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Objective
To determine factors associated to vaginal delivery and increased neonatal mortality in
cohort studies of newborns.
Methods
A retrospective cohort study was carried out using linkage data from the Information
System on Live Births and Mortality Data System database, which included all
newborns in Goiânia for the year 2000. A stratified analysis of delivery routes and
maternity hospitals by risk factors of neonatal mortality was conducted through the
calculation of relative risk at a 5% significance level. Statistical analyses were carried
out using the Chi-square test at a 5% significance level.
Results
Vaginal deliveries were more commonly seen than cesarean sections in situations
where there was an increased risk of neonatal mortality. Public hospitals, where
vaginal deliveries predominated, were sought by the majority of those pregnant women
with an increased risk of neonatal mortality. Private hospitals, not affiliated to the
public-funded Brazilian Healthcare System (SUS) and where the incidence of cesarean
section was as high as 84.9%, opted for vaginal delivery in situations of greater risk,
such as extreme prematurity and very-low-birth-weight infants.
Conclusions
The association between vaginal delivery and increase neonatal mortality resulted
from a selection bias due to the distribution of pregnant women in the hospital network.
In addition, this selection bias also resulted from an almost universal preference for
cesarean sections in low-risk pregnancies as opposed to vaginal delivery for
pregnancies with an increased risk of neonatal mortality.

(%)��*+,)(�%

Scientific knowledge accrued over the years have
showed that cesarean section (C-section) increases
both maternal and infant disease burden and mor-
tality, as well as health expenditures compared to
vaginal delivery. On the other hand, C-section in
high risk pregnancies is a valuable medical proce-
dure which, under certain conditions and precise
indications, considerably reduces maternal and in-
fant mortality.14,16

According to the World Health Organization
(WHO), C-section rates should be around 15% to meet
the medical indications for surgical interruption of
pregnancy. Higher rates could be expected in care
centers for high risk pregnancies.16 However, increas-
ing cesarean rates have been seen worldwide, mostly
in developing countries such as Latin American coun-
tries, where about 800,000 unnecessary C-sections
are performed each year.1

In this context, a few Brazilian studies have showed
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*SINASC: National System of Live Births
**SIM: Mortality Information System

*SINASC  
database 

Live births in Goiânia 
(Jan. to Dec. 2000) 

N = 29,216 

Residents of 
other cities
N = 9,558

Residents of 
Goiânia

N = 19,658

Excluded-gestational  
age <22 weeks  

and/or weight <500 g 
N = 5

Newborns living in 
Goiânia

N = 19,653

**SIM   
database  

 

Neonatal deaths in 
Goiânia from residents in 

the city  
N = 226 

Non-residents in 
Goiânia 
N = 17 

Duplicated death 
certificates 

N = 1 

Death certification 
w/o identification 

N = 2 

Neonatal deaths from 
residents in Goiânia 

N = 206 
(investigated) 

Linkage 

Cohort of newborns from mothers 
living in Goiânia em 2000 

Births = 19,653 
Neonatal deaths = 206 

Infant deaths in the 2000 
newborn cohort  

N = 310 

fants those with a birth weight lower than 2,500 g; as
neonatal period the first 28 days of life; and as preterm
infants those born with less than 37 weeks’ gestation.
Hospitals were categorized into public, private not
affiliated with the Brazilian Healthcare System (non-
SUS private) and private affiliated with the SUS (SUS-
private), according to the Goiás State Health Depart-
ment and the Brazilian Ministry of Health Hospital
Information System (HIS) hospital registries. The pub-
lic hospital category included three public state ma-
ternity hospitals, a local public maternity hospital, a
university maternity hospital, and a charity hospital.
Although according to HIS a charity hospital should
be categorized as a SUS-private hospital, it was in-
cluded under the public hospital category given that
its clientele and care provided were similar to those
of public hospitals, besides having medical residence
programs and internships. The SUS-private hospital
category comprised 16 hospitals and the non-SUS
private hospital category comprised six hospitals.

