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summary

Introduction. This study aimed to estimate the most recent cae-
sarean section rates in the world and examine the association
between these rates and old and new indicators of health care.
Methods. Authors analyzed the Caesarean Section (CS) rates, also
in geo-economic and economic groups, and correlated them to
maternal and neonatal mortality, to births attended by skilled health
personnel and to births among adolescents. Analysis of covariance
and piecewise regressions were used for the statistical analysis.
Results. In 47.2% of the countries, the CS rate exceeded 15%.
Countries of Latin America and the Caribbean along with Europe,
North America and Oceania had the highest values. The analysis

Introduction

The World Health Organization (WHO) considers the
percentage of births by Caesarean Section (CS), a health
care quality indicator, providing to protect health of
mother and newborn. In 1985 the WHO affirmed that
“There is no justification for any region to have CS rates
higher than 10-15% [1].

There are no studies that clearly assess the validity of
this indicator, and there is no evidence that regions with
lower percentage of CS provide better care. In addi-
tion, a very low rate (< 5%) may reflect a lack of ac-
cess to obstetrical care and an inadequate level of as-
sistance [2]. In this study the Authors analyzed the most
recent worldwide CS rates from national health systems
and correlated them to maternal (MMR) and neonatal
mortality (NMR) [3] to percentage of births attended by
skilled health personnel (BASHP) and to births among
adolescents (ABR). Authors also analyzed the level of
CS in different geographical areas and in relation to “pro
capite” income of countries [4].

The study aimed to provide an update on the use of CS
and examine correlation between CS and old and new
reproductive health indicators, using a new ecological
approach, to critically evaluate the WHO recommended
range of CS.
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showed an inverse association between CS rates and Maternal Mor-
tality (MMR) and Neonatal Mortality (NMR) for all geographical
areas except for Europe. The greatest association was observed in
lower-middle-income countries. In developing countries only 50%
of cases, occur in medical facilities and only half of these are seen by
medical, nursing and obstetrical staff. Age of the mother appears to
influence the outcome and choice of delivery type. Countries where
an high ABR rate is present have low CS use.

Conclusions. To best evaluate the consequences of the increas-
ing rate of CS, it would be useful to identify the most sensitive
outcome indicators.

Methods

Authors analyzed data of CS from 142 countries, using the
Survey Systems of WHO/Regional Office for Europe for 48
countries in the European region [5], from the Demograph-
ic and Health Surveys (DHS) and from the WHO [6, 7] for
50 and 5 countries respectively. For 34 countries data were
obtained by Ministerial Reports and National Institutes of
Health Information on CS rates is not easily obtained for
some countries due to the lack of adequate national record-
ing systems; for five countries the data are derived from
small-scale studies. Authors also considered the rates in
regions with low, medium-low, medium-high and high in-
come, according to the 2009 World Bank classification [4]
and on seven geo-economic levels. The geo-economic lev-
els are: East Asia and Pacific, Eastern Europe and Central
Asia, Europe, Latin America and the Caribbean, the Mid-
dle East and North Africa, South Asia, sub-Saharan Africa.
Authors do not consider North America (United States and
Canada) and Oceania (Australia and New Zealand) since
for both geographical levels we have only two countries.
On relations between percentage of CS and NMR,
MMR, BASHP and ABR, two statistical analyses were
performed: analysis of covariance (Ancova) and piece-
wise regressions.

The data were analyzed by using the GraphPad Prism
version 5.00 software package. A p-value < 0.05 was
considered statistically significant.
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Results

RATES OF CS WORLDWIDE

The most recent data show a CS global average of 14.8%
with a range from 0.4% in Chad to 42.3% in Iran. In 67
(47.2%) countries analyzed, the CS rate was higher than
15%, in 39 (27.5%) between 5 and 15% and in 36 coun-
tries (25.3%) lower than 5% (Figure 1). Latin America and
the Caribbean countries show an average rate of 23.7%,
with national values ranging between 3% (Haiti) and
41.9% in the Dominican Republic; In Europe the average
percentage is 22.8% and all European countries except the
Netherlands (13.5%) exceed the limit set by WHO.

