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Abstract

Objective: To assess the quality of data (agreement and completeness) on infant deaths in the Mortality
Information System (SIM) and in the Information System on Live Births (Sinasc), Recife, Pernambuco, Brazil.

Methods: Cross-sectional study with data on infant deaths captured in Sinasc and SIM. For the deaths, the
period 2013-2016 and the live births of 2012-2016 were used. The deterministic linkage was used. The
percentage of incompleteness of 10 variables common to both bases pre- and post-linkage was calculated.
The agreement was assessed by the Kappa index for qualitative variables and by the intraclass correlation
coefficient (ICC) for the quantitative variables.

Results: It was possible to relate 96.64% of the deaths to their respective declaration of live birth. All analyzed
variables were classified as excellent (less than 5% incompleteness), pre- and post-linkage. In Sinasc, the
greatest incompleteness was in the variable length of pregnancy (1.55%) and in the SIM, the number of
stillbirths (2.89%). The agreement was classified as almost perfect for all qualitative variables (Kappa between
0.8 and 1). All quantitative variables were excellent (ICC greater than 0.75).

Conclusion: Despite advances in the quality of SIM and Sinasc, there were still problems of completeness of
variables, especially in SIM. The linkage contributed to the improvement of information for the analysis of infant
deaths by health services and for research. Itis a technique that is easy to access and low operational cost, which
can be included in the routine of infant mortality surveillance for the continuous improvement of information.

Resumo

Objetivo: Avaliar a qualidade dos dados (concordancia e completude) dos obitos infantis no Sistema de
Informacbes de Mortalidade (SIM) e no Sistema de Informagdes sobre Nascidos Vivos (Sinasc), Recife,
Pernambuco, Brasil.

Métodos: Estudo transversal com dados de 6bitos infantis capturados no Sinasc e no SIM. Para os dbitos,
foi utilizado o periodo 2013-2016 e para os nascidos vivos, o de 2012-2016. Foi utilizado o /inkage
deterministico. Calculou-se a porcentagem de incompletude de 10 varidveis comuns a ambas as bases,
antes e apos a vinculagdo das bases de dados. A concordéncia foi avaliada pelo indice Kappa para variaveis
qualitativas, e pelo coeficiente de correlagdo intraclasse (ICC do inglés intraclass correlation coefficient) para
varidveis quantitativas.

Resultados: Foi possivel relacionar 96,64% dos dbitos as respectivas declaragdes de nascidos vivos. Todas
as varidveis analisadas foram classificadas como excelentes (menos de 5% de incompletude), antes e apds
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a vinculagdo das bases de dados. No Sinasc, a maior incompletude ocorreu na varidvel duragdo da gestagéo (1,55%), € no SIM, no nimero de natimortos
(2,89%). A concordancia foi classificada como quase perfeita para todas as variaveis qualitativas (Kappa entre 0,8 e 1). Todas as variaveis quantitativas foram
classificadas como excelentes (ICC maior que 0,75).

Concluséo: Apesar dos avangos na qualidade do SIM e do Sinasc, ainda houve problemas de completude das variaveis, principalmente no SIM. A vinculagdo
das bases de dados contribuiu para aprimorar as informagdes para a analise de obitos infantis pelos servigos de satde e para pesquisa. O linkage uma técnica
de facil acesso e baixo custo operacional, que pode ser incluida na rotina de vigilancia da mortalidade infantil para a melhoria continua das informagges.

Resumen

Objetivo: Evaluar la calidad de los datos (concordancia y completitud) de defunciones infantiles en el Sistema de Informacion de Mortalidad (SIM) y en el
Sistema de Informacion sobre Nacidos Vivos (Sinasc), Recife, estado de Pernambuco, Brasil.

Métodos: Estudio transversal con datos de defunciones infantiles registrados en el Sinasc y en el SIM. Para las defunciones, se utilizo el periodo 2013-2016
y para los nacidos vivos, 2012-2016. Fue utilizada la vinculacion deterministica. Se calculd el porcentaje de incompletitud de 10 variables comunes de ambas
bases, antes y después de su vinculacion. La concordancia fue evaluada por el indice Kappa en las variables cualitativas y por el coeficiente de correlacion
intraclase (ICC, por sus siglas en inglés intraclass correlation coefficient) en las variables cuantitativas.

