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Cost of Illness of the Obstetrical Diseases in Japan:
a Time-trend and Future Projection Analysis
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ABSTRACT
Background: Many problems associated with pregnancy and childbirth are associated with public health
policies and require the attention of society as a whole. We chronologically observed the social costs for obstetrical diseases to obtain an overview of the changes and determine future prospects.
Methods: Using the cost-of-illness (COI) method based on official government statistics, we calculated COI
for obstetrical diseases (ICD10 Code: O01-99) from 1996 to 2014 and estimated future COI projections, that is,
for the period from 2017 to 2029. COI includes both direct and indirect costs (morbidity and mortality costs).
Results: COI increased by 28.5% between 1996 and 2014 mainly because of increased direct costs during
this period. COI of a single birth increased by 54.5% between 1996 and 2014.
Our future predictions included an estimation of changes in the constant trends of COI, assuming that current trends of health-related indices would persist (estimated COI in 2029: 250.6-307.0 billion yen, depending
on the model used). COI per birth was estimated to increase until 2029 and (331,000-407,000 yen, depending
on the model used).
Conclusions: We estimated that COI would remain unchanged in the future, provided current trends of
health indices remain constant. Although the number of birth would reduce, the economic burden pertaining to each pregnancy and delivery would increase. Accelerated social participation of women and the promotion of measures to prevent the declining birth rate may lead to future increases in COI.
Toho J Med 4 (2): 58―65, 2018
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Introduction

to conduct an economic assessment to determine how to
efficiently assign limited medical resources.

Advances in medical science and technology have led to

Although there are a lot of problems associated with

an increase in medical costs across developed nations

pregnancy and childbirth (e.g., low birth rate and in-

worldwide. This increase has also been observed in Japan,

creased number of high-risk deliveries１）) that involve pub-

mainly owing to its rapidly aging population and continued

lic health policies and need to be addressed by society as a

stagnation of economic growth. Therefore, it is important

whole, there are few reports in Japan focusing on eco-
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（25）５９

Estimates of Monetary Valuation of Unpaid Work.１９） We

nomic assessments required for public policy making.
Thus, the aim of this study was to chronologically ob-

calculated MbC with the assumption that hospitalization

serve the social costs of obstetrical diseases (ICD10 code:

resulted in loss of one work day and an outpatient visit re-

O01-99, “pregnancy, childbirth, and the puerperium”) and

sulted in the loss of half a work day. MtC was calculated as

form an overview of its changes comprising those pertain-

the loss of human capital in the form of the total amount of

ing to future prospects to elucidate changes in the burden

income that would have been earned in the future if the

placed on society.

patient had not died. NMDy was calculated for 5 year age
increments using Vital Statistics２０） data, and this was then

Materials and Methods

used to calculate the LVI with the assumption that the pa-

1. Analytical method

tient had lived from the time of death until the average life

In this study, social cost was measured on the basis of

expectancy.

the cost of illness (COI), estimated using official government data and the COI method advocated by Dorothy

LVd and THD were calculated using the equations
shown below:

Rice.２―９） Since the 1960s, this method has been widely used

4) LVd=(Iy＋ULVy)/365

for economic assessment of COI and determination of pub-

5) THD=HPy×ALOS

１０―１４）

. The COI method includes both direct cost

Iy indicates the “annual income per person,１７）” ULVy in-

(DC) and indirect cost (IC). IC includes both morbidity cost

dicates the “annual monetary valuation of unpaid work per

(MbC) and mortality cost (MtC). COI is calculated using

person,１９）” HPy indicates the “annual number of hospital-

the following equation:

ized patients,１６）” and ALOS indicates the “average length

lic policy

1) COI=DC＋MbC＋MtC

of stay.１６）” Future labor value was corrected to the current

DC includes the medical costs such as treatment, hospi-

value using a discount rate of 3%. This value was selected

talization, testing, and drug costs that are a direct result of

as it was recommended by developed countries that com-

the illness. In this study, we used the Survey of National

monly use the COI method, including the United States

１５）

Medical Care Insurance Services

to calculate annual

medical costs from medical care fees for obstetrical dis-

and Japan.
2. Chronological COI estimates

eases (ICD-10 code: O01-99, “pregnancy, childbirth, and the

To assess chronological changes, available past data

puerperium”). In this study, obstetrical diseases (ICD-10

were used to estimate COI for 3 year intervals from 1996

code: 01-99) includes almost all complications of pregnancy

to 2014.

