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ABSTRACT

Objectives The objective of this study is to explore

the association of health financing indicators with the
proportion of births by caesarean section (CS) across
countries.

Design Ecological cross-country study.

Setting This study examines CS proportions across 172
countries.

Main outcome measures The primary outcome was

the percentage excess of CS proportion, defined as CS
proportions above the global target of 19%. We also
analysed continuous CS proportions, as well as excess
proportion with a more restrictive 9% global target.
Multivariable linear regressions were performed to test
the association of health financing factors with the
percentage excess proportions of CS. The health financing
factors considered were total available health system
resources (as percentage of gross domestic product), total
contributions from private households (out-of-pocket,
compulsory and voluntary health insurance contributions)
and total national income.

Results We estimate that in 2018 there were a total of
8.8 million unnecessary CS globally, roughly two-thirds of
which occurred in upper middle-income countries. Private
health financing was positively associated with percentage
excess CS proportion. In models adjusted for income

and total health resources as well as human resources,
each 10 per cent increase in out-of-pocket expenditure
was associated with a 0.7 per cent increase in excess CS
proportions. A 10 per cent increase in voluntary health
insurance was associated with a 4 per cent increase in
excess CS proportions.

Conclusions We have found that health system finance
features are associated with CS use across countries.
Further monitoring of these indicators, within countries
and between countries will be needed to understand the
effect of financial arrangements in the provision of CS.

INTRODUCTION

Caesarean section (CS) rates have been
increasing rapidly over the past decades at
the global scale, with remarkable variation
both within and between countries.'™” Such
medical practice variation, in general, implies
inefficient use of resources, that is, patients
may not get what they need (underuse) or will
get medically unnecessary care (overuse).'®!”

Strengths and limitations of this study

» Our study benefits from a large sample size, using
information from 172 countries.

» The ecological nature of our study means that we
cannot make definitive statements about causality
in considering the relationship between the vari-
ables of interest.

» Although we used some of most reliable internation-
ally available data sources, the quality of such data
may not be entirely uniform across countries includ-
ed in the analysis.

» We have been able to adjust only for some con-
founders in our statistical models. There are other
macro level factors that do play a role that we could
not account for in our analysis.

such, rates below 9per cent are likely to
represent underuse, while rates above 19 per
cent likely represent overuse and may cause
more harm than benefits to mothers and chil-
dren, leaving aside the substantial additional
cost and burden to the health system.'® % **
Overuse of procedures like CS is likely to take
away resources that could be used for other
beneficial procedures and care.

As with all healthcare utilisation measures,
overuse of deliveryrelated resources is a
manifestation of the effect of a range of
factors influencing health system perfor-
mance, including health system structure
and financing, medical practice patterns and
patient preferences and behaviours." * On
the supply side, it can be a manifestation of
availability of resources, that is, supply sensi-
tive care,’ where more resources available
mean more care provided, and/or provider
behaviour, thatis, supplier induced demand.*
Recent studies have highlighted the relevance
of financing and incentives to the overuse
of CS.¥* In many settings, payment mech-
anisms or reimbursement systems provide a
financial incentive for providers to deliver by

CS rather than vaginally.”>*’ For example,
28 29
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reimbursements rates for CS.””** In developing countries,
this can also happen via informal rewards.”’

Health sector financing approaches are complex and
highly heterogeneous across countries, ranging from full
government financing to mandatory insurance contri-
bution and direct out-of-pocket payments. Modalities
through which health sectors are financed affect how
resources are spent, and how care is delivered. It is also
likely that patients have more influence on provider
behaviour in settings where the majority of healthcare
costs are paid out-of-pocket than in settings where the
entire health sector is centrally controlled and paid by
government resources. In this paper, we explore the
association of health financing indicators with caesarean
proportions across countries using the most recent data
on CS proportions and financial indicators. Our primary
hypothesis was that reliance on private payment mech-
anisms would increase pressure on providers to use CS
through one of two main mechanisms: first, by reducing
governmental control over the services provided and
second, by increasing entitlement and relative bargaining
power of patients who may have personal preferences for
CS.

