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Abstract

Introduction: Indicators of maternal health are often used to evaluate the so-
cial development and overall health of a population, as well as the accessibili-
ty of health services. Among these indicators, the Potential Years of Life Lost,
which is associated with maternal deaths, is useful for the definition of priori-
ties, monitoring, evaluation, and intervention, identifying the highest risk
groups. Objective: To analyze the Potential Years of Life Lost by maternal
death in Santa Catarina in 2000 and 2014. Method: An Ecological study with
exploratory spatial analysis was conducted with data obtained from the In-
formation System on Mortality and Live Births. Results: In the Information
System, 35 maternal deaths in the year 2000 were identified and 24 in 2014.
The total estimated years of life lost were 845 years in 2000 and 780 years in
2014, dominated by direct obstetric causes. In 2000, women who died lost, on
average, 39.8 years of life; and 41.5 years in 2014. Conclusion: The spatial
pattern observed in 2000 highlights areas of high risk in different regions of
Santa Catarina. The greatest loss of years occurred in younger women, con-
firming the need to prevent and control maternal mortality and review strat-
egies for compliance with public policies in the State.
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1. Introduction

Maternal health indicators, particularly those related to mortality, are used to
assess the degree of social development and whether reproductive rights of
women are being upheld [1] [2]. In 22 European countries where data are avail-
able, the Maternal Mortality Ratio (MMR) was recorded as, on average, 6.3 per
100,000 live births, ranging from 0 to 29.6. The highest MMR was reported in
Estonia, with 29.6 per 100,000 live births and the lowest was in Malta with zero.
For Austria, Belgium, France and Hungary, the MMR was around the EU aver-
age (6.2 per 100,000 live births), while Sweden and Greece had 2.0 maternal
deaths per 100,000 live births [4].

Among the causes of maternal deaths, severe bleeding during pregnancy or
childbirth occupies the first place. Between 2003 and 2009, hemorrhage, hyper-
tensive disorders and sepsis were responsible for more than half of all maternal
deaths worldwide [3]; while pre-existing diseases such as diabetes, AIDS, mala-
ria, and obesity caused 28% of maternal deaths [3] [5].

In Brazil, the reduction of maternal mortality (MM) over the years has slack-
ened. The factors that have contributed to its decline include the improvement
in women’s education, increased urbanization and changes in the role of women
in society, with greater access to the job market, and the reduction in the num-
ber of children per woman. In addition to these, there is the expansion of basic
health services, with increased coverage of family planning and prenatal services,
which have been accompanied by excessive medicalization of pregnancy and
child birth contributing to high cesarean section rates, episiotomies and multiple
ultrasound examinations [6].

While estimates suggest a decline, over the years, information on maternal
mortality in Brazil indicates an under-registration of maternal deaths due to the
inadequate completion of registered causes of death [7].

Maternal mortality in Brazil has been directly associated with living condi-
tions, with differences between socioeconomic regions observed [8] [9]. In addi-
tion, obstetric complications are the main cause of hospitalization for women of
reproductive age, accounting for 26.7% of all admissions in 2008 [6].

The reduction in maternal mortality may be related to underreporting and the
low number of investigations into maternal deaths. This is also due to a lack of
financial resources, aggravated by inadequate management of the applications to
investigate deaths, a discontinuation of relevant programs, inadequate training
and management of health workers, and difficulties in securing professionals in
regions that are most in need [9] [10].

To reduce mortality rates further, it is necessary to analyze and gain a better
understanding of premature mortality. This parameter is very useful for plan-
ning and setting priorities in health, monitoring, and evaluating intervention
programs and identifying groups of women at greater risk [9].

Premature mortality can be analyzed using the Potential Years of Life Lost
(PYLL) indicator. In the calculation of the PYLL, greater weight is attributed to
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the deaths of younger people. Thus, its use provides a better comparison in
causes of death [11] [12] [13].

Therefore, with the PYLL, deaths occurring premature are quantified, which
provides an important social indicator [14]. When a death occurs at a stage of
life when greater productivity and creativity can occur, it not only deprives the
individual, but the collective society, as a whole.

In the state of Santa Catarina, Southern Brazil, the maternal mortality ratio
(MMR) was 43.3/100,000 live births, from 1996 to 2005 [15]. From 1996 to 2002,
there were 294 maternal deaths. In this period, the average MMR rose from 44.7
to 71 deaths per 100,000 live births, when the correction factor of 1.83 was ap-
plied. This historical series analysis showed that there was no downward trend of
the MMR in the period, but an increase in the last two years [16].