In the Middle East, North Africa and sub-Saharan regions
percentages vary between 0.4 and 42.3, and percentages
exceed 15% in only three countries (Iran, South Africa and
Egypt). In East Asia and Pacific there are still countries
where the use of CS is < 5%, such as Cambodia (1.8%)
and Papua New Guinea (4.7%) as opposed to countries
whose rates are among the highest in the world: South
Korea (38.9%) and Japan (28.2). The region of South
Asia appears to have the lowest average rate with values
ranging between 2.7% (Nepal) and 8.5% (India) (Tab. I).
In 23 of 35 low-income countries (65.7%) the CS rate
was less than 5%; in lower-middle-income countries
values such low are found in 20% of countries and in
those with upper-middle and high income no country
has less than 5% (Tab. I).

OTHER REPRODUCTIVE HEALTH INDICATORS

The average NMR value of analyzed countries is about
19.6 child deaths per 1,000 live births. South Asia and sub-
Saharan region have the highest rates, with the highest val-
ues in Liberia (66%o), and Cote d’Ivoire (64%0). The NMR
is in inverse proportion to income countries (Tab. I).

The average MMR value is of 303 deaths per 100,000
live births (range: 1 and 1,800/100,000) with the higher
values in the regions where neonatal mortality is still
high, in spite of some exceptions.

In the area of the Middle East and North Africa and Latin
America and the Caribbean, the MMR still remains quite
high. In Europe, the MMR is 6.7/100,000 ranging from
Ireland (1/100,000) to 25/100,000 in Estonia. Neverthe-
less, the mortality rate ranged from a value of 770.7 in
the poorest countries, to 27.9 in countries with higher
income with the lower-income countries that achieve
low mortality (Uzbekistan: 24/100,000 live births) and
high-income countries with high mortality (Equatorial
Guinea: 680/100,000 live births).

The average level of global BASHP was 79.2% (range:
5.7%-100%) with the lowest rates in South Asia (maxi-
mum value 46.6%) and greater variability in the sub-
Saharan region ranging from 5.7 in Ethiopia to 94.2 in
Botswana (Tab. I).

The only countries in which we observe high CS and
BASHP < 80% are Paraguay (CS: 27.0%, BASHP:
77.1%), and Egypt (CS: 27.6%, BASHP: 78.9%). In
countries with medium-high and high-income, BASHP
reaches values of 95.0 and 98.1 respectively, while the
average is still below 50% in the poorest countries.

The average ABR is 58.9% with considerable variation
between different geographical areas and economic re-
gions. Regions such as sub-Saharan Africa and South
Asia have higher rates, respectively 120.1 and 90/1000
births vs Europe, which has the lowest values (11.7%).
Areas of the Middle East and North Africa, East Europe
and Central Asia, North America, Oceania all retain
rates of around 25%.

There is a clear decrease in ABR rates between regions
with low-income and those with high-income, rising
from a rate of 112.3 to 16.1 in the richest countries.

PIECEWISE RESULTS

Piecewise regression analysis shows that all four rela-
tions (CS vs. NMR, MMR, BASHP, ABR) undergo a
reduction of minimal residual standard error, when each

Fig. 1. Caesarean Section rates by country, divided into three cat-
egories: < 5%, 5%-15% and > 15%, divided according to recom-
mendations by the World Health Organization.

Fig. 2. The relationship between CS and a) NMR, b) MMR, ¢
BASHP, d) ABR after piecewise analysis. Black and white circles in-
dicate countries with CS values below and above CS breakpoint
respectively.
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Tab. I. Percentage and range of CS, NMR (per 1,000 live births), MMR (per 100,000 live births), BASHP (%) and ABR (per 1000 women) in the
Regional Area World Bank and by Income Group.

