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ABSTRACT

The study describes the characteristics of maternal deaths in the city of Rio de Janeiro, Brazil, during 2000-
2003. After investigation by public-health services, 217 maternal deaths were identified among predomi-
nantly non-white (48.9%), single (57.1%) women aged 29.6+7.3 years on average. Direct obstetric causes
corresponded to 77.4% of the maternal deaths, mainly due to hypertensive disorders. HIV-related diseases
accounted for 4% of the maternal deaths. Almost three-fourths of the mothers who died were aged 20-39
years, although the highest risk of maternal death corresponded to the age-group of 40-49 years (248.9
per 100,000 livebirths). The socioeconomic and demographic profiles of maternal deaths in the city of Rio
de Janeiro reflected a vulnerable social situation. Appropriate interventions aimed at reducing maternal
mortality need to encompass all women of childbearing age, irrespective of the magnitude of the risk of
maternal death.
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INTRODUCTION

In the United Nations’ 2000 declaration of the Mil-
lennium Development Goals, improvement of ma-
ternal health was regarded as an essential prerequisite
for human development and for poverty reduction
(1). Although pregnancy is a normal life-course
event that most women aspire to at some point in
their lives, about eight million women develop
pregnancy-related complications every year, and of
them, over half a million die (2). Even in the context
of limited resources, most of these deaths could be
avoided if preventive measures were taken and ad-
equate care was available (1). However, the right kind
of information on which maternal mortality-preven-
tion strategies are based is often missing (2).

In Brazil, deaths are registered in the national mor-
tality information system (SIM) of the Ministry of

Correspondence and reprint requests should be
addressed to:

Dr. Pauline L. Kale

Institute of Public Health Studies

Federal University of Rio de Janeiro (IESC/UFR])
Praca Jorge Machado Moreira

100, Cidade Universitaria

IIha do Fundao, Rio de Janeiro, RJ

Brazil-CEP 21944-970

Email: pkale@iesc.ufrj.br

Fax: 55 21 2598.9331

Health. Its coverage has been systematically in-
creasing since its inception in 1976, reaching 82%
nationwide by 1999, albeit with marked regional
variation. Of all the registered deaths, maternal
deaths are particularly problematic, mainly due to
inadequate assignment of causes of death in death
certificates.

As a strategy to improve the registration of mater-
nal deaths, starting in 1994, the Ministry of Health
of Brazil has encouraged the creation of the Perina-
tal and Maternal Mortality Investigation Commit-
tees at both State and County Health Departments
(3). Moreover, information on pregnancy, abor-
tion, parturition, or puerperium in all women of
reproductive age at death has been added to both
national death certificate form and SIM. In addi-
tion, maternal death reporting to the public-health
surveillance system within 24 hours after demise
has been mandated (4).

In 2002, a nationwide study of maternal mortality
was carried out in most Brazilian state capitals (5).
Based on household interviews and investigation
of medical and hospital records and autopsies (the
Reproductive Age Mortality Study methodology-
RAMOS), the maternal mortality ratios (MMRs)
were estimated, which were lower than the values
reported by the World Health Organization (WHO),
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United Nations Children’s Fund, and United Na-
tions Population Fund. The estimated MMR ad-
justment factor for official data in Brazil was equal
to 1.4—representing a 40% under-registration of
maternal deaths—based upon which the adjusted
MMR was 54.3 maternal deaths per 100,000 live-
births. The authors highlighted the heterogeneous
validity of data on maternal mortality across Brazil-
ian regions: quality of data was poorer in the north
and northeast regions compared to the south and
southeast regions where validity was higher. Direct
obstetric causes accounted for 67.1% of all mater-
nal deaths, suggesting that both prenatal and child-
birth care must be improved.

As the epidemiological assessment of maternal
mortality is important in revising old and develo-
ping new public-health strategies of prevention,
we analyzed maternal deaths according to demo-
graphic, educational and obstetric characteristics in
the city of Rio de Janeiro from 2000 to 2003.

MATERIALS AND METHODS

The study was conducted in the city of Rio de Ja-
neiro, the capital of Rio de Janeiro state, situated in
the southeast region of Brazil. In 2000, the city had
a population of 5,857,904 inhabitants; the average
number of livebirths per woman in reproductive
ages (15-49 years) was 1.8 (6), and 99% occurred in
hospital settings (7).

