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ORIGINAL ARTICLE

ABSTRACT

Objective: To estimate the death registration coverage of women of childbearing age (WCA) in the Hospital Information System (SIH), 
according to the hospital of occurrence and to verify the predictors associated with coverage. Methods: Descriptive ecological study with 
public data from SIH, Mortality Information System (SIM) and National Registry of Health Establishments (CNES), 2012–2020. Deaths in 
WCA hospitalizations in SIH were compared to those in SIM. Coverage was calculated by the proportion of deaths in SIH in relation to SIM. 
Supervised classification models — decision tree and random forest — were used to identify hospital characteristics related to coverage. 
Results: WCA death registration coverage was estimated at 78.0 and 71.8% after excluding hospitals with >100% coverage. Lower coverage 
was observed in the North region (67.7%) and higher in the South (76.9%). There was an increase in coverage from 69.0% to 74.4% in 
the period examined. The main factors predicting coverage were urgency/emergency facility, administrative management level, hospital 
complexity, proportion of adult beds covered by SUS and teaching activity, with lower coverage in those with an urgency/emergency facility 
and greater coverage in those of higher complexity, in federal hospitals, those with teaching activity and higher proportion of adult beds 
covered by SUS. Flaws in the CNES registration were identified in SIM. Conclusion: The coverage of WCA death registration in SIH in the 
country is high and growing. Regional differences reinforce the need for strategies to improve the quality of information systems.
Keywords: Statistical databases. Information systems. Death. Medical assistance.
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INTRODUCTION

The Hospital Information System of the Unified Health 
System (SIH/SUS), implemented in 1991 with the aim of 
reimbursing expenses for hospitalizations in public hos-
pitals and hospitals affiliated with SUS1, has been used to 
analyze in-hospital mortality in several areas of care and 
for different purposes, including temporal analyses2, com-
parison of mortality rates between services3, assessment 
of underreporting of diseases subject to compulsory no-
tification4, and study of specific causes5,6. Particularly in 
the area of   maternal and perinatal health, studies have 
assessed fetal and neonatal mortality7,8 and in-hospital 
maternal mortality9,10.

However, for the SIH/SUS to be used to study in-hospi-
tal mortality, it is necessary to assess the coverage of death 
registration in this system11. Two previous studies assessed 
the coverage of death registration in SIH/SUS12,13. Ama-
ral12,  in 1998, compared the registration of deaths in the 
Mortality Information System (SIM) and in SIH/SUS in Bra-
zilian capitals. The death records were compared according 
to the place of occurrence, and deaths that had received 
medical care were selected from SIM. Machado et al.13 com-
pared hospital deaths reported in SIM with those reported 
as a result of SUS and non-SUS hospitalizations in 2009.

No studies were identified that evaluated the coverage 
of maternal death registration in SIH/SUS, but one study 
compared the maternal mortality ratio (MMR) estimated 
with data from SIM and SIH/SUS10. The authors of this study 
did not find significant differences between MMR estimat-
ed by the two systems and concluded that it is possible to 
use the SIH/SUS as a complement for studies of maternal 
mortality and morbidity10, with one advantage of SIH/SUS 
being the faster availability of death data compared to SIM7.

However, some particularities of maternal deaths make 
it difficult to compare records of these deaths in SIM and 
SIH/SUS. Maternal deaths have a specific definition, based 
on the time of death—during pregnancy, childbirth, or up 
to 42 days after the end of pregnancy—and on the under-
lying causes of death according to the International Clas-
sification of Diseases (ICD)14. A meta-analysis including 29 
studies conducted in several countries estimated underre-
porting of maternal deaths at 39% (95%CI 30-48%), due to 
incomplete data or classification errors15. In Brazil, mater-
nal deaths are subject to mandatory investigation, aiming 
to reduce underreporting and improve the quality of infor-
mation, with investigation coverage exceeding 90%. In SIH/
SUS, however, it is not possible to adequately classify ma-
ternal deaths, since the date of end of pregnancy is not 
available to identify deaths occurring up to 42 days after 
the end of pregnancy. Furthermore, the causes of death 
are not always filled in on the Hospital Admission Authori-
zation (AIH), and these are not subject to investigation, with 
the cause recorded by the hospital team being available, 
subject to classification errors16. 

The identification of obstetric hospitalizations is not 
simple, as there is no specific field that allows their iden-
tification. Authors have used definitions based on ICD, 
procedures and type of billing10,17-20, resulting in different 
classifications. Furthermore, not every hospitalization of a 
pregnant woman is an obstetric hospitalization, as it can be 
caused by chronic diseases and non-obstetric causes, such 
as external causes.

For all these reasons, we consider that the evaluation 
of the death record of women of childbearing age (WCA) is 
more appropriate for evaluating the coverage of death re-
cords in SIH/SUS than that of maternal deaths. WCA deaths 
only require the appropriate registration of sex and age 
in the AIH, a form that must be completed for all publicly 
funded hospitalizations, regardless of the reason for hospi-
talization and cause and time of death. Furthermore, ma-
ternal death surveillance begins with the investigation of 
WCA deaths, implemented in the country in 200821, with 
the aim of identifying unreported maternal deaths and re-
ducing underreporting of maternal deaths.

With the aim of contributing to the use of SIH/SUS 
for the study of in-hospital maternal mortality, this study 
aimed to evaluate the national coverage of WCA death reg-
istration in SIH/SUS, according to the establishment of oc-
currence of hospitalization, and to verify the institutional 
predictors of adequate coverage.  

METHODS

Study design
Ecological study using data from SIH/SUS, SIM and the 

National Registry of Health Establishments (CNES), publicly 
available, from 2012-2020.

