








Figure 1
(n=2 903 7165singleton births), Brazil 2015.

Adolescents represented 18.3% of the study population,
38.7% of the women were nulliparous, and among those
who had at least one previous birth, 44.8% reported a
previous CS. The prevalence of previous CS for all women,
including primiparae, was 27.2%. Table 1 also presents
the numbers and proportions of the seven groups of
municipalities with more than 1000 births per years strati-
fied by CS rates, from less than 30% to 280%.

In 2015, CS represented 55.5% of all births in the
country, with 48% of these operations taking place before
labour started. CS prevalence ranged from 37.8% among
women with 0—4 years of schooling to 79.7% among those
with >12 years (figure 1). Vaginal deliveries, therefore,
accounted for 62.2% of the births in the lowest schooling

Prevalence of intrapartum and prelabour caesarean sections (CSs) according to maternal education

group, but only 20.3% among mothers of the highest
educated category. Although the prevalence of intra-
partum CS augmented slightly with schooling, the largest
gradient was for prelabour CS which ranged from 13.2%
to 49.2% in the extreme groups of schooling (figure 1).
Gestational age was reported for 97.5% of all births
in SINASC. The prevalence of preterm birth was 10.1%,
declining slightly from 12.2% in mothers with 0-4 years of
schooling to 9.3% among those with >12 years (figure 2).
The overall prevalence of preterm births following
vaginal births was 7.6% in the least educated group—
where vaginal deliveries represented 62% of all births—
and declined to only 1.9% among women with >12
years—where vaginal deliveries accounted for 20% of all

Figure 2 Prevalence of preterm births after vaginal delivery and caesarean sections (CSs) (prelabour or intrapartum), according

to maternal education (n=2 903 716 singleton births), Brazil 2015.
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Figure 3 Gestational age distribution for births of women with low (0-4 years) and high (>12 years) schooling and for the whole
population, according to the type of delivery (vaginal, intrapartum CS and prelabour CS) (n=2 903 716 singleton births), Brazil

2015. CS, caesarean section.

births. In contrast, prelabour CSs represented 16% of all
preterm births among the less- educated mothers and
50% in the more- educated group. Therefore, although
the prevalence of preterm birth varied slightly by educa-
tion, there were marked differences regarding the type of
delivery within each educational category.

In addition to the 10.1% preterm deliveries, 29.8% of
all births in Brazil took place at 37-38 weeks’ gestation,
56.9% between 39 and 41 weeks, and 3.1% at 42 or more
weeks. In contrast to preterm deliveries, early-term births
were substantially more common among women with >12
years of education (39.8%) compared with those with <4
years (24.9%; p<0.001).

Preterm prevalence differed slightly among vaginal and
CS deliveries (figure 3), but early-term births varied mark-
edly: 24.8% in vaginal deliveries, 29.6% in intrapartum
CSs and 38.3% in prelabour CSs. Conversely, the preva-
lence of term births was 60.9% in vaginal deliveries and
50.2% in prelabour CSs. Differences were most marked
among more-educated women, with early-term births
accounting for 29% of vaginal deliveries and 45% of
prelabour CSs.

Poisson regression analyses were conducted using
preterm and early-term birth as outcomes and type of
delivery (vaginal or CS) as exposure. For preterm birth,
in the unadjusted analysis the prevalence ratio of preterm
birth in CS deliveries was 0.907 (0.900 to 0.913, p=0.0001),
and after adjusting for maternal schooling, age, parity
and marital status the prevalence ratio was 0.957
(0.950 to 0.964, p=0.0001). The corresponding values for
the analyses of early-term birth as outcome were 1.349
(1.344 to 1.354; p=0.0001) and 1.247 (1.242 to 1.252,
p=0.0001), respectively, for unadjusted and adjusted
analyses.

We then proceeded to the analyses of the association of
gestational age distribution according to the CS rates in
the municipalities where the women gave birth. Figure 4
shows that preterm prevalence is 9.3% in the group of
municipalities with the lowest CS rates (<30%) and slightly
higher in the remaining municipalities. Early-term births
were markedly less frequent (21.7%) in municipalities
with <30% CSs compared with those with 280% CS rates
(40.4%)—a difference of 18.7 percent points. Conversely,
the prevalence of births between 39 and 41 weeks lowered
from 63.5% to 47.2%, and the proportion of births at
42+ weeks was 5.5% and 1.8%, respectively. All linear
trends were highly significant (p<0.001).