Data on maternal mortality were obtained from
the SIM and from records provided by the Perina-
tal and Maternal Mortality Investigation Commit-
tee (PMMIC) of the city of Rio de Janeiro. Livebirth
data were collected from the national livebirth
information system (SINASC). Both information
systems—SIM and SINASC—have high coverage
within the state of Rio de Janeiro (8).

The WHO defines maternal death as “the death of
a woman while pregnant or within 42 days of ter-
mination of pregnancy, irrespective of the duration
and the site of the pregnancy, from any cause relat-
ed to or aggravated by the pregnancy or its manage-
ment but not from accidental or incidental causes.”
Separate definitions were used for two categories of
maternal deaths based on cause of death, which
were termed ‘direct obstetric deaths’ and ‘indirect
obstetric deaths’. Direct obstetric deaths included
deaths “resulting from obstetric complications of
the pregnant state” while indirect obstetric deaths
were defined as “deaths resulting from pre-existing
disease or disease that developed during pregnancy,
not due to direct obstetric causes, but exacerbated

by the physiologic effects of pregnancy” (9).

Maternal deaths of women living in the city of Rio
de Janeiro during 2000-2003 were investigated by
the public-health surveillance services and further
confirmed by the city’s PMMIC. Independent vari-
ables considered in analyses, as registered in the
death certificates, were: age, race/colour (reported
by the doctor who submitted the death certificates),
marital status, years of schooling, place where
death occurred (inside or outside hospital or clinic),
reporting to the public-health surveillance system
and pregnancy status (whether death occurred dur-
ing an abortion, pregnancy, or parturition—yes,
no, or ignored, or puerperium—yes (within 42 days
after delivery or after 42 days up to one year after
delivery), no or ignored), and the cause of death,
according to the 10" revision of the International
Classification of Diseases (ICD 10). Completeness
of mortality data was evaluated through the pro-
portion of missing information for each variable
considered in the analyses.

The MMRs were estimated as the number of mater-
nal deaths per 100,000 livebirths. Maternal deaths
comprised all deaths due to obstetric causes (ICD
10, Chapter XV: Direct obstetric causes, Codes O00
to 092; unspecified obstetric causes, Code O95; in-
direct obstetric causes, Codes 098 to 099, except
Codes 096 and O97—*“late maternal deaths occur-
ring more than 42 days but less than one year after
delivery and death from sequelae of direct obstet-
ric causes” respectively) and other selected causes
outside Chapter XV as follows: ‘Human immuno-
deficiency virus (HIV) disease’, Codes B20 to B24,
Chapter I: ‘Neoplasms of uncertain or unknown
behaviour of placenta’, Code D39.2; Chapter II:
‘Hypopituitarism’, Code E23.0; Chapter IV: ‘Men-
tal and behavioural disorders associated with the
puerperium, not elsewhere classified’, Code F53;
Chapter V: ‘Osteomalazie’, Code M83.0; and Chap-
ter XII. The 95% confidence intervals (CIs) of the
MMRs were also estimated (10).

RESULTS

In total, 217 maternal deaths occurring during
2000-2003 in the city of Rio de Janeiro were identi-
fied, of which 208 (95.9%) were classified as due
to obstetric causes (Chapter XV, except Codes 096
and 097). The remaining nine deaths, due to HIV
disease (Codes B20 to B24, Chapter I), were classi-
fied, after investigation, as indirect obstetric causes.
Fourteen additional deaths were also identified, of
which nine had their causes coded as 096 (late ma-
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ternal deaths) and five as O97 (death from sequelae
of direct obstetric causes). Since all these additional
14 maternal deaths occurred 42 or more days af-
ter delivery, they were excluded from the present
analyses.

Of the 217 maternal deaths, 58.1% were not report-
ed to the public surveillance system. Most (94.1%)
deaths occurred in a hospital setting. Less than
1.0% of the maternal deaths occurred at health
clinics, and in 5%, information on place where
death occurred was missing.

The demographic, educational and obstetric char-
acteristics of the maternal deaths are presented in
Table 1.