Data source and processing
The SIM and SIH/SUS data were collected by the micro-

datasus package of the R software22 (https://github.com/rf-
saldanha/microdatasus), and the CNES data were collected 
by downloading the files from the Data Science Platform 
Applied to Health (PCDaS/Fiocruz) (https://pcdas.icict.fi-
ocruz.br/).

In SIM, all death certificates (DCs) of WCA (10 to 49 years 
old) that occurred in the period 2012–2020 in public or pri-
vate hospitals with adult beds covered by SUS were select-
ed. Data from the CNES were used to identify these hos-
pitals. DCs without CNES registration or with invalid CNES 
were excluded from the analysis. 

In SIH/SUS, all AIH for women aged 10 to 49 years old 
issued between 2012 and 2020 were selected. AIH with 
an unfilled or invalid CNES number were excluded from 
the analysis. 

In the CNES, all establishments that had adult beds 
covered by SUS in the period 2012–2020 were identified, 
and an annual database was prepared for each establish-
ment, containing: CNES number; administrative manage-
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ment (categories municipal, state, federal, private, not 
reported); number of adult beds (total and those covered 
by SUS); hospital complexity (variable “NIV_HIER”, with cat-
egory “5” being low complexity, “6” and “7” medium com-
plexity, “8” high complexity and “9” not reported); teach-
ing activity (variable “ACTIVITY”, with category “1” being a 
university hospital, “2” and “3” other types of teaching, “4” 
without teaching activity and “99” not reported); existence 
of emergency/urgency services (variable URGEMERG, with 
category “1” indicating an emergency/urgency facility 
and “0” indicating no). The choice of these variables was 
based on expert evaluation and available studies on the 
subject5,10,12,13. Since the CNES database is monthly, the av-
erage was used for quantitative variables and the mode 
for qualitative variables to construct the annual database. 
The same criterion was used for the analyses related to 
the period 2012–2020. Establishments that did not have 
“adult beds covered by SUS” throughout the period were 
excluded from the analysis. 

Analysis of death coverage of women of 
childbearing age in the Hospital Information System/
Unified Health System

The coverage of WCA death records in the SIH/SUS by 
health facility was calculated using the number of WCA 
AIH with discharge type “death” as the numerator, and the 
number of WCA deaths recorded in SIM in the same facility 
and year of occurrence as the denominator, multiplied by 
100. In the AIH, hospital discharges due to death were iden-
tified in the variable “charge (reason for closure)”, response 
options 4.1, 4.2, 4.3, 6.5, 6.6 and 6.7. The identification of 
records in the two databases used the CNES code and the 
year as the key.

Subsequently, the facilities were grouped by federative 
unit (FU), and the coverage was calculated by FU, macro-re-
gion of the country and country. Total coverage was calcu-
lated, considering all records, and coverage after excluding 
hospitals with death records in SIH/SUS greater than 100%, 
for having been considered values   resulting from registra-
tion errors.

Finally, the temporal trend of death coverage was eval-
uated, after excluding hospitals with coverage greater than 
100%, for the country and the macro-region using Spear-
man’s correlation23. 

Analysis of predictors of death coverage
Initially, an exploratory analysis was performed to de-

termine the coverage of death registration according to 
hospital characteristics:
1. Administrative management (municipal, state, federal, 

private, no information); 
2. Proportion of adult beds covered by SUS (ratio between 

the number of adult beds covered by SUS and the total 
number of adult beds in the hospital unit, categorized 
into quartiles); 

3. Size of the hospital (up to 50 beds “small”, 51 to 150 
“medium”, 150 to 500 “large” and more than 500 beds 
“extra capacity”); 

4. Hospital complexity (low, medium or high); 
5. Teaching activity (university hospital, other type of 

teaching, no teaching activity, not informed); and
6. Emergency/urgency facility (yes or no).

Subsequently, supervised classification statistical mod-
els — decision tree and random forest — were used to 
identify the most relevant factors for predicting coverage. 
In both models, records with “no information” for the vari-
ables evaluated were excluded, resulting in the exclusion 
of 3.7% of the total records. For the decision tree, training 
data were used in a 60/40 ratio, i.e., 60% for training and 
40% for testing in the database, with a record coverage 
equal to or greater than 90% being used as the adequacy 
parameter24. The order of importance of the hospital profile 
variables was analyzed using a random forest model, con-
sidering the same parameters as the decision tree model. 
The Mean Decrease Gini metric was also used, which as-
sesses the importance of the variables in this model (cal-
culated based on the average reduction in Gini impurity 
that each variable contributes across all trees in the forest). 
Gini impurity is a measure of the homogeneity of the data 
in a node of the tree. The lower the impurity, the greater 
the tendency for a node to contain mainly samples from a 
single class, while an impure node contains samples from 
several different classes. In both models, the positive class, 
that is, the one that represents the category to be identified 
or predicted, was defined as “inadequate” (record coverage 
less than 90%). 

For the analysis, the R software in Rstudio25 was used. 
This study used only unidentified public access databases 
and was exempt from ethical assessment.