(e.g., gestational diabetes, preeclampsia, and placenta pre-

Thereafter, we calculated COI for 3 year intervals from

via), abnormal pregnancies (e.g., multiple pregnancy and

2017 to 2029 to estimate future prospects using two meth-

breech presentation), and disorders around delivery (e.g.,

ods.

postpartum bleeding, fetal distress, and amniotic fluid embolism).

We calculated the health index by fixing the average
number of outpatient visits, the average number of hospi-

IC includes the cost of opportunities lost because of ill-

talizations, ALOS, and the medical fees per examination at

ness and death. MbC and MtC are calculated using the fol-

the level observed in the 2014 data and then calculated the

lowing equations:

estimates assuming that only the population and age dis-

2) MbC=TOVy×LVd/2＋THD×LVd

tribution of Japan would change (fixed model estimation).

3) MtC=NMDy×LVl

Medical fees per examination were obtained from the Sur-

Where TOVy indicates the “total person-days of outpa-

vey of National Medical Care Insurance Services.１５） We

tient visits,” LVd indicates the “1-day labor value per per-

first calculated the average number of outpatient visits

son,” THD indicates the “total person-days of hospitaliza-

and the average number of hospitalizations for 2014 be-

tion,” NMDy indicates the “number of maternal deaths,”

cause this year was used as the base. These figures were

and LVI indicates the “lifetime labor value per person.”

then multiplied with the estimated population in 5 year

TOVy and THD were calculated for 5 year age incre１６）

ments using Patient Survey

age increments from 2017 to 2029, and the TOVy and

data. Labor values were cal-

THD for each year were calculated. Using data from 2014,

culated for 5 year age increments using data from Basic

ALOS, average life expectancy, and labor value were used

１７）

Survey on Wage Structures,
Vol. 4 No. 2

１８）

Labor Force Survey,

and

to estimate MbC and MtC. DC was determined by multi-

６０（26）
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plying the rate of change in average number of hospital

Ethical considerations

visits and average length of stay for every examined year
starting from 2014 based on the outpatient and hospitalization costs for 2014.
The second method involved calculating the estimates
assuming that health index trends would also change at

This study used only aggregated and published nationwide data that are freely available online. No humans or
animals were used. In Japan, no institutional review board
approval is required for this type of study.２３）

the current pace in addition to population and age distribu-

Results

tion trends. After calculating approximation curves (logarithmic and linear) for all items using data starting from

1. COI estimates from 1996 to 2014

1996, we measured the numerical expressions and calcu-

COI was 248.9 billion yen in 1996, 292.7 billion yen in

lated the values from 2017 to 2029. Using this method, we

1999, 279.1 billion yen in 2002, 244.9 billion yen in 2005, 296

obtained different estimates of future prospects, depend-

billion yen in 2008, 269.1 billion yen in 2011, and 319.8 bil-

ing on the trend followed. Estimates were calculated using

lion yen in 2014 indicating an increase of 28.5% from 1996

the following three patterns: 1) the logarithmic model esti-

to 2014 (Table 2). Although DC increased by 94.7% (from

mation in which all items were calculated using logarith-

102.7 billion yen to 200.0 billion yen), MbC decreased by

mic approximations, 2) the linear model estimation in

15.5% (from 137.9 billion yen to 116.5 billion yen) and MtC

which all items were calculated using linear approxima-

decreased by 62.7% (from 8.3 billion yen to 3.1 billion yen).

tions, and 3) the mixed model estimation in which all calcu-

The birth rate for women aged !35 years as well as the av-

lations were performed using the higher approximation of

erage maternal age was seen to increase. The number of

the coefficient of determination for each item. Logarithmic

maternal deaths and the maternal mortality ratio exhib-

and linear model estimations would produce different an-

ited declining trends. COI per live birth increased by

nual trends depending on the item; thus, single estimates

54.9% from 206,000 yen in 1996 to 319,000 yen in 2014. The

are likely to produce overestimated or underestimated

costs related to normal delivery were not included in COI

values. We therefore compared determination coefficients

because these were paid as a separate fixed amount by

within the same age group in both the logarithmic and lin-

health insurance in Japan.

ear approximation curves and performed a mixed model

2. COI projections for the period from 2017 to 2029

estimation using the curve with the higher coefficient in

The COI future projections of all three models are

each age group. We believe that the mixed model pro-

shown in Table 3.

duced the most valid estimates in this study. We used the

The projected number of live births showed a declining

2014 data for average life expectancy and labor value. We

trend, which was consistent with past trends. The average

also used the Population Estimates２１） published by the

maternal age was projected to remain unchanged, and the

Ministry of Internal Affairs and Communications between

live birth rate for pregnant women aged !35 years was

1996 and 2014 and the Population Projections for Japan２２）

projected to decline.

published by the National Institute of Population and So-

Our mixed model estimation remains unchanged in COI,

cial Security Research between 2017 and 2029. The num-

from 302.4 billion yen in 2017 to 307.0 billion yen in 2029.

ber of maternal deaths and the maternal mortality rate

Although DC showed increasing trend, MbC, and MtC ex-

should have been included in the health indices, but it was

hibited declining trends from 2017. COI per live birth was

impossible to estimate the annual and by-age annual

projected to increase by 21.1% from 336,000 yen in 2017 to

trends because these figures were extremely low in Japan.