METHODS

Data

We used data from several sources including Global
Health Expenditure Database and Global Health Obser-
vatory (GHO) data from the WHO as well as the World
Bank Open Data. The Global Health Expenditure Data-
base of the WHO provides data on health spending for
close to 190 member countries from 2000 to 2018. This
is an annually updated database where the WHO works
collaboratively with member countries. The GHO is also
a WHO gateway to health-related statistics for its 194
member countries. GHO country dataincludes all country
statistics and health profiles that are available within the
WHO. The World Bank’s data catalogue provides access
to over 3000 data sets and 14000 indicators and includes
microdata, time series statistics and geospatial data. A list
of all data sources is provided in the online supplemental
appendix.

Outcome variable

The primary outcome variable was the percentage excess
of CS. Based on the most recent estimates,5 we used a CS
proportion of 19per cent as our reference, and consid-
ered all births delivered via CS above this level as excess.
Specifically, we coded percentage excess CS (the propor-
tion of deliveries in 2019 that exceeded 19% CS) as zero
if a country has a proportion <19per cent, and as the
actual proportion minus 19 per cent when the proportion
exceeds this target. We also analysed percentage excess of
CS using a 9per cent benchmark® and (continuous) CS
proportions as secondary outcomes.

Exposure variables
Our primary exposure variables of interest are private
contributions to health financing. Private contributions

comprise three types of private health-related expendi-
tures: (1) mandatory contributions to health insurance
schemes; (2) voluntary contributions to (additional)
insurance schemes and (3) out-of-pocket payments. We
first considered a variable that combines all three vari-
ables, and thus measured total private contributions
as percentage of total current health expenditure. In
a second step, we analysed each of these three compo-
nents separately, that is, included separate variables for
mandatory contributions, voluntary contributions and
out-of-pocket payments, all expressed as per cent of total
current health expenditure. Mandatory contributions
to health insurance are the primary source of health
financing in insurance-based systems such as the ones
in Germany, Switzerland or the USA, and most typically
directly collected through employers in high-income
settings. Voluntary insurance schemes are largely absent
in countries such as Cuba, Jordan or Norway, but play
a significant role in other settings. In many European
countries such as Austria and Switzerland, voluntary
insurance covers between 5 and 10per cent of health
expenditure—in Brazil, voluntary insurance contracts
cover over one-third of total expenditure. Voluntary
insurance generally covers premium services (such as fast
access to doctors and private rooms) but in some cases
can also reduce out-of-pocket co-payments. Out-of-pocket
payments exist in all countries but range from less than
1 per cent in Kiribati and Nauru to close to 80 per cent in
Armenia and Azerbaijan. The full data used in the anal-
ysis is provided in the online supplemental appendix.

Statistical analysis

We started by presenting the global distribution of CS
proportions graphically. In a second step, we showed CS
proportions as well as the estimated total CS percentage
excess relative to the 19 and 9 per cent targets. Following
the World Bank’s country classification, we divided coun-
tries into high, upper middle, lower middle and low
income countries and separately computed excess shares
and number for each country-income group. In a third
step, we examined the association of CS percentage
excess with health financing mechanisms. We first esti-
mated ordinary least squares regression models with
percentage excess CS, using 19 and 9per cent as bench-
marks, as well the overall CS proportion as outcome
and total private contributions as exposure variable.
We then estimated a similar model where we included
separate variables for compulsory, voluntary and out-
of-pocket payments. In both models, we controlled for
income per capita and general size of the health sector to
reduce potential confounding biases. To further address
residual confounding concerns, we estimated two addi-
tional models that also controlled for the proportion of
deliveries made by skilled birth attendants (model 3) as
well as the health systems human resources (model 4).
All confounding variables included have been shown to
predict variation in medical practice,''” such as variation
in CS provision." To address missing data on some of the
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Figure 1

control variables, we used Stata’s multiple imputation
with chained equations algorithm.

Sensitivity analysis

To ensure the results are not disproportionately shaped
by specific regions, we estimate separate models by
country-income group in our sensitivity analysis. All anal-
ysis was conducted using the Stata V.15 SE statistical soft-
ware package.

Patient and public involvement statement

Our study does not directly use data from patients. We
used only the WHO and the World Bank data published
online.

RESULTS

Figure 1 shows the distribution of caesarean proportions
for the 172 countries with data available. CS proportions
varied between 0.5 per cent in South Sudan and 58.1 per
cent in the Dominican Republic. At the regional level,
lowest proportions were observed for the WHO Africa
region (mean 7per cent) and highest proportions were
found for the Americas, with an average proportion of
31.8per cent. Ninety countries (52per cent) had CS
proportions <19%, and 82 countries (48per cent) had
proportions above the target range.