Table 1. Demographic, educational and obstetric
characteristics of maternal deaths, City
of Rio de Janeiro, Brazil, 2000-2003

Characteristics No. %
Age (years)
10-19 32 147
20-29 75 34.6
30-39 85 39.2
40-49 25 115
Unknown 0 0.0
Race/colour
White 92 424
Black 34 157
Brown or mixed race 72 332
Unknown 19 8.8
Marital status
Single 124 57.1
Married (with civil registration) 64 29.5
Married (without civil registration) 4 1.8
Widow 1 0.5
Separated 6 2.8
Unknown 18 83
Schooling (years)
0 4 1.8
1-3 36 16.6
4-7 64 29.5
8-11 49 226
12 or more 15 6.9
Unknown 49 226
Pregnancy status

Pregnancy/parturition or abortion 42  19.4
Puerperium up to 42 days after

. 80 36.8
delivery
Inconsistent information 37 17.1
Unknown 58 26.7

Age varied from 14 to 44 years (median: 30.0 years;
meantstandard deviation (SD): 29.6+7.3 years).
Approximately one (14.7%) in seven women was
adolescent (aged 10-19 years), with one death oc-
curring under the age of 15 years. In the other ex-
treme of the age distribution, 11.5% of the women
died at ages above 39 years. Almost three-quarters
of the maternal deaths occurred between age 20
years and 39 years. All death certificates had data
on age at death.

The deceased women were predominantly non-
white (48.9%), single (57.1%), and had 4-11 years
of schooling (52.1%). However, data on years of
schooling were missing in 22.6% of the death cer-
tificates.

Among all variables considered in the analysis, the
variable for which most data were missing (43.8%)
was pregnancy status at the time of death. In 26.7%
of the death certificates, doctors who provided care
reported that they ignored whether death had oc-
curred during an abortion, pregnancy, delivery, or
puerperium; in 17.1%, data on pregnancy status
were either conflicting (death was reported to have
happened during abortion, pregnancy, or delivery
and during puerperium in 9.2%), or insufficient
(data were missing on death prior to or during pu-
erperium in 7.9%). Considering only death certifi-
cates with adequate information (56.2%), for each
maternal death that occurred during pregnancy or
at parturition, about two women died during pu-
erperium.

More than three (77.4%) in four maternal deaths
of women living in the city of Rio de Janeiro from
2000 to 2003 were due to direct obstetric causes
(Table 2). Hypertensive disorders (Codes O10 to
016) were the most common cause of death, ac-
counting for 26.3% of all maternal deaths and for
33.9% of all direct obstetric causes. Pre-eclampsia
(Code O14) and eclampsia (Code O15) accounted
for, respectively, 12 (7.1%) and 19 (11.3%) deaths
due to hypertensive disorders. Abortion (Codes
000 to O08) was the third main cause of death, ac-
counting for almost one (14.3%) in seven of the
total deaths—and the third cause among deaths
due to direct obstetric causes (18.5%). Indirect ob-
stetric causes of death contributed to 17.5% of the
total maternal deaths. “Other maternal diseases
classifiable elsewhere but complicating pregnancy,
childbirth and the puerperium” (Code O99) were
the most frequent indirect obstetric causes of death
(73.7%) mainly due to diseases of the circulatory
system (Code 099.4). The only cause of maternal
death coded outside Chapter XV of ICD-10 (preg-
nancy, childbirth, and the puerperium) was ‘Hu-
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Table 2. Distribution of maternal deaths according to categories of cause of death (ICD-10)*, City of Rio
de Janeiro, Brazil, 2000-2003
Cause of death No. % within %
group  of total
Direct obstetric causes (Codes O00-092) 168 100.0 77.4
Pregnancy with abortive outcome (O00-O08) 31 18.5 14.3
Oedema. Proteinuria, and hypertensive disorders (010-O16) 57 33.9 26.3
Pre-eclampsia (014) 12 7.1 5.5
Eclampsia (O15) 19 11.3 8.8
Gestational hypertension (013) 12 7.1 5.5
Unspecified maternal hypertension (016) 5.4 4.1
Others causes 5 3.0 2.3
Other maternal disorders predominantly relating to pregnancy (020-029) 3 1.8 1.4
Maternal care relating to the foetus/amniotic cavity/possible delivery o4 143 1.1
problems (030-O48)
Premature separation of placenta (045) 13 7.7 6.0
Other causes 11 6.5 5.1
Complications of labour and delivery (O60-O75) 20 11.9 9.2
Other uterine inertia (0622.2) 12 7.1 5.5
Other causes 8 4.8 3.7
Complications predominantly relating to puerperium (085-092) 33 19.6 15.2
Puerperal sepsis (O85) 13 7.7 6.0
Obstetric embolism (O88) 12 7.1 5.5
Other causes 8 4.8 3.7
Other obstetric conditions, not elsewhere classified (095) 11 100.0 5.1
Indirect obstetric causes (098 e 099 + B20 to B24*) 38 100.0 17.5
Maternal infectious and parasitic diseases (O98) 1 2.6 0.5
Other maternal diseases (099) 28 73.7 12.9
Diseases of the circulatory system (099.4) 11 28.9 5.1
Diseases of the respiratory system (099.5) 5 13.2 2.3
Other specified diseases/conditions complicating pregnancy/childbirth/
puerperium (099.8) 8 211 3.7
Other causes 4 10.5 1.8
Human immunodeficiency virus (HIV) disease (B20-B24)+ 9 23.7 4.1
Total 217 - 100.0
*International classification of diseases. 10th Rev; tAssigned only after investigation by public-health
surveillance services.

