Long Abstract
The role of fertility in maternal mortality decline

Paul Stupp’, Dan Williams* and Florina Serbanescu®

A United Nations interagency group (2010) estimated that global maternal deaths declined 34 percent
from 546,000 in 1990 to 358,000 in 2008, while the maternal mortality ratio (MMR) declined from 400
to 260 per 100,000 live births. For this paper we propose to use the same database to examine the role
of fertility in this reduction, and present detailed results for 172 countries.

Fertility may be hypothesized to affect the number of maternal deaths occurring in a period of time
through several mechanisms. The most direct is by affecting the frequency at which women are
exposed to the risk of a maternal death. Maternal deaths (MD) may be expressed as either the number
of women at risk times the Maternal Mortality Rate (MMrate), or as births times the Maternal Mortality
Ratio (MMR).

MD = W(15-49)*MMrate
MD = Births*MMR*100,000

Births may in turn be expressed as women exposed times the General Fertility Rate (GFR) for the period
in question:

MD = W(15-49)*GFR*MMR*100,000

This last expression provides a convenient means of accounting for the role of fertility decline on
maternal deaths. If we consider the two points in time that began and ended the UN estimates, 1990
and 2008, we can disaggregate the proportionate change in the number of maternal deaths into
proportionate changes in each these three components:

MD(2008)/MD(1990)=W(2008)/W(1990)*GFR(2008)/GFR(1990)*MMratio(2008)/MMratio(1990)

The average annual rate of change in the number of maternal deaths may also be expressed as the sum
of the average annual rates of change in each component:

In[MD(2008)/MD(1990)]/18 =
In[W(2008)/W(1990)]/18 + In[GFR(2008)/GFR(1990)]/18 + In[MMR(2008)/MMR(1990)]/18

Table 1 shows the results of these computations, for the 172 countries included in the UN study. This
illustrates that the majority of countries experienced positive rates of growth in the number of
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reproductive age women and negative rates of change in GFR’s , MMratios and the number of maternal
deaths. For the proposed paper we will present a graphical summary of the information contained in
Table 1.

The algebraic expressions relating changes in maternal deaths to changes in the population of women at
risk, GFR’s and MMratios also allow us to consider several alternative scenarios, which are summarized
in Table 2. The first scenario is to estimate the number of maternal deaths in 2008 if there had been no
change in each country’s GFR or MMratio between 1990 and 2008, but the number of women did
change as observed. This is equivalent to assuming that the number of maternal deaths grew at the
same rate as women at risk in each country. This would give a worldwide total of 858,000 maternal
deaths in 2008, which are 500,000 more than were estimated in the UN study. A second scenario is to
consider what would have been the number of maternal deaths in each country in 2008 if numbers of
women and GFR’s had changed as observed in the UN database, but MMR’s had not changed since
1990. This gives a worldwide total of 618,000 maternal deaths, which are 260,000 more than estimated
in the UN study. This leads to the conclusion that changes in MMR’s account for 52 percent
(260,000/500,000) of the difference between the number of maternal deaths under a “no change in GFR
and MMR” scenario and the number estimated by the UN for 2008, and changes in GFR’s account for 48
percent of the difference.

It may be surprising to learn that almost half the change in maternal deaths between 1990 and 2008 can
be attributed to changes in fertility. The worldwide annual number of births barely changed from 137
million in 1990 to 136 million in 2008, but there was considerable variation among countries. There are
83 countries in which the number of births increased between 1990 and 2008 and 89 in which it
decreased. While the worldwide number of maternal deaths decreased between 1990 and 2008, the
number of maternal deaths actually increased in 6 of the 89 countries where births decreased and in 27
of the 83 countries where births increased.

