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Abstract

Background: An estimated 147,741 maternal deaths occurred in 2010 in 45 of the 47 countries in the African
Region of the World Health Organization (WHO). The objective of this study was to estimate the indirect cost of
maternal deaths in the Region to provide data for use in advocacy for increased domestic and external investment
in multisectoral policy interventions to curb maternal mortality.

Methods: This study used the cost-of-illness method to estimate the indirect cost of maternal mortality, i.e. the loss
in non-health gross domestic product (GDP) attributable to maternal deaths. Estimates on maternal mortality for
2010 from Trends in maternal mortality: 1990 to 2010 published by WHO, UNICEF, UNFPA and the World Bank were
used in these calculations. Values for future non-health GDP lost were converted into their present values by applying a
3% discount rate. One-way sensitivity analysis at 5% and 10% discount rates assessed the impact on non-health GDP
loss. Indirect cost analysis was undertaken for the countries, categorized under three income groups. Group 1 consisted
of nine high and upper middle income countries, Group 2 of 12 lower middle income countries, and Group 3 of 26
low income countries. Estimates for Seychelles in Group 1 and South Sudan in Group 3 were not provided in the
source used.

Results: The 147,741 maternal deaths that occurred in 45 countries in the African Region in 2010 resulted in a total
non-health GDP loss of Int$ 4.5 billion (PPP). About 24.5% of the loss was in Group 1 countries, 44.9% in Group 2
countries and 30.6% in Group 3 countries. This translated into losses in non-health GDP of Int$ 139,219, Int$ 35,440 and
Int$ 16,397 per maternal death, respectively, for the three groups. Using discount rates of 5% and 10% reduced the
total non-health GDP loss by 19.1% and 47.7%, respectively.

Conclusion: Maternal mortality is responsible for a noteworthy level of non-health GDP loss among the countries
in the African Region. There is urgent need, therefore, to increase domestic and external investment to scale up
coverage of existing cost-effective, multisectoral women’s health interventions to reduce maternal morbidity
and mortality.
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Background
Maternal mortality refers to the death of a woman during
pregnancy or childbirth or within 42 days after delivery
[1]. Out of the 287,000 maternal deaths that occurred
globally in 2010, some 147,741 (51%) were borne by
countries in the African Region of the World Health
Organization (WHO) [2]. About 28% of the deaths in
the African Region resulted from haemorrhage, 14%
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from abortion, 12% from sepsis, 9% from hypertension
disorders and 5% from obstructed labour. About 37%
were associated with other conditions such as HIV,
malaria or diabetes [3]. The African Region’s maternal
mortality ratio (MMR) of 480 per 100,000 live births was
almost 25 times that of European Region of WHO [4].
The United Nations’ fifth Millennium Development

Goal (MDG 5) aims to improve maternal health to give
impetus to country efforts to stem the tide of maternal
morbidity and mortality. Target 5A of MDG 5 aims at
reducing MMR by 75% between 1990 and 2015, which
would require an annual decline of at least 5.5%. Target
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5B requires countries to achieve universal access to repro-
ductive health services by 2015 [5].
By the end of 2010, out of the 44 countries that

reported data, only two were on track to achieve target
5A, meaning that their MMR had declined by 5.5% or
more annually. Twenty-six countries were making progress,
with MMR declines of 2% to 5.5% per year, nine made
insufficient progress with MMR declines of less than 2%
annually, and seven made no progress (Table 1) [2].
The fact that so many countries were not on track to

achieve MDG 5 targets could be attributed to the poor
coverage of maternal health services. For example, only
43% of pregnant women had at least four visits for ante-
natal care, just 49% of the births had a skilled attendant,
contraceptive use prevalence was only 27%, 25% of the
family planning services need was unmet, and only 45%
of new mothers made postnatal care visits within two
days of childbirth [4]. The unfavourable state of maternal
health services is largely associated with the a paucity of
resources in the health sector in the countries in general
[6] and in women’s health specifically [1,7]. There is need
for studies on the total cost of illness to provide data
for use by the ministries of health in advocacy with the
ministries of finance, development partners and the
private sector for more resources for health-promoting
interventions and health services geared at preventing
maternal morbidity and mortality.
Resolution AFR/RC58/R1 adopted by the fifty-eighth

session of the WHO Regional Committee for Africa,
requested the WHO Regional Director for Africa to
establish an African Commission for Women’s Health to
generate evidence on the impact on socioeconomic de-
velopment of improving the health of women for use to
improve advocacy and policy action [8]. Prior to the
setting up of that commission, only one study, conducted
in 2005, had attempted to estimate the impact of maternal
deaths on GDP in the African Region using econometric
modelling [9]. That study found that maternal mortality of
Table 1 Progress of WHO African countries towards
MDG5A in 2010 and 2013

Progress status Countries in 2010

On track Equatorial Guinea, Eritrea

Making progress Algeria, Angola, Benin, Burkina Faso, Cape Verde,
Comoros, Cote d’Ivoire, Democratic Republic of
Congo, Ethiopia, Gambia, Ghana, Guinea, Liberia,
Madagascar, Malawi, Mali, Mauritania, Mozambique,
Niger, Nigeria, Rwanda, Sao Tome and Principe,
Senegal, Togo, Uganda, Tanzania

Insufficient progress Burundi, Central African Republic, Gabon,
Guinea-Bissau, Kenya, Sierra Leone, South Africa,
Swaziland, Zambia

No progress Botswana, Cameroon, Chad, Congo, Lesotho,
Namibia, Zimbabwe

Source: WHO, UNICEF, UNFPA and The World Bank [2].
a single person reduced per capita GDP by US$ 0.36 [9].
The commission deemed that finding to be outdated and
a gross underestimation of the economic loss attributable
to maternal death.
This paper is an updated version of the contribution the

authors made to the report of the African Commission for
Women’s Health [10]. It addresses the question: What is
the impact of maternal deaths on non-health GDP in the
WHO African Region?
The specific objective was to generate estimates of

indirect cost of maternal deaths in the WHO African
Region in 2010 for use in advocacy for increased in-
vestment in mutlisectoral policy interventions to curb
maternal morbidity and mortality.