Resultados: Fue posible relacionar 96,64% de las defunciones con las respectivas declaraciones de nacidos vivos. Todas las variables analizadas fueron
clasificadas como excelentes (menos de 5% de incompletitud), antes y después de la vinculacion de las bases de datos. En el Sinasc, la mayor incompletitud
ocurrid en la variable duracion de la gestacion (1,55%) y, en el SIM, en el nimero de mortinatos (2,89%). La concordancia fue clasificada como casi perfecta
en todas las variables cualitativas (Kappa entre 0,8 y 1). Todas las variables cuantitativas fueron clasificadas como excelentes (ICC mayor a 0,75).

Conclusion: A pesar de los avances en la calidad del SIMy del Sinasc, atin hay problemas de completitud de las variables, principalmente en el SIM. La vinculacion de

las bases de datos contribuy en la mejora de la informacion para el andlisis de defunciones infantiles por parte de los servicios de salud y para estudios. La vinculacion
es una técnica de facil acceso y bajo costo operativo, que puede incluirse en la rutina de la vigilancia de la mortalidad infantil para la mejora continua de la informacion.

Introduction

The infant mortality rate estimates the risk of a
child dying during the first year of life and reflects
inequalities, being considered one of the most sen-
sitive indicators of a population’s life and health
condition.’? Infant mortality rate, defined as the
number of deaths per 1,000 live births. Its reduction
is on the global agenda of developed and develop-
ing countries and constitutes a challenge for health
systems. The 4th Millennium Development Goal
was to reduce child mortality by 75 per cent over the
period 1990 to 2015; Brazil was able to comply in
advance by reducing from 29.7 deaths per thousand
live births in 2000 to 15.7 deaths per thousand live
births in 2011. The overall infant mortality rate de-
clined by 53.1 percent from 64.7 deaths per 1000
live births in 1990 to 30.3 in 2016. In Brazil the in-
fant mortality rate in 1990 was 52.6 deaths per 1000
live births, decreasing to 14.6 in 2016, however the
country presents a great variability in infant mor-
tality rates, with the largest being in the North and
Northeast regions.” For the state of Pernambuco in
2016 the infant mortality rate was 13.94 per 1000
live births. For Recife the infant mortality rate 12.09
per 1000 live births.”” In order to monitor and eval-
uate compliance with the targets for reducing child
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mortality, it is necessary that the vital statistics infor-
mation systems have reliable data.®¢

The main information recorded by the health sec-
tor on the occurrence and the circumstances of births
and deaths should be used by civil registration agen-
cies to increase notification and official registration.”
Admittedly to the monitoring of sustainable develop-
ment goals (ODS), will depend on the availability of
continuous, detailed and specific vital statistics. In this
sense, two ODS objectives relate to improving the civil
registry and vital statistics.®

For proper monitoring of progress in reducing
infant mortality, it is vital to have reliable and com-
plete vital statistics information.®” Increasingly, vital
statistics systems are being recognized as drivers of
human rights, health and development programs,
especially for women and children.” In low-income
countries, where vital statistics systems are precari-
ous, the burden of maternal and infant deaths is also
high.® Therefore, they need updated estimates and
quality information to monitor the levels and trends
of maternal and infant mortality.® This information
is necessary for the development of health indicators
and influences policy development, research and
program funding, and health care measures."”

Vital statistics systems that work properly bring
benefits not only for the formulation of public poli-



cies but also for the health of the population.!” The
maintenance of these systems is necessary to main-
tain data reliability, since they provide information
on births and deaths, and subsidize actions that seek
to improve the quality of public health.?

In Brazil, the Ministry of Health implemented
the Mortality Information System (SIM) in 1975
with the purpose of incorporating into the daily
routine of the health secretariats the systematization
of data on deaths."® The system is fed by the Death
Certificate (DC), which has information essential
for epidemiological surveillance."” In addition,
the SIM facilitates the investigation of facts about
deaths, thus offering subsidies for the investigation
of infant deaths through data as the basic cause of
death.®

Another important source of information for
the monitoring of infant mortality is the Live Birth
Information System (Sinasc), which is fed by the
Certificate of Live Birth (CLB) and has data on the
mother and newborn from pre- natal until birth.!?
Implemented in 1990 by the Ministry of Health,
Sinasc was created in order to eliminate sub-regis-
tries of births and the need to collect data on the
health of newborns and maternal characteristics.”