RESULTS

In the period 2012-2020, 597,187 WCA deaths were iden-
tified in SIM. After excluding the DCs of non-hospital deaths, 
with unfilled out or nonexistent CNES, or that occurred in 
hospitals without adult beds covered by SUS  (total 235,778), 
361,409 DCs of WCA deaths that occurred in hospitals with 
adult beds covered by SUS were identified. In the same pe-
riod, 263,249 deaths in WCA hospitalizations were identified 
in SIH/SUS, all with an existing CNES record. In both data-
bases, 333,634 DCs and 260,327 AIH with the same CNES 
number were identified, resulting in a national death reg-
istration coverage of 78%, with a reduction to 71.8% after 
excluding hospitals with coverage greater than 100% (Fig-
ure 1). DCs with unfilled out or invalid CNES excluded from 
the SIM database corresponded to 3.7% of deaths in hospi-
tals, with the largest exclusions observed in Goiás, Amapá, 
Maranhão and Tocantins. DC and AIH excluded because of 
lack of correspondence in the CNES resulted in a loss of 7.7% 
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of WCA deaths recorded in SIM and 1.1% of those recorded 
in SIH. The states with the greatest loss of deaths in SIM due 
to CNES without correspondence were Goiás, Maranhão, Rio 
Grande do Norte, Piauí and Roraima.

The only FU with coverage greater than 100% was the 
Federal District. After excluding hospitals with coverage 
greater than 100%, the coverage ranged from 67.7% in the 
North region to 76.9% in the South region. The states with 
the highest coverage were Pernambuco (79.2%), Paraná 
(78.6%), Santa Catarina (77.8%) and Tocantins (77.6%), 
while those with the lowest coverage were Amapá (57.6%), 
Amazonas (60.9%), Alagoas (64.3%) and Paraíba (64.7%) 
(Table  1). The South region had the highest coverage 
throughout the period (76.9%, 95%CI 75.8–78.0), and the 
North region had the lowest (67.6%, 95%CI 65.0–70.2). 

An increase in national coverage was observed during 
the period, increasing from 69% in 2012 to 74.4% in 2020. 
The trend of increasing coverage of WCA deaths in the peri-

od analyzed was significant in all macro-regions, except the 
Central-West (Figure 2). 

In the descriptive analysis of the characteristics of the 
establishment associated with the coverage of WCA death 
registration at the Brazilian level, we found that the highest 
values   were observed in larger establishments (84.4% ex-
tra capacity, 74.8% for large-scale, 69.2% for medium-scale 
and 54.9% for small-scale), at the federal level (81.6%, fol-
lowed by the private level, with 73.5%; state, with 72.2%; 
and municipal, with 65.5%), with a higher proportion of SUS 
adult beds (72.3% third quartile [cut-off 91.5% of the pro-
portion], 74.2% coverage second quartile [cut-off 84.4% of 
the proportion] and 68.1% first quartile [cut-off 70.9% of 
the proportion]), with teaching activity (university, 80.5%; 
other types of teaching 76.9% and without teaching ac-
tivity, 68.3%), of greater complexity (high 74.2%, medium 
64.4%, low 59.8%) and without emergency/urgency facili-
ties (78.2% without facilities and 71.6% with facilities).

SIH/SUS: Hospital Information System of the Unified Health System; DC: Death certificate; SIM: Mortality Information System; CNES: National 
Health Establishment Registry; AIH: Hospital Admission Authorization.
Figure 1. Flowchart of the analysis of the coverage of deaths of women of childbearing age in the Hospital 
Information System of the Unified Health System. Brazil; 2012–2020.
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In the decision tree, the variables “emergency/urgen-
cy facilities” and “teaching activity” appeared in the first 
nodes of the tree. The following were classified as having 
the highest probability of inadequate coverage: hospitals 
with emergency/urgency facilities, without teaching activ-
ities at the state, municipal and private levels (51% of the 
total base); and hospitals with emergency/urgency facili-
ties, with teaching activities, of high complexity and with a 

proportion of SUS adult beds <70% (2% of the total base) 
(Figure 3). In the random forest, the main predictors of 
WCA death coverage were having an emergency/urgency 
facility, teaching activity, proportion of adult beds covered 
by SUS, administrative management and level of complex-
ity (Figure 4).

The two models showed similar accuracies — around 
66% —, but with slightly different performances regarding 

Table 1. Assessment of coverage of deaths of women of childbearing age by macro-region and federative unit in the 
Hospital Information System of the Unified Health System. Brazil; 2012–2020.

FU/HIS

SIM SIH SIM/SIH comparison

Total deaths of 
women aged 
10-49 years 

(WCA)