The association between delivery route and
neonatal mortality was assessed through stratified
analysis by delivery route and hospital of birth ac-
cording to variables collected from birth certificates
and referred in the literature as risk factors of neonatal
mortality. In the stratified analysis by delivery route,
the delivery route was considered the dependent vari-
able and gestational age, birth weight, hospital of
birth, prenatal visits, maternal schooling, and moth-
er’s living area were considered independent variables.
In the stratified analysis by hospital of birth, the de-
pendent variable was hospital of birth and the inde-
pendent variables were infant death, delivery route,

increased neonatal mortality in vaginal de-
liveries when compared to C-sections.2-4,8 It
has been hypothesized that the main causes
that can explain this association would be poor
quality of care provided to vaginal deliveries
and high rates of C-sections in the country.

Two cohort studies on newborns con-
ducted in Goiânia, in 1992 and 2000, have
also found a similar association, neonatal
mortality in vaginal deliveries was twice as
high and 63% higher, respectively, com-
pared to C-sections.3,8

The present study aimed at identifying
factors involved in the association be-
tween neonatal mortality and delivery
route and assessing the likelihood of se-
lection of pregnant women as for their de-
livery route and referral.

�.)/�*0

Database of the cohort study on newborns carried
out in Goiânia, state of Goiás, in the year 2000, ob-
tained from linkage data from birth certificates of the
National System of Live Births (SINASC) and death
certificates of the Mortality Information System
(SIM), provided by the Municipal and State Health
Departments, was used in the study. The local moni-
toring group for neonatal death examined all neonatal
deaths in the city,12 and the main cause of death was
therefore reassessed according to the International
Classification of Diseases (ICD-10).

The city of Goiânia has a population of 1,093,007
inhabitants, of which 105,100 are children under the
age of five. Local neonatal and child mortality rates
are 11 and 16 per 1,000 live births, respectively.

Figure 1 shows the database construction and the
cases included and excluded. In the makeup of the
newborn cohort, all variables of birth certificates were
included when information loss was up to 10%. The
sole exception was the inclusion of the variable “ma-
ternal schooling” that, despite a 10.4% information
loss, was included due to its relevance as a socioeco-
nomic indicator. In addition, some variables were
heterogeneously distributed among groups with and
without information on maternal schooling. Newborn
death and age were the sole variables gathered from
death certificates included in the study, according to
other studies’ recommendations due to low quality
data found on these certificates.10

It was considered as low birth weight (LBW) in-
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gestational age, birth weight, birth defects, maternal
schooling, mother’s living area and prenatal visits.
Relative risks as well as confidence intervals were
estimated for the associations found at a 5% signifi-
cance level. Statistical validation was carried out us-
ing the Chi-square test at a 5% significance level.

Fox Pro 6.0, Epi Info 6.04 and SPSS 10.1 softwares
were used in the database construction, data analysis
and statistical validation. The study was approved by
the Research Ethics Committees of Faculdade de
Medicina da Universidade Federal de Goiás and the
Universidade Federal de Minas Gerais.

�.0+#)0

The cohort analysis demonstrated that, in the year
2000, there were reported 29,216 live births, of
which 19,658 from pregnant women living in the
city of Goiânia. Of a total of 310 infant deaths, 206
were neonatal. Neonatal, early neonatal and late
neonatal mortality rates were as follows: 10.5, 6.9
and 3.6 per 1,000 live births, respectively. Also, LBW
occurred in 6.9%, prematurity 5.5%, teenager moth-

ers 21.5%, twin pregnancies 2.2% and birth defects
0.4%. Only 0.8% of the mothers had no schooling
and 1.0% did not attend any prenatal visits. In
99.8% of the pregnancies, delivery took place in a
hospital setting, most of them in SUS-public hospi-
tals. C-section rates were 56%.

The stratified analysis by delivery route included
the following variables: gestational age, birth weight,
hospital of birth, prenatal visits, maternal schooling
and mother’s living area. It showed that vaginal de-
liveries outnumbered C-sections in pregnancies with
increased risk for neonatal mortality. Vaginal deliv-
eries were about four times more common in public
hospitals compared to non-SUS private hospitals and
24% compared to SUS-private hospitals (Table 1).