Regional area World Bank cs Range NMR Range MMR Range BASHP Range ABR Range
(min-max) (min-max) (min-max) (min.-max.) (min.-max.)
Middle East and North Africa 14.8 1.4-42.3 13.4 3.0-41.0 107.6 4.0-430.0 89.8 35.7-99.2 25.8 3.8-80.0
Sub-Saharan Africa 4.0 0.4-20.6 37.8 9.0-66.0 776.1 210.0-1,800.0 55.9 5.7-94.2 1201 40.0-198.9
East Asia and Pacific 14.3 1.8-38.9 16.6 1.0-48.0 219.5 6.0-540.0 79.9 41.0-100 351 2.1-70.0
South Asia 6.8 2.7-85 44.0 32.0-60.0 794.0 320.0-1,800.0 27.3 14.3- 46.6 90.0 20.3-151.0
Europe 22.8 13.5-38.2 2.8 1.0-5.0 6.7 1.0-25.0 99.6 98.0-100 11.7 3.8-25.9
East Europe and Central Asia 16.1 2.1-354 15.8 3.0-38.0 52.6 7.0-170.0 97.4 83.0-100 26.5 12.7-51.0
Latin America and Caribbean 23.7 3.0-41.9 13.4 4.0-32.0 164.8 16.0-670.0 83.6 26.1-99.9 771 41.7-108.5
North America 29.1 26.3-31.8 3.5 3.0-4.0 9.0 7.0-11.0 98.7 98.3-99.0 271 13.6-40.6
Oceania 27.3 23.7-30.8 3.0 3.0-3.0 6.5 4.0-9.0 100 100-100 22.3 16.0-28.6
Economical world regions
Low income 3.3 0.4-9.9 38.1 12.0-66.0 770.7  24.0-1,800.0 49.8 5.7-99.9 112.3  25.5-198.9
Lower Middle income 12.7 1.7-42.3 23.8 7.0-64.0 3015 18.0-1,100.0 761 35.2-100 62.9 4.6-141.0
Upper Middle income 20.9 5.6-41.9 13.3 3.0-46.0 119.2 8.0-520.0 95.0 71.0-100 46.3 3.8-144.0
High income 21.7 6.6-38.9 45 1.0-47.0 27.9 1.0-680.0 981 64.6-100 16.1 2.1-128.0
World total 14.8 0.4-42.3 19.6 1.0-66.0 303.0 1.0-1,800.0 79.2 5.7-100 58.9 2.1-198.9

model is divided into two regres-
sion lines (Fig. 2). Breakpoints are
at 15% for NMR, 9% for MMR,
16% for BASHP and 9% for ABR

Tab. Il. Results of piecewise analysis applied to relationships between Caesarian Section Rate
(CS%) and Neonatal Mortality Rate (NMR, per 1,000 live births), Maternal Mortality Rate (MMR,
per 100,000 live births), Births Attended by Skilled Health Personnel (BASHP, %) and Adolescent
Birth Rate. See results for details ( But positive).

(Tab. II). For all relations, regres-

sions that occur in a range of CS
falling between 0 and the break-
point have the same sign as the
overall relations (Figs. 3, 4). Re-
gressions that occur for CS values
greater than breakpoint have slopes

NMR MMR BASHP ABR
Residual standard error linear 11.9 300.9 19.2 432
Minimal residual standard error piecewise 9.3 245.0 16.2 373
% Reduction of residual standard error 22.0 18.6 15.7 13.8
CS breakpoint (%) 15 9 16 9
Relationship (p-level) < CS breakpoint 0.000 0.000 0.000 0.000
Relationship (p-level) p > CS breakpoint 0.04" n.s. n.s. n.s.

not different from O (p > 0.05) for

CS vs MMR, BASHP, ABR. The

relation between CS and NMR for CS values greater
than breakpoint is significant (p < 0.05) but positive, in-
verse to the overall relation.

