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Abstract 
Introduction: There has been an increase in the proportion of cesarean deliveries, especially in 
developing countries. Methods: Cross-sectional study of all hospital live births from mothers living 
in São Paulo Metropolitan Area, Brazil. Data were obtained from the Live Birth Information Sys-
tem, which is linked to the National Database of Health Establishments. Hospitals were classified 
as public, private or mixed. Descriptive analysis and exponential regression were conducted to 
evaluate time trends. Poisson regression was applied to analyze each hospital type to identify risk 
factors and the attributable risk fraction for cesarean section. Results: There was an annual in-
crease (1.4%) of cesarean deliveries between 2000 and 2013. In 2009, the percentage of cesarean 
deliveries was 53% overall and 83% in private hospitals. The primary risk factor for cesarean de-
livery was delivery in a private hospital. Other risk factors that were stronger in public hospitals 
included the following: advanced maternal age, high maternal education, nulliparity, high number 
of prenatal visits, multiple pregnancy, hospital with low annual volume of deliveries, birth outside 
the city of residence and white skin color. Discussion: These results may be explained by the ob-
stetric care model of private hospitals, which is not multiprofessional. Prenatal care and delivery 
are conducted by the same doctor and rarely include the input of another professional, such as a 
midwife. In addition, the mode of delivery influences the professional’s payment. 
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1. Introduction 
The increase in the proportion of cesarean sections in recent decades is a public health problem, especially in 
developing countries [1]. A cesarean section is a surgical procedure that increases the risk of maternal and neo-
natal morbidities [2], and the cost of delivery care [3]. Genuine need due to maternal clinical conditions does not 
explain the high rates found in Brazil, where almost 45% of all deliveries were by cesarean section [4]. The high 
frequency of cesarean sections has been partly attributed to the increasing number of elective cesareans [5]. A 
recent study showed that 27.5% of Brazilian women had an initial preference for cesarean delivery [6]. This 
high cesarean preference was not found in other places in a recent meta-analysis study [7].  

Some studies showed that the hospital funding and obstetrical practices can influence the proportion of cesa-
rean deliveries [8]. The Brazilian Health System is composed of providers and users of public and private ser-
vices [9], and it is possible to identify delivery-care providers as public, mixed or private hospitals. Public hos-
pitals are financed and provided by the state through the Unified Health System, which is free of charge to pa-
tients. Mixed hospitals are financed by public (Unified Health System) and private resources (for-profit and 
non-profit organizations). The financial resources of mixed hospitals are mostly provided by private insurance/ 
health plans. Private hospitals are funded from direct reimbursement or by different types of private insurance/ 
health plans. The public and private components of the system are distinct but interconnected, and patients can 
use the services of all three types of hospitals depending on ease of access or their ability to pay [9].  

There is some evidence that the proportion of cesarean deliveries is higher in private hospitals in Brazil [8] 
independent of the clinical condition of the pregnant woman or the number of births carried out in these hospit-
als. However, even though the proportion of cesarean deliveries is lower in public hospitals [2], it is still higher 
than the 15% recommended by the WHO [10].  

In addition to the type of hospital funding, some characteristics of the mothers can also influence the inci-
dence of cesarean sections, such as advanced maternal age [11], high maternal education [11] [12], nulliparity 
[11], and previous cesarean section [13]. The clinical conditions [11], some cultural aspects [14], and the organ-
ization of the obstetric practice [15] can also influence cesarean sections. Tubal ligation [16] has also been re-
lated to higher cesarean rates in Brazil. Tubal ligation at the time of delivery was banned by public health ser-
vices, with an exception for women with a high number of previous cesarean deliveries [16]. 

This study evaluated the temporal tendency of cesarean sections in the metropolitan area of São Paulo and 
identified risk factors for cesarean births per type of hospital for 2009. 

2. Methodology 
The area of the study was the Sao Paulo Metropolitan area in Brazil, the largest Latin American metropolis with 
a population of 19,683,975 inhabitants. It is the financial and economic center of Brazil, with per capita income 
of US $17,852, in 2009. It has the largest and most complex health care system in the country [17]. 