407,000 yen in 2029.

In this study, we calculated the number of maternal

Our linear model estimation showed similar trend to

deaths for 5 year age increments and the cumulative totals

mixed model that COI remained unchanged from 304.6 bil-

for a 10 year period from 2005 to 2014. Thereafter, we cal-

lion yen in 2017 to 306.4 billion yen in 2029. Although DC

culated the future projected maternal mortality rate by

showed increasing trend, MbC and MtC exhibited declin-

multiplying these figures with the estimated population

ing trends from 2017. COI per live birth was projected to

for each year. Elements using COI future projections are

increase by 21.1% from 336,000 yen in 2017 to 406,000 yen

shown in Table 1.

in 2029.
Our logarithmic model estimation showed that COI deToho Journal of Medicine・June 2018
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Table 1
Model
Fixed model

Elements used for calculation of predicted future cost of illness

Item

Elements used for calculation

Number of deaths

Maternal mortality rate
The population estimates
The expenses of outpatient visit and
hospitalization
Medical fees per examination
Total person-days of outpatient visit
Total person-days of hospitalizations
Average number of outpatients
Average number of hospitalizations
Average length of stay
The population estimates
Labor-value
Number of maternal deaths
Life expectancy
Labor-value
Discount rate: 3%

Fixed
Varied
Fixed (Calculated using the unit cost in 2014)

Maternal mortality ratio
The population estimates
The expenses of outpatient visit and
hospitalization
Medical fees per examination
Total person-days of outpatient visit
Total person-days of hospitalization
Average number of outpatient visits

Fixed
Varied
Fixed (Calculated using the unit cost in 2014)

Direct cost

Morbidity cost

Mortality cost

・Linear mode
・Logarithmic
model
・Mixed model

（27）６１

Number of deaths
Direct cost

Morbidity cost

Average number of hospitalizations

Mortality cost

Average length of stay
The population estimates
Labor-value
Number of maternal deaths
Life expectancy
Labor-value
Discount rate: 3%

Fixed or Varied

Fixed
Varied
Varied
Fixed
Fixed
Fixed
Varied
Fixed
Varied
Fixed
Fixed
Fixed

Varied
Varied
Varied
Varied (Calculated using the trend line formula)
(minimum value: the previous value before 0)
Varied (Calculated using the trend line formula)
(minimum value: the previous value before 0)
Varied (Calculated using the trend line formula)
Varied
Fixed
Varied
Fixed
Fixed
Fixed

Fixed: The value for 2014 was used. Varied: The values from 2017 to 2029 were calculated on the basis of the trend line.
Source of medical fees per examination: Patient Survey [16].
Source of average length of stay: Patient Survey [16].

clined by 12.4%, from 289.0 billion yen in 2017 to 253.3 bil-

Discussion

lion yen in 2029. DC, MbC, and MtC showed a declining
trend starting from 2017. The contribution ratio for COI

COI showed an overall increasing trend between 1996

decline was 45.4% for DC, 51.8% for MbC, and 2.8% for

and 2014. When health indices were taken into considera-

MtC. COI per live birth was projected to increase until

tion, the mixed model estimation (considered to have the

2020 and remain unchanged thereafter.

highest validity) indicated that COI would remain un-

Our fixed model estimation showed that COI declined
by 15.0%, from 294.7 billion yen in 2017 to 250.6 billion yen

changed with increasing trend of DC and declining trends
of MbC and MtC.

in 2029. DC, MbC, and MtC exhibited a declining trend.