Table 1 provides summary statistics for our sample.
Countries with CS proportions >19% were on average
substantially wealthier, and had higher obstetrician and
midwife densities, while overall health expenditure as
percentage of gross domestic product (GDP) was rela-
tively similar in the two subgroups (6.5 vs 7.2%, p value
0.112). Countries with CS proportions >19% had substan-
tially higher average rates of out-of-pocket expenditures
as well as mandatory and voluntary insurance contribu-
tions. The correlation between all variables used is shown

Global distribution of caesarean birth proportions. CS, caesarean section.

in the online supplemental appendix. The highest bivar-
iate correlation was found between midwife density and
GDP per capita (0.79)—no evidence of multicollinearity
was found in the regression models.

Overall, using a 19 per cent benchmark, we estimate that
there were 8.8million unnecessary CS in 2018. Table 2
summarises the global distribution of CS and percentage
excess CS using the World Bank’s country income classi-
fication for the 172 countries in our sample. Given that
most countries with missing data in the GHO have low
populations, the 172 countries in our sample covered
97 per cent of the global births in 2018. While low-income
countries did not contribute at all to percentage excess
provision of CS in that year, overprovision was common
in lower middle-income countries. Overall, lower middle-
income countries accounted for 48 per cent of all births
in 2018, and for 18 per cent of all percentage excess CS.
Upper middle-income countries account for 25 per cent
of all births, but for 67 per cent of all percentage excess
CS. Using 9 per cent as a benchmark, we estimate a total
of 17million of unnecessary CS. Trends across country
income groups mimic the main findings with 19 per cent
benchmark.

Table 3 shows the main regression results. There are
three sets of results. We first show results for our main
outcome measure, that is, percentage excess using 19 per
cent benchmark. The other two sets included results for
additional outcomes, thatis, percentage excess using 9 per
cent benchmark and the absolute CS proportion. When
we pooled all private contributions in column 1, we found
a small positive association between private contributions
and CS excess. A coefficient of 0.08 implies that countries
with 100 per cent private financing have on average 8 per
cent higher excess CS proportions than countries relying
fully on government financing. When we split private
contributions into their three components in column 2,
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Table 2 Distribution of birth, percentage excess of CS across country income groups

Total Total number of Average CS Percentage excess Percentage excess
Number of population births per year share (% of number of CS 9% number of CS 19%
Country income group countries (millions) (millions) births) (millions) (millions)
Low income 30 667 23 4.7 0 0
Lower middle income 49 3087.7 66.7 15.3 52 1.6
Upper middle income 46 2523.5 34.6 27.9 9.2 5.9
High income 47 1186.1 12.9 27 2.6 1.3
Total 172 7464.3 137.2 20 17 8.8

CS, caesarean section.

we found that this overall association is primarily driven
by voluntary insurance mechanisms. When controlling
only for GDP per capita and the size of the health sector
in table 3, column 2, we found no associations for out-
of-pocket expenditure, a moderate sized coefficient for
compulsory contributions and a rather large coefficient
for voluntary health insurance: each 10 per cent increase
in voluntary health insurance contributions is associated
with a 5.6per cent increase in excess CS proportions.
These associations change only marginally when adjusting
for general reproductive and health access variables in
table 3, columns 3 and 4. Effects are similar or even more
pronounced if we use percentage excess with 9per cent
benchmark or continuous CS proportions.

Table 4 shows the main results of our sensitivity anal-
ysis. When we split our sample by country income groups,
we find the largest associations in all categories for the
upper-middle income group, and the weakest in the low-
income group. Due to the small sample sizes the preci-
sion of these estimates is however very low (all p values
>0.1) for all outcome measures we used.

DISCUSSION

Consistent with previous papers highlighting the
increasing global trend of increasing CS proportions™
we have found a striking number of CS that seem unnec-
essary. Using a relatively conservative 19 per cent CS rate
benchmark, we estimate that 8.8million unnecessary
CS were carried out in 2018. The vast majority of these
percentage excess CS occurred in upper-middle income
countries. Belizdn et al using a 15 per cent benchmark,
with data between 1993 and 1997 estimated that over
850000 unnecessary CS are performed each year in Latin
America.® Gibbons et al looking at 137 countries, using
a 15per cent benchmark and data from 2008, estimated
that 6.2million unnecessary CS are performed each
year, with China and Brazil accounting for close to 50%
of this global total. With a 20 per cent benchmark rate,
there was an estimate of 4million of unnecessary CS a
year.® Our estimates are about 30per cent higher than
these previous numbers may represents both a growing
number of births each year and a continued rise in CS
rates in middle-income settings.