Proposed additional analyses:

1.) Comparison of general fertility rates in UN Study with other sources

The general fertility rates used in the UN study are based on the numbers of women and births in the
population projections that were used. For selected countries with survey data we propose to compare
the GFR estimates from surveys to the estimates implicit in the UN projections.
http://www.un.org/esa/population/publications/wpp2008/wpp2008 highlights.pdf

The UN study estimated maternal deaths by multiplying model-derived proportions of deaths classified
as maternal (PMDF) by an estimate of all-cause deaths. This is divided by projected births to get MMR’s.
If the UN study over-estimated the number of births (and by implication the GFR) then the MMR was
underestimated. This appears to have been the case for Guatemala where the UN estimated GFR at
0.157 and 0.136 in 2000 and 2008, but survey estimates in the country were 0.161 and 0.119 (see Table
3). One component of our analysis is, therefore, to systematically compare external estimates of
general fertility rates from surveys such as the DHS with the estimates that were used in the UN study.


http://www.un.org/esa/population/publications/wpp2008/wpp2008_highlights.pdf

2.) Potential effect of fertility on maternal mortality ratios

As noted earlier above, fertility decline has a direct impact on maternal deaths by reducing the
frequency with which women are exposed to risk of a maternal death (GFR). It may also affect it by
reducing the maternal mortality ratio by changing the distribution of births by maternal age and parity.
In order to assess the potential magnitude of an age effect on the overall MMR it is necessary to obtain
estimates of the maternal mortality ratio by age, MMR(a). The UN database contains the information
needed to produce such estimates for selected countries.

The expression for the maternal mortality rate can be expressed as:
MMrate = GFR*MMratio

The same identity is true of age groups:

asmdr(a) = asfr(a)*MMR(a)

The age-specific maternal death rate (asmdr) can also be expressed as the age-specific death rate (asdr)
times the proportion maternal:

asmdr(a) = asdr(a)*PMDF(a)

Combining the two expressions for asmdr we obtain:
asfr(a)*MMR(a) = asdr(a)*PMDF(a)

MMR(a) = asdr(a)*PMDF(a) / asfr(a)

We propose to use surveys with direct sisterhood questions to estimate age-specific maternal mortality
ratios based on this final expression. It is our understanding that surveys with direct sisterhood
guestions provide reasonable estimates of PMDF(a), and estimates of asfr(a) are readily obtainable from
the birth histories of these same surveys. Our proposed analysis, which is exploratory in nature, would
entail combining these survey-based estimates of PMDF(a) and asfr(a) with a range of values for asdr(a)
based on different model life tables indexed by levels of life expectancy for the countries where the
surveys were conducted. The goal of this exercise is to identify regularities in the age pattern of
MMR(a), which can then be used to assess the extent to which fertility reduction may lower the MMR
by changing the age distribution of births.

Reference:

Trends in Maternal Mortality: 1990 to 2008,Estimates developed by WHO, UNICEF, UNFPA and The
World Bank. Geneva: World Health Organization, 2010.
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Table 2: Comparisons of alternate scenarios on estimates of the number of

worldwide maternal deaths in 2008

Scenario

No change in GFR or MMR
Just GFR change

Observed GFR & MMR change

| 1990 | 2008 |
545,284 858,446
545,284 617,869
545,284 357,702

Table 3: Comparison of data from the maternal mortality study published by
the United Nations and two RAMOS investigations in Guatemala

(LBMM-2000 y ENMM-2007).

Indicator

Mortality rate (15-49)(1,000)
Proportion maternal (PMDF)
General Fertility Rate (GFR)
Maternal Mortality Ratio
(100,000)

Maternal Mortality Rate (1,000)

Women, 15-49

Deaths to women, 15-49
Maternal deaths to women, 15-
49

Births

United Nations Study

RAMOS Investigations

Percent LBMM- ENMM- Percent

2000 2008 change 2000 2007 change
2.35 2.01 14.-5% 1.81 1.75 -3.3%
0.073 0.071 -2.7% 0.136 0.094 30.-9%
0.157 0.136 13.-4% 0.161 0.119 26.-1%
110 110 0.0% 153 139 -9.2%
0.172 0.143 16.-9% 0.246 0.165 32.-9%
2,628,750 3,333,100 | 26.8% | 2,635,657 3,226,557 | 22.4%
6,181 6,708 8.5% 4,758 5,645 18.6%
454 480 5.7% 649 531 18.-2%
412,775 452,452 | 9.6% | 424,676 382,420 10.-0%

! - Trends in Maternal Mortality:1990 to 2008: estimates developed by WHO, UNICEF,
UNFPA and The World Bank, WHO, 2010.