Methods
Conceptual framework
Maternal death leads to losses in current and future pro-
duction, income and consumption of non-health goods
and services. The main channels through which maternal
deaths affect macroeconomic output include increased
health expenditure, labour and productivity losses and
reduced investment in human and physical capital forma-
tion [11]. The quantity of interest in this study is not the
forgone economic welfare associated with market or non-
market production but the market production forgone
due to maternal deaths.
One of the measures of the market production forgone

because of maternal deaths is GDP, that is the total value
of all marketed final goods and services produced in the
economy during a given period of time (usually a year)
[12]. It is the sum of personal consumption expenditures,
gross private investment, government consumption spend-
ing, and net exports, i.e. exports minus imports.
Consumption refers to household and business enter-

prise spending on goods and services such as health and
education services, water, sanitation, clothing, food, sports,
movies, books, computers, refrigerators, vehicles, etc. Ma-
ternal mortality reduces the number of persons who spend
money on such goods and services. Reductions in expend-
iture due to maternal mortality most likely lead to reduc-
tions in the production of consumer goods and services
with the decreased demand.
Investment refers to expenditure on capital goods

from households, private business enterprises, public
corporations and public authorities over a given period.
Examples of capital goods are residential and non-
residential buildings, infrastructure, transport equipment,
and machinery and other equipment. Maternal death
affects investment by reducing the quantity and quality of
skilled, semi-skilled and unskilled female labour available
for investors. Also, given that money for domestic invest-
ment usually comes from household and firm savings,
maternal deaths reduce the number of savers and the
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quantity of savings, and hence, the resources available
for investment.
Government expenditure consists of spending by central,

provincial and local levels of government on goods such
as office supplies and services such as salaries of public
service employees and security services. The money that
the government spends comes primarily from taxation,
and taxes come from household and business incomes.
Maternal deaths reduce the number of actual taxpayers
and so erode the volumes of current and future tax
revenues.
Net exports are the difference between exports and

imports. A sizeable portion of total production of
goods (for example tea, coffee, cotton, palm oil, cocoa,
animal products, horticultural products, floriculture
products, petroleum, minerals) and services such as
tourism is exported. A part of total expenditure is used
on imported goods and services. Death of women re-
duces the quantities of exports and, hence, earnings
from exports.
In this study, the quantity of interest is the impact of

maternal mortality on the non-health components of
GDP, since the use of health services or goods does not
generate utility or welfare per se [13]. Chisholm et al.
[14] argue that “… the quantity of interest cannot be
GDP, because medical care and health expenses actually
form part of GDP; instead … a more appropriate quantity
of interest would be the impact of disease or injury on the
non-health components of GDP” (p. 584).

Calculation of non-health GDP loss due to maternal deaths
A country’s net present value of current and future non-
health GDP lost due to maternal deaths is the sum of
non-health GDP loss among women aged under 15 years
and those within the reproductive age group of 15–49
years. The non-health GDP loss attributable to maternal
deaths among persons of a specific age group was esti-
mated by multiplying the total number of discounted
years of life lost (which is equivalent to the sum of the
discount factors) by the non-health GDP per capita and
the total number of maternal deaths in the age group.
Discounting renders losses occurring in different time
periods comparable by expressing their values in present
terms. Thus, discounting measures how much future
losses are worth today. One argument for discounting
future health is that there exists a small level of uncer-
tainty of survival in a society that increases monotonically
over time [15].
Non-health GDP loss due to maternal deaths among

women under 15 years of age was estimated by multiply-
ing the total discounted years of life lost by the non-health
GDP per capita and the total maternal deaths for women
aged under 15 years. For example, in Algeria, 61 undis-
counted years of life were lost per a death in the group of
women aged under 15 years. This value was obtained
by deducting 13, the average age at death, from 74, the
female life expectancy. Discounting at 3% yielded
27.84035307 discounted years of life lost. GDP per
capita of Int$ 7,957.8 minus per capita total health
expenditure of Int$ 364.28 equals Int$ 7611.522 non-
health GDP per capita. Total maternal deaths for
women aged under 15 years were 6.251182185. Thus,
the net present value of non-health GDP lost due to
maternal deaths among women aged under 15 years is
Int$ 1,324,672.14, which is obtained by multiplying
27.84035307, the discounted years lost, by Int$ 7611.522,
the per capita non-health GDP, and the 6.251182185
deaths.
Non-health GDP loss due to maternal deaths among

women aged 15–49 was estimated by multiplying the
total discounted years of life lost (the sum of discount
factors) by the non-health GDP per capita and the total
maternal deaths in the 15–49 age group. In Algeria, 44
undiscounted years of life were lost per one death in
the 15–49 age group. This value was obtained by sub-
tracting 32 years, the average age at death, from 74,
Algeria’s female life expectancy at birth. Discounting at
3% yielded 24.25427392 discounted years of life lost.
GDP per capita of Int$ 7,957.8 minus per capita total
health expenditure of Int$ 364.28 equals Int$ 7611.522
non-health GDP per capita. Total maternal deaths
for women aged 15–49 years were 683.7488178. The
net present value of non-health GDP lost due to ma-
ternal deaths among those aged 15–49 years is Int$
126,228,195.41, which is obtained by multiplying the
24.25427392 discounted years lost by Int$ 7611.522,
the per capita non-health GDP, and the 683.7488178
deaths. See Table 2 for an illustration of how to calculate
the loss in total non-health GDP using actual data from
Algeria.
Each country’s discounted total non-health GDP loss

due to maternal deaths was calculated using equations
(1), (2) and (3).