We analyzed the births to mothers living in the São Paulo Metropolitan area by two approaches: using aggre-
gate data and individualized data. Exponential regression analysis was carried out to evaluate the time trend of 
cesarean section rates from 2000 to 2013. Information was obtained from the aggregate data on live births 
available on the Electronic National System of Information on Live Births dataset [18] (Figure 1). 

Individual database of live births was necessary to link with National Data Base of Health Establishments of 
Brazilian Ministry of Health to obtain the type of hospital of birth. The individualized data set was obtained 
from Live Birth Certificates of live births from January 1 to December 31, 2009. It was used the unified database 
provided by SEADE Foundation/São Paulo State Health Department. These data were linked to the hospital 
where the birth occurred by National Data Base of Health Establishments of the Brazilian Ministry of Health. 
The hospital code is found in Live Birth Certificates and the Brazilian National Data Base of Health Establish-
ments.  

It was carried out a cross sectional analysis with linked individual data of live births in 2009. Data on live 
births included the following: for the mother, age, maternal education and parity (number of prior living births 
and fetal deaths); type of pregnancy (single/multiple); number of prenatal visits and for the infant, gestational 
age, race/skin color. Information on hospitals where the live births were delivered was obtained from the Brazil-
ian National Data Base of Health Establishments. The hospitals were classified as public if they had exclusive 
public financing; mixed if financed by public and private resources; and private if they had exclusive private fi-
nancing. 
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The cross sectional analysis was conducted for 2009 only rather than for the entire period because the hospital 
code was only recently made available in Live Birth Certificates, so the linkage of births to hospitals is not 
possible for prior years. Hospitals were categorized according to the volume of births as those with fewer than 
1000 or 1000 or more deliveries a year. Deliveries were categorized into those occurring in hospitals in the city 
of residence of the mother or in other municipalities within the Sao Paulo Metropolitan area. 

The following births were excluded from the analysis: 52 in which the hospital could not be identified; 1448 
births not in a hospital, and 155 with no information as to the type of delivery. These exclusions accounted for 
0.65% of the live births. The completeness of the variables studied was over 95%. 

The proportion of cesarean deliveries per category of the explanatory variables was calculated, and a trend 
test was performed. Due to the high prevalence ratios, we used Poisson regression with robust variance for the 
binary response variable “type of delivery”, calculating the prevalence ratio and 95% confidence intervals (CI) 
[19]. The stepwise model-building strategy was applied by the insertion of variables for delivery providers. The 
attributable risk fraction was calculated based on the adjusted prevalence ratio for each category of exposure va-
riables [20]. Models were then selected for type of financing at the place of delivery. We used Stata, version 
10.0 for statistical analysis. 

The project was approved by the Research Ethic Committee of the School of Public Health of University of 
São Paulo. This study was funded by a grant from PAHO (Pan-American Health Organization) and the Sao 
Paulo State Health Department. 

3. Results 
Graph 1 presents the data on the proportion of cesarean deliveries over fourteen years in the São Paulo Metro-
politan area. In 2000, the rate was 46.3%, and in 2013 it reached 56%, which represents a statistical significant 
increase of 1.4% a year.  

A total of 305,167 live births in the São Paulo Metropolitan area in 2009 were studied. Of these, 81.1% 
(247,597) births occurred in the city in which the mother lived, 18.9% (57,570) outside of the municipality of 
residence, and only 0.6% in cities in other regions of the State of São Paulo. These births took place in 167 hos-
pitals in the Sao Paulo Metropolitan area.  

The proportion of births by cesarean was of 32% in public hospitals, 44% in mixed hospitals, and 82% in pri-
vate hospitals. All variables had a statistically significant effect and remained in the final model (Table 1). The 
proportion of cesarean section deliveries is determined mostly by type of hospital funding and minimally by the 

 

 
Figure 1. Proportion of cesarean deliveries in hospital births (%) in the São Paulo Metropolitan Area, 2000 to 2013. 
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Table 1. Number of live births, proportion of cesarean deliveries, crude and adjusted prevalence ratio (95% confidence in-
terval), and confidence interval, according to maternal, newborn and hospital’s characteristics. São Paulo Metropolitan Area, 
2009. 