man immunodeficiency virus (HIV) disease’ (Codes
B20 to B24), accounting for about 4% of the total
maternal deaths and 23.7% of all deaths due to
indirect obstetric causes. In only one (5.1%) in 20
maternal deaths, the obstetric cause was not speci-
fied (Code 095).

The distributions of demographic and educational
characteristics of women who died due to direct
obstetric causes were similar to those observed for
all maternal deaths shown in Table 1. Such pattern
differed from that observed for maternal deaths due

to unspecified or indirect obstetric causes, except
for marital status (mainly single women across all
categories of cause of maternal death). Women who
died due to “other obstetric conditions, not else-
where classified” (Code O95) were predominantly
brown/coloured or of mixed races (45.5%) and had
a lower educational level [36.4% had 1-3 year(s) of
schooling]. Those who died from indirect causes
were younger (about 55% were aged 20-29 years)
and had a higher educational level (about 29% had
8-11 years of schooling) (data not shown).
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Both maternal deaths and livebirths registered in
the city of Rio de Janeiro each year decreased from
2000 to 2003. During these four years, there was
a slightly declining trend in the MMR, although
it was irregular and not statistically significant
(data not shown). Overall, approximately 60 ma-
ternal deaths occurred for each 100,000 livebirths
(MMR=59.5; 95% CI 51.6-68.4 per 100,000 live-
births) in the city of Rio de Janeiro during 2000-
2003.

The MMR varied according to maternal age: its
lowest value—39.7 per 100,000 livebirths (95% CI
30.6-51.6)—corresponded to the age-group of 20-
29 years (Fig.), thus taken as a reference category
for comparison purposes. Among the adolescents
(n=68,392 livebirths), the MMR was 18% higher
than the estimate for the age-group of 20-29 years,
i.e. 46.8 per 100,000 livebirths (95% CI 36.0-60.8).
The risk of dying due to maternal causes, as esti-
mated by the MMR, increased in older ages, reach-
ing 86.7 (95% CI 64.3-114.4) and 283.3 (95% CI
206.5-379.6) per 100,000 livebirths, respectively,
for women aged 30-39 and 40-49 years. Compared
to the age-group of 20-29 years, the MMR found for
the age-groups of 30-39 years and 40-49 years was
2.2 and 7.1 times higher respectively.

The contribution of the number of deaths due to

indirect obstetric causes was superior in the age-
groups of 20-29 years and 30-39 years when com-
pared with older ages, mainly because of HIV dis-
ease (Codes B20 to B24) and other maternal diseases
classifiable elsewhere but complicating pregnancy,
childbirth, and the puerperium (Code 099) (Fig.).

