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Ecologic associations have provided the basis for numer-
ous programs to reduce maternal mortality. Shiffman
(2000:274) recently suggested that room for optimism ex-
ists regarding reducing maternal mortality because “only
a portion of the variance in national maternal mortal-
ity” is associated with indices of national wealth, and
because interventions such as improving “women’s edu-
cation levels and the proportion of deliveries attended
by trained health personnel” may reduce maternal mor-
tality. Ecologic associations, however, do not constitute
causal evidence because they do not account for mul-
tiple contextual factors without which there might be no
association.

Some have suggested that the causes of maternal
mortality are many and may require more comprehen-
sive solutions than those Shiffman proposes (Liljestrand
1999; Ravindran and Berer 1999). The failure of single
solutions, including the training of traditional birth at-
tendants and promotion of antenatal care, to show clear
reductions in maternal mortality has not reduced opti-
mism concerning the selection and large-scale implemen-
tation of approaches that ecologic data are used to jus-
tify. We argue that the indices ecologically associated
with maternal mortality ratios are highly intercorrelated
and do not necessarily indicate that improving one as-
pect of the health system, such as the skills of delivery
attendants, will, in fact, reduce maternal mortality.

Methods

In 1993, the authors conducted an ecologic analysis of
the correlates of maternal mortality that are commonly

cited in the literature (Loudon 1992; Maine 1992; Tinker
et al. 1993) from data available from UNICEF and WHO
(UNICEF 1993; WHO 1993) to evaluate the potential of
promising interventions. Indices such as antenatal care,
contraceptive prevalence, and other correlates were in-
cluded in the analysis because they were perceived po-
tentially to affect pregnancy and pregnancy outcome
(Loudon 1992; Maine 1992; Tinker et al. 1993). The po-
tential effectiveness of some of these correlates was ques-
tioned (Rooney 1992; Koblinsky et al. 1999).

Our 1993 analysis included data from the 11 coun-
tries for which complete data were available for a na-
tional estimate of maternal mortality ratios (MMR), re-
ceipt of antenatal care, tetanus toxoid immunization,
contraceptive prevalence, adult literacy, gross national
product (GNP), skilled attendant at delivery (“skilled
attendants” is defined as “physicians, nurses, midwives,
or primary health-care workers trained in midwifery
skills”), and institutional delivery.

Recently, we have updated this analysis with data
published by UNICEF in 1999, prior to its use of statis-
tically derived MMRs. Data for 84 countries for the same
variables were available for analysis. We used the same
indices in these new analyses with the exclusion of GNP.
The analysis was updated using UNICEF data because
using other sources (such as the Demographic and Health
Surveys) would have reduced the sample by 20 percent
or more.

The relationship of each variable was fit to the MMR
without weighting the data for country populations. We
determined that linear fit best described the relationship
of maternal mortality with literacy, tetanus toxoid cov-
erage, antenatal care, and the proportion of deliveries
with skilled attendants, whereas a log transformation
best described the relationship between contraceptive
prevalence and MMR. An exponential transformation
best described that of institutional deliveries and MMR.
We conducted backward stepwise linear and fitted re-
gression analyses for contraceptive prevalence and in-
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stitutional deliveries using these variables to predict the
maternal mortality ratio, allowing each variable not sig-
nificantly associated with MMR (at the p>0.05 level) to
be deleted, first deleting the least important, then the
next least important, and so on.

Results

The descriptive statistics for these variables, and for the
countries’ total populations, are presented in Table 1. The
table shows the range of values for data from the coun-
tries included in the analysis, demonstrating that the re-
sults have a wide range of representation. The maternal
mortality ratio was inversely associated with all of the
variables included in the analyses, and the remaining
variables were all positively associated with one another
except for tetanus toxoid immunization (see Table 2).

Five models were calculated in the unweighted lin-
ear regression analyses, with the most complete model
accounting for 80 percent of the total variance (data not
shown)  and the model excluding the most variables ac-
counting for 79 percent of the total variance (R2). The
final regression model contained two variables, contra-
ceptive prevalence (b = –6.54 – s.e. 1.60; p<0.001) and
skilled attendant during delivery (b = –11.64 – 1.35;
p<0.001). Similarly, five unweighted regression models
with fitted terms for contraceptive prevalence and in-
stitutional delivery were calculated, the full model ac-
counting for 84 percent of the variance and the final
model, including only the linear term for skilled atten-
dant at delivery (b = –10.08 – 1.19; p<0.001) and the log
term for contraceptive prevalence (b = –199.27 – 30.45;
p<0.001), accounting for 83 percent of the variance.

The analyses clearly indicate that a greater propor-
tion of deliveries with a skilled attendant and higher con-
traceptive prevalence rates are both associated with
lower national maternal mortality ratios.

