialysis itself
accounted for most of the medical costs associated with dialysis
patients in Japan. The directions of transition between states
are shown in Figure 1 as arrows. We assumed that the transi-
tion from ‘diabetes’ to ‘non-diabetes’ did not occur. The rate of
transition between states and the incident rates of events were
determined based as much as possible on papers and statistical
data published in Japan. The effect of walking was included in
the model as changing the rate of transition between states and
the incident rates of events. The target of our simulation was
middle-aged people, and the probabilities of this age group
were used as much as possible.

Transition Probabilities
The transition probabilities were estimated using literature about
Japanese subjects or statistical data published in Japan9–13.
The transition rate from ‘non-diabetes’ to ‘diabetes’ was cal-

culated as follows: for example, in a study of Japanese people,
15 and 29 incident cases of diabetes were observed in 5 years
from 592 normal subjects and 140 borderline subjects, respec-
tively9. Therefore, the incident rate of diabetes from ‘non-diabe-
tes’ per 1,000 person-years was: (15 + 29)/(592 + 140)/5 9

1,000 = 12.0.

The incident rates of ischemic heart disease and stroke were
taken from a Japanese large prospective study12. The rate of
dialysis was estimated from statistical data as follows: in a
National Health and Nutrition Survey in 2007, the number of
cases of diabetes was estimated as 8,900,000 (total Japanese
population was 104,000,000). The number of patients
who started dialysis in the year 2008 was 37,355, of which
16,126 started dialysis because of diabetic nephropathy11.
The incident rate of dialysis of non-diabetic people per 1,000
person-years was then estimated as (37,355 - 16,126)/
(104,000 - 8,900) = 0.2, and the incident rate of dialysis in dia-
betics per 1,000 person-years was estimated as 16,126/
8,900 = 1.8. The transition probabilities and the references are
listed in Table 1.

Risk Reduction by Walking
The quantitative risk reduction by walking could not be found
in the Japanese literature, and was therefore estimated using lit-
erature from overseas14–25. For example, it was reported that
the relative risk of diabetes with 15.7 metabolic equivalent tasks
(METs) of exercise per week was 0.7714. A MET is equivalent
to 20 min walking at a speed of 67 m/min26, therefore 15.7
METs per week is equivalent to walking 3 km per day, and if
we assume that the length of a step is 70 cm, that is equivalent
to 4,293 steps per day. Therefore the relative risk associated
with one step per day was 0.77^(1/4,293) = 0.999939 (where
^ represents exponentiation) and risk reduction with 1,000
steps per day was 1 - 0.999939^1,000 = 0.059.

Ischemic heart disease

1.6 (5.1)

Stroke

1.9 (7.7)

Ischemic heart disease

5.0 (7.1)

Stroke

6.5 (7.1)

Non-diabetes

4.8 (9.3)

Death

12 (4.7)

0.2 16.8 (9.5)

96
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Ischemic
heart disease1.8

Dialysis

Stroke

Figure 1 | Simulation model. The arrows represent the directions of transition. The numbers associated with the arrows represent transition
probabilities (per 1,000 person-years) and the numbers in the parentheses represent the risk reduction (per 1,000 steps walking). The dashed arrows
attached to the ‘dialysis’ means that the costs of the ‘ischemic heart disease’ and ‘stroke’ of dialysis patients were assumed to be included in the
cost of dialysis.
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The relative risk of death in non-diabetics by walking is
reported to be 0.71 with 898 kcal walking per week23. In the
study, one block (12 blocks = 1.6 km) was regarded to be
equivalent to 8.3 kcal. Therefore 898 kcal per week is equiva-
lent to 2.1 km per day, and if the length of a step is 70 cm,
that is equivalent to 2,944 steps per day. Therefore the relative
risk associated with one step per day was 0.71^(1/
2,944) = 0.99988 and the risk reduction with 1,000 steps per
day was 1 - 0.99988^1,000 = 0.1098. The risk reduction per
1,000 steps walked and the references are listed in Table 2.
The values of transition rate and risk reduction used in the

calculation were determined from these values and are shown
in Figure 1.

Estimation of Medical Costs
The medical costs associated with each status and events were
estimated from public statistical data in Japan. The details of

the method of estimation have been reported elsewhere27.
For example, in the Survey of Medical Care Activities in
Public Health Insurance in 2008, the medical costs associated
with diabetes were reported as ¥11,246,310,840 for 30,737
cases of hospitalization and ¥35,413,890,370 for 2,088,768
cases of outpatients (1 month). Therefore, the medical
costs associated with diabetes per month were estimated
as:(11,246,310,840 + 35,413,890,370)/(30,737 + 2,088,768) = 22
014.7.
Therefore, the medical costs per year (in thousands of yen)

were estimated as 264.2 for diabetes. Other medical costs
per year (in thousands of yen) were estimated as 4,781.2
for dialysis, 820.3 for myocardial infarction and 1,379.0 for
stroke.
The medical costs in the present study are represented in

‘yen’. To convert yen to US dollars, multiply by 0.0126 (as of
13 November 2012).