Several investments were made by the Ministry
of Health with the purpose of improving the quality
of SIM and Sinasc."® Although there are still differ-
ences between the regions of the country, there is no
doubt that there is an improvement in the coverage,
consistency and completeness of the information
observed in these systems.'¥ Some aspects such as
completeness and agreement of variables need to
be investigated to measure the quality of vital sta-

' Linkage enables the gain of information

tistics.(
and identifies possible errors capable of modifying
health indicators, such as the incorrect filling of the
fields in the forms.?%2)

A set of strategies to improve the adequacy of
vital statistics can be used, especially: the incorpora-
tion of the active search of events in the routine of
the municipalities, improvement of death surveil-
lance, verbal autopsy in distant locations, integra-
tion with committees prevention of maternal, fetal
and child deaths and the training of those involved
in the production of information.®?
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The use of linkage consists of the relationship of
two or more databases that have variables in com-
mon, thus allowing the identification of records of
the same individual in two or more data sources.®?
This technique is increasingly used in health studies
because it enables the improvement of information
quality, presenting low operational cost and ease of
execution.”” Through the use of database relation-
ships, it is possible to structure a more consistent
and complete database with more reliable informa-
tion and thus improve information on live births
and infant deaths, contributing to the planning and
development of public actions more assertive. The
linkage of infant births and deaths allows the use of
many variables on maternal and infant character-
istics to perform more detailed analyzes of infant
mortality that are useful to understand the basic
pattern of occurrence and its relationships. Reliable
and timely infant birth and death statistics are es-
sential for policy formulation, appropriate interven-
tions and resource allocation to address the priority
challenges of maternal and child health. In addi-
tion, the relationship of Sinasc and SIM databases
provides an opportunity to measure exposures that
occur before birth in fetal and infant outcomes. This
study aimed to assess the quality of data (agreement
and completeness) on infant deaths in the Mortality
Information System and the Information System
on Live Births, Recife, Pernambuco, Brazil.

Methods

This is a cross-sectional descriptive study, in which
the infant death records of residents in Recife
(PE), in the SIM and Sinasc banks, were assessed.
Recife has a territorial extension of 219,423 km?,
totally urban and, administratively, it is divided in
94 districts and eight sanitary districts. In the year
2016 the estimated population for the city was
1,625,584 inhabitants.”” Registered infant deaths
from January 1, 2013, to December 31, 2016,
and live births from January 1, 2012 (possibility
to redeem all CLB from deaths occurred in 2013)
as of December 31, 2016, were included in the
study. The R Project for Statistical Computing ver-
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sion 3.5.0 program was used to link the SIM and
Sinasc databases. Prior to the start of the database
relationship process, standardization and “clean-
up” were performed in the databases. The term
“newborn from” (RN from) was deleted in the
field, as well as the correction of existing abbrevi-
ations for names and verification of double spac-
es. Standardization was also made for the moth-
er’s name. To avoid doubts about the perfect pair,
some variables that could be confounding factors
were verified, such as twin newborns, duplicate
records, errors in filling vital fields such as: moth-
er’s name, gender, date of birth, and date of birth.
birth. The information contained in the CLB was
considered as a gold standard when there were di-
vergences or lack of information in the DC.

The deterministic linkage technique was applied
and the CLB number was used as the key variable,
since it is unique for each live birth and has a spe-
cific field for its filling in the DC. After the linkage,
the variables “mother’s name”, “sex” and “date of
birth” were verified for confirmation of true pairs,
doubtful pairs, and non-pairs. A manual review of
non-live birth-related DCs was done, and the ones
that were doubly checked for pairs were added us-
ing as criteria the fields mother’s name, sex and
date of birth. The date of birth was of fundamental
importance in the inclusion of the key, especially
in the longer studies, when there is the possibili-
ty of more than one birth in the studied period.
The manual relationship of death and the alive
variables allowed to complete the missing variables
for describe the characteristics of the deaths. The
percentage of linked deaths was calculated after the
linkage according to the number of pairs correctly
linked to the respective birth. In order to analyze
the incompleteness of variables were defined as the
percentage of unfilled fields, these being the blank
fields and the fields with the code 9 (ignored). The
mean of the percentage of incompleteness of each
variable. The incompleteness assess the number of
fields not filled in each variable (ignored + blank)
and was analyzed before and after the linkage. The
following criteria were used to classify incomplete-
ness: excellent (<5%); good (5 to 9.9%); regular
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(10 to 19.9%); poor (20 to 49.9%) and very bad
(= 50%).%9