In this study, the authors analyze the Potential Years of Life Lost by maternal
death in Santa Catarina in 2000 and 2014.

2. Methods

This is an ecological study with an exploratory spatial analysis, in which the data
of maternal deaths occurring in the state of Santa Catarina, Brazil, in the years
2000 and 2014 are compared, with gross and smoothed rates of PYLL calculated.

The spatial distribution was disaggregated [17] [18] [19]. The instability of the
gross rates was corrected to help overcome less populated areas using spatial
smoothing by the empirical Bayesian estimator [20]. Thus, municipalities with
smaller populations will have a greater correction and cities with larger popula-
tions will have little change in their rates [21].

The 2000 and 2014 data analysis also include a comparison of the number of
maternal deaths, the maternal mortality ratio (MMR), the total number of ma-
ternal PYLL, the mean number of PYLL and the mean age of women at death,
with the percentage differences observed across the period. The indicators were
grouped by direct and indirect causes of maternal death, as well as unspecified
causes, since identifying their causes is essential to defining strategies to target
their reduction [3]. Causes were grouped according to the classification of the
Tenth Revision of the International Classification of Diseases—ICD 10 [22].

The following variables from the death certificate of women were extracted:
age at death between 10 and 49 years [23]', place of residence in Santa Catarina,
and the underlying cause of death. Deaths with the age of the woman and/or
place of residence missing were excluded from the analysis.

The maternal mortality records of the Mortality Information System (SIM)
and the Information System on Live Births (SINASC) of the Department of In-
formatics of the Brazilian National Health System (DATASUS) were used to
calculate the MMR [24].

The potential years of life lost were calculated for each group studied, using
the traditional estimation technique [14]:

'BRASIL. Ministério da Satde. Gabinete do Ministro. Portaria N° 1.119, de 5 de junho de 2008.
http://bvsms.saude.gov.br/BVS/SAUDELEGIS/GM/2008/PRT1119_05_06_2008
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upper limit
PYLL= ) aixdi

i=lower limit

where:

ai = the number of years of life remaining up to the upper limit considered,
when death occurs between the ages of 7and 7= 1 years;

di = number of deaths occurring between the ages of 7and 7+ 1 years, using
the adjustment of 0.5 when it is estimated that all deaths occurred in the middle
of the year.

The PYLL was calculated for each age group, multiplying the number of
deaths by the average number of years of life remaining up to the age of 70 years.
Total PYLL was obtained by the sum of the potential years of each age group, for
each proposed group: deaths due to direct, indirect and unspecified obstetric
causes.

The mean number of PYLLs (PYLL/death) was also calculated to express the
average number of years lost per death by a given cause. The number of PYLL
for each type of cause was divided by the number of deaths due to this type of
cause. The PYLL rate was obtained by the quotient of the total number of PYLL
and the population of women of childbearing age (WOCBA) in a given period,
multiplied by 100,000. The gross PYLL rate expresses the number of years lost
for every 100,000 women of childbearing age.

The units of spatial analysis were the 293 municipalities of the state of Santa

Catarina.

3. Results

The total number of maternal deaths in the state of Santa Catarina in 2000 and
2014 was 35 and 24 deaths, respectively. Table 1 shows the data obtained in the
descriptive analysis and the PYLL for each group of deaths due to obstetric
causes.

At the time interval studied, there were no changes in the ranking of the caus-
es of death, with direct maternal death being the main cause of the loss of PYLL,
totaling 845 years in 2000 and 780 years in 2014. Hypertensive disorders, termi-
nation of pregnancy, and hemorrhage were the main causes that led to death.
The proportion of deaths from unspecified causes fell by 50%, from 8.6% in 2000
to 4.2% in 2014.

The municipalities of Criciima, Chapec6, and Itajai (with more than 100,000
inhabitants each) had the highest total number of PYLL in 2000. The same oc-
curred in 2014, particularly in the municipalities of Itajai, Blumenau, and Join-
ville (with more than 100,000 inhabitants each) and Cagador with approximately
80,000 inhabitants.

The average age of women at death occurred earlier, from 30.2 years in 2000
to 28.5 years in 2014, considering all groupings of causes. However, deaths from
indirect causes occurred at the lower average maternal age of 27 years in 2014.