Total deaths of WCA in hospitals 
with adult beds covered by SUS 

with a completed and valid 
CNES record 

WCA 
deaths with 

completed and 
valid CNES 

DC and AIH with valid and 
equal CNES in both databases

Coverage 
of WCA 
deaths

Coverage 
in  ≤100%*

n n (%) N
SIM SIH

% %
N %† n %‡

North 51,134 30,659 60.0 20,604 27,902 91.0 20,304 98.5 72.8 67.7

AC 2,394 1,533 64.0 1,054 1,449 94.5 1,047 99.3 72.3 69.3

AM 11,440 7,182 62.8 4,206 6,454 89.9 4,151 98.7 64.3 60.9

AP 2,260 1,560 69.0 929 1,524 97.7 921 99.1 60.4 57.6

PA 23,974 13,862 57.8 9,467 12,522 90.3 9,303 98.3 74.3 69.7

RO 4,898 2,998 61.2 2,095 2,628 87.7 2,084 99.5 79.3 68.6

RR 1,757 1,087 61.9 846 1,047 96.3 845 99.9 80.7 76.9

TO 4,411 2,437 55.2 2,007 2,278 93.5 1,953 97.3 85.7 77.6

Northeast 167,112 101,342 60.6 70,734 90,810 89.6 69,622 98.4 76.7 70.5

AL 10,838 6,986 64.5 4,503 6,658 95.3 4,485 99.6 67.4 64.3

BA 45,762 27,169 59.4 18,796 24,655 90.7 18,364 97.7 74.5 70.6

CE 24,951 15,127 60.6 10,021 13,519 89.4 9,878 98.6 73.1 69.6

MA 19,807 10,991 55.5 7,608 9,488 86.3 7,535 99.0 79.4 72.0

PB 11,651 7,575 65.0 4,766 6,868 90.7 4,755 99.8 69.2 64.7

PE 29,058 18,004 62.0 14,197 16,054 89.2 13,950 98.3 86.9 79.2

PI 9,371 5,717 61.0 4,530 5,016 87.7 4,512 99.6 90.0 65.4

RN 9,045 5,561 61.5 3,587 4,827 86.8 3,484 97.1 72.2 68.4

SE 6,629 4,212 63.5 2,726 3,725 88.4 2,659 97.5 71.4 64.6

C-West 46,840 26,188 55.9 19,506 23,266 88.8 19,382 99.4 83.3 72.5

DF 7,018 4,236 60.4 4,579 3,937 92.9 4,561 99.6 115.8 77.5

GO 20,830 10,431 50.1 6,824 8,936 85.7 6,772 99.2 75.8 71.0

MS 8,425 4,988 59.2 3,543 4,562 91.5 3,528 99.6 77.3 73.3

MT 10,567 6,533 61.8 4,560 5,831 89.3 4,521 99.1 77.5 72.7

Southeast 251,355 150,144 59.7 111,511 141,734 94.4 110,580 99.2 78.0 71.5

ES 11,434 6,937 60.7 4,598 6,436 92.8 4,566 99.3 70.9 67.7

MG 59,142 35,165 59.5 26,598 32,755 93.1 26,218 98.6 80.0 75.9

RJ 60,313 34,218 56.7 23,508 31,633 92.4 23,371 99.4 73.9 65.6

SP 120,466 73,824 61.3 58,807 70,910 96.1 56,425 99.3 79.6 72.7

South 80,746 53,076 65.7 40,894 49,92 94.1 40,439 98.9 81.0 76.9

PR 31,370 19,718 62.9 15,707 18,655 94.6 15,585 99.2 83.5 78.6

RS 31,692 21,716 68.5 16,124 20,220 93.1 15,891 98.6 78.6 74.8

SC 17,684 11,642 65.8 9,063 11,047 94.9 8,963 98.9 81.1 77.8

Brazil 597,187 361,409 60.5 263,249 333,634 92.3 260,327 98.9 78.0 71.8

FU: Federative unit; HIS: Health Information System; SIM: Mortality Information System; SIH: Hospital Information System; WCA: Women 
of childbearing age (10 to 49 years); SUS: Unified Health System; CNES: National Registry of Health Establishments; DC: Death certificate; 
AIH: Hospital Admission Authorization; C-West: Central-West.
*Coverage after exclusion of hospitals with coverage >100%; †Proportion of DC with completed and valid CNES identified in SIH/SUS; ‡Proportion 
of AIH with completed and valid CNES identified in SIM.
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predictions of establishments with or without adequate 
coverage. The decision tree showed a higher positive pre-
dictive value (82.4 vs. 72.4%) and specificity (37.9 vs. 21.9%), 
while the random forest presented greater sensitivity (85.3 
vs. 72.8%) and negative predictive value (38.2 vs. 25.7%).

DISCUSSION

The results found in this study show a national coverage 
of WCA death registration in SIH/SUS of 71.8%, with an in-
crease in the period 2012–2020. The highest coverage was 

observed in more complex services, at the federal level, 
with a higher proportion of adult beds covered by SUS and 
in teaching hospitals; the lowest coverage was observed in 
hospitals with emergency/urgent care facilities.

Comparison of our results with previous studies con-
ducted in the 1990s and 2000s suggests an increase in 

Figure 2. Time series of coverage of deaths of women 
of childbearing age in the Hospital Information System 
of the Unified Health System by macro-region of the 
country. Brazil; 2012–2020.

Urgency/emergency facility = [1] Yes

Teaching activity = [3] No activity

Adm. management = [2] State,[3] Municipal,[4] Private Hospital complexity  = [1] High

Prop. of adult beds covered by SUS < 70

[2] No

[1] University,[2] Other forms of teaching

[1] Federal [2] Medium,[3] Low

 >= 70

[2] Adequate
0.54

100%

[1] Inadequate
0.41
74%

[1] Inadequate
0.32
53%

[1] Inadequate
0.30
51%

[2] Adequate
0.94
2%

[2] Adequate
0.63
20%

[2] Adequate
0.51
13%

[1] Inadequate
0.17
2%

[2] Adequate
0.58
11%

[2] Adequate
0.85
7%

[2] Adequate
0.91
26%

SIH/SUS: Hospital Information System of the Unified Health System; Adm. Management: administrative management (state, municipal, private, 
federal); Prop. of adult beds covered by SUS: proportion of adult beds covered by SUS in relation to the total number of adult beds available.
Figure 3. Decision tree for coverage of death registration of women of childbearing age in SIH/SUS. Brazil, 2012–2020.