TNHGDPLoss ¼ NHGDPLoss<15 þ NHGDPLoss15−49ð Þ
ð1Þ

NHGDPLoss<15 ¼
Xn

t¼1

f 1= 1þ rð Þt� �� ½NHGDPPCInt$�
� TMD<15½ �g

¼ f 1= 1þ rð Þ1� �� ½NHGDPPCInt$�
� TMD<15½ �g þ f 1= 1þ rð Þ2� �

�½NHGDPPCInt$� � TMD<15½ �g þ…

þf 1= 1þ rð Þn½ � � NHGDPPCInt$½ �
� TMD<15½ �g

ð2Þ



Table 2 Illustration of how to calculate loss in total non-health GDP using actual information on Algeria

Variables Values

(a) Algeria total maternal deaths in 2010 690

(b) Proportion of deaths occurring under 15 years 0.00905968432540048

(c) Proportion of deaths occurring 15–45 years 0.9909403156746

(d) TMD<15 = 690 x 0.00905968432540048 6.251182185

(e) TMD15–45 = 690 x 0.9909403156746 683.7488178

(f) Average age at death for those dying below 15 years (AAD<15) 13

(g) Average age at death for those dying between 15–45 years (AAD15–45), i.e. (15 + 49)/2 32

(h) Algeria average female life expectancy at birth (LE) in years 74

(i) NHGDPPC = GDPPC Int$ − PCTHE = Int$ 7,975.80 -Int$364.28 Int$7611.522

(j) Discount rate (r) 3%

(k) Undiscounted years of life list by under 15 years (YLL<15) = LE - AAD<15 = 74 – 13 61

(l) Discounted years of life lost by under 15 years (YLL<15) 27.84035307

(m) Undiscounted years of life lost by those aged 15 to 49 year YLL15–45 = LE - AAD15–49 = 74–32 44

(n) Discounted YLL15–49 24.25427392

(o) NHGDPLoss<15 = Discounted YLL<15 x NHGDPPC Int$ x TMD<15 = 27.84035307 x 7611.522 x 6.251182185 Int$1,324,672.14

(p) NHGDPLoss15–49 = Discounted YLL15–49 x NHGDPPC Int$ x TMD15–49 = 24.25427392 x 7611.522 x 683.7488178 Int$126,228,195.41

(q) TNHGDPLoss = (NHGDPLoss<15 + NHGDPLoss15–49) = Int$1,324,672.14+ Int$ 126,228,195.41 Int$127,552,867.55
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NHGDPLoss15−49 ¼
Xn

t¼1

f 1= 1þ rð Þt� �� ½NHGDPPCInt$�
� TMD15−49½ �g

¼ f 1= 1þ rð Þ1� �� ½NHGDPPCInt$�
� TMD15−49½ �g þ f 1= 1þ rð Þ2� �

�½NHGDPPCInt$� � TMD15−49½ �g þ…

þf 1= 1þ rð Þn½ � � NHGDPPCInt$½ �
� TMD15−49½ �g

ð3Þ
Where: TNHGDPLoss is the total non-health GDP loss

due to maternal deaths in a country; NHGDPLoss<15 is
the total non-health GDP loss due to maternal deaths
among those under 15 years; NHGDPLoss15 − 49 is the
total non-health GDP loss due to maternal deaths among
the 15–49 age group; NHGDPPC Int$ is the per capita
non-health GDP in purchasing power parity (PPP), which
is obtained by subtracting per capita total health expend-
iture (PCTHE) from per capita GDP (GDPPC); 1/(1 + r)t

is the discount factor; r is the discount rate;
Xn

t¼1

is the sum-

mation from year t to n; t is first year of life lost and n is
the final year of the total number of years of life lost per
maternal death, which is obtained by subtracting the
average age at death (AAD) from pregnancy- or
childbirth-related causes from each country’s average
female life expectancy at birth; TMD<15 is the total num-
ber of maternal deaths that occurred among women
under the age of 15 in country j in 2010; and TMD15− 49 is
the total number of maternal deaths that occurred among
women aged 15–49 in country j in 2010. Per capita non-
health GDP in purchasing power parity for each of the 45
WHO African Region countries was obtained by subtracting
per capita total health expenditure from per capita GDP.
Each country’s female average life expectancy at birth

was used as the upper limit for life when calculating the
potential years of life lost [16]. That was preferable to
arbitrarily choosing an upper limit higher than the country’s
average life expectancy [17].

Sensitivity analysis
Sensitivity analysis entails varying the parameter values
of key assumptions underlying the estimates to assess
the robustness of the findings or conclusions. One of the
main candidates for sensitivity analysis in our study was
the discount rate, since time preference might be import-
ant but the degree of importance might not be known.
The analysis for this study used a rate of 3% to discount
future non-health GDP losses into their present values.
That is the rate commonly used in WHO’s global burden
of disease estimates [18], health system performance as-
sessment [19] and health-related economic evaluation
studies in Africa [20]. Additionally, one-way sensitivity
analysis was conducted at 5% and 10% discount rates to
ascertain their effect on non-health GDP loss estimates.

Data sources and analysis
The WHO African Region has 47 Member States. The
analysis was undertaken with the countries placed in
three economic groups. Group 1 had nine high and
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upper middle income countries, Group 2 comprised 12
lower middle income countries and Group 3 had 26
lower income countries. Maternal mortality data were
not available for Seychelles in Group 1 and South
Sudan in Group 3. The analysis reported in this paper is
for the 45 countries with complete data (Table 3) [21].
All the data used in this study were for 2010 (see

Additional file 1: Data inputs). The data used to estimate
equations 1, 2 and 3 were obtained from four sources.
The information on female life expectancy at birth came
from the WHO life tables for Member States [22]. The
proportions of maternal deaths for those aged under
15 years and 15–49 years were regional estimates from
the WHO disease and injury database [23]. The data for
the total maternal deaths for 2010 were from Trends in
maternal mortality: 1990 to 2010 published by WHO,
UNICEF, UNFPA and the World Bank report [2]. Per
capita gross domestic product in purchasing-power-parity
(PPP) for 2010 was from a World Bank database [21]. The
2010 per capita total health expenditure was from World
Health Statistics, 2013 [4]. The data collection methodolo-
gies for each dataset can be found in the data sources. The
algorithm for estimating equations 1, 2 and 3 was built in
Excel with a spreadsheet for each of the 45 countries.