We have also analysed the rates of births <34 weeks for
the different municipality groups, as, presumably, these
rates should not be associated with CS rates. The results
did not show any clear pattern between municipalities.
For the seven groups of municipalities shown in figure 4,
from bottom to top, the rates were 2.4%, 2.7%, 2.8%,
2.9%, 3.1%, 2.7% and 2.6%, respectively.

Women living in municipalities with high CS rates
tended to have higher educational levels than those of
low CS rate municipalities—the group with 0-4 years
of schooling represented 10.2% in municipalities
with <30% CSs but only 3.7% in those with 280% preva-
lence, while women with >12 years of schooling accounted
for 4.6% and 21.6%, respectively. High CS municipalities
also had lower prevalence of adolescents, single women
and multiparae among their mothers. These variables
were also associated with preterm and early-term births,
and we used Poisson regression to produce unadjusted
and adjusted analyses of the association between preterm
and early-term births and municipalities with different CS
rates, taking into account these confounders. The units of
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Figure 4 Gestational age distribution according to different rates
than 1000 births per year, Brazil 2015.

analyses were individual women, according to municipal
rates of CS.

Table 2 shows the results of these analyses, using munic-
ipalities with <30% CSs as the reference group. With
preterm birth as outcome, the crude prevalence ratios
showed growing trends—in municipalities with 30%-39%
of CS rates, the ratio was 1.076 while for municipalities
with 280% of CS, this was 1.145. After adjustment for
confounders, these ratios were 1.090 and 1.215, respec-
tively. When the outcome variable was gestational age
37-38 weeks, unadjusted prevalence ratios ranged from
1.120 for municipalities with 30%-39% of CS to 1.890
for municipalities with 280% of CS. After adjusting for
confounders, the ratios varied from 1.043 for municipali-
ties with 30%-39% CS to 1.643 for those with rates 280%.

Finally, we took the current numbers of annual births
with <87, 37-38 and 39 weeks or more in 2015 and calcu-
lated the expected numbers based on the gestational age

of caesarean sections (CSs) in 520 municipalities with more

distribution of 34 high-income countries. In these coun-
tries, the median values were of 5.5% for <37 weeks and
of 22.2% for 37-38 gestational weeks,”® compared with
our current results of 10.1% and 29.8%, respectively.
Brazil would have had 133571 fewer preterm births and
220682 fewer early-term births had the gestational age
distribution been the same as in high-income countries,
and consequently an additional 354 253 babies born at 39
or more weeks.

DISCUSSION

Our results show that the wide differences in CS preva-
lence among different socioeconomic groups are due
to the markedly higher prevalence of prelabour CS in
more-educated women. We used maternal education,
measured by years of schooling, as a proxy for socioeco-
nomic position.29 In women with more than 12 years of

Table 2 Poisson regression analyses of preterm and early-term births according to municipal CS rates, Brazil 2015

Preterm births

Early-term births

Crude analyses

Adjusted analyses*

Crude analyses

Adjusted analyses *

Municipal CS

prevalence Prevalence Prevalence Prevalence Prevalence

rates ratio 95% Cl ratio 95% Cl ratio 95% Cl ratio 95% ClI

80% 1.145 1.108 to 1.184 1.215 1.174 to 1.257 1.89 1.859 to 1.921 1.643 1.616 to 1.671
70%-79% 1.115 1.087 to 1.143 1.174 1.143t0 1.205 1.615 1.593 to 1.639 1.398 1.378 t0 1.419
60%-69% 1.199 1.171to 1.227 1.243 1.213t0 1.274 1.514 1.493t0 1.535 1.31 1.292 to 1.329
50%-59% 1.139 1.113to 1.166 1.197 1.169 to 1.227 1.404 1.385t0 1.423 1.224 1.207 to 1.241
40%-49% 1.095 1.069 to 1.122 1.136 1.108to 1.165 1.22 1.203t0 1.238 1.113 1.097 to 1.129
30%-39% 1.076 1.047 to 1.105 1.09 1.060to 1.122 1.12 1.102t0 1.138 1.043 1.026 to 1.060
<30% 1.0 1.0 1.0 1.0

All p values <0.0001.
*Adjusted for maternal schooling, maternal age, parity, marital status.
CS, caesarean sections.
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schooling, the prevalence of CSs was nearly 80%, and
62% of these procedures were conducted before labour
started. A recent Brazilian study has also documented
important differences in CS rates according to maternal
socioeconomic position.™