Mean Decrease Gini: parameter used to assess the importance 
of variables in the model; hospital complexity: level of hospital 
complexity (low, medium, high); Adm. Manag.: administrative 
management (municipal, state, federal, private, not indicated); 
prop. of adult beds SUS: proportion of adult beds covered by SUS in 
relation to the total number of adult beds available; teaching activity: 
university, other types of teaching, no teaching activity; Urg/emerg: 
existence of urgency/emergency physical facility (yes/no).
Figure 4. Random Forest of Death Record Coverage of 
Women of Childbearing Age in the Hospital Information 
System of the Unified Health System. Brazil; 2012–2020. 
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death registration coverage, but these data should be ana-
lyzed with caution, because of differences in the methods 
used. Amaral12, in a study conducted in 1998, estimated that 
death registration coverage in the female population was 
52.4%, with decreasing coverage according to age group: 
89.3% in the population aged 5–14 years, 80.8% in the pop-
ulation aged 15–24 years, 71% in the population aged 25–
44 years, and 62.5% in the population aged 45–54 years. In 
this study, deaths from SIH/SUS were compared to deaths 
in SIM that had a medical care record, with no information 
regarding the service, whether public or private. This meth-
od of calculation may have underestimated the coverage 
of SIH/SUS records, since the total number of deaths with 
medical care recorded in SIM included deaths in public and 
private services, while deaths recorded in SIH/SUS refer 
only to hospitalizations in public services.

Machado et al.13 estimated that the coverage of deaths 
recorded in hospitalizations under SUS and non-SUS was 
56.8% in 2009, while the coverage in public services was 
57.8%. Non-SUS deaths were estimated on the basis of the 
number of deaths of health plan beneficiaries disclosed by 
the ANS on the internet, while SUS deaths were estimat-
ed by the difference between the total number of deaths 
in the SIM and the non-SUS deaths. Failures in the regis-
tration and communication of deaths in private services 
may have overestimated the number of deaths in public 
services in SIM and resulted in lower coverage of records 
in this sector.

Similar to what was observed in this study, lower cov-
erage was observed by Machado et al.13 in the North re-
gion and higher coverage in the South region. More com-
plex, larger services, with teaching activities and with a 
higher proportion of adult beds covered by the SUS were 
those that showed the highest coverage of recorded 
deaths, and it is likely that the distribution of these ser-
vices is uneven in the country, affecting coverage by re-
gion. However, it is worth noting the significant increase 
in death registration coverage in the North region during 
the period evaluated, with a reduction in the difference in 
relation to other regions.

Greater coverage of death registration in services with 
a higher proportion of SUS beds would be an expected re-
sult, since not all deaths occurring in services affiliated with 
SUS are publicly funded and are registered in SIM but not 
in SIH/SUS. This was one of the explanations for the lower 
MMR estimated in SIH/SUS in relation to SIM in the study 
conducted by Ranzani et al.10. On the other hand, greater 
coverage in larger, more complex services with teaching 
activities may reflect a better structure and organization 
of the medical registration and documentation systems in 
establishments with these characteristics. Greater cover-
age of hospitalization registration in larger hospitals had 
already been reported by Machado et al.13, as well as better 
performance of hospital management in larger and more 
complex hospitals26.

The factor that most affected death registration cover-
age was the existence of an emergency/urgent care facility 
in the hospital. Lower death registration in hospitals with 
emergency/urgent care services had previously been re-
ported in a study that assessed mortality from acute myo-
cardial infarction5. Our hypothesis for this result is that in 
these hospitals, death certificates are issued for patients 
admitted to the emergency/urgent care unit who died, 
without the corresponding issuance of an AIH for these 
same individuals. Thus, deaths are registered in SIM, but 
not in SIH/SUS, resulting in lower coverage. The under-reg-
istration of WCA deaths in emergency/urgent care services 
may affect estimates of maternal deaths, especially those 
occurring in the postpartum period, due to complications 
not specific to pregnancy, such as infections.

The prediction models showed similar accuracy, differ-
ing in specific measures, with greater sensitivity and nega-
tive predictive value in the random forest. Random forests 
tend to generate better predictions than decision trees, 
but the decision tree results can be easier to implement 
by managers, since it generates cutoff points for variables 
(quantitative or qualitative), allowing the visualization of 
“classification rules” and their respective values. For exam-
ple, in the tree presented, hospitals with emergency/urgen-
cy facilities; without teaching activities; and those from the 
state, municipal, and private administrative management 
showed the highest probability of inadequate coverage, 
representing 50% of the database, and should be the prior-
ity focus of improvement strategies.

This study has limitations related to the quality of data 
recording. DCs with missing or invalid CNES were excluded 
from the SIM, as well as DCs and AIH with CNES numbers 
without correspondence in SIH/SUS and SIM. Hospital units 
that displayed coverage greater than 100% were also ex-
cluded, because of the possibility of recording errors, since 
SIM shows coverage greater than 90% in the country, and 
SIH/SUS coverage greater than 100% would not be expect-
ed. These problems did not occur uniformly across the 
states and may have affected coverage by state, in addition 
to national coverage. CNES registration errors and the is-
suance of AIH for hospitalizations that were not performed 
are possible explanations for coverage in SIH/SUS exceed-
ing 100%.

The frequencies of death registration in SIM and SIH/
SUS were compared in each hospital unit, and it was not 
possible to state whether there was agreement between 
the deaths recorded. It is possible that there is under-reg-
istration of death information, since the outcome of hos-
pitalization does not affect payment for procedures per-
formed13. On the other hand, typing errors may result in 
over-registration of deaths, since there are no critical is-
sues in the system and typing the ICD of the death is not 
mandatory in SIH/SUS. The causes of death recorded in 
SIH/SUS and their agreement with the causes recorded in 
SIM were also not evaluated.
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Administrative databases are intended to pay for care 
provided, not to assess the quality of care, and may present 
errors in filling in relevant variables27,28. Studies conducted 
in other countries also point to weaknesses in the avail-
ability, accessibility and quality of information on deaths in 
hospital registration systems29-31 and the need for training 
in data processing, including storage and periodic review of 
medical records30.