Results and discussion
Table 4 presents the WHO African Region’s population,
maternal deaths and total GDP by economic group in
2010. An estimated 147,741 maternal deaths occurred in
the Region that year. About 5.3% of these were in the
high and upper middle income countries (Group 1),
38.2% in the lower middle income countries (Group 2),
and 56.5% in the low income countries (Group 3). The
average number of maternal deaths per country was
3,283 (STD = 6,296) with a wide variation among the
countries, ranging from four in Sao Tome and Principe
to 40,000 in Nigeria. The regional average female life
expectancy at birth was 59.5 years (STD = 7.2), with
47 years in Sierra Leone as the minimum and 78 years
in Mauritius as the maximum. The average non-health
GDP per capita in the Region was Int$ 3,718 (STD =
5625), varying from Int$ 343 in the Democratic Republic
of Congo to Int$ 26,792 in Equatorial Guinea.
Table 3 Classification of countries according to gross nationa

Group GNI per capita (US$) Cou

Group 1: High-income & upper
middle income

> = $4,086 Alge
Sey

Group 2: Lower middle income $1,036-4,085 Cam
Nig

Group 3: Low-income $1,036 or less Ben
Eritr
Mal
Uga

Source: The World Bank [21]. Note: *Missing maternal mortality data, and thus, not
Non-health GDP loss attributable to maternal deaths
The 147,741 maternal deaths in the African Region in
2010 resulted in a grand total non-health GDP loss of
Int$ 4.462 billion (PPP) or about 0.21% of total GDP
(see Table 5). About 1.2% of the loss occurred among
women aged below 15 years and 98.8% among those
aged 15–49 years. Of the grand total loss, 24.5% was
borne by Group 1 countries, 44.9% by Group 2 countries
and 30.6% by Group 3 countries. The average grand total
non-health GDP loss per maternal death was Int$
30,203.

Non-health GDP loss for Group 1 countries
The 7,850 maternal deaths in Group 1 countries caused
a total loss in non-health GDP of Int$ 1,092,866,973 in
2010, or 0.11% of the total GDP for that group. The
range was from Int$ 3.1 million in Mauritius to Int$ 575.5
million in South Africa. Figure 1 presents the distribution
of Group 1 present values of the total non-health GDP
loss (Int$ or PPP) across the eight high and upper middle
income countries. About 52.7% of the Group 1 loss was
borne by South Africa.

Non-health GDP loss for Group 2 countries
The 56,482 maternal deaths in Group 2 accounted for a
total non-health GDP loss of Int$ 2,001,723,471 in 2010,
which was 0.34% of the total GDP for the group. The
range was from Int$ 128,911 in Sao Tome and Principe
to Int$ 1.4 billion in Nigeria. Figure 2 shows the distribu-
tion of the total non-health GDP loss (Int$ or PPP) across
the 12 lower-middle income countries. Approximately
72.3% of the group’s loss was borne by Nigeria.

Non-health GDP loss for Group 3 countries
The 83,409 maternal deaths in Group 3 resulted in a
total non-health GDP loss of Int$ 1,367,677,434 in 2010.
This was 0.29% of the group’s total GDP. The total cost
varied from Int$ 1.8 million in Comoros to Int$ 215.5
million in Tanzania. Figure 3 portrays the distribution of
the total non-health GDP loss (Int$ or PPP) across the
25 low income countries in Group 3. Chad, Ethiopia, Kenya
and Tanzania combined accounted for almost 51.3% of
the loss.
l income per capita, (at US dollars) in 2012

ntries

ria, Angola, Botswana, Equatorial Guinea, Gabon, Mauritius, Namibia,
chelles*, South Africa (9)

eroon, Cape Verde, Congo, Cote d’Ivoire, Ghana, Lesotho, Mauritania,
eria, Sao Tome and Principe, Senegal, Swaziland, Zambia (12)

in, Burkina Faso, Burundi, Central African Republic, Chad, Comoros, DRC,
ea, Ethiopia, Gambia, Guinea, Guinea-Bissau, Kenya, Liberia, Madagascar,
awi, Mali, Mozambique, Niger, Rwanda, Sierra Leone, South Sudan*, Togo,
nda, United Republic of Tanzania, Zimbabwe (26)

included in the analysis.



Table 4 Total population, maternal deaths and gross domestic product by economic group in WHO African region in 2010

Group/economic class Total population* Total number of
maternal deaths**

Total GDP in purchasing
power parity*

Group 1: High income & upper middle income 114,374,635 7,850 1,031,252,095,322

Group 2: Lower middle income 261,328,194 56,482 583,541,933,185

Group 3 : Low income 469,947,141 83,409 470,816,741,335

GRAND TOTAL 845,649,970 147,741 2,085,610,769,842

Source: *The World Bank [21]. ** WHO, UNICEF, UNFPA and The World Bank [2].
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Average non-health GDP losses
Table 5 shows the averages for non-health GDP loss per
maternal death and for GDP loss per person in the
population. The average non-health GDP loss per mater-
nal death was obtained by dividing a group’s total prod-
uctivity loss by its total maternal deaths. The average
GDP loss per person in the population was calculated by
dividing a group’s total non-health GDP loss by its total
population (see Table 4).
The average non-health GDP lost per maternal death

ranged between Int$ 16,397 for Group 3 and Int$
139,219 for Group 1. The average non-health GDP lost
per person in the population varied from Int$ 2.9 in
Group 3 to Int$ 9.6 in Group 1. The average non-health
GDP lost per maternal death in Group 1 was almost
fourfold that of Group 2 and almost ninefold that of
Group 3.
One of the main drivers of productivity loss is the size

of per capita GDP. For example, even though middle
income countries like Botswana, Gabon, Mauritius and
Namibia had relatively low maternal death levels of 75,
Table 5 Non-health GDP lost due to maternal deaths in 2010