The rise in COI between 1996 and 2014 was largely

The contribution ratio for COI decline was 54.4% for DC,

driven by the increase in DC because MbC and MtC

43.3% for MbC, and 2.3% for MtC. COI per live birth was

showed a declining trend. The birth rate for pregnant

projected to remain nearly unchanged thereafter.

women aged !
35 years and the average maternal age both

Vol. 4 No. 2
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Table 2

The time trend of cost of illness (COI) of the obstetrical diseases
1996

1999

2002

2005

2008

2011

2014

Number of live birth (thousand person)
[% of 35 years or older of maternal age]
Average maternal age of delivery (year)
Number of maternal deaths (person)
Maternal mortality rate (per 100 thousands of childbirth)

1,206
9.8%
28.7
72
5.8

1,178
11.1%
29.0
72
5.9

1,154
12.8%
29.3
84
7.1

1,063
16.4%
29.9
62
5.7

1,091
20.9%
30.4
39
3.5

1,059
24.7%
30.8
41
3.8

1,003
27.6%
31.2
33
3.2

Direct cost (billion yen)
Morbidity cost (billion yen)
Mortality cost (billion yen)
COI (billion yen)
COI per live birth (thousand yen)

102.7
137.9
8.3
248.9
206.4

153.8
131.0
7.9
292.7
248.5

146.6
123.3
9.2
279.1
241.9

131.4
106.8
6.7
244.9
230.4

172.8
119.1
4.1
296.0
271.3

154.4
110.6
4.1
269.1
254.1

200.0
116.5
3.3
319.8
318.8

Number of live birth, Average maternal age of delivery, Number of maternal deaths, and Maternal mortality ratio: Vital
statistics, Ministry of Health, Labour and Welfare. [20]

Table 3
model

Future prediction of cost of illness (COI)
Item

2017

2020

2023

2026

2029

Estimated number of live birth (thousand person)
[% of 35 years or older of maternal age]
Estimated average maternal age of delivery (year)
Estimated number of maternal deaths (person)
Estimated maternal mortality rate (per 100 thousands
of childbirth)

899
25.2%
30.7
49
4.8

836
24.6%
30.6
46
4.7

797
23.5%
30.4
43
4.4

774
22.6%
30.3
41
4.3

755
22.4%
30.4
40
4.3

Mixed model

Direct cost (billion yen)
Morbidity cost (billion yen)
Mortality cost (billion yen)
COI (billion yen)
COI per live birth (thousand yen)

190.1
106.9
5.4
302.4
336.4

199.6
103.0
5.1
307.7
367.9

201.5
97.3
4.8
303.6
381.0

206.0
93.3
4.6
303.9
392.8

212.5
90.1
4.4
307.0
406.5

Linear model

Direct cost (billion yen)
Morbidity cost (billion yen)
Mortality cost (billion yen)
COI (billion yen)
COI per live birth (thousand yen)

190.7
108.5
5.4
304.6
338.9

199.6
101.3
5.1
306.0
365.9

201.5
96.8
4.8
303.1
380.4

206.0
92.4
4.6
303.0
391.7

212.5
89.5
4.4
306.4
405.7

Logarithmic model

Direct cost (billion yen)
Morbidity cost (billion yen)
Mortality cost (billion yen)
COI (billion yen)
COI per live birth (thousand yen)

180.0
103.6
5.4
289.0
321.5

178.4
99.1
5.1
282.6
337.9

171.1
92.3
4.8
268.2
336.6

166.5
88.0
4.6
259.1
334.9

163.8
85.1
4.4
253.3
335.4

Fixed model

Direct cost (billion yen)
Morbidity cost (billion yen)
Mortality cost (billion yen)
COI (billion yen)
COI per live birth (thousand yen)

168.4
120.9
5.4
294.7
327.9

159.2
113.5
5.1
277.8
332.2

152.9
108.3
4.8
266.0
333.9

148.3
104.6
4.6
257.5
332.9

144.4
101.8
4.4
250.6
331.8

increased. This suggests that women were giving birth at

made in the field of obstetrics. COI per live birth increased

an older age, which could be related to increased numbers

by 54.5% between 1996 and 2014, and we believe that this

of high-risk pregnancies and deliveries. However, as the

was largely owing to improvements in the field of obstet-

number of maternal deaths and the maternal mortality

rics in response to the higher number of high-risk preg-

rate declined, significant advances appear to have been

nancies and childbirths. Improvements in obstetrics may
Toho Journal of Medicine・June 2018
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Fig. 1

The number of live births and COI per live birth

have led to increased medical costs (increased DC) and de-

crease (Fig. 1). COI may exhibit increases if in the future,

clines in opportunity cost losses owing to illness (de-

measures designed to halt declining birth rates are ac-

creased MbC).

tively implemented and the number of live births increase

In the mixed model estimation, COI would remain un-

at nearly the same rate as maternal age distributions.