Table 2 shows the stratified analysis by hospital of
birth according to the following variables: maternal
schooling, prenatal visits, maternal age, infant death,
delivery route, gestational age, birth weight, birth de-
fects and mother’s living area. It is worth noting that 95
(46.5%) infant deaths were seen in public hospitals,
which had higher rates of vaginal deliveries compared

)����	1	 $� )
��
�&���
����%!��� ����!� ��"
��� ��������*� 
�� ���+� &��
���� &��� �����
� � #��
� �
!��'��(����� �����

,����% �� �� ����!� ��"
� �� -.
,�*��� -$���
���

/ 0 / 0

'��
�
���� � �*��

��$�1� ���+� �� 2��� �� ���� ��23 4����$����5
�2$��� ���+� 1� 3��� �2 �2�� ���2 4����$���25
��$��� ���+� ��� ���� 3�� 33�1 ���� 4���3$����5
�1$��� ���+�6 1���� ���� ����� 3��� �
≥��� ���+� �11 31�3 ��3 ���3 ���� 4����$����5

���
� ���*
%

3��$��� �� �3�� �� ���2 ���� 4���2$��2�5
�����$����� 1� 32�� 3� ���� ��� 4����$��3�5
��3��$����� ��� ���� �3� 33�� ��� 4��21$����5
�����$����� ��� ���2 �12 3��� ���3 4���2$����5
��3��$�����6 1��12 ���3 ��33� 33�3 �
≥����� �2� �2�� 1�� 1��� ���� 4��32$��1�5

7����
� � �&�%��
�

8"% ��6 ���2� ���� ����� �2�� �
)9)$�����
� ��� �3�� ����2 2��� ���� 4����$����5
/��$)9)� �����
� 3�1�2 ���� 3�1�� 3��� ��2� 4��12$��2�5

8����
� � ����
�

/��� ��� 1��2 �� ���� ���� 4��2�$����5
�$� 33� 1��� ��1 �2�� ��2� 4��1�$����5
�$� ����� 32�� ����1 ���� ��3 4���3$��335
≥16 3���� ���� 2���2 ���� �

	�
���� � ���� ��*�

/��� �� �3�� �2 ���2 ���� 4����$����5
�$�� !���� �23 32�3 �2� ���3 ���� 4����$����5
�$2� !���� ���2� 3��� ����� ���� ���� 4��22$����5
�$��� !���� ���1� ���3 ����� 3��3 ���� 4����$��3�5
≥��� !����6 ���2� �2�� ���2� 1��� �

	�
���� � �*�&

:��� !���� ��3�� �� ����1 ���� ��3 4���3$��335
��$��� !����6 3�1�� ���1 2��33 3��� �
≥�3� !���� �3� ���� 2�� 11�� ��3 4����$����5

	�
�����  ����*� ����*

/��
���
� ��*��� ����� 31�� ����3 ���� ���1 4����$����5
;
��� ��*����6 1���� ���� ��21� 32�� �

<=� "�����"�� 
��"�+����� ��&��#�
���>� 4�5� 3��� 4��105� *��
�
���� � �*�� ��������� ����!� ��"
��� 4%5� 2�� 4���05�%��
����*
� ����
����� ����!���"
��� 4�5�3��4���05�����
� ��&�%��
���������� ����!���"
��� 4�5�������4��105������
� �����
���������� ����!���"
��� 4�5
������4���305�#�
���� ����� ��*���������4&5�����4���05�#�
���� ��*����������� ����!���"
������4*5��2��4����05�#�
����� ����*
����� ������� �� ����!� ��"
�
6��&������� ��
�*������ &��� ��
�#�
��*� 
�� �� �
���� ���+� 4��5



� ���� ������ 	�
���� ����������
������������
�����

�� ����!���"
�����������
� �#��
� �
!
��$��	
�,�

to C-sections. Also, they had higher prematurity, LBW,
birth defects, teenager mothers. Mothers living in the
Northeast area with no schooling and who did not at-
tend any prenatal visits were all factors associated to
increased neonatal mortality. Table 2 also shows the
relative risk (RR) of the associations found between
the different categories of hospital of birth, as well as
confidence intervals and p-value.