The PYLL/death revealed an increase in the average number of years lost
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Table 1. Indicators grouped by direct, indirect and unspecified maternal causes of death
in 2000 and 2014, Santa Catarina, Brazil.

Year Direct causes Indirect causes Unspecified causes Total

Maternal deaths

2000 21 11 3 35
2014 19 4 1 24
% Difference -9.5 —63.6 —66.7 -31.4

Maternal Mortality Ratio

2000 22.1 11.6 3.2 36.9
2014 204 4.3 1.1 25.7
% Difference -8.0 -63.0 —66.1 -30.3

Potential Years of Life Lost

2000 845 430 118 1393

2014 780 173 42 995
% Difference -7.7 -59.8 —64.4 -28.6

PYLL/Death

2000 40.2 39.1 393 39.8

2014 41.1 43.3 42.0 41.5
% Difference 2.0 10.6 6.8 4.2

Mean age of death

2000 29.8 30.9 30.7 30.2

2014 289 26.8 28 28.5
% Difference -2.7 -13.5 -8.7 -5.5

PYLL rate

2000 48.0 24.42 6.70 79.1

2014 37.4 8.29 2.01 47.7
% Difference -22.2 —66.1 -70.0 -39.8

across all three groupings of causes. In 2000, women lost 39.8 years; while in
2014, there were 41.5 years lost, on average.

The rate of PYLL decreased by 40%, from 79.1 years in 2000 to 47.7 PYLL per
100,000 women of childbearing age in 2014. Direct causes remained the most
significant cause of death in the population.

In Figure 1, State maps displaying the Gross PYLL Rate for the years 2000 and
2014 are presented. 268 (91.46%) municipalities were found to have a zero rate.
Subsequently, the rate was calculated for only 25 municipalities where maternal
deaths occurred in 2000. In 2014, there were 277 (93.89%) municipalities with a
zero rate, and 18 with the occurrence of maternal death.

The gross PYLL rates that stood out for the high values in the year 2000 were

municipalities with a small population: Bela Vista do Toldo, Nova Itaberaba,
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Figure 1. Spatial distribution of PYLL rates for maternal deaths in women of childbearing
age in 2000 (a) and 2014 (b), Santa Catarina.

Guaruja do Sul, Timbé Grande, and Lontras. In 2014, the municipalities of
Caxambu do Sul, Ouro, Monte Castelo and Monte Carlo also maintained high
values.

In Figure 1, a spatial pattern can be observed in 2000 in the municipalities of
the Alto Vale do Rio do Peixe (Curitibanos, Fraiburgo, Santa Cecilia, Timbd
Grande and Lontras); while in the year 2014, a random distribution of rates was
identified.

The PYLL rates smoothed by the local Bayesian method demonstrate a re-
gional pattern for 2000 and 2014. After spatial smoothing, the municipalities no
longer presented zero values, as they incorporated in their estimated rates the
underlying pattern of the region in which they are inserted. Figure 2 shows the
smoothed rates, ranging from 7.84 to 4.316.82 PYLL/100,000 women of
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Figure 2. Spatial distribution of local Bayesian rates of PYLL for maternal deaths in
women of childbearing age in 2000 (a) and 2014 (b), Santa Catarina.

childbearing age in 2000 and from 19.82 to 3.522.95 PYLL/100,000 in 2014. The
spatial pattern in 2000 is highlighted by the increase in areas with a high risk of
PYLL in different regions of the State.

4. Discussion

The results reported herein show that, in Santa Catarina, there was a reduction
in maternal mortality between 2000 and 2014, which was lower than estimates
presented in a previous Brazilian study [2]. Despite the downward trend in the
period 1990-2011, the results indicate that the MMR values in Brazil are still
high, being 3 to 4 times higher than estimates reported in comparable developed
countries at the beginning of the 2010 decade.

Reducing maternal mortality is a policy commitment in Brazil, given that its
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government endorsed an agreement to target its reduction and in so doing, the
objectives of the Millennium Development Goals and subsequent Sustainable
Development Goals. Therefore, maternal and child health indicators should be
analyzed through government actions to promote social and economic devel-
opment [6].

