
detail, the rates of decline in maternal deaths and MMR 
are similar because the global trend in births was essen-
tially flat over the period 1990 to 2008. Although these es-
timates suggest progress in reducing maternal mortality at 
the global level, the decline is not rapid enough to achieve 
the MDG 5 target. Also, there are considerable regional dis-
parities in reduction of maternal mortality.

All results presented here should be viewed with cau-
tion, given the considerable uncertainty surrounding 
these estimates. For example, while the median estimate 
of the total number of maternal deaths observed in 2008 

capita (GDP),* the general fertility rate, the ratio of live 
births to the number of reproductive-age women19 and the 
proportion of deliveries for which a skilled birth attendant 
is present.20

Using the proportion of non–AIDS-related deaths 
among women aged 15–49 that are maternal deaths as the 
dependent variable, we estimated a multilevel regression 
model with random effects for both country and region; in-
dependent variables were the GDP, the general fertility rate 
and the proportion of deliveries for which a skilled birth at-
tendant is present.† Predicted values of the regression equa-
tion were computed for five-year intervals centered around 
1990, 1995, 2000, 2005 and 2008 for each country.

We used the proportion of all deaths among women 
aged 15–49 that are maternal deaths as the input to our es-
timation model because it is considered more robust and 
reliable than either the number of maternal deaths alone 
or maternal deaths in relation to live births. This decision 
was based on precedence, as well as on the results of our 
own analysis of alternative measures.10,21 In describing our 
results, we focus on trends in the MMR, both with and 
without AIDS-related maternal deaths, because this mea-
sure quantifies the risk of maternal death per live birth 
and thus is an indicator of obstetric risk. Estimates were 
derived at the country level and then aggregated to the re-
gional and global level. In this paper, most of the results 
are examined at the regional level using the United Na-
tions MDG regional groupings. The figures reported are 
rounded (see note in Table 1); however, calculations made 
using the estimates and reported here are based on the un-
rounded underlying data.

The process of preparing the data and fitting the model 
was quite complex and required making several assump-
tions. Therefore, the point estimates derived from this 
process are uncertain. This uncertainty comes from many 
sources: any remaining bias in adjusted values for the pro-
portion of all deaths among women aged 15–49 that are 
maternal deaths, imprecise knowledge of assumed values 
for certain model parameters, variability as reflected in the 
multilevel regression model, errors in data used for the 
AIDS adjustment or the conversion of the proportion of 
all deaths among women aged 15–49 that are maternal 
deaths to MMR estimates (i.e., the “envelope adjustment”‡) 
and alternative specifications of the model (e.g., choice of 
covariates). With the exception of alternative model speci-
fications, we attempted to account for these various sourc-
es in the uncertainty intervals presented here. Further de-
tails on the statistical methods are available elsewhere.10

RESULTS

Global Trends in Maternal Mortality
The total number of maternal deaths observed annually 
fell from 546,000 in 1990 to 358,000 in 2008, a 34% de-
cline over this period (Table 1). Similarly, the global MMR 
declined from 400 to 260 maternal deaths per 100,000 
live births, a decline of 34% over the entire period and an 
average annual decline of 2.3%. As we will explain in more 
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Source: MMR—reference 8.  
Source: reference 8. 
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FIGURE 2. Estimated levels of the maternal mortality ratio (MMR), with and without 
AIDS-related maternal deaths, world and Sub-Saharan Africa, 1990–2008 
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*Most data on GDP per capita were taken from a database maintained 
by the World Bank (source: World Bank, World Development Indica-
tors database, 2012, <http://data.worldbank.org/data-catalog/world- 
development-indicators>, accessed Mar. 1, 2010.). For a limited number 
of countries, GDP data were taken from either the unpublished WHO Na-
tional Health Accounts Series or the Penn World Tables (sources: Unpub-
lished data from the WHO National Health Accounts Series; and Heston 
A, Summers R and Aten B, Penn World Table, version 6.3, Philadelphia: 
Center for International Comparisons of Production, Income and Prices, 
University of Pennsylvania, 2009, <http://pwt.econ.upenn.edu/php_site/
pwt_index.php>, accessed June 1, 2010).

†Assuming that observation i refers to country j located in region k, 
PMna is the proportion of non-AIDS related deaths among women aged 
15–49 that are maternal deaths, GFR is the general fertility rate and SAB 
is the proportion of deliveries for which a skilled birth attendant is pres-
ent, the estimated regression model was as follows:

‡The envelope adjustment estimates the total MMR by multiplying 
proportion of all deaths among women aged 15–49 that are maternal 
deaths by the ratio of the estimated number of deaths among all women 
aged 15–49 to the estimated number of live births.19 This figure is then 
converted into units of maternal deaths per 100,000 live births. The total 
number of deaths was derived by multiplying UN age-specific estimates 
of the total number of women and WHO estimates of age-specific death 
rates (sources: reference 19 and WHO, Life tables for WHO member states, 
2010, <http://www.who.int/healthinfo/statistics/mortality_life_tables/
en/index.html>, accessed July 10, 2010).

log(PM na ) = 2.253-0.217log(GDPi )+1.272 log(GFRi )-0.652 log(SABi )+a j[i ]
C +a k[i ]

R +ei– –