Variables N % cesarean Prevalence ratio  
(crude) CI1 Prevalence ratio  

(adjusted)** CI2 

Type of hospital       

Public 149,800 32.1 1  1 - 

Mixed 38,583 44.4 1.38 1.35 - 1.41 1.31 1.28 - 1.33* 

Private 116,784 82.7 2.58 2.54 - 2.62 2.20 2.17 - 2.23* 

Mother’s age (years)       
≤19 43,293 32.2 0.40 0.39 - 0.41 0.74 0.72 - 0.76 
20 to 34 219,317 54.4 1  1 - 
≥35 42,557 68.3 1.81 1.77 - 1.85 1.17 1.15 - 1.18 

Maternal education (years)       
<4 62,536 38.1 1  1 - 
4 to 11 180,394 50.4 1.23 1.21 - 1.25 1.02 1.00 - 1.04* 
≥12 60,574 77.0 1.99 1.59 - 1.61 1.05 1.03 - 1.07* 

Parity       
Nulliparous 133,820 57.4 1.28 1.26 - 1.30 1.09 1.07 - 1.11 
Multiparous 142,441 51.3 1  1 - 
Grand multiparous 14,612 33.6 0.48 0.46 - 0.50 0.83 0.80 - 0.86 

Newborn skin color       
White 206,764 58.3 1.89 1.86 - 1.92 1.05 1.04 - 1.06 
Non-white 98,403 42.4 1  1 - 

Pregnancy       
Single 297,717 52.3 1  1 - 
Multiple 7450 87.3 1.67 1.65 - 1.68 1.48 1.44 - 1.52 

Gestational age (weeks)      - 
<37 27,119 58.4 1.26 1.23 - 1.30 1.03 1.01 - 1.05 
≥37 278,404 52.7 1  1 - 

Number of prenatal visits       
≤3 16,367 27.5 1  1 - 
4 to 6 63,646 39.1 1.30 1.26 - 1.34 1.23 1.18 - 1.28* 
≥7 223,831 59.1 1.72 1.67 - 1.77 1.37 1.33 - 1.41* 

Volume of hospital births (births/year)     
≤1000 28,750 66.6 1.29 1.26 - 1.33 1.12 1.10 - 1.13 
>1000 276,417 51.8 1  1 - 

Hospital location       
In the city of residence 247,597 50.3 1  1 - 
Outside the city of residence 57,570 65.6 1.30 1.27 - 1.33 1.04 1.02 - 1.06 

Total 305,167 53.2     
*Trend test < 0.001; **Adjusted Poisson regression with all variables. CI1: Crude; CI2: Adjusted. 

 
other risk factors. A higher proportion of cesareans was observed among births in private and mixed hospitals; 
hospitals with fewer births; to mothers aged 35 years or more, with high maternal education, nulliparous, with 
seven or more prenatal visits; with multiple pregnancies, white newborns, preterm births and births outside the 
city of the mother’s residence (Table 1). 

Table 1 shows that after adjustment for the other variables, cesarean section delivery remained more likely in 
private hospitals, multiple pregnancies and to mothers who had seven or more prenatal visits. It was also less 
likely in young women (≤19 years) and those with ≥4 previous children. Estimates for all of the analyzed va-
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riables changed strongly when adjusted for type of hospital funding; the effect was stronger for maternal educa-
tion and white newborns and weakest for multiple pregnancies. The variables assessing the structure of health 
services, such as attending 7 prenatal visits or more, the annual volume of births being lower than 1000, and 
birth outside the municipality of residence remained risk factors for cesarean sections. With regard to prenatal 
visits, there was a growing likelihood of cesarean births with increasing number of prenatal visits. 

Table 2 presents the adjusted models for cesarean births in public, mixed and private hospitals. Due to the 
high proportion of cesarean deliveries in private hospitals, maternal, gestational and newborn characteristics 
make a small contribution to the risk of cesarean sections. In private hospitals, teenage mothers and the high 
number of multiparous women maintained their protective effect against the performance of cesarean sections. 
Only the increasing number of prenatal visits and the presence of multiple pregnancies increased the chances of 
cesarean sections more than 15%, while the contribution of the other variables for this type of birth was between 
2% to 7%. 