In conclusion, SIH/SUS presented high coverage of WCA 
death registration throughout the country, being an import-
ant source of information for the surveillance of maternal 
morbidity and mortality in the country. Strategies should 
be adopted to improve the registration of data in the vari-
ous hospital information systems, including deaths in SIH/
SUS. Future studies should evaluate the agreement be-
tween the registration of deaths in SIM and SIH/SUS, as well 
as their causes.  

REFERENCES

1. Cerqueira DRC, Alves PP, Coelho DS, Reis MVM, Lima AS. Uma 
análise da base de dados do Sistema de Informação Hospitalar 
entre 2001 e 2018: dicionário dinâmico, disponibilidade 
dos dados e aspectos metodológicos para a produção de 
indicadores sobre violência [Internet]. Rio de Janeiro: IPEA; 
2019 [accessed on Jul 15, 2023]. Available at: https://repositorio.
ipea.gov.br/bitstream/11058/9409/1/Uma_analise_da_base_
de_dados_do_sistema_de_informacao_hospitalar.pdf 

2. Leão MJR, Cardoso VIS, Lima AJPD, Santos SC, Araújo EMCF, 
Paixão KC, et al. Temporal trend analysis of hospitalizations 
and in-hospital deaths due to female breast cancer in 
the state of Alagoas from 2009 to 2019: a cross-sectional 
study. Sao Paulo Med J 2022; 140(2): 268-77. https://doi.
org/10.1590/1516-3180.2021.0385.R1.23072021 

3. Amaral ACS, Coeli CM, Costa MCE, Cardoso VS, Toledo 
ALA, Fernandes CR. Perfil de morbidade e de mortalidade 
de pacientes idosos hospital izados. Cad Saúde 
Pública 2004; 20(6): 1617-26. https://doi.org/10.1590/
S0102-311X2004000600020 

4. Carmo RA, Policena GM, Alencar GP, França EB, 
Bierrenbach AL. Underreporting of AIDS deaths in Brazil: 
linkage of hospital records with death certificate data. 
Cien Saude Colet 2021; 26(4): 1299-310. https://doi.
org/10.1590/1413-81232021264.15922019  

5. Melo ECP, Travassos C, Carvalho MS. Qualidade dos dados 
sobre óbitos por infarto agudo do miocárdio, Rio de 
Janeiro. Rev Saúde Pública 2004; 38(3): 385-91. https://doi.
org/10.1590/S0034-89102004000300008 

6. Guedes ALV, Lorentz AL, Rios LFAR, Freitas BC, Dias AGN, 
Uhlein ALE et al. Hospitalizations and in-hospital mortality 
for inflammatory bowel disease in Brazil. World J Gastrointest 
Pharmacol Ther 2022; 13(1): 1-10. https://doi.org/10.4292/
wjgpt.v13.i1.1  

7. Schramm JMA, Szwarcwald CL. Diferenciais nas taxas de 
mortalidade neonatal e natimortalidade hospitalares no 

Brasil: um estudo com base no Sistema de Informações 
Hospitalares do Sistema Único de Saúde (SIH/SUS). Cad 
Saúde Pública 2000; 16(4): 1031-40. https://doi.org/10.1590/
S0102-311X2000000400021

8. Moura BLA, Alencar GP, Silva ZP, Almeida MF. Internações 
por complicações obstétricas na gestação e desfechos 
maternos e perinatais, em uma coorte de gestantes no 
Sistema Único de Saúde no Município de São Paulo, Brasil. 
Cad Saude Publica 2018; 34(1): e00188016. https://doi.
org/10.1590/0102-311X00188016 

9. Michels BD, Marin DFDA, Iser BPM. Time series analysis of 
in-hospital maternal case fatality ratio in the postpartum 
period according to pregnancy risks and route of delivery 
in the regions of Brazil, 2010-2019. Epidemiol Serv 
Saude 2022; 31(3): e2022461. https://doi.org/10.1590/
S2237-96222022000300011 

10. Ranzani OT, Marinho MF, Bierrenbach AL. Usefulness of 
the Hospital Information System for maternal mortality 
surveillance in Brazil. Rev Bras Epidemiol 2023; 26: e230007. 
https://doi.org/10.1590/1980-549720230007.2 

11. Lima CRA, Schramm JMA, Coeli CM, Silva MEM. Revisão das 
dimensões de qualidade dos dados e métodos aplicados na 
avaliação dos sistemas de informação em saúde. Cad Saude 
Publica 2009; 25(10): 2095-109. https://doi.org/10.1590/
S0102-311X2009001000002 

12. Amaral TCL. Mortalidade hospitalar na Rede SUS: espelho 
dos óbitos ocorridos na população brasileira? [dissertação 
de mestrado]. Rio de Janeiro: Universidade do Estado do 
Rio de Janeiro, Instituto de Medicina Social; 2002. 

13. Machado JP, Martins M, Leite IC. Qualidade das bases 
de dados hospitalares no Brasil: alguns elementos. 
Rev Bras Epidemiol 2016; 19(3): 567-81. https://doi.
org/10.1590/1980-5497201600030008 

14. Brasil. Ministério da Saúde. Secretaria de Vigilância em 
Saúde. Departamento de Análise da Situação de Saúde. Guia 
de vigilância epidemiológica do óbito materno [Internet]. 
Brasília: Ministério da Saúde; 2009 [accessed on Jan 9, 2023]. 
Available at: https://bvsms.saude.gov.br/bvs/publicacoes/
guia_vigilancia_epidem_obito_materno.pdf

15. Ahmed SMA, Cresswell JA, Say L. Incompleteness and 
misclassification of maternal death recording: a systematic 
review and meta-analysis. BMC Pregnancy Childbirth 2023; 
23(1): 794. https://doi.org/10.1186/s12884-023-06077-4  