Table 3 shows the stratified analysis by hospital of
birth according to gestational age and birth weight.
It can be noted that extreme prematurity and very-
low-birth-weight infants were more frequently seen
in public hospitals.

While analyzing delivery route by hospital of birth
according to birth weight, it was noted that, in public
and SUS-private hospitals, vaginal deliveries rates
were similar to those of C-sections for low-weight
infants having between 2,500 and 2,999 g. On the
other hand, in similar circumstances, in non-SUS pri-
vate hospitals, vaginal deliveries compared to C-sec-
tion rates were inversely proportional to birth weight:

the lower the birth weight, the higher the vaginal de-
livery rates. Similar f indings were seen while
analyzing delivery route by hospital of birth accord-
ing to gestational age in non-SUS private hospitals:
the lower the gestational age, the higher the vaginal
delivery rates (Table 4).

*(0,+00(�%

The major contribution of the present study was to
show how selection bias can produce misleading re-
sults and thus entice flawed conclusions in retrospec-
tive cohort studies. A stronger association between
vaginal delivery and neonatal mortality had been
already described in another Goiânia study conducted
in 1992.8 The same association was verified by Gotlieb
& Sousa2 in Maringá in 1993 and by Flores4 in the
state of São Paulo in 1999. The 2000 newborn cohort
study of Goiânia, which provided the database for
the present study analysis, has also found increased
neonatal mortality associated to vaginal deliveries.3

Both in this study and in Morais8 study, the associa-
tion between vaginal delivery and neonatal mortal-
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ity found in the univariate analysis has been con-
firmed in the logistic regression analysis. Only the
stratified analysis by delivery route and hospital of
birth according to risk factors for neonatal mortality
allowed to ascertain that such an association derived
from selection bias. It resulted from the distribution
of pregnant women in the local hospital network and
hospital preferences of delivery route in pregnancies
with increased risk of neonatal mortality. In the city
of Goiânia, vaginal deliveries were the preferred op-
tion in most pregnancies with increased risk of
neonatal mortality and C-sections were nearly the
sole option for low-risk pregnancies.

The stratification by hospital of birth according to
variables associated to neonatal mortality showed
higher neonatal mortality in public hospitals, which
could be partially explained by factors such as prema-
turity, LBW, birth defects, lower mother schooling, and
more pregnant women who did not attend any prenatal
visits and came from the Northeast city area. The North-
east area of the city Goiânia is a geographically well-
defined zone, mostly inhabited by low income popu-
lation and known to have higher rates of teenage moth-
ers, LBW infants and higher infant mortality.8 In addi-
tion, the analysis by hospital of birth according to ges-
tational age and birth weight showed that, besides

higher prematurity and LBW infants, public hospitals
had higher extreme premature and very-low-birth-
weight infants. LBW and premature infants at these
hospitals had more severe health conditions than those
seen in the other hospital categories.

The stratified analysis by delivery route and hos-
pital of birth has evidenced that high-risk pregnant
women for neonatal mortality were mostly cared at
public hospitals, where vaginal deliveries were for
the most part performed. In contrast, there seems to
have selection of pregnant women seen at public and
SUS-private hospitals, since the latter category
showed lower neonatal mortality, prematurity, LBW
infants and birth defects, even though they provided
care to a similar population to that of public hospi-
tals of teenage mothers coming from the Northeast
city area. If SUS-private hospitals actually provide
care to low-risk pregnant women, then a 32.4% infant
death and 6 per 1,000 live births neonatal mortality
rate can be therefore regarded as relatively high.

The 56% C-section rate found in the study is very
high even bearing in mind that these rates have con-
siderably increased in the last decades worldwide.6,13,17

Belizán et al1 notes that, among 12 leading countries
in C-sections, Brazil has ranked second (32%), fol-
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lowed by Chile (40%). It should be stressed that in-
creasing C-section rates in most countries have not
been paralleled by a comparable reduction in neonatal
mortality rates – a common reasoning used to justify
such widespread practice.