Discussion

These associations are the basis for UNICEF’s more re-
cent derivation of maternal mortality ratios, in which the
proportion of deliveries with skilled attendants and the
TFR were used for countries without a national estimate
of MMR (WHO 1996). The models consistently favored
inclusion of skilled attendants at delivery and, therefore,
excluded the highly correlated variable, institutional de-
livery. Institutional delivery without skilled attendants
is probably exceptional. The exclusion of antenatal care
from the final stepwise regression models indicates the

bivariate association between antenatal care and mater-
nal mortality and is mediated by the association of MMR
with skilled attendant at delivery and contraceptive prev-
alence. This result is believable because the usual com-
ponents of antenatal care may not reduce maternal mor-
tality effectively. For example, in a national study of 78
birthing centers in the United States, Rooks et al. (1989)
demonstrated that prenatal risk assessment was not ef-
fective at preventing maternal deaths or at ensuring the
rational use of health services. In that study, 15 percent
of women were identified as being at high risk during
the prenatal period and were, therefore, ineligible to de-
liver in birthing centers. Of these women, 85 percent had
normal labor and deliveries. Conversely, 15 percent of
the 85 percent of women identified as being at low risk
and who were, therefore, eligible to deliver in birthing
centers experienced last-minute obstetric complications
that required referral and transport to a hospital for care.

The ecologic results, however, do not necessarily
mean that placing skilled attendants in a community
would reduce its maternal mortality. Experience has
shown, for instance, that midwives with community-
based posts in Indonesia and clinic-based posts in Viet-
nam who received intensive training in life-saving skills
were still not capable of managing obstetric emergen-
cies in practice, possibly because of a low volume of de-
liveries and even lower numbers of complicated deliv-
eries (Sloan et al. 1998; Starrs 1998). For example, if a
skilled community-based attendant assists at five deliv-
eries a month, she would assist at 60 deliveries per year.
If, as is commonly hypothesized (Starrs 1998), 15 per-
cent of women experience peripartum emergency con-
ditions, and the causes of maternal death were similar
to the WHO estimates for developing countries, the as-
sistant would attend nine emergency deliveries a year,
including two to three cases of postpartum hemorrhages,
one case each of sepsis, toxemia, and postabortion com-
plication, possibly one case of obstructed labor, and two
to three other emergency conditions. Devoid of support-
ive clinical interaction with colleagues and frequent su-

Table 1   Average levels and variation of indices, 84 countries
Standard

Indicator Mean deviation Minimum Maximum

MMR (per 100,000 live births) 584 518 29 1,800
Adult literacy (percent) 65 23 14 98
Tetanus–toxoid immunization (percent) 53 25 10 100
Received antenatal care (percent) 69 25 8 100
Contraceptive prevalence (percent) 35 24 1 84
Skilled attendant at delivery (percent) 57 29 2 100
Deliveries in health facilities (percent) 51 30 2 99
Total population (in thousands) 49,028 168,990 174 1,232,083

Source: UNICEF (1999).
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pervision, even this relatively high volume of commu-
nity-based deliveries is unlikely to maintain the skilled
attendants’ emergency obstetric skills.

Similarly, increasing contraceptive prevalence could
reduce maternal deaths while increasing the maternal
mortality ratio. If new contraceptive acceptors were rela-
tively affluent women, who would be most likely to de-
liver in hospitals and receive timely emergency care
when needed, the number of maternal deaths in the nu-
merator would remain virtually unchanged, whereas the
number of live births in the denominator could be sub-
stantially reduced, thus raising the ratio.

Although literacy was dropped out of all analyses
in progressive models, the correlation between literacy
and both skilled attendant at delivery (r = 0.82; p = 0.000)
and delivery in a health-care facility (r = 0.77; p = 0.000)
indicates that literacy mediates the use of appropriate
health care. When included as the only predictive vari-
able in the first of a four-step hierarchical regression
analysis, literacy was significantly associated with the
use of health services and skilled delivery attendants.

The analyses here and that presented by Shiffman
(2000) are ecologic and not causal. In conjunction with
evidence from Indonesia (Starrs 1998) and Vietnam (Sloan
et al. 1998) and with historical evidence (Loudon 1992),
they indicate, however, that in certain circumstances,
such as in Vietnam, where adequate institutional support
is available to women and they make use of it, the pres-
ence of skilled attendants at delivery is critical to reduc-
ing maternal mortality. Access to skilled attendants is not
only a function of the availability of emergency obstetric
care, but also of education and other factors such as ac-
cess to transportation for which data were not available

from these sources. Likewise, the impact of improving
emergency obstetric services alone may also be limited
in countries such as Bangladesh, where only 5 percent of
women deliver in health-care facilities (Mitra et al. 1997).

Conclusions

Aggregate data analysis is subject to ecologic fallacy, and
the observed associations may not be causally related
at the individual level. In the past decade, theoretical
arguments have suggested the promotion of safe moth-
erhood by means of training traditional birth attendants,
by providing antenatal care, by improving women’s
education, and by enhancing emergency obstetric ser-
vices. We found other, possibly key factors: consistent
relationships between lower MMRs and national levels
of contraceptive prevalence and the proportion of de-
liveries attended by skilled personnel. These analyses
indicate that increasing the proportion of women deliv-
ering with skilled attendants merits testing for its true
effectiveness in reducing maternal mortality under dif-
ferent conditions, including in settings where institu-
tional delivery is rare and where delivery in primary-
care clinics is common but delivery in hospitals is rare.
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