DISCUSSION

In total, 217 maternal deaths occurring in the
city of Rio de Janeiro during 2000-2003 were con-
firmed by the city’s PMMIC. Such deaths were de-
rived from a larger subset eligible for investigation
by the public-health surveillance services, which
comprises only deaths whose cause, as registered
in the death certificate was primarily due to an ob-
stetric cause or classified as a presumable cause of
maternal death, according to the routine surveil-
lance procedures. Therefore, there is a potential for
under-reporting of maternal deaths, since not all
deaths of women of childbearing age were investi-
gated. Although possible, additional under-report-
ing due to lack of registration of maternal deaths
was unlikely, since, as previously highlighted, the
SIM has a high coverage within the state of Rio de
Janeiro (8). It should, however, be emphasized that,
if maternal deaths were under-reported, the corres-
ponding risks of dying from maternal causes were
also underestimated. Even if underestimated, the

Fig. Number of maternal deaths by categories of obstetric cause of death (ICD-10) and maternal
mortality ratio per 100,000 livebirths, according to maternal age at death, City of Rio de Janeiro,

Brazil, 2000-2003
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overall MMR found in our study—>59.5 per 100,000
livebirths—still exceeded by about 3-6 times the
range of values for the MMR regarded as accept-
able by the WHO—between 10 and 20 per 100,000
livebirths (11), revealing, thus, a high risk of dying
due to maternal causes in the city of Rio de Janeiro
during 2000-2003.

Following the recommendation of the WHO for
international comparisons (9), both late maternal
deaths (Code 096, Chapter XV) and deaths from
sequelae of direct obstetric causes (Code 097,
Chapter XV) were not included in the MMR esti-
mates. Their inclusion would have obviously in-
creased maternal mortality beyond our estimates,
as they totalled 231 deaths during 2000-2003. Of
these, 217 were confirmed maternal deaths (208
classified as due to obstetric causes—Chapter XV,
except Codes 096 and 097 and nine deaths, due
to HIV disease Codes B20 to B24, Chapter I) plus
nine late maternal deaths and five deaths from se-
quelae of direct obstetric causes. The proportion of
late maternal deaths (4.0%) is considered low when
compared with those of developed countries
(5-20% of all maternal deaths). Such finding is
somewhat expected since access to treatments and
technology to prolong life may still be restricted in
developing countries (2).

The socioeconomic profile of the study women
who died from maternal causes reflects a vulner-
able social situation. In the city of Rio de Janeiro,
from 2000 to 2003, 60% of deaths of women
for whom race/colour was known were non-white
(black or brown/mixed-raced), which exceeds by
about 50% the proportion of non-white women in
the female population aged 10-49 years living in
the city in 2000 (6). Notwithstanding the difficulty
to propertly assess race/colour in Brazil, such a high
proportion of non-white maternal deaths is a very
likely reflection of social inequality (12). Schooling
is another important marker of vulnerability (13).
Considering only deaths for which data on educa-
tional level were available in the death certificate
(168), only about 62% had completed seven years
of schooling—a proportion that was much higher
than that in women aged 15 years or more living in
the city of Rio de Janeiro in 2000 (39%), further un-
derscoring the strong association of socioeconomic
status with maternal mortality (6). The finding that
as many as 57% of the deceased women were single
at the moment of death also emphasizes the im-
portance of social vulnerability in the causation of
maternal mortality (13). Global policies are impor-
tant to promote equity in health and, particularly,
to reduce maternal mortality.

Factors relating to the quality and organization of
healthcare services strongly influence the survival
of women with pregnancy-related complications
(13,14). A survey of 47 maternity hospitals in the
city of Rio de Janeiro during 1999-2001 showed
that 71.8% of postpartum women began their pre-
natal care during the first three months of preg-
nancy, with 61.5% reporting seven or more prena-
tal visits. The overall maternal health conditions
during pregnancy and delivery and the quality of
healthcare at delivery were better in public than
in private hospitals (15). Although the coverage of
public maternity services is high, the public-health
system (SUS) fails to assure a place for delivery for
all women on a timely basis (16). In addition, there
may be problems with the quality of healthcare
during the prenatal phase and delivery, which can
result in health complications to both mothers and
babies (1,14).