The fact that most births occur by CS, and a large part
of these procedures are performed before the onset of
labour, suggests that iatrogenic preterm births might
occur. However, the remarkably strong positive associa-
tion between socioeconomic position and CS (figure 1)
jointly with the negative association of socioeconomic
position and preterm vaginal births (figure 2) leads to a
paradoxical finding in the individual analyses, showing
an apparently protective effect of CS on preterm births.
In fact, in our individual analyses, the prevalence ratio of
preterm birth associated with CS was 0.957, indicating a
protective effect of 4.3%. Conceivably, women subjected
to more intense medicalisation might be protected from
preterm delivery which would explain a protective effect
of CS on preterm births in the individual-level anal-
yses. However, these findings might be due to residual
confounding and were not confirmed by our municipal-
ity-based analyses, where preterm and early-term births
were more prevalent in municipalities with higher CS
rates.

We were able to estimate that municipalities with higher
rates of CS presented higher prevalence ratios of both
preterm births, and births between 37 and 38 weeks, in
comparison with municipalities with <30% CSs (figure 4).
Municipalities with 280% of CSs presented 21.5% higher
ratios of preterm births and 64.3% higher ratios of early
births, compared with municipalities with CS rates <30%
(table 2). As expected, rates of very preterm births were
not affected by the municipal CS rates, given that unnec-
essary CS would not affect such deliveries.

Our results suggest that Brazil is facing three inter-re-
lated epidemics: a CS epidemic, especially among highly
educated women; an epidemic of preterm births, partly
associated with the high CS but, more importantly, linked
to poverty-related risk factors; and lastly, an epidemic of
early-term births, directly related to the high CS rate. The
third epidemic has not been previously reported. The
epidemic of preterm births is confirmed by the growing
trends of these births in population-based studies in
different areas of the country,' and the excess of such
births compared with high-income countries (5.5%).*

CSs accounted for 55.5% of deliveries, reaching 80%
in more-educated women, confirming the existence
of a major epidemic which has already been previously
described.” Systematically collected data on the progres-
sion of labour and causes of CS were unavailable until
recently, when Leal et al published results from a national
study involving 266 hospitals. Their analyses were focused
on late preterm deliveries associated with elective CS,
showing markedly higher rates in private than in public
hospitals."’ Our findings on the educational gradient in
CS are consistent with their results, as private care is the
rule for highly educated women in Brazil.

The second epidemic is that of preterm births,* and
our results suggest that it has two components. First,
preterm births following spontaneous vaginal delivery
are highly prevalent among poor, less-educated women.
These are likely due to known risk factors, some of
them shared with those for early-term births®': previous
preterm birth, infections during pregnancy, pre-ec-
lampsia, gestational diabetes, underweight, shortstature
and smoking.”® Their prevention requires measures to
address social inequities, and improve both pregnancy
care and living standards.”® The second component,
which primarily affects women of high socioeconomic
status, has been attributed to scheduled CS, often due
to reasons such as doctor and/or maternal conve-
nience.”®!" In support of this hypothesis, we found that
prelabour CSs account for half of all preterm births
among highly educated women in Brazil (figure 2).
Overall, 26% of all preterm births in Brazil follow prela-
bour CSs. Our results suggest that prelabour CSs do
play a role in the preterm epidemic, as shown by the
trend of higher prevalence of preterm births in munici-
palities with higher CS rates.

As mentioned, previous studies on the consequences
of high elective CS rates were focused on preterm
delivery and, to a lesser extent, on maternal and newborn
morbidity and mortality.”™'** In contrast, the early-term
epidemic has not been previously documented. We report
a national prevalence of 29.8% of all births, ranging from
21.7% in municipalities with CS rates <30%, to 40.4% for
municipalities with rates 280%. As gestational age infor-
mation in the SINASC system was imprecise up to 2011,%
we are unable to document time trends in early-term
births for the country. Nevertheless, this information is
available in the four Pelotas Birth Cohorts covering the
period from 1982 to 2015. In these datasets, the CS rate
increased from 27.7% in 1982 to 65.1% in 2015, while the
prevalence of early-term births increased from 22.3% to
37.1% in the same period.*®

Data from 34 high-income countries show that preterm
births represent 5.5% of births while early-term births
represent 22.2% of the total number of births.*® We esti-
mate that Brazil had 133571 extra preterm babies and
another 220682 extra early-term newborns than would
be anticipated had our prevalence been the same as in
these countries. Our results suggest that the main impact
of the high CS rates has been a shift from term to early
term births.