The reduction of MM observed in the state of Santa Catarina requires further
research in the form of surveys and time series analysis, for an in-depth assess-
ment and further investigations. Among these investigations there is the life his-
tory of women and the occurrence of diseases that may adversely impact on their
health in the pre-conception period and may not receive adequate attention,
with adequate diagnosis and ongoing treatment before, during and after gesta-
tion. It is also necessary to consider whether maternal deaths are associated with
a low demand for health services by women leading up to death, a low capacity
of health services in the 293 municipalities in the State, a low quality of health
records and minimal investigation into the cause of death in women of child
bearing age.

It should be noted that the Death Certificate, in Brazil, is completed by a doc-
tor who often did not care for or treat the woman during pregnancy, which may
be a determining factor in the lack of recognition of the antecedent causes lead-
ing to death [25]. In addition, the quality of clinical data and diagnoses recorded
in medical-hospital charts and maternity records does not necessarily match the
physician’s statement n the death certificate [26]. Although, it is recognized that
the quality and validity of mortality data depends primarily on the quality and
accuracy of the death certificate [13].

Ongoing efforts to qualify birth registries, and thus increase reliable data on
pregnancy-related mortality, with the use of household surveys and censuses
should be encouraged and, thus, improve global indicators of maternal mortali-
ty. It is also necessary to monitor female mortality from all causes to help track
maternal mortality [27].

Despite the coverage of the health services, maternal deaths, related to the
prenatal, childbirth and postpartum period, did experience a reduction (9.5%) in
the time period studied. The causes of death (hypertensive disorder, termination
of pregnancy and hemorrhage) continued to be observed. These causes are con-
sidered to be avoidable through adequate attention to women during pregnancy
and the puerperal period. This situation demonstrates the need for a review and
appropriate changes to the schedule and model of prenatal care and delivery of-
fered in the State. The prevalence of direct obstetric causes, represented by ar-
terial hypertension and hemorrhage, followed by puerperal infection and termi-
nation of pregnancy has also been identified in other Brazilian States [28] [29].

In order to reduce maternal morbidity and mortality, well-structured mater-
nity services must be ensured, with the implementation of planned interven-
tions, based on scientific evidence and applied in practice by health institutions
and regulatory agencies, by trained and competent health care professionals [30]
[31].
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Every maternal death must be understood as a failure of the health system and
as a violation of human rights [2]. The potential years of life lost identified in
this study demonstrates that women are dying younger of maternal causes. In
Brazil, from 2000 to 2009, a higher frequency of maternal deaths was identified
in the age group 20 - 29 years (41.85%), followed by the age range between 30
and 39 years [32]. The average age of maternal death in the State of Santa Cata-
rina follows the same trend reported in the country, that is, women are dying
prematurely, thus increasing the PYLL.

Studies have also reported an association between the risk of premature death
and the socioeconomic characteristics of the place of residence [33]. Therefore,
the PYLL calculation provides an overview of premature deaths in a population
and is also an important component in identifying diseases and areas that re-
quire greater attention from health policy makers when dealing mostly with
preventable deaths [13] [34].

The absolute numbers of PYLLs were concentrated in more densely populated
municipalities, confirming the premise that areas of higher population density
have higher PYLL values when compared to areas of smaller population density,
justifying the need to calculate and analyze PYLL rates.

The rate of PYLL decreased by 40%, from 79.1 to 47.7 PYLL/100,000 women
of childbearing age in the study period. The proportion of deaths that occurred
due to direct obstetric causes highlights the potential for preventing maternal
deaths and reflects the high socioeconomic cost, which is in line with the asser-
tion that maternal mortality is mostly preventable and represents a violation of
human rights [2] [6] [7].

Among the limitations of this study is the exclusive use of PYLL, as non-fatal
cases, even with high frequency, are not represented, since only the cause-of-death
statistics were used. In addition, the quality of mortality data was not controlled,
as the secondary data was accessed and was susceptible to the completion of the
death certificate by the reporting physician. It is also important to consider the
possibility of incorrect and/or incomplete death certificates, as the physician
may not attribute the importance of the woman’s condition in the period leading
to the time of death; indicated infields 43 and 44 of the death certificate, as well
as the non-completion of the time interval between childbirth and death, if rele-
vant. There may also be errors in data entry, with coders assigning the basic
cause of death [6] [9] [25] [26].

In comparing the years studied, maternal deaths in Santa Catarina have oc-
curred in younger women, increasing the potential years of life lost. In addition,
the high variability in the data calculated by the PYLL rate, with high standard
deviations, indicates that new analyses should be carried out, especially with a

historical case series, in order to identify regional differences.
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