Table 1 | Transition probabilities

Incidence rate* References

Non-diabetes ? diabetes 12.0 Shibasaki et al.9

11.4 The Funagata Study: Daimon et al.10

Non-diabetes ? dialysis 0.2 An Overview of Regular Dialysis Treatment in Japan as of Dec. 31, 200811

Stroke (non-diabetes) 1.9 The Hisayama Study: Fujishima et al.12

Myocardial infarction (non-diabetes) 1.6 The Hisayama Study: Fujishima et al.12

Non-diabetes ? death 4.8 Vital Statistics in Japan (2007)
Diabetes ? dialysis 1.8 An Overview of Regular Dialysis Treatment in Japan as of Dec. 31, 200811

Stroke (diabetes) 6.5 The Hisayama Study: Fujishima et al.12

Myocardial infarction (diabetes) 5.0 The Hisayama Study: Fujishima et al.12

Diabetes ? death 16.8 The Funagata Study: Tominaga et al.13

Dialysis ? death 96.0 An Overview of Regular Dialysis Treatment in Japan as of Dec. 31, 200811

*Incidence rate per 1,000 person-years.

Table 2 | Risk reduction by walking (per 1,000 steps)

Risk reduction* References

Non-diabetes ? diabetes 5.9 The Nurses’ Health Study: Hu et al.14

3.5 The Women’s Health Study: Weinstein et al.15

Non-diabetes ? dialysis NA
Stroke (non-diabetes) 7.3 The Nurses’ Health Study: Hu et al.16

8.0 The Harvard Alumni Health Study: Lee et al.17

Myocardial infarction (non-diabetes) 7.6 The Nurses’ Health Study: Manson et al.18

4.0 The Harvard Alumni Health Study: Sesso et al.19

2.6 The Health Professionals’ Follow-up Study: Tanasescu et al.20

Non diabetes ? death 7.7 The Harvard Alumni Health Study: Paffenbarger et al.21

8.1 The Harvard Alumni Health Study: Paffenbarger et al.22

11.0 The Study of Osteoporotic Fractures: Gregg et al.23

Diabetes ? dialysis NA
Stroke (diabetes) 7.1 The Nurses’ Health Study: Hu et al.24

Myocardial infarction (diabetes) 7.1 The Nurses’ Health Study: Hu et al.24

Diabetes ? death 9.5 The National Health Interview Survey (NHIS): Gregg et al.25

Dialysis ? death NA

*Risk reduction per 1,000 steps (%). NA, not available.
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Simulation
As aforementioned, the target of our simulation was middle-
aged Japanese people. In this simulation, the medical cost in
1,000 hypothetical subjects was calculated during 10 years
according to their walking status, namely no increase, and a
daily increase of 3,000 and 5,000 steps. The cycle was 1 year,
and the costs and others were calculated per cycle and added
up for 10 years.
In the National Health and Nutrition Survey in 2007, the

prevalence of diabetes was 8.0% and therefore, 80 of the 1,000
subjects were assumed to be diabetes in the initial state. The
medical cost of non-diabetic subjects was assumed to be zero
in the simulation. The same survey reported that 55.5% of the
diabetic patients received medical care, and therefore this per-
centage of the total medical costs of diabetes patients was
included.
As the central part of this model was ‘diabetes’, the (one-

way) sensitivity analyses were carried out by changing the
parameters related to diabetes; that is, the transition rate from
non-diabetes to diabetes, and the risk reduction of the rate by
walking.

RESULTS
The number of patients after 10 years and the total number of
events during 10 years are shown in Table 3. The numbers of
cases of diabetes and death became lower according to the daily
increase in steps walked. After 10 years, the numbers of cases
with diabetes and death were 4.3 and 7.3%, and 25.3 and
38.5% lower for 3,000 and 5,000 steps, respectively. The num-
bers of cases of ischemic heart disease and stroke also decreased
according to the daily increase in steps. During 10 years, the
numbers of cases of ischemic heart disease and stroke were

16.2% (25.5%) and 21.0% (32.5%) lower for 3,000 (5,000) steps,
respectively.
The medical costs during 10 years are shown in Table 4,

and were also lower according to the daily increase in steps. In
10 years, the total medical costs were ¥15.6 million and
¥25.0 million lower for 3,000 and 5,000 steps, respectively. That
is an approximate 5.2 and 8.4% of the total medical cost during
10 years. Taking into account death, the cost reduction was cal-
culated as ¥0.00146 for each step when there was a daily
increase of 3,000 steps walked.
The results were relatively insensitive to the changes of

parameters about diabetes. According to the 10% change of the
transition rate from non-diabetes to diabetes, the cost reduction
changed by approximately 6.3%, and according to the 10%
change of the risk reduction of the rate from non-diabetes to
diabetes by walking, the cost reduction changed by approxi-
mately 6.8%.