16. Rampatige R, Mikkelsen L, Hernandez B, Riley I, Lopez 
AD. Systematic review of statistics on causes of deaths in 
hospitals: strengthening the evidence for policy-makers. 
Bull World Health Organ 2014; 92(11): 807-16. https://doi.
org/10.2471/BLT.14.137935  

17. Nakamura-Pereira M, Mendes-Silva W, Dias MAB, Reichenheim 
ME, Lobato G. Sistema de Informações Hospitalares do 
Sistema Único de Saúde (SIH-SUS): uma avaliação do seu 
desempenho para a identificação do near miss materno. Cad 
Saúde Pública 2013; 29(7): 1333-45. https://doi.org/10.1590/
S0102-311X2013000700008 

http://www.scielo.br/rbepid
https://doi.org/10.1590/1980-549720240051
https://repositorio.ipea.gov.br/bitstream/11058/9409/1/Uma_analise_da_base_de_dados_do_sistema_de_informacao_hospitalar.pdf
https://repositorio.ipea.gov.br/bitstream/11058/9409/1/Uma_analise_da_base_de_dados_do_sistema_de_informacao_hospitalar.pdf
https://repositorio.ipea.gov.br/bitstream/11058/9409/1/Uma_analise_da_base_de_dados_do_sistema_de_informacao_hospitalar.pdf
https://doi.org/10.1590/1516-3180.2021.0385.R1.23072021
https://doi.org/10.1590/1516-3180.2021.0385.R1.23072021
https://doi.org/10.1590/S0102-311X2004000600020
https://doi.org/10.1590/S0102-311X2004000600020
https://doi.org/10.1590/1413-81232021264.15922019
https://doi.org/10.1590/1413-81232021264.15922019
https://doi.org/10.1590/S0034-89102004000300008
https://doi.org/10.1590/S0034-89102004000300008
https://doi.org/10.4292/wjgpt.v13.i1.1
https://doi.org/10.4292/wjgpt.v13.i1.1
https://doi.org/10.1590/S0102-311X2000000400021
https://doi.org/10.1590/S0102-311X2000000400021
https://doi.org/10.1590/0102-311X00188016
https://doi.org/10.1590/0102-311X00188016
https://doi.org/10.1590/S2237-96222022000300011
https://doi.org/10.1590/S2237-96222022000300011
https://doi.org/10.1590/1980-549720230007.2
https://doi.org/10.1590/S0102-311X2009001000002
https://doi.org/10.1590/S0102-311X2009001000002
https://doi.org/10.1590/1980-5497201600030008
https://doi.org/10.1590/1980-5497201600030008
https://bvsms.saude.gov.br/bvs/publicacoes/guia_vigilancia_epidem_obito_materno.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/guia_vigilancia_epidem_obito_materno.pdf
https://doi.org/10.1186/s12884-023-06077-4
https://doi.org/10.2471/BLT.14.137935
https://doi.org/10.2471/BLT.14.137935
https://doi.org/10.1590/S0102-311X2013000700008
https://doi.org/10.1590/S0102-311X2013000700008


www.scielo.br/rbepid

Predictive factors of death in women of childbearing age. Rev Bras Epidemiol. 2024; 27: e240051 9

https://doi.org/10.1590/1980-549720240051

18. Magalhães MC, Raymundo CE, Bustamante-Teixeira MT. 
Morbidade materna extremamente grave a partir dos 
registros de internação hospitalar do Sistema Único de 
Saúde: algoritmo para identificação dos casos. Rev Bras Saude 
Mater Infant 2013; 13(1): 17-22. https://doi.org/10.1590/
S1519-38292013000100002 

19. Rosendo TMSS, Roncalli AG. Near miss materno e iniquidades 
em saúde: análise de determinantes contextuais no Rio 
Grande do Norte, Brasil. Ciênc Saúde Colet 2016; 21(1): 191-
201. https://doi.org/10.1590/1413-81232015211.20802014 

20. Silva TC, Varela PLR, Oliveira RR, Mathias TAF. Severe maternal 
morbidity identified in the Hospital Information System of 
the Brazilian National Health System in Paraná State, Brazil, 
2010. Epidemiol Serv Saude 2016; 25(3): 617-28. https://
doi.org/10.5123/S1679-49742016000300017 

21. Brasil. Ministério da Saúde. Gabinete do Ministro. Portaria 
no 1.119, de 5 de junho de 2008. Regulamenta a Vigilância 
de Óbitos Maternos [Internet]. 2008 [accessed on Aug 
29, 2023]. Available at: https://bvsms.saude.gov.br/bvs/
saudelegis/gm/2008/prt1119_05_06_2008.html 

22. Saldanha RF, Bastos RR, Barcellos C. Microdatasus: pacote 
para download e pré-processamento de microdados 
do Departamento de Informática do SUS (DATASUS). 
Cad Saúde Pública 2019; 35(9): e00032419. https://doi.
org/10.1590/0102-311X00032419 

23. Morettin PA, Toloi CMC. Análise de séries temporais. 2a ed. 
São Paulo: Blücher; 2006. 

24. Brasil. Ministério da Saúde. Gabinete do Ministro. Portaria 
no 1.520 de 30 de maio de 2018. Altera os Anexos XCVIII 
e XCIX à Portaria de Consolidação no 5/GM/MS, de 28 de 
setembro de 2017, com a inclusão de metas e indicadores 
do Programa de Qualificação das Ações de Vigilância em 
Saúde - PQA-VS, a partir de 2018 [Internet]. 2018 [accessed 
on Sep 1, 2023]. Available at: https://bvsms.saude.gov.br/
bvs/saudelegis/gm/2018/prt1520_06_06_2018.html 