ANCOVA RESULTS

Relations between CS and NMR (r = -0.70, df = 138,
p <0.000), MMR (r =-0.65, df = 137, p < 0.000), BASHP
(r =0.66, df = 133, p < 0.000), ABR (r = -0.52, df = 140,
p < 0.000) are all significant (Tabs. III, IV). The analysis
of covariance for different geographic areas showed sig-
nificant differences in slopes for CS and NMR (F = 3.52;
p =0.003) with values ranged between 0.43 (inverse trend
to the overall relation) and -0.67. Significant differences
in slopes were found to be also related to CS and to MMR
(F =7.24; p = 0.000) and to ABR (F = 3.25; p = 0.005).
For CS and MMR slope values ranged between -0.48 and
-0.82 while for CS and ABR ranged between -0.52 and
-0.83. No significant differences in slopes for CS and for
BASHP (F = 1.88; p =0.091). The analysis of covariance
applied to the economic factor showed significant differ-
ences between slopes only for MMR (F = 6.50; p = 0.000)
and for BASHP (F = 4.34; p = 0.006) (Tab. IV). In the
first case slopes vary between -0.35 and -0.48 while for
BASHP vary between 0.47 and 0.41.
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Discussion and conclusions

Several studies have examined the CS rates in different
geographical areas and shown a steady increase in use
of this surgical technique [8-13]. One important study
by Betran et al. on the global use of CS is the point of
comparison with our work [14]. In this investigation,
Authors implemented the number of analyzed countries,
performed on updated data for the evaluation of thresh-
old value of CS% through the correlation between CS
and old and new reproductive health indicators using a
new ecological approach.

This analysis does not consider all possible causes of
CS% (e.g. dystocia, previous CS, breech presentation
and fetal distress) modification since we used a macr-
oecological approach that deliberately sacrifices a great
deal of detail in order to figure out the overall picture.
A comparison by Betran et al. [14] showed either an in-
crease of CS in 54% of surveyed countries in both stud-
ies, or a slight decrease in just 7.9% of countries, mostly
in Africa, with one in Europe (Iceland: 17.9% vs. 15.6%)
and one in Latin-America (Mexico: 39.1% vs. 37.5%).
An ecological study, that allows assessment to the as-
sociation of CS rates with health outcomes at the pop-
ulation level among different countries, has several
strengths and limitations [15].
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T_h.e different sources, t.he pre- Fig. 3. Caesarean Section rate vs Neonatal Mortality Rate (NMR, per 1,000 live births) (A), Maternal

cision of the dates, mainly the | mortality Rate (MMR, per 100,000 live births) (B), Birth Attended by Skilled Health Personnel (%)

lack of national surveillance (C) and Adolescent Birth rate (per 1000) (D) in the World Bank Regional Areas.

systems (e.g. Afghanistan) and (W) E. Asia & Pacific, East Asia & Pacific; (O) E. Europe & C. Asia, East Europe & Central Asia; (A) Lat.
. . Am. & Car., Latin America & Caribbean; (@) M.E. & N. Africa, Middle East & North Africa.

the different reporting year, all

represent a limitation and do ™ ™
not allow either to have a pre- . T, -
cise and reliable worldwide out- Tk T N i Y — i T
look, or to compare dates of all B A L " o m e
countries, without selection and ; :
follow-up bias.

The countries analyzed for
which there are no nationally
representative data are equally
distributed in income regions.
Moreover, as well as to the data
quality, cannot be excluded a
possible alternative explanations
of the data. Misclassification of . .
exposure can be a source of bias et ° LI o
in ecological design that may ) . L
increase the associations [16].
Confounding can be compli- o o
cated in international ecological o o
comparisons, as the correlation
of confounders among countries

is usually higher than that in in- Fig. 4. Caesarean Section rate vs Neonatal Mortality Rate (NMR, per 1,000 live births) (A), Maternal
dividual studies. and difficult to Mortality Rate (MMR, per 100,000 live births) (B), Birth Attended by Skilled Health Personnel (%)
extricate [17] ’ (C) and Adolescent Birth rate (per 1000) (D) by income group.

In 47.2% of the surveyed coun- .1 w0
tries, the CS rate exceed the .
15%, with a 5.9% of coun- spob
tries more than in the previous y A I
analysis [11]. On the contrary, © g
countries with CS < 5% tend to
decrease (-4.8%).

Similar data of this investiga-
tion are obtained by Wylie [10],
with slightly higher values.