Another point to be concerned about is the likely
selection in the preferred delivery route in non-SUS
private hospitals in pregnancies with increased risk
of neonatal mortality. In these hospitals, the higher
gestational age and birth weight the more C-sections
performed. Vaginal deliveries were 4.83 times more
common than C-sections in the birth weight between
500 and 999 g when compared to birth weight be-
tween 2,500 and 2.999 g and even 3.38 times more
common in the gestational age 22-27 weeks when
compared to 37-41 weeks. Similar rates were not veri-
fied in other hospital categories. Thus, it has been
evidenced that C-sections were nearly universally
performed in low-risk pregnancies, and vaginal de-
liveries were restricted to pregnancies with increased
risk of neonatal mortality, such as extreme prematu-
rity and very-low-birth-weight.

Several studies have reported the impact of popu-
lation socioeconomic status on C-section rates.7,13,14,17

In Brazil, some authors have described a relationship
between pregnant women’s socioeconomic status and
C-sections rates.7,13,15,17 In a Pelotas study, Victora et
al15 have observed that population socioeconomic
status is not only associated to C-sections but also to
induction of labor, which was found to be higher
among those with lower socioeconomic status. In a
Ribeirão Preto study, C-section rates ranged accord-
ing to the category of hospital coverage, either pub-
lic or private. Not only C-sections were twice as high
in private patients compared to public patients but
also these rates were increasingly higher as pregnant
women’s social condition increased.17

The results of the present study point out to the
effect of non-medical aspects in determining high C-
section rates in Goiânia. C-section rates found in pub-
lic and SUS-private hospitals of 38.1% and 50.1%,
respectively, are high above the WHO recommended
15% rate. It is a matter of concern C-section rates as
high as 84.9% seen in non-SUS private hospitals.
While non-SUS private hospitals provided care to
pregnant women with higher schooling, who attended
more prenatal visits and came from better-off city ar-
eas, higher rates of vaginal deliveries were seen in
public hospitals that cared to less privileged preg-
nant women. This finding shows that, inconsistently,
C-sections have been more often performed in low-
risk pregnancies and vaginal deliveries have been
preferred in pregnancies with increased risk of
neonatal mortality. A similar distortion has been dem-
onstrated by other authors who also found high C-
sections rates.7,12,17

It is likely that not only socioeconomic characteris-
tics have an effect on high C-section rates found in all
hospital categories in this city. The literature has de-
scribed several factors affecting C-section rates, among
them, pay for delivery care, culture and, above all, the
organizational structure of hospital care.9,11,15 Deliv-
ery care provided by public hospitals in Goiânia often
follows a schedule of doctor’s shifts, which might has
facilitated the choice for vaginal deliveries. In con-
trast, care to pregnant women who have private health
insurance or other contracted insurance plans is pro-
vided in many different hospitals by their prenatal care
doctor, which impairs delivery care since these doc-
tors have to put off all their other tasks in order to
attend their patients in labor. SUS-private hospitals,
on the other hand, operate by certain SUS restrictions
and cannot exceed a set rate of C-sections.

Though no direct association between high C-sec-
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tion rates and neonatal mortality was found in the study
hospitals, which might be explained by the biases
mentioned before, such high rates constitute a consid-
erable expenditure of resources which otherwise could
be employed in other aspects of perinatal care.

The hypothesis that biases might have affected the
association between vaginal deliveries and neonatal
mortality found in Goiânia cohort studies has been
formulated based on entirely conflicting knowledge
accrued in the literature and on the authors’ knowl-
edge in regard to the structure of perinatal care deliv-
ered in the city. Hence, it was realized that using data

from the SINASC and SIM in population-based co-
hort studies is feasible when information from birth
and death certificates is critically appreciated.

The study results indicate a need for redirecting
health policies and focusing on public hospitals as
they provide care to population with increased risk of
neonatal mortality. In addition, further investigation
is needed to improve knowledge on high C-section
rates and to evaluate the access and quality of perina-
tal care in public services, especially that delivered to
high-risk pregnant women, as well as to determine the
quality of care provided in vaginal deliveries.
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