Non-health GDP lost due to m

Cost items Group 1 : Group

Cost (Int$) Cost (

(1). Total cost of maternal deaths 1,092,866,973 2,001,

(2). Average cost per maternal death 139,219 35,440

(3). Average cost per person in population 9.6 7.7

Non-health GDP lost due to m

Cost items Group 1 : Group

Cost (Int$) Cost (

(1). Total cost of maternal deaths 869,540,868 1,639,

(2). Average cost per maternal death 110,770 29,021

(3). Average cost per person in population 7.6 6.3

Non-health GDP lost due to m

Cost items Group 1 : Group

Cost (Int$) Cost (

(1). Total cost of maternal deaths 548,415,806 1,078,

(2). Average cost per maternal death 69,862 19,095

(3). Average cost per person in population 4.8 4.1
94, 10 and 120, respectively, their indirect costs per
maternal death were very high, at Int$ 292,394, Int$
27,7221, Int$ 314,000 and Int$ 134,393 respectively.
On the other hand, low income countries such as
Burundi, Democratic Republic of Congo, Liberia and
Zimbabwe with relatively high maternal deaths of 2200,
15,000, 1200 and 2200 had comparatively low productivity
losses per maternal death of Int$ 7504, Int$ 4940, Int$
8542 and Int$ 6260, respectively.

Sensitivity analysis
A discount rate of 3% was used in our study, since that
is what is commonly used in WHO’s global burden of
disease estimates and health systems’ performance assess-
ment work. It is also the rate used in economic evalua-
tions of developing countries. Table 5 presents the results
from one-way sensitivity analysis that was conducted at
5% and 10% discount rates to ascertain their effect on
non-health GDP loss estimates.
Using the discount rate of 5% reduced the grand total

non-health GDP loss by Int$ 851,548,458 (19.1%) and the
international dollars at 3%, 5% and 10% discount rates

aternal deaths in 2010 international dollars at 3% discount rate

2 : Group 3 : Grand total Cost

Int$) Cost (Int$) (Int$)

723,471 1,367,677,434 4,462,267,878

16,397 30,203

2.9 5.3

aternal deaths in 2010 international dollars at 5% discount rate

2 : Group 3 : Grand total Cost

Int$) Cost (Int$) (Int$)

162,741 1,102,015,811 3,610,719,420

13,212 24,440

2.3 4.3

aternal deaths in 2010 international dollars at 10% discount rate

2 : Group 3 : Grand total Cost

Int$) Cost (Int$) (Int$)

513,191 707,591,700 2,334,520,696

8,483 15,801

1.5 2.8



Figure 1 Group1 - Non-health GDP loss due to maternal deaths in high income & upper middle income countries.
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average cost per maternal death by Int$ 5,764. Application
of the 10% discount rate decreased the grand total non-
health GDP loss by Int$ 2,127,747,182 (47.7%) and the
average cost per maternal death by Int$ 14,402. This
shows that the magnitude of the total economic loss is
also dependent on the discount rate used.

Limitations of the study
This study has a number of limitations. First, cost-of-
illness studies such as the one reported in this paper are
not a basis for setting public health priorities but rather
a way of highlighting the economic losses resulting from
maternal deaths to divert from the traditional epidemio-
logical assessment of morbidity and mortality [24-27].
Therefore, the purpose of our study was not to guide
priority setting but rather to raise the awareness of the
public and policy-makers in the health and finance sectors
of the losses in non-health GDP that maternal deaths
could generate in the Region.
Second, our study is a partial cost-of-illness analysis,

since it did not include (a) morbidity costs due to
absenteeism from work and cost of time lost by family
members accompanying pregnant women for delivery;
and (b) direct health care costs that might be incurred
addressing maternal complications before death occurs
[28]. In addition, the cost of pain and suffering sustained
before death occurs and the grief among family members
for losing a loved daughter, mother, spouse, sister, sister-
in-law etc. were omitted. Unfortunately, the implicit
assumption is that the economic value of intangible losses
is zero, which many people, including, the authors would
contest. We did not include the data on this variable,
which can be obtained only through willingness-to-pay
surveys [29-32].
Third, the cost-of-illness approach is a static model

analysis that does not consider the effects of maternal
deaths on capital accumulation, investment in human
capital, demographic changes and diminished economic
growth [11,14].
Fourth, contributions of housewives are not captured

in GDP calculations. A sizeable proportion of women in
the Region are housewives, whose contributions are not



Figure 2 Group 2 - Non-health GDP loss due to maternal deaths in lower middle income countries in 2010.
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included in the national income accounts, including
GDP calculations. It might be this kind of omission that
erroneously led to limited attention to maternal health
services and inadequate allocation of requisite resources
for provision of services that would have saved the lives
of many women. In other words, women continue to
pay the price for weaknesses in methodologies for na-
tional income accounting, including GDP calculations. It
is was for that reason that we consciously chose to apply
GDP per capita for all maternal death cases irrespective
of whether their contributions to human development
were marketed or not. The fact that no investment has
been made to quantify the monetary value of housewives’
contribution to human development or even to GDP in a
narrow sense is no reason to neglect or ignore them. As
UNDP states, all too often, women and girls are
discriminated against in health, education and the
labour market – with negative repercussions for their free-
doms [33].
Fifth, we did not adjust our estimates for labour par-

ticipation and employment rates. Critics may argue
that not every woman who died from a pregnancy or
childbirth related cause or within 42 days after delivery
would have worked or been productive if she had not
died. Given that women contribute in multiple ways to
both marketed and non-marketed human development,
we refrained from the temptation to adjust our estimates
for labour participation and employment rates [28].
Sixth, the use of average per capita GDP masks the

income and human development inequalities that exist
among various countries in the Region [33].
Lastly, it is common knowledge that vital registration

systems for births and deaths in many countries in the
African Region are weak. That is why even the maternal
mortality estimates contained in the WHO, UNDP,
UNICEF and World Bank reports are projections based
on a battery of second-best methods, such as sisterhood
methods. Weak routine information systems, inadequate
registration processes and reliance on periodic household
surveys as the main source of population-based data are
all familiar obstacles to improving public health in poor
countries [34]. Other reasons that make it difficult to ac-
curately measure maternal mortality are that a woman’s
pregnancy status may not be known at death and that in