A significant variability among
rates exists within a single re-
gion and in the same economic
group, the highest rate of CS I L L . o FpoFace
was found in Iran (data from a e . . 3
study of a few hospitals in Te- -

heran) a lower middle income
country and a very low value . " o “ " w 0 w  m
in Oman (6'6%)’ the higher— Birth attended by skilled health personnel (%) Adolescent birth rate (per 1000), log scale

income country.

Data on NMR and MMR caused by CS are only avail-  This study show an inverse correlation between CS and
able for certain geographical areas, so Authors consid- NMR, and between CS and MMR, for all geographical
ered MMR, NMR and BASHP as reproductive healthin-  areas except Europe.

dicators, leaving delivery type out of the consideration. The greatest association between CS, NMR and MMR
The risk of death in the poorest countries during the neo-  was observed in lower-middle-income countries that
natal period, is about three times higher than in medium-  have a CS mean value close to 15%, although with a
high-income countries, and eight times higher than in  larger value range.

high-income countries. Regarding the NMR, deaths mostly occur in the first
MMR in low-income regions is almost 30 times higher =~ few days after delivery, and precocious neonatal mor-
than in high-income countries. A negative but statistical-  tality represents almost 75% of total NMR [18] de-
ly significant correlation has been observed on CS and  pending on sanitary, medical and nursing assistance
MMR and NMR in low-income countries, while thereis  during delivery.

no correlation for medium-high-income countries [18].
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In developed countries most deliveries occur in medical
facilities with skilled medical and nursing personnel; in
developing countries only 50% and half of these with
medical, nursing and obstetrical staff [19]. Immediate
access to emergency obstetrical care and better access to
skilled personnel during pregnancy and delivery are cru-
cial for ensuring a high level of care provided in a timely
manner, when life-threatening complications arise.

BASHP is one of the key indicators of progress; the
goal of improving maternal health should reduce ma-
ternal mortality by 75% between 1990 and 2015 [16].
In countries where the value is close to 100%, it is very

CAESAREAN SECTION IN THE WORLD

important to identify new indicators able to provide
useful information for estimating the level of prenatal
care.

The age of the mother seems to influence the outcome of
pregnancies and choice of delivery type. Teenage preg-
nancies, although very frequent in some countries, show
a decreasing trend [20, 21].

A statistical association between CS use and ABR rate
has been found; countries with a high ABR rate have
low CS use.

In countries with high percentages of teenage pregnancy,
the ABR could be used as a new indicator of reproduc-

Tab. lll. The relationship between Caesarean section and Neonatal Mortality Rate (NMR, per 1,000 live births) and Maternal Mortality Rate (MMR,
per 100,000 live births), Birth Attended by Skilled Health Personnel (BASHP, %) and Adolescent Birth rate of world and World Bank Regional

Area (ANCOVA analysis).

Linear Regression ANCOVA

r DF p F DFn DFd p
NMR total -0.70 138 0.000 3.52 6 122 0.003
East Asia & Pacific -0.67 8 0.032
East Europe & Central Asia -0.66 20 0.000
Europe 0.43 22 0.034
Latin America & Caribbean -0.54 18 0.013
Middle East & North Africa -0.16 15 0.548
South Asia 0.54 3 0.349
Sub-Saharan Africa -0.38 36 0.017
North America - - -
Oceania - - -
MMR total -0.65 137 0.000 7.24 6 121 0.000
East Asia & Pacific -0.82 8 0.003
East Europe & Central Asia -0.55 20 0.008
Europe -0.08 21 0.718
Latin America & Caribbean -0.72 18 0.000
Middle East & North Africa -0.26 15 0.316
South Asia 0.03 3 0.959
Sub-Saharan Africa -0.48 36 0.002
North America - - -
Oceania - - -
BASHP total 0.66 133 0.000 1.88 6 117 0.091
East Asia & Pacific 0.70 8 0.025
East Europe & Central Asia 0.02 21 0.935
Europe -0.26 16 0.301
Latin America & Caribbean 0.73 18 0.000
Middle East & North Africa 0.38 15 0.135
South Asia 0.37 3 0.539
Sub-Saharan Africa 0.64 36 0.000
North America - - -
Oceania - - -
ABR total -0.52 140 0.000 3.25 6 124 0.005
East Asia & Pacific -0.83 8 0.003
East Europe & Central Asia 0.24 21 0.261
Europe 0.25 22 0.247
Latin America & Caribbean -0.27 18 0.249
Middle East & North Africa 0.05 16 0.851
South Asia -0.14 3 0.823
Sub-Saharan Africa -0.52 36 0.000
North America - - -
Oceania - -
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Tab. IV. The relationship between Caesarean section and Neonatal Mortality Rate (NMR, per 1,000 live births) and Maternal Mortality Rate
(MMR, per 100,000 live births), Birth Attended by Skilled Health Personnel (BASHP, %) and Adolescent Birth rate of world and by income group