The agreement verifies that the filling of a cer-
tain variable was done identically in both databas-
es. For this analysis, the variables were divided into
two types: the qualitative ones (mother’s educa-
tion, length of pregnancy, type of pregnancy, type
of delivery, sex of the child, date of birth of the
child, number of live born children and number of
stillbirths) were analyzed by the Kappa index and
the quantitative variables (mother’s age and birth
weight) by the Intraclass Correlation Coefficient
(ICC). The Kappa index this is a statistical method
for assessing the level of agreement or reproducibil-
ity between two sets of data. The ICC is a reliability
index widely used in test-retest, intra-examiner and
inter-indicator reliability analyzes.

The parameters used as the reference to classify
the Kappa index and the ICC were: excellent agree-
ment (0.80 to 1.00), substantial (0.60 to 0.79),
moderate (0.40 to 0.59), reasonable (0.20 to 0.39),
poor (0 to 0.19) and without agreement (<0).The
level of significance was 5%, so the confidence in-
tervals are constructed with 95% confidence.?” The
calculations were also performed in R program ver-
sion 3.5.0.

The research was approved by the Research Ethics
Committee of the Joaquim Nabuco Foundation

(CAAE: 90160818.7.0000.5619).

Results

There were 114,424 live births in Sinasc between
2012 and 2016 and 1,071 infant deaths in the SIM,
between the years of 2013 and 2016. In the first step
of the linkage, it was possible to match 978 (91.31%)
DC with their respective CLB. Subsequently, a man-
ual search was performed on non-linked DCs and
57 pairs (5.32%) were retrieved. Thus, 1,035 perfect
pairs (DC/CLB) were found, resulting in a linkage
rate of 96.64% (Figure 1).

All ten variables studied presented a percent-
age of incompleteness of less than 5% in both SIM
and Sinasc, being classified as excellent (pre- and

post-linkage). In the pre-linkage analysis, the SIM
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Infant deaths of resident mothers
in Recife from 2013 to 2016
n=1,071

Live births of resident mothers in
Recife from 2013 to 2016
n=114,424

Linkage

v

'

L

There was loss of DC
n=36 (3.47%)

CBL and DC Linked
n=1,035 (96.64%)

There was loss of CBL

v

v
Divergence in CLB .
number between SIM CLB number no filled

and SINASC in .
n=25 (2.41%) n=11 (1.06%)

Figure 1. Flowchart of the linkage of infant deaths with registries between Sinasc and SIM

bank had the variable ‘sex’ as the only one that pre-
sented 100% complete filling; the variable with the
highest percentage of incompleteness was ‘number
of stillbirths” (2.89%), followed by ‘length of preg-
nancy (2.67%). At Sinasc, the variables ‘date of
birth’, ‘sex’ and ‘mother’s age’ were 100% complete;
the variable ‘length of pregnancy’ had the greatest
incompleteness (1.55%), followed by ‘mother’s ed-
ucation’ (1.15%) (Table 1).

In the post-linkage, the variables ‘date of birth’,
‘sex’, ‘mother’s age’ and ‘birth weight’ had 100%
filling; the variables ‘mother’s education’ and ‘length

of pregnancy’ had the highest percentage of incom-
pleteness (0.48% each) (Table 1).