Figure 3 Group 3 - Non-health GDP loss due to maternal deaths in low income countries.
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country settings where medical certification of cause of
death does not exist, accurate attribution of female deaths
as maternal death is difficult [35].

Conclusions
Despite the limitations, the estimates reported in this
paper demonstrate that maternal mortality imposes a
sizeable economic burden on African Region countries.
Majority of the maternal deaths and the associated
economic losses could have been averted if the following
cost-effective mix of interventions for maternal and neo-
natal health were readily accessible to those who need
them [36-42]:
� Community-based newborn care package, including
support for breastfeeding mothers and for babies
with low birth weight and community-based
management of neonatal pneumonia

� Antenatal care, including tetanus toxoid shots
� Screening for and treatment of asymptomatic

bacteriuria and syphilis
� Skilled maternal care and immediate care of

newborn
� Treatment of severe pre-eclampsia
� Management of obstructed labour, breech

presentation and fatal distress
� Steroids for preterm births
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� Management of maternal sepsis
� Antibiotics for preterm rapture of membranes
� Referral for postpartum haemorrhage

What is needed to save lives is quality care before, dur-
ing and after childbirth; essential medicines such as antibi-
otics and oxytocin; safe blood supplies; contraception and
safe abortion services; and surveillance to ensure that
every death is counted and its cause recorded [43-47].
The heavy economic burden and human rights consid-

erations associated with maternal mortality underscore
the urgent need for scaling up women’s health investments
to fully implement the resolutions on women’s health from
the African Union [48,49], the WHO Regional Committee
for Africa [10,50], the World Health Assembly [51-54] and
the United Nations [55-62], and specifically resolutions on
prevention of maternal morbidity and mortality.

Additional file

Additional file 1: Data inputs.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JMK and GMM participated in the study design, analysis of data and writing
of the manuscript. JNO and RDKM contributed in the analysis of data and
writing of the manuscript. All the authors read and approved the final
manuscript.

Authors’ information
JMK holds a PhD in economics from the University of York, UK. He is the
Programme Manager for Research, Publications and Library Services at the
World Health Organization’s Regional Office for Africa, Brazzaville, Congo.
Between 2005 and 2010 he was Programme Manager for Health Financing
and Social Protection with that office. Prior to joining WHO in 1999, he was a
senior lecturer and coordinator of health economics master’s degree
programme at the University of Cape Town, South Africa. He has edited two
health economics books, Economic evaluation of public health problems in
sub-Saharan Africa and Efficiency of health system units in Africa: a data
envelopment analysis.
GMM is Professor of Economics at the School of Economics, University of
Nairobi, Kenya. He holds a PhD in economics from Boston University, USA.
He was Chairman of the Economics Department and Dean of Commerce at
Kenyatta University 1989–1993 and later Chairman of the Department of
Economics at the University of Nairobi 2003–2005. He has edited six books:
Reproductive health, economic growth and poverty in Africa, Poverty in Africa:
analytical and policy perspectives, Decentralization and devolution in Kenya,
Malaria and poverty in Africa, Improving health policy in Africa and Social
provision in low-income countries: new patterns and emerging trends.
JNO has MD and MSc degrees in health economics from the University of
York, UK. She is currently the Regional Advisor on health systems
partnerships, monitoring and evaluation at the WHO Regional Office for
Africa. Prior to this, she worked with WHO for over 10 years at the country
level in Uganda and supporting other countries in the Region on different
aspects of health systems strengthening. She also undertook research on
different aspects of health economics and health financing. Over the years,
she has published on health systems performance assessment, health
financing, health and poverty, economic evaluation and knowledge
translation.
RDKM is currently pursuing her degree in psychology at the United States
International University, Nairobi, Kenya. She has worked as a research
assistant to JMK in a number of projects.
Acknowledgements
We owe profound gratitude to Jehovah Jireh for inspiring and sustaining us
in the entire process of writing this paper. We are grateful to Ms Kellen
Kebaara for editing the manuscript; and to Professor Julia Walsh and Dr
Dominic Trepel (BMC peer reviewers) for suggestions that helped to improve
the quality of the paper. This article contains the views of the authors only
and does not represent the decisions or stated policies of the institutions for
which they work (or are affiliated to).

Author details
1Research, Publications and Library Services Programme, Health Systems and
Services Cluster, World Health Organization Regional Office for Africa,
Brazzaville, Congo. 2School of Economics, University of Nairobi, Nairobi,
Kenya. 3Health Systems and Services Cluster, World Health Organization
Regional Office for Africa, Brazzaville, Congo. 4Department of Psychology,
School of Social Sciences and Humanities, United States International
University, Nairobi, Kenya.

Received: 13 May 2014 Accepted: 26 August 2014
Published: 31 August 2014
References
1. Hogan CM, Foreman K, Naghavi M, Ahn SY, Wang M, Makela SM, Lopez AD,

Lozano R, Murray CJL: Maternal mortality for 181 countries, 1980–2008: a
systematic analysis of progress towards Millennium Development Goal
5. Lancet 2010, 375:1609–1623.