25. R Core Team. 2023. R: a language and environment for 
statistical computing. R Foundation for Statistical Computing, 
Vienna, Austria [Internet]. 2023 [accessed on Oct 10, 2023]. 
Available at: https://www.R-project.org/  

26. Machado LFS, Malta DC, Jorge AO. Desempenho da 
gestão organizacional dos serviços hospitalares no 
Brasil. Rev Min Enferm 2023; 27: e-1493. https://doi.
org/10.35699/2316-9389.2023.38538 

27. Maier B, Wagner K, Behrens S, Bruch L, Busse R, Schmidt D, 
et al. Comparing routine administrative data with registry 
data for assessing quality of hospital care in patients with 
myocardial infarction using deterministic record linkage. BMC 
Health Serv Res 2016; 16(1):605. https://doi.org/10.1186/
s12913-016-1840-5  

28. Hanisch E, Weigel TF, Buia A, Bruch HP. The validity of 
routine data on quality assurance: a qualitative systematic 
review. Chirurg 2016; 87(1): 56-61. https://doi.org/10.1007/
s00104-015-0012-1 

29. Rampatige R, Mikkelsen L, Hernandez B, Riley I, Lopez 
AD. Systematic review of statistics on causes of deaths in 
hospitals: strengthening the evidence for policy-makers. 
Bull World Health Organ 2014; 92(11): 807-16. https://doi.
org/10.2471/BLT.14.137935  

30. Mremi IR, Rumisha SF, Chiduo MG, Mangu CD, Mkwashapi 
DM, Kishamawe C, et al. Hospital mortality statistics in 
Tanzania: availability, accessibility, and quality 2006-2015. 
Popul Health Metr 2018; 16(1): 16. https://doi.org/10.1186/
s12963-018-0175-3  

31. Lucero M, Riley ID, Hazard RH, Sanvictores D, Tallo V, 
Dumaluan DGM, et al. Assessing the quality of medical 
death certification: a case study of concordance between 
national statistics and results from a medical record review 
in a regional hospital in the Philippines. Popul Health Metr 
2018; 16(1): 23. https://doi.org/10.1186/s12963-018-0178-0 

http://www.scielo.br/rbepid
https://doi.org/10.1590/1980-549720240051
https://doi.org/10.1590/S1519-38292013000100002
https://doi.org/10.1590/S1519-38292013000100002
https://doi.org/10.1590/1413-81232015211.20802014
https://doi.org/10.5123/S1679-49742016000300017
https://doi.org/10.5123/S1679-49742016000300017
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2008/prt1119_05_06_2008.html
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2008/prt1119_05_06_2008.html
https://doi.org/10.1590/0102-311X00032419
https://doi.org/10.1590/0102-311X00032419
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2018/prt1520_06_06_2018.html
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2018/prt1520_06_06_2018.html
https://www.R-project.org/
https://doi.org/10.35699/2316-9389.2023.38538
https://doi.org/10.35699/2316-9389.2023.38538
https://doi.org/10.1186/s12913-016-1840-5
https://doi.org/10.1186/s12913-016-1840-5
https://doi.org/10.1007/s00104-015-0012-1
https://doi.org/10.1007/s00104-015-0012-1
https://doi.org/10.2471/BLT.14.137935
https://doi.org/10.2471/BLT.14.137935
https://doi.org/10.1186/s12963-018-0175-3
https://doi.org/10.1186/s12963-018-0175-3
https://doi.org/10.1186/s12963-018-0178-0


www.scielo.br/rbepid

Predictive factors of death in women of childbearing age. Rev Bras Epidemiol. 2024; 27: e240051 10

https://doi.org/10.1590/1980-549720240051

© 2024 | Epidemio is a publication of 

 Associação Brasileira de Saúde Coletiva - ABRASCO

RESUMO

Objetivo: Estimar a cobertura de registro de óbito de mulheres em idade fértil (MIF) no Sistema de Informação Hospitalar (SIH), 
segundo hospital de ocorrência, e verificar os preditores associados à cobertura. Métodos: Estudo ecológico descritivo com dados 
públicos do SIH, Sistema de Informação sobre Mortalidade (SIM) e Cadastro Nacional de Estabelecimentos de Saúde (CNES) no período 
2012–2020. Óbitos em internações de MIF no SIH foram comparados aos do SIM. Calculou-se a cobertura pela proporção de óbitos 
no SIH em relação ao SIM. Modelos de classificação supervisionada — árvore de decisão e floresta aleatória — foram utilizados 
para identificação das características hospitalares relacionadas à cobertura. Resultados: A cobertura de registro de óbito de MIF foi 
estimada em 78%, e em 71,8% após exclusão de hospitais com cobertura >100%. Menor cobertura foi observada na região Norte 
(67,7%) e maior na Sul (76,9%). Houve aumento da cobertura — de 69% para 74,4% — no período. Os principais fatores preditivos da 
cobertura foram instalação física de urgência/emergência, esfera administrativa, nível de complexidade, proporção de leitos adultos 
conveniados ao SUS e atividade de ensino, com menor cobertura naqueles com instalação de urgência/emergência e maior cobertura 
naqueles com maior complexidade, da esfera federal, com atividade de ensino e maior proporção de leitos adultos conveniados ao 
SUS. Falhas no registro do CNES foram identificadas no SIM. Conclusão: A cobertura de registro de óbito de MIF no SIH no país é 
elevada e crescente. Diferenças regionais reforçam a necessidade de estratégias de melhoria da qualidade dos sistemas de informação.
Palavras-chave: Bases de dados estatísticos. Sistemas de informação. Óbito. Assistência hospitalar.
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