 
Table 2. Proportion and prevalence ratio (95% confidence interval) of cesarean deliveries according to maternal, newborn 
and hospital characteristics by type of hospital. São Paulo Metropolitan Area, 2009.  

Variable 
% cesarean Type of hospital 

Public Mixed Private PR (CI 95%) 
Public 

PR (CI 95%) 
Mixed 

PR (CI 95%) 
Private 32.1% 44.4% 82.7% 

Mother’s age (years)       
≤19 23.5 34.7 73.0 0.67 (0.65 - 0.69)* 0.73 (0.69 - 0.77)* 0.89 (0.86 - 0.92)* 
20 to 34 32.7 44.7 82.6 1 1 1 
35 and older 44.7 57.3 87.5 1.45 (1.41 - 1.48)* 1.37 (1.31 - 1.44)* 1.07 (1.05 - 1.09)* 

Schooling (years)       
<4 31.3 40.4 76.1 1 1 1 
4 to 11 31.6 44.5 81.2 0.99 (0.97 - 1.01) ** 1.07 (1.02 - 1.11)* 1.04 (1.01 - 1.07)* 
12 and more 40.3 53.9 86.7 1.13 (1.08 - 1.17)** 1.17 (1.10 - 1.25)* 1.07 (1.04 - 1.10)* 

Parity       
Nulliparous 32.5 43.6 81.4 1.18 (1.15 - 1.21)* 1.09 (1.05 - 1.13)* 1.05 (1.04 - 1.07)* 
Multiparous 32.0 43.9 85.1 1 1 1 
Grand multiparous 28.5 34.9 63.7 0.80 (0.77 - 0.83)* 0.75 (0.70 - 0.82)* 0.80 (0.75 - 0.85)* 

NB’s color       
White 32.9 46.8 84.1 1.03 (1.02 - 1.05)* 1.15 (1.09 - 1.19)* 1.05 (1.03 - 1.06)* 
Non-white 31.2 38.9 78.4 1 1 1 

Pregnancy       
Single 31.2 43.5 82.6 1 1 1 
Multiple 78.2 83.8 96.1 2.21 (2.11 - 2.31)* 1.72 (1.57 - 1.88)* 1.14 (1.10 - 1.18)* 

Gestational period       
<37 weeks 31.1 43.6 83.2 1.27 (1.23 - 1.31)* 1.07 (1.01 - 1.14)* 1.04 (1.03 - 1.06)* 
37 and more 41.9 53.0 82.1 1  1 

Prenatal appointments (n)       
≤3 23.7 30.5 63.0 1 1 1 
4 to 6 29.1 41.8 73.7 1.22 (1.17 - 1.28)* 1.34 (1.24 - 1.46)* 1.15 (1.06 - 1.24)* 
7 and more 34.5 47.4 84.2 1.44 (1.38 - 1.50)* 1.72 (1.57 - 1.88)* 1.28 (1.18 - 1.38)* 

Volume of hospital births (births/year)       
Until 1000 43.6 53.0 84.0 1.35 (1.30 - 1.41)* 1.18 (1.13 - 1.23)* 1.03 (1.01 - 1.05)* 
1000 or more 31.6 42.5 82.9 1 1 1 

Type of hospital       
Public    1 1 1 
Mixed    1.06 (1.03 - 1.09)* 1.13 (1.09 - 1.18)* 1.02 (1.00 - 1.03)** 

*p < 0.001; **Does not apply. 
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Public hospitals showed a lower proportion of cesarean births, and it is possible to observe the effects of ma-
ternal risk factors, such as advanced maternal age, which increases the risk of cesarean births by approximately 
45%; multiple pregnancies, to a risk of 121%; and hospitals that perform less than 1000 deliveries a year by 35%. 