Studies looking at global CS trends have highlighted
the associations between CS and maternal and newborn
mortality,5 1820 socioeconomic status of women,3 9 private
sector care® * * and economic growth.” ® Our results
suggests that health financing mechanisms may play a key
role in explaining the large differences across countries.
We show that, on average, countries relying on private
financing have higher CS rates. These associations are
particularly pronounced for voluntary health insurance
schemes, which generally are used to ‘top up’ basic health
plans and allow users to use premium features. Health
insurance, by incentivising healthcare providers,' 7 is
known to encourage the overuse of CS.**%

In general, higher CS rates should be expected in
higher income countries due to increased resources' ' * or
supply sensitive care.'”* Similar to previous studies,*® we
find that national CS rates increase with income. We find
however that this positive gradient is only observable up to
the middle-income category, and flat or even declining in
higher income settings. The generally positive trends can
be attributed to a large number of factors, including an
increasing proportion of births occurring in health facil-
ities” or attended by trained health personnel,7 different
work force composition* ™ and different technology.*®

Increases in CS rates are a result of multitude of
factors' ** that interact in complex ways. As such, results
of ecological studies should be interpreted with caution,
and in the context of the specific systems analysed. For
example, private insurance and private sector care
often overlap at the country level, and both are likely to
contribute to the use of care in general and CS in partic-
ular.®% Studies looking at cross-country comparisons
have documented the impact of private care. Belizan et al
looking at 19 Latin American countries, observed a posi-
tive correlation between private hospitals and the rate of
CS.2Boerma et al, on the basis of data from 169 countries,9
and Benova et al looking at 57 countries,” concluded
similarly. Another example of complexities in interaction
of health system factors as they influence service delivery,
is explanation of social inequalities in CS rates. Social
inequalities in CS rates highlighted by Boatin et af and
Boerma et al’ also suggest the important influences of
economic and cultural issues.” **~*' Supply factors, such
as hospital beds, equipment and human resources (ie,
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obstetricians and midwives) are also known to influence
CS rates.' ™ * The lack of decreasing CS rates with lower
numbers of skilled birth attendants in Latin American
countries, as compared with other countries with lower
skilled birth attendant numbers,7 may reflect cultural and
social trends in such countries, and is an useful example
to illustrate the complexity of the interplay and influence
of health system factors in CS rates.

The ecological nature of study design is the main limita-
tion of this study, as we cannot establish a causal rela-
tionship between our variables of interest. Although we
used some of most reliable internationally available data
sources from the WHO and the World Bank, we should
be aware that the quality of such data may not be entirely
uniform across countries included in the analysis. Finally,
we have been able to adjust only for some confounders in
our statistical models. There are many other macro level
factors (ie, societal and cultural factors) that do play a
role and we have not accounted in our analysis.

The exploratory results in this paper should be viewed
as a first step towards an in-depth analysis of current
health financing systems and their implications for
sustainable provision of care in the future. Several path-
ways forward seem possible. First, global studies with
larger and more detailed data on health system char-
acteristics generated from global monitoring systems.
Second, performing systematic reviews of individual
studies looking at CS rates and health system factors. CS
is one of the most studied procedures globally. Evidence
synthesis in the form of systematic reviews could serve
not just the cause of addressing CS increase and varia-
tion but can also prove to be a reference point in the
general cause of examining health system influence
on under and overuse of medical care. Finally, country
specific analysis or even regional or facility level analysis
looking at individual case data will be able to establish
conclusive links of health system features with CS provi-
sion.” 7 This information can inform national policy
efforts as well as global efforts for improvement of health
system financing arrangements. Not all nations may be
able to engage in research on optimal financial incen-
tives despite persisting problems with CS.”* Global collab-
orations to support countries struggling with these issues
might be beneficial.

CONCLUSIONS

The results presented in this study suggest that,on
average, countries relying more heavily on private contri-
butions and voluntary health insurance have higher
proportions of excess CS. Further research will be needed
to better understand features driving these results and to
help countries move towards more efficient use of health
system resources.
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