(ANCOVA analysis).
Linear Regression ANCOVA analysis
r DF p F DFn DFd p

NMR total -0.70 138 0.000 2.27 3 132 0.083
High income -0.36 36 0.028

Low income -0.22 37 0179

Lower middle income -0.42 35 0.009

Upper middle income -0.40 24 0.044

MMR total -0.65 137 0.000 6.50 3 131 0.000
High income -0.35 35 0.034

Low income -0.27 37 0.097

Lower middle income -0.47 35 0.003

Upper middle income -0.48 24 0.013

BASHP total 0.66 133 0.000 434 3 127 0.006
High income 0.41 29 0.023

Low income 0.29 37 0.070

Lower middle income 0.47 36 0.002

Upper middle income -017 25 0.410

ABR total -0.52 140 0.000 117 3 134 0.326
High income -0.24 36 0.145

Low income -0.45 37 0.004

Lower middle income -012 36 0.468

Upper middle income 0.16 25 0.423

tive health more specific to certain geographic areas and
more related to lifestyles and religious beliefs.

Very interesting data are in countries where both the CS
rate and ABR value are very high without clinical evi-
dence of need for CS (e.g. Latin America countries).

In this biopolitical context, it may be possible to deter-
minate the appropriate use of invasive and natural pro-
cedures either by outcome measurement and using both
opportune indicators (NMR, MMR), or by indirect proc-
ess indicators (BASPH and ABR).

A linear relation between CS and the indicators is not
enough to explain these social and clinical trends com-
pletely.

With Piecewise regression and ANCOVA test the
Authors provided the breakpoint beyond which an
increased CS rate does not reflect an improvement in
health care.

The corresponding CS rates for breakpoints can identify
the correct use of the surgical procedure. The CS val-
ues corresponding to the discontinuity found for NMR
and MMR are 16% and 9% respectively. In the case of
NMR, an inverse trend was observed, explainable by a
real increase of risk for neonatal health exceeding the
threshold value.

In Brazil, the Dominican Republic, Iran and Turkey
these situation could depend on marked differences in
access to public health and/or cultural and religious con-
ditioning.

The CS and MMR relation is easily understood, when
the threshold value is over by 9% there is no trend re-
versal but it arrives at plateau. For higher values on dis-

continuity points, the process indicators do not show any
correlations with CS.

Regarding the relationship between CS and BASHP,
the only positive association among the percentages ob-
tained over the discontinuity value is homogeneous ex-
cept in certain countries (Egypt, Paraguay and Turkey),
which present high CS levels and low values of assist-
ance at delivery.

The highest values of dispersion over the discontinuity
point was observed between CS and ABR. Latin Amer-
ica and Caribbean countries mostly have medium-high
CS values that do not coincide with low percentages of
teenage pregnancy.

Social and cultural reasons could be the causes of the data
observed [22, 23]. Besides, one possible reason for the in-
creased use of CS is the introduction of new technique
developed by Stark et al. that addresses many obstetri-
cian to choose the easy way rather then making efforts to
promote natural childbirth [24]. Based on this ecological
analysis, a possible optimum range in the use of CS be-
tween 9 and 16% was identified. All the countries should
strive to adhere this range to properly safeguard maternal
and neonatal health and for correct management of health
€Conomics.

Specific clinical, social and political factors of each
country should be taken into consideration step-by-step,
for better global evaluation of the actual CS trend, and
this study could help support these findings.
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