In our study, women who died from maternal causes
were predominately aged 30-39 years (39.2%), simi-
lar to the results reported by Horon et al. in Mary-
land, USA (46.5%) from 1993 to 2000 (17) and
unlike the studies conducted in Ankara, Turkey,
during 1982-2001 (14) and in Bangladesh during
1996-1997 (18), in which maternal deaths occurred
mainly at the age of 20-29 years (48.2% and 33.6%
respectively). On the other hand, in the city of Rio
de Janeiro, the highest risk of maternal death was
seen at the age of 40-49 years (MMR=248.9 per
100,000 livebirths). Conversely, more than one-
third of deaths occurred at the age of 20-29 years,
although at these ages the risk of maternal death
was the lowest. Such findings illustrate one of the
most fundamental axioms in preventive medicine:
a large number of people exposed to a small risk
may generate many more cases than a small num-
ber exposed to a high risk (19). Thus, appropriate
interventions aimed at reducing maternal mortali-
ty must not be based solely on a high-risk strategy
but need to encompass all women at childbearing
ages regardless of the magnitude of the age-related
risk of maternal death.

The distribution of causes of maternal deaths in
the city of Rio de Janeiro was closer to the patterns
observed in Ankara (14) and Bangladesh (18) than
to what was found in a study done in Maryland,
USA (17). Direct obstetric causes of death played a
major role in our study mainly due to eclampsia/
pre-eclampsia (hypertensive disorders). Abortion
was also an important cause of death in the city
of Rio de Janeiro, accounting for 19.0% of all ma-
ternal deaths. In the province of Santa Fe, Argen-
tina, hypertensive disorders were the main cause
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of maternal deaths in the periods before, and for a
few years after the inclusion of the pregnancy
status check-box in death certificate in 1994; how-
ever, in 2001, abortion became the most frequent
cause (20). In St. Petersburg, Russia, abortion was
the main cause of maternal deaths (35.0%) from
1992 to 2003 (21). In 2006, a systematic review was
undertaken to determine the distribution of causes
of maternal deaths worldwide: in Africa and Asia,
haemorrhage was the leading cause of death, and,
in Latin America and the Caribean, hypertensive
disorders ranked first (22). In locations where the
MMRs were low, such as Bavaria, the USA, Sweden,
and the United Kingdom, the leading cause of ma-
ternal deaths was thromboembolism which is diffi-
cult to prevent (21). HIV infection caused 4% of the
total maternal deaths in the city of Rio de Janeiro.
Thus, providing support for helping women who
need to use antiretroviral drugs before and during
pregnancy is also an important strategy for preven-
tion of maternal and also childhood deaths (1).

More efforts are needed to increase the effectiveness
of the strategies aimed at improving maternal death
report in Brazil. First, in the present study, maternal
deaths were poorly reported by the surveillance sys-
tem (coverage of about 42%). Also, the inclusion in
the death certificate of information about abortion,
pregnancy, delivery, and puerperium at or during
the 12 months that preceded deaths of women of
reproductive age, if correctly filled, would also help
improve the ascertainment of maternal deaths.
Both physicians and medical students should be
better trained on how to complete a death certifi-
cate adequately. In our study, information about
the maternal condition was properly recorded in
56% of maternal death certificates. The addition
of the maternal condition at the time of death in
the death certificate was followed by a decrease of
under-reporting of maternal deaths in the province
of Santa Fe, Argentina (18). Moreover, complete-
ness of reporting of deaths relating to pregnancy,
delivery, and puerperium could also be improved
by linking death records of women of reproductive
ages to birth and foetal death records (16). Such
strategy has already been used at the State Health
Department of Rio de Janeiro, although not in a
systematic way. Finally, more sensitive criteria to
select the death certificate for field investigation
should be adopted by the PMMIC of the city of Rio
de Janeiro and should encompass the investigation
of all pregnancy-related deaths.

In conclusion, more efforts are needed to achieve
the 2000 Millennium Development Goals of a 75%
reduction of maternal mortality by 2015 in the city

of Rio de Janeiro (1). At present, efforts are being de-
veloped by the SIM and CCMMP towards improv-
ing the quality of data on maternal deaths in Brazil,
an important step to provide programme-oriented
strategies aimed at reducing maternal mortality.
Both health sector-specific and intersectoral inter-
vention policies are important to promote the sur-
vival and well-being of mothers and their babies.
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