The risk factors for mixed hospitals were the same as those in public and private hospitals. However, the es-
timated effects of the variables were intermediate between those of private and public hospitals. Maternal, gesta-
tional and newborn characteristics contributed to increase the risk of cesarean sections, but these effects are less 
pronounced than in public hospitals and more visible than in private hospitals. Multiple pregnancy and seven or 
more prenatal care visits were the variables that mostly contributed to cesarean sections at mixed hospitals, al-
though high level of mother’s education and white newborn skin color increased the risk and showed a higher 
effect than in the public or private sectors. 

The highest attributable risk fraction for the cesarean section was being born in a private hospital, where 41.8% 
of the cesarean sections were attributed to this exposure. All of the other exposure variables presented attributa-
ble risk fraction lower than 5%, except for the number of prenatal visits equal or superior to seven, which pre-
sented attributable risk fraction of 20.5% in public hospitals, 18.8% in mixed hospitals, and 25.3% in private 
hospitals (data not shown). 

4. Discussion 
The study demonstrated a growing trend in the proportion of cesarean deliveries, with an estimated increase of 
1.4% per year from 2000 to 2013 in the São Paulo Metropolitan Area. Of all live births in 2009, 53.1% were by 
cesarean section, which is higher than the national estimate of 50.1% [21]. The São Paulo Metropolitan area has 
multiple hospitals of high complexity, the largest hospital centers and maternity wards in Brazil [22].  

The proportion of cesarean sections was higher in private hospitals, as shown in other studies conducted in 
Brazil [6] [9]. In our study, however, the lowest cesarean proportion was found among women delivering in the 
public hospitals, followed by those that occurred in mixed hospitals, and it was very high in private hospitals. 
Similar results have been described in other countries, such as Spain [23], Greece [24] and Australia [25].  

In addition to the type of hospital, other variables can be considered as risk factors for cesarean deliveries, 
such as advanced maternal age, high maternal education, nulliparity, multiple pregnancies, prematurity and sev-
en or more prenatal care visits, which is in accordance with other Brazilian and international studies [2] [8] [11] 
[12]. Among these factors, the high cesarean proportion among nulliparous women has been a matter of concern 
in other countries because it is a cumulative factor for the perpetuation of high level of cesarean deliveries be-
cause the number of vaginal births reduces after the first cesarean birth [6] [26]. 

Adolescent age of mothers was found to be a protective factor for cesarean delivery in the three types of hos-
pitals. Even though it was a protective factor, almost 73% of the births by this age group were delivered by cae-
sarean in private hospitals. Some authors believe that the low percentage of cesarean sections in adolescents is 
related to the low frequency of obstetric complications in this age group and represent an effort to not interrupt 
their reproductive life. Other possible explanation is that there are also few instances of tubal ligation followed 
by cesarean section [16].  

Grand multiparous women have also a protective effect against cesarean delivery, but it is difficult to interpret 
this result. There is no available information on the previous delivery type of multiparous women on the birth 
certificate in 2009. Previous vaginal births can lead to a future vaginal birth, but previous cesarean sections can 
predispose mothers to another cesarean. One possible reason is that there is a short delivery labor time among 
multiparous women, so some of them arrived in hospital in the expulsive period, resulting in vaginal delivery. A 
meta-analysis found that multiparous women of middle-income countries who had a previous cesarean section 
showed the highest likelihood of cesarean deliveries [7].  

Multivariate analysis by hospital type showed differences in the effect of risk factors for cesarean deliveries. 
These differences may be the result of different obstetrical care models, differences in available technology [27]; 
medical practice [6] [8] [28] institutional organization and legal factors [5] [29]. The obstetrical care in private 
hospitals is exclusively conducted by the doctor who follows pregnant women from prenatal care to delivery, 
which creates conditions for scheduling the date of delivery. It is known that models incorporating midwives 
have a higher ratio of vaginal birth [30]. The performance of cesarean sections has been described as a mechan-
ism to optimize the doctor’s work, thus ensuring predictability and a shorter time spent in follow-up of the deli-
very [8] [31]. Moreover, the clinical experience accumulated in the performance of cesarean sections reduces the 
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practice of vaginal birth, and causes insecurity in performing that particular type of care [6] [8]. However, there 
are exceptions. Some obstetricians work with midwives in some private hospitals. This humanized model of ob-
stetrical care prioritizes vaginal delivery, but there is a lack of midwives in the country, less than half that would 
be necessary for national use of this model [32]. 