DISCUSSION
We have developed a simulation model focusing on diabetes in
the Japanese population and calculated the medical costs asso-
ciated with walking. We found that medical costs can be
reduced by walking, and the reductions were 5.2 and 8.4% for
a respective daily increase of 3,000 and 5,000 steps. A large
part of the reduction in medical costs came from the reduced
medical costs associated with diabetes and stroke. Diabetes
accounted for approximately 60% of the total medical cost in
this simulation, and the contribution to the reduction of the
medical cost was large despite the small reduction in the num-
ber of diabetes patients (4.3%). It should be noted that the
potential medical cost reduction for diabetes was approximately
twice as much as the estimated value, because the estimated

Table 3 | Number of patients after 10 years and total number of events during 10 years

Diabetes* Dialysis* Death* Ischemic
heart disease†

Stroke†

0 157 2.64 59 20 24
+3,000 steps 150 (-4.3%) 2.61 (-1.2%) 44 (-25.3%) 16 (-16.2%) 19 (-21.0%)
+5,000 steps 146 (-7.3%) 2.59 (-2.1%) 36 (-38.4%) 15 (-25.5%) 16 (-32.5%)

The numbers in parenthesis are the relative reduction compared with the case of ‘0’. *Number of patients after 10 years. †Total number of events
during 10 years.

Table 4 | Medical costs during 10 years (millions of yen) and relative reduction

Total Diabetes Ischemic
heart disease

Stroke Dialysis

0 297.5 180.2 14.5 31.1 71.8
+3,000 steps 281.9 (-5.2%) 173.9 (-3.4%) 12.3 (-15.5%) 24.6 (-20.9%) 71.1 (-0.9%)
+5,000 steps 272.5 (-8.4%) 169.9 (-5.7%) 35.5 (-24.5%) 21.0 (-32.4%) 70.7 (-1.5%)

The numbers in parenthesis are the relative reduction compared with the case of ‘0’.
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value was calculated from the medical cost of diabetes patients
receiving medical care (55.5% of the diabetes patients). In con-
trast, stroke accounted for approximately 10% of the total med-
ical cost in this simulation, the contribution to the reduction of
the medical cost was large. Unlike Western countries, stroke is
reportedly more common than ischemic heart disease in the
Japanese population12,28. In fact, the medical cost associated
with stroke was approximately 2.3-fold as much as the medical
cost associated with ischemic heart disease in the 2004 statis-
tics2. Furthermore, it has been suggested that the risk reduction
by walking was greater for stroke, especially for ischemic
stroke, than for coronary heart disease7. These facts and the
present results could suggest that the medical cost reduction by
walking is more effective in the Japanese population than in
others.
Many studies have examined the medical costs associated

with physical inactivity by simulation29,30 or direct estima-
tion31–35; however, most of them were from overseas and the
results cannot be applied to the Japanese because of the differ-
ences in the incidence of disease and the healthcare systems. In
our model, the parameters used in the simulation were taken
as much as possible from studies with Japanese subjects, and
the medical costs were also estimated from Japanese statistical
reports. A direct estimation of the reduction of medical costs
associated with walking has been reported from Japan36. In that
study, compared with subjects walking less than 0.5 h/day, the
reductions in medical costs per month were ¥700 and ¥2,600
for subjects walking 0.5–1 h/day and more than 1 h/day,
respectively. If we assume that the speed of walking is
67 m/min and the length of a step is 70 cm, the reduction of
medical cost was estimated as ¥0.0054 per step. If we take into
account that our estimate might be low due to the simplicity of
the model (see below), our estimate (¥0.00146 per step) did not
contradict the results of the reported study.
As with many simulation studies, the present study had sev-

eral limitations mainly coming from the simplification of the
real world. First, our model was focused on diabetes, and other
medical conditions were ignored. As suggested by many
reports in the literature, physical activity has beneficial effects
on many medical conditions37,38, and including these condi-
tions might increase the medical cost reduction by walking.
Second, the structure within health statuses (‘non-diabetes’ or
‘diabetes’) was ignored. In the model, the transition probabili-
ties and medical costs were assumed to be equal for all sub-
jects within a status. In reality, however, there were subjects
with different sex, age and severity in each status, and the
transition probabilities or event rates would be different
according to the characteristics of the subjects. Furthermore,
the medical cost of diabetes would also be different according
to the characteristics (severity) of the subjects. If the severity of
diabetes is decreased by walking, the medical cost is also
expected to decrease and, as a consequence, the reduction in
medical cost by walking becomes larger. This effect was also
not included in our model.

Despite the limitations, to the best of our knowledge, the
present study was the first simulation study that focused on
diabetes in the Japanese population, and gave a consistent result
with a direct estimation. The medical costs associated with life-
style-related diseases, especially diabetes, are increasing rapidly.
In Japan, the medical cost associated with diabetes, ischemic
heart disease and stroke was estimated to be approximately
¥4.9 trillion in 2004. Applying our estimate of a cost reduction
of 5.5% associated with a daily increase of 3,000 steps walked,
it would save approximately ¥255 billion. Walking is one of the
most common, popular and accessible exercises available to
most people, and if the medical costs associated with lifestyle-
related diseases can be reduced by walking, it will have a large
impact on health policy. Although the beneficial health effects
associated with walking have been advocated, to date very few
quantitative discussions, especially in terms of medical cost,
have been published. We hope that our present study will
become the starting point of such discussions.
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