changed. Decrease of MbC was countered by the rise of

Because the COI method is specifically designed to cal-

DCs. Reduction of MbC is thought to be due to the reduc-

culate costs, one of its advantages is its ability to easily

tion in number of childbirth. In other words, the opportu-

perform the type of economic assessment of the burden of

nity loss due to obstetrical diseases is reduced because of

illnesses required for public policy. For this reason, it is

decrease of women who engage in pregnancy and deliv-

widely used in countries such as the United States, Can-

ery. This hypothesis is supported by the similarity of re-

ada, and Australia.２４，２５） Studies calculating the economic

duction rate of the number of births from 2017 to 2029

burden of illness using the COI method are being con-

(16.0%) and that of MbCs (15.7%). Increase in DCs reflects

ducted in Japan as well, and some of these have been

its strong trend from the past estimates. In the past esti-

chronological projections for cancer.２６，２７） However, because

mates, the increase of DC is thought to be due to improve-

there are no studies that assess future projections for

ments in obstetrics in response to the higher number of

pregnancy-related illnesses, it is necessary to investigate

high-risk pregnancies and childbirths. This trend can be

whether the COI method can be applied to this field. In Ja-

predicted to continue in the future. The increase of COI

pan, 99% of all childbirths take place at hospitals or clin-

per live birth in the future is also thought to be the result

ics.２０）Because this means that it is possible to ascertain ma-

of this trend. However, there is a possibility that the

ternal mortality with near certainty, MtC figures are ex-

higher number of high-risk pregnancies and childbirths

tremely accurate. In addition, because there is a system of

would be strongly related factors other than maternal age

periodic maternal health checkup in Japan covering al-

because the average maternal age was projected to re-

most all pregnant women, obstetric-related illnesses are

main unchanged, and the live birth rate for pregnant

detected at an early stage, enabling early intervention to

women aged !35 years was projected to decline. Thus, in-

easily be performed. Therefore, DC figures seem to be ac-

creasing pressure (the improvement in obstetrics and

curate. Furthermore, most women who have suffered

higher risk delivery) and reducing pressure (reduced num-

from an obstetrical disease experience no sequelae or dis-

ber of childbirths) would become antagonistic, and eco-

abilities, thereby quickly returning to their normal lives. In

nomic burden of each pregnancy and childbirth would in-

particular, this means that because the period during

Vol. 4 No. 2
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which the woman is undergoing rehabilitation or home

the calculation of future projections for the COI of obstetri-

treatment and is “not engaged in social activity even

cal diseases. The results of our investigation indicated that

though not in hospital or visiting hospital” is extremely

COI would be likely to remain unchanged in the future if

short, MbC figures are extremely accurate. We accord-

health indices change along the same trends, and eco-

ingly believe that our use of the COI method to assess the

nomic burden of each pregnancy and childbirth would in-

economic burden of obstetrical diseases is valid.

crease. COI may increase in the future if the social partici-

There are several reports on the economic burden of obstetrical diseases. For example, Kirigia et al.２８） calculated

pation of women increase rapidly and measures designed
to halt the decline in the birth rate are further promoted.

the ICs of maternal mortality in 45 African countries in
2010 using the COI method. This study estimated that
there were 147,741 maternal deaths in a single year, repre-

Acknowledgements: There are no specific contributors to acknowledge. No funding agency or grant supported this project.

senting an economic burden of 45 billion US dollars. This
indicated the need for health interventions for young
women. Chodkck et al.２９） calculated the DCs of pregnancy
in 2006 using the COI method, compared these with the
DCs of other chronic diseases (hypertension, diabetes, cancer, and female infertility) and called for the prioritization
of public policy intervention in such cases. These studies
indicate that the use of the COI method to measure the
monetary value of the burden of illnesses facilitates the rational determination of how limited medical resources can
be efficiently used. It also provides basic data that can be
used to create public policy proposals related to the prevention and management of injury and illness. Therefore,
the results of this study can be applied to the determination of future public policies.
This study had a number of limitations. These included
the fact that the COI method makes macro estimations of
costs alone, without consideration of the quality of medical
care or QOL, and cannot be used to examine the costeffectiveness of treatment techniques at a micro level.
Moreover, because future projections were fixed to 2014
levels for annual labor value, the MbC and MtC estimates
obtained in this study may be underestimates if women
make further social participation resulting in higher income in the future. Furthermore, the opportunity cost
losses and cost burden associated with maternal health
tests and normal childbirth that are not covered by the national health insurance were not taken into consideration.
However, policies designed to compensate women for
these social burdens, including public expenditure for maternal health tests, one-time payment childbirth subsidies,
and maternity leave, are becoming more widespread including normal pregnancies. Thus, we believe that these
factors did not affect the present study, which mainly focused on the economic burden of illness.
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