2. WHO, UNICEF, UNFPA and The World Bank: Trends in Maternal Mortality:
1990 to 2010. Geneva: WHO; 2012.

3. WHO: The global burden of disease: updated projections. Geneva: WHO; 2008.
http://www.who.int/healthinfo/global_burden_disease/en/.

4. WHO: World Health Statistics 2013. Geneva: WHO; 2013.
5. United Nations: Millennium Declaration. New York: UN; 2000.
6. Sambo LG, Kirigia JM, Nabyonga J: Health financing in the African Region:

2000–2009 data analysis. Int Arch Med 2013, 6:10. URL: http://www.
intarchmed.com/content/6/1/10.

7. Schaferhoff M, Schrade C, Yamey G: Financing maternal and child health -
what are the limitations in estimating donor flows and resource needs?
PLoS Med 2010, 7(7):1–6.

8. WHO/AFRO: Women’s health in the WHO African region: a call for action.
WHO Regional Committee resolution AFR/RC58/R1. Brazzaville: WHO/AFRO;
2008.

9. Kirigia JM, Oluwole D, Mwabu GM, Gatwiri D, Kainyu LH: Effects of
maternal mortality on gross domestic product (GDP) in the WHO African
Region. Afr J Health Sci 2005, 12(3–4):1–10.

10. WHO/AFRO: Addressing the challenge of women’s health in Africa. Report of
the Commission on Women’s Health in the African Region. Brazzaville: WHO/
AFRO; 2012.

11. WHO: WHO guide to identifying the economic consequences of disease and
injury. Geneva: WHO; 2009.

12. Fischer S, Mohr P, Rogers C: Macroeconomics. Johannesburg: Heinemann
Publishers; 1996.

13. Grossman M: On the concept of health capital and the demand for
health. J Polit Econ 1972, 80(2):223–255.

14. Chisholm D, Stanciole A, Edejer TTT, Evans DB: Economic impact of disease
and injury: counting what matters. Br Med J 2010, 340:583–586.

15. Murray CJL: Rethinking DALYs. In The global burden of disease. Edited by
Murray CJL, Lopez AD. Geneva: WHO; 1996:1–89. Chapter 1.

16. Dempsey M: Decline in tuberculosis. The death rate fails to tell the entire
story. Am Rev Tuberc 1947, 56:157–16417.

17. Feachem RGA, Kjellstrom T, Murray CJL, Over M, Phillips MA: The health of
adults in the developing world. New York: Oxford University Press; 1992.

18. WHO: WHO methods and data sources for global burden of disease estimates
2000–2011. Geneva: WHO; 2013.

19. Murray CJL, Evans DB: Health systems performance assessment debates,
methods and empiricisms. Geneva: WHO; 2003.

20. Kirigia JM: Economic evaluation of public health problems in sub-Saharan Af-
rica. Nairobi: University of Nairobi Press; 2009.

21. The World Bank: Database. http://data.worldbank.org/about/country-
classifications/country-and-lending-groups#Lower_middle_income Accessed
on 10 February 2014, 14h10.

http://www.biomedcentral.com/content/supplementary/1471-2393-14-299-S1.pdf
http://www.who.int/healthinfo/global_burden_disease/en/
http://www.intarchmed.com/content/6/1/10
http://www.intarchmed.com/content/6/1/10
http://data.worldbank.org/about/country-classifications/country-and-lending-groups#Lower_middle_income
http://data.worldbank.org/about/country-classifications/country-and-lending-groups#Lower_middle_income


Kirigia et al. BMC Pregnancy and Childbirth 2014, 14:299 Page 11 of 11
http://www.biomedcentral.com/1471-2393/14/299
22. WHO: Life tables for WHO member states. http://www.who.int/gho/
mortality_burden_disease/life_tables/life_tables/en/ Accessed on 28
October 2013, 16h25.

23. WHO: Disease and injury regional estimates for 2004. Geneva: WHO; 2013.
http://www.who.int/healthinfo/global_burden_disease/en/.

24. Drummond M: Cost-of-illness studies: a major headache?
Pharmacoeconomics 1992, 2:1–4.

25. Wiseman V, Mooney G: Burden of disease illness estimates for priority
setting: a debate revisited. Health Policy 1998, 43:243–251.

26. Wiseman V, Mooney G: Burden of disease and priority setting. Health Econ
2000, 9:369–372.

27. Shiell A, Gerard K, Donaldson C: Cost of illness studies: an aid to
decision-making? Health Policy 1987, 8:317–323.

28. Rice DP: Estimating the cost of illness. Am J Public Health 1967,
57:424–440.

29. Ternent L, McNamee P, Newlands D, Belemsaga D, Gbangou A, Cross S:
Willingness to pay for maternal health outcomes: are women willing to
pay more than men? Appl Health Econ Health Policy 2010, 8(2):99–109.

30. Onwujekwe OE, Fox-Rushby J, Hanson K: Inter-rater and test-retest reliability
of three contingent valuation questions formats in South-East Nigeria.
Health Econ 2005, 14(5):529–536.

31. Kirigia JM, Sambo LG, Kainyu LH: Willingness to pay for schistosomiasis-
related health outcomes in Kenya. Afr J Health Sci 2000, 7(3–4):55–67.

32. Morrison GC, Gyldmark M: Appraising the use of contingent valuation.
Health Econ 1992, 1:233–243.

33. UNDP: Human Development Report 2010 – The real wealth of nations:
pathways to human development. New York: UNDP; 2010.

34. Godlee F, Pakenham-Walsh N, Ncayiyana D, Cohen B, Packer A: Can we
achieve health information for all by 2015? Lancet 2004,
364(9430):295–300.

35. United Nations: Report of the Office of the United Nations High Commissioner
for Human Rights on preventable maternal mortality and morbidity and
human rights. New York: UN; 2010.