Table 1. Incompleteness (%) of the variables of infant deaths in
Sinasc and SIM, pre- and post-linkage

Variables Pre-linkage Post-linkage
SIM Sinasc SIM+Sinasc
n(%) Score n(%) Score n(%) Score
Date of birth 8(0.77) E -() E -() E
Qualitative variables
Mother's education 18(1.73) E 12(1.15) E 5(0.48) E
Length of pregnancy 27(2.67) E 16(1.55) E 5(0.48) E
Type of pregnancy 15(1.44) E 1(0.09) E 1(0.09) E
Sex -0) E 0 E -0 E
Type of delivery 17(1.64) E 1(0.09) E 1(0.09) E
Quantitative variables
Mother's age 13(1.25) E -() E -() E
Weight at birth 13(1.25) E -(-) E -() E
Number of stillbirths 30(2.89) E 1(0.09) E 1(0.09) E
Number of live born children 22(2.12) E 1(0.09) E 1(0.09) E

*E - Excellent (<5%); B - good (5 to 9%); RE-regular (10 to 19.9%); Bad (20 to 49.9%) and Very bad (> 50%)

Regarding the agreement of the variables, all had
almost perfect classification; the highest agreement
was the ‘date of birth’ variable (ICC = 0.988). The
quantitative variables the totality presented excel-
lent agreement. ‘Birth weight’ was the variable with
the highest agreement (ICC = 0.983), followed by
‘mother’s age’ (ICC = 0.981) (Table 2).

Table 2. Analysis of agreement between the common variables
of infant deaths in Sinasc

Variables Coefficient L.L U.L.
Qualitative variables!

Mother’s education 0.866 0.838 0.893
Length of pregnancy 0.813 0.785 0.842
Type of pregnancy 0.951 0.917 0.985
Type of delivery 0.967 0.951 0.982
Sex 0.970 0.955 0.984
Date of birth 0.988 0.982 0.995
Quantitative variables?

Number of live born children 0.875 0.777 0.953
Number of stillbirths 0.934 0.873 0.978
Mother's age 0.981 0.971 0.989
Weight at birth 0.983 0.980 0.986

1 Kappa coefficient; 2 Intraclass correlation coefficient; L.L. - Lower limit of the 95% confidence interval;
U.L. - Upper limit of the 95% confidence interval

Discussion

The linkage between the bases of the SIM and
Sinasc obtained a percentage of linked infant deaths
0f 96.6%. All the studied variables presented a per-
centage of successful incompleteness in SIM and

Sinasc, before and after linkage. All the analyzed
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variables presented almost perfect agreement. These
suggest a good quality (completeness and agree-
ment) of SIM and Sinasc information in Recife.
Recent studies have shown that the linkage rate in
Recife has remained above 95%, indicating the good
quality of the systems.?*** The comparison of the per-
centage of infant deaths linked with Sinasc among the
capitals of Brazil showed that in Recife more than 97%
of the registries are linked, standing out among the
highest percentages of linkage success in the country.*?
In this study, it was decided to use deterministic
linkage, considering the presence of the unique iden-
tifier (CLB number) found in both databases and the
quality of the data analyzed. Theoretically, probabilis-
tic linkage provides a truer capture in relation to deter-
ministic linkages.”¥ However, the probabilistic link-
age involves a more complicated and time-consuming
algorithm than deterministic.*” Research comparing
probabilistic and deterministic methods found that
the former was more accurate with poorer quality
data, while the latter was equally valid and faster in
high quality data.?® In Brazil, a study that compared
the percentage of associated registries between SIM
and Sinasc, observed a predominance of the determin-
istic method in 22 capitals of the country.®¥
Regarding the analysis of incompleteness, it was
verified that all SIM and Sinasc variables were classi-
fied as excellent (less than 5% incompleteness). The
evaluation of the coverage, regularity and quality of
the SIM and Sinasc information showed that there
was improvement throughout the country, with
emphasis on the North and Northeast Regions.®?
Sinasc has progressed considerably, birth coverage
is over 90% in the country, and the completeness
of variables above 97% for hospital births demon-
strates the quality and importance of information
from this system for maternal and infant health
policies.®” Likewise, SIM has been showing signif-
icant evolution in the quality of the information,
although the variability among regions persists and
problems in the completeness of the variables.?*3"
In SIM, the variables with the highest percent-
age of incompleteness were ‘number of stillbirths’
and ‘length of pregnancy’, however, were the ones
that had the greatest gain of information after the
linkage. The variable ‘number of stillbirths™ usually
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presents a high proportion of incompleteness, but
when filled, has high reliability. The lack of clarity
of this variable in the forms and filling instructions
raises doubts, such as: whether or not to include
abortions and the count of previous children. This
is reflected in filling errors and possibly contributes
to their incompleteness.®? A study that assessed the
incompleteness of neonatal deaths, identified prob-
lems in filling the variables related to reproductive
history, with errors that were systematically repeat-
ed, such as the inclusion of the current stillborn as a
live birth or previous deceased.®?