The public hospitals showed the lowest proportion of cesarean births, and the effect of maternal, gestational 
and newborn risk characteristics are more visible in these hospitals. There is more chance that cesarean delive-
ries are performed in response to clinical needs. This result may possibly be explained by the obstetric care 
model in public hospitals, which is multiprofessional. Prenatal care is conducted in primary health care units by 
a multiprofessional team, while delivery is performed by the doctors and/or obstetric nurses on duty in the hos-
pitals. In addition, the type of delivery does not influence the professional’s payment in public hospitals. 

Public hospitals are regulated, and there is a limit to the number of paid procedures. There are a set monthly 
number of cesarean sections for each hospital that are paid for by the Unified Health System [31]. Therefore, the 
high proportion of cesarean deliveries found in the public network may also be a result of the higher frequency 
of maternal risk factors in the population who uses the public network. A study conducted in the city of São 
Paulo found that users of public hospitals presented lower levels of maternal education and higher proportion of 
very low birth weight (<1500 g) in relation to private hospitals [22], which partly explains the high values found 
in the public network. Unfortunately, there are no secondary data available about the frequency of maternal condi-
tions that lead to the performance of cesarean sections, such as the presence of maternal hypertension or infections. 

The cesarean proportion found in mixed hospitals presented intermediate values between public and private 
networks and represents the coexistence of these two birth-care models in these hospitals. However, it was 
found a higher effect of socioeconomic variables in mixed hospitals, such as newborn skin color and high level 
of maternal education in comparison to the public and private networks. This result suggests that births by 
mothers with higher socioeconomic status were paid by private health insurance plans, which operate in accor-
dance with the delivery-care model of private hospitals. 

The influence of the hospital’s volume of deliveries and location on the proportion of cesarean deliveries was 
a new finding in Brazil, and these results require further investigation. Hospitals with a low volume of deliveries 
present a higher proportion of cesarean deliveries. Hospitals with fewer deliveries may present less organization, 
capacity and skills in terms of caring for pregnant women, which can lead to doctors choosing to perform a ce-
sarean section because they feel more comfortable with this technique [33].  

Our study was conducted in the largest metropolitan area of South America with high conurbation, and only 
10% of births took place in hospitals with a low annual volume of deliveries. The increased risk of cesarean sec-
tions for births carried out in hospitals located outside the city of the mother’s residence could be explained by 
referrals for high-risk pregnancies, which require complex assistance that is unavailable in their cities of resi-
dence. Another possible explanation could be the mothers’ choice of hospitals of higher complexity. 

There was a statistically significant increase in births by cesarean delivery with the increase of prenatal visits. 
The attributable risk fraction for seven or more prenatal visits increased the probability of cesarean section by 20% 
in the three care networks. Such a finding corroborates other studies that found that pregnant women who are 
prone to cesarean sections frequently present hypertension and other gestation-related affections that require 
more careful follow-up and thus result in higher use of health services [8] [10]. Overall, 90% of women had 7 or 
more prenatal visits in the private system, which shows that these women have more access to prenatal care than 
those who use public or mixed hospitals. One study showed that patients of the Brazilian private system had an 
initial preference for vaginal deliveries of 63.9%, but this preference changed during gestation, declining to 18.6% 
[4]. Our results show that only 17.3% of women had this type of delivery. It seems that instead of prenatal care 
leading these women to maintain their initial choice, it facilitates the changing of their choice. 

This study was performed with secondary data, so there may be some confounding factors that we were not 
able to control in addition to the absence of explanatory variables for some of the results. Another limitation is 
the absence of information distinguishing births financed by the public health system from those paid by health 
insurance plans in mixed hospitals. 

5. Conclusion 
Cesarean rates in São Paulo Metropolitan Area were high, and growing. Delivery in a private hospital is respon-
sible for the majority of cesarean sections; and traditional clinical indications have an important role in the pub-



P. R. Raspantini et al. 
 

 
806 

lic sector. Health actions to reduce excessive cesarean sections might be directed to pregnant women and care 
providers especially in the private sector. 
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