36. Adam T, Lim SS, Mehta S, Bhutta ZA, Fogstad H, Mathai M, Zupan J,
Darmstadt GL: Cost effectiveness analysis of strategies for maternal and
neonatal health in developing countries. Br Med J 2005, 331:1107.
URL: www.bmj.com/content/331/7525/1107.

37. Pathmanathan I, Liljestrand J, Martins JM, Rajapaksa LC, Lissner C, de Silva A,
Selvaraju S, Singh PJ: Investing in maternal health: learning from Malaysia
and Sri Lanka. Washington, D.C: The World Bank; 2003.

38. Department for International Development: Reducing maternal deaths:
evidence and action. A strategy for DFID. London: United Kingdom
Department for International Development [DFID]; 2004.

39. Yadav H: A review of maternal mortality in Malaysia. IeJSME 2012,
6(Suppl 1):S142–S151.

40. Ahmed S, Li Q, Liu L, Tsui AO: Maternal deaths averted by contraceptive
use: an analysis of 172 countries. Lancet 2012, 380:111–125.

41. Bhutta ZA, Black RE: Global maternal, newborn, and child health – so near
and yet so far. N Engl J Med 2013, 369(23):2226–2235.

42. WHO: Packages of interventions for family planning, safe abortion care,
maternal, newborn and child health. Geneva: WHO; 2010.

43. WHO: Saving mothers’ lives. Geneva: WHO; 2014.
44. Commission on Information and Accountability for Women’s and Children’s

health: Keeping promises, measuring results. Geneva: WHO; 2011.
45. Independent Expert Review Group (iERG): Every Woman, Every Child: from

commitments to action. Geneva: WHO; 2012.
46. iERG: Every Woman, Every Child: strengthening equity and dignity through

health. Geneva: WHO; 2013.
47. Ki-Moon B: Global strategy for women’s and children’s health. New York: UN;

2010.
48. African Union (AU): Protocol to the African Charter on human and peoples’s

rights on the rights of women in Africa. Adopted by the 2nd Ordinary Session
of the Assembly of the Union, Maputo, 11 July 2003. Addis Ababa: AU; 2003.

49. Sambo LG, Kirigia JM, Ki-zerbo G: Perceptions and viewpoints on proceedings
of the Fifteenth Assembly of Heads of State and Government of the African
Union Debate on Maternal, Newborn and Child Health and Development,
25–27 July 2010, Kampala, Uganda. BMC Proc 2011, 5(Suppl 5):S1.
URL: http://www.biomedcentral.com/1753-6561/5/S5/S1.

50. WHO/AFRO: Road map for accelerating the attainment of the millennium
development goals relating to maternal and newborn health in Africa.
Brazzaville: WHO/AFRO; 2004.
51. WHO: Monitoring of the achievement of the health-related Millennium
Development Goals. Geneva: WHO; 2010. WHA 63.15.

52. WHO: Comprehensive implementation plan on maternal, infant and young
child nutrition. Geneva: WHO; 2012. WHA65.6.

53. WHO: Implementation of the recommendations of the Commission on
Information and Accountability for Women’s and Children’s Health. Geneva:
WHO; 2012. WHA65.7.

54. WHO: Implementation of the recommendations of the United Nations
Commission on Life-Saving Commodities for Women and Children. Geneva:
WHO; 2013. WHA66.7.

55. United Nations Human Right Council: Preventable maternal mortality and
morbidity and human rights. New York: UN; 2009. Resolution A/HRC/11/L.16/
Rev.1.

56. United Nations Human Right Council: Preventable maternal mortality and
morbidity and human rights. New York: UN; 2012. Resolution A/HRC/21/L.10.

57. United Nations General Assembly: Technical guidance on the application of a
human rights-based approach to the implementation of policies and
programmes to reduce preventable maternal morbidity and mortality.
New York: UN; 2012. Resolution A/HRC/21/22.

58. United Nations General Assembly: Practices in adopting a human rights-based
approach to eliminate preventable maternal morbidity and mortality. New York:
UN; 2011. Resolution A/HRC/18/27.

59. United Nations Economic and Social Council: Eliminating preventable
maternal mortality and morbidity through empowerment of women. New
York: UN; 2010. Resolution E/CN.6/2010/L.6.

60. United Nations: Keeping the promise: united to achieve the Millennium
Development Goals. New York: UN; 2010. Resolution A/RES/65/1 adopted by
the General Assembly on 22 September 2010.

61. United Nations: Follow-up to the Fourth World Conference on Women and full
implementation of the Beijing Declaration and Platform for Action and the
outcome of the twenty-third special session of the General Assembly. New
York: UN; 2009. United Nations General Assembly Resolution A/RES/63/159
adopted on 18 December 2008.

62. United Nations: Convention on elimination of all forms of discrimination
against women. New York: UN; 1979. UN Treaties Series, Vol. 1249, P. 13.

doi:10.1186/1471-2393-14-299
Cite this article as: Kirigia et al.: Indirect cost of maternal deaths in the
WHO African Region in 2010. BMC Pregnancy and Childbirth 2014 14:299.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.who.int/gho/mortality_burden_disease/life_tables/life_tables/en/
http://www.who.int/gho/mortality_burden_disease/life_tables/life_tables/en/
http://www.who.int/healthinfo/global_burden_disease/en/
www.bmj.com/content/331/7525/1107
http://www.biomedcentral.com/1753-6561/5/S5/S1

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Conceptual framework
	Calculation of non-health GDP loss due to maternal deaths
	Sensitivity analysis
	Data sources and analysis

	Results and discussion
	Non-health GDP loss attributable to maternal deaths
	Non-health GDP loss for Group 1 countries
	Non-health GDP loss for Group 2 countries
	Non-health GDP loss for Group 3 countries
	Average non-health GDP losses
	Sensitivity analysis
	Limitations of the study

	Conclusions
	Additional file
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