We have previously published outcomes in the first
4years of age of babies born with different gestational
ages in three Pelotas, Southern Brazil birth cohorts. In
addition to the well-known poor outcomes for preterm
babies, we documented that early-term babies had a 60%
greater risk of infant mortality, compared with babies
born between 39 and 41 weeks of gestation.'”

Therefore, in addition to a short-term higher morbidity
and mortality, preterm and early-term newborns place
additional demands on society by requiring special
education services as they reach school age and present
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higher risks of disability in young adulthood, as shown by
the Scottish and Swedish studies."* *’

One strength of our study is the use of the Live Births
Information System (SINASC) of the Brazilian Ministry
of Health, with 2.9million singleton live births, corre-
sponding to >96% of all births occurring in 2015, in a
middle-income country with 208million inhabitants
where home deliveries represent less than 2% of all
births.”” The system has some limitations, including the
lack of information on indications for CSs and reliance
on routine assessment of gestational age, with date of
LMP being the first option, with ultrasonography and
physical examination being used in cases when LMP is
not known. It is recognised that LMP assessed after birth
produces slightly higher prevalence estimates of preterm
birth than early ultrasound examinations.” These limita-
tions, however, are unlikely to have affected the present
results as they should apply to all municipalities under
study.

In all estimates of the prevalence of CS, preterm and
early-term births in the country, we used the full popula-
tion of singleton births for the year 2015 and therefore our
calculations of excess numbers of preterm and early-term
babies are valid for the whole population. We excluded
hospitals with less than 1000 births per year only when
municipality-based analyses were carried out (figure 4).
As mentioned in the Methods section, the reason for this
exclusion was that the quality of information in small
health units is less reliable.”” These hospitals were respon-
sible for 20.3% of the country’s births, of which 53.5%
were CS; the prevalence of preterm and early-term births
was 8.5% and 28.5%, respectively, compared with 10.6%
and 30.0% in large municipalities with similar (50%-—
59%) CS rates (figure 4). This suggests that excluding
small municipalities from the municipal-level analyses did
not lead to bias.

Two initiatives have been recently launched in Brazil
with the aim of reducing the negative consequences of
scheduled CS. The Federal Medical Council passed a
resolution® stating that women have the right to request
a CS without medical indications, but that clinicians
should wait until the fetus reaches a gestational age of
39 weeks. Unicef launched a media campaign labelled
‘quem espera, espera’ (‘if you are expecting, wait’)*’
to promote the idea that CS should not be carried out
before the onset of labour. Whether or not these initia-
tives will have an impact remains to be seen, as numerous
earlier initiatives by government and civil society have so
far failed.”

Brazil is currently facing a severe political and economic
crisis, and the public health and primary education
systems are suffering unprecedented cuts. The fact that
the health system is, at the same time, producing massive
numbers of preterm and early-term newborns who are
likely to experience important developmental delays is
a reason for enormous concern. Prevention of preterm
births requires long-term action against social determi-
nants of health as well as short-term efforts to improve

the quality of pregnancy care for poor women, given that
coverage is already high.” At the same time, the health
system must act to reduce the unacceptably high numbers
of CSs that produce hundreds of thousands of early-term
and preterm newborns each year. The Ministry of Health
has since 2014 being categorising all CS according to
Robson’s classification,' ** in an attempt to identify groups
where more action is needed to reduce the high CS rates.

From a public health perspective, the larger and more
immediate gains may be obtained focusing on primigrav-
idae, for two reasons. First, they account for 40% of all
deliveries in the country. Second, they will not have had
a previous CS, and having undergone a previous CS is a
common justification for a repeat operation, as the deci-
sion between an elective repeat CS and a trial of labour is
often difficult.*’ Lastly, families should be informed that
their right to choose for a CS should not compete with
the right of their offspring to be delivered after 39 weeks’
gestation.

CONCLUSIONS

The increasing rates of CSs in Brazil, that reached 55.5%
in 2015, have affected the country’s gestational age
distribution, resulting in rising numbers of preterm and
early-term births, and conversely, fewer term infants. We
estimate that, in comparison with high-income coun-
tries, Brazil has now an annual excess of 354000 births
under 39 weeks of gestation. As preterm and early-term
children present higher morbidity and are more prone
to developmental problems, this represents an important
public health problem. This is the first report that quan-
tifies the magnitude of this epidemic, a finding that must
be disseminated to health sector workers, policy-makers
and the whole society, including young families. The chal-
lenge for the near future is to develop and scale up effec-
tive interventions to reduce the unacceptable number of
CSs without medical indications.
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