The length of pregnancy is one of the most import-
ant factors for the survival and subsequent health of the
child, besides being essential for the classification of fetal
death.®¥ The variable ‘length of pregnancy’ was pointed
out in another study as the one of worse filling between
the variables related to pregnancy and delivery; this is
able to mask facts about the care provided to the preg-
nant woman and the newborn, failing to inform vari-
ables predictive of the risk for infant death.®”

At Sinasc, the variables ‘length of pregnancy’ and
‘mother’s education’ had the highest percentage of in-
completeness. Recent evaluation of the filling of the
variable ‘mother’s education’ in the declarations of
live births in the capitals of Brazil, identified a trend
of improvement in its filling and attributed this im-
provement to the training of professionals responsi-
ble for filling and processing data and better access
to information systems.®® Specifically for Recife, the
coeflicient of incompleteness increased from 33.4
(1996) to 2.8 per thousand live births (2011), a re-
duction of 91.6%, demonstrating an unequivocal
progress in the completeness of the variable.®?

The incompleteness of the variable “length of
pregnancy” found in both systems may be related to
some factors, among them the lack of information
on the part of the woman’s companion and the lack
of information in the medical records.®

In post-linkage the variables ‘date of birth’, ‘moth-
ersage’ and ‘birth weight’ had the full fill, which shows
the gain of previously ignored/blank fields through
Sinasc for the SIM. All variables of the DC and CLB
are considered mandatory, however, it is not possible
to enter a CLB in the Sinasc without filling in the
variables gender, weight, name and age of the mother.



This fact contributed to the fact that these variables
had 100%. The availability of information in the hos-
pital records or in the pregnant woman’s card contrib-
utes to the improvement of the completeness of the
variables in the CLB, since their filling occurs near the
delivery and this facilitates the retrieval of unknown
information by the woman’s companion.®?

In the agreement analysis, the qualitative vari-
ables had almost perfect classification and the quan-
titative ones had excellent classification. Some factors
contributed to the evolution of the quality of SIM
and Sinasc variables in Recife, investments in pro-
fessional training for those involved in information
production, training to fill out instruments and
strengthening of death surveillance.**” With more
than 10 years of implementation in Recife, the strat-
egy of infant death surveillance has as one of its pur-
poses to improve the quality of information systems
and has been shown as a differential for the qualifica-
tion of vital statistics information.®” A research that
analyzed the agreement of the basic cause and the
avoidability of infant deaths after the investigation of
death surveillance showed a redefinition of most of
the basic causes, indicating the contribution of this
strategy to the improvement of the information.®¥

The limitations of the study consist in not linking
all records due to the problems already identified by
other studies (divergence in the mother’s name between
CLB and DC and absence of CLB number in DC).
94D Other limitations of the study concern potential
confounders that could compromise the identification
of true pairs. such as duplicity of registration, twinning,
spelling errors in the mother’s name. However, even
with problems in registering the variables, the linkage
of the SIM and Sinasc databases provides information
relevant to the analysis of the infant mortality profile
and can be used for research and for managers to plan
maternal and child care actions. It is important to un-
derstand the quality of the connection and the potential
bias that can be introduced in the results of the linked
data analyzes. In this study, the rate of binding was com-
parable with previous literature. However, it should be
emphasized that the evaluation of the quality of infor-
mation on infant deaths is fundamental for the contin-
uous improvement of the SIM and Sinasc and for pro-
posing measures to reduce infant mortality.
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Conclusion

Despite advances in the quality of SIM and Sinasc, there
were still problems of completeness of variables, espe-
cially in SIM. The linkage contributed to the improve-
ment of information for the analysis of infant deaths by
health services and for research. It is a technique that is
easy to access and low operational cost, which can be
included in the routine of infant mortality surveillance
for the continuous improvement of information.
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