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Background & objectives: Caesarean Section (CS) is a crucial life-saving surgical procedure for maternal
delivery when normal delivery is ruled out for the safety of mother and infant. This study investigated
the spatio-temporal pattern of CS rates to assess the significant factors boosting this delivery in the
northeastern States of India.

Methods: We analysed cross-sectional data from three rounds of the National Family Health Survey
(NFHS 3, NFHS 4, and NFHS 5). We estimated the relative risk (RR) of CS delivery and assessed the
global and local spatial autocorrelation for each year from 2011 to 2019. Furthermore, the posterior
median RR with credible interval was estimated using Bayesian Spatio-temporal modelling with
Markov Chain Monte Carlo simulation.

Results: The CS rates in the northeastern States have escalated by nearly 15 per cent over the last two
decades, from 5.4 per cent in 2001 to 19.9 per cent in 2019. Furthermore, we observed a substantial
increase in the high-high Local Indicator of Spatial Analysis clusters from 2011 to 2019. The estimated
posterior median RR exceeded one for four significant predictors: maternal age, maternal education,
obesity, and household wealth status. This analysis also revealed that the estimated spatio-temporal
trend displayed a clear upward trend in CS risk during the nine-year study period.

Interpretation & conclusions: This study found a substantial increase in CS delivery rate over the
nine-year period (2011 to 2019) in the northeastern States of India. The findings of the study provide
important policy input for strengthening healthcare intervention and regulations by initiating targeted
programmes to monitor and avert excessive use of CS facilities in districts with high CS delivery.
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Caesarean section (CS) is a crucial life-saving delivery is ruled out for the safety of the mother and
surgical procedure for birth delivery when normal unborn infant. Clinical experts recommend that CS can
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effectively reduce maternal mortality and morbidity.
However, a higher CS rate is a deterrent to the mother
and newborn’s health, especially when performed
under inadequate healthcare settings. Studies have
documented that CS is linked with increased perinatal
risks and has implications for future pregnancies'.
Furthermore, higher rates of CS are associated with a
substantial increase in healthcare costs*.

In general, most countries in Asian and African
continents showed higher CS rates than the WHO-
recommended threshold of 15 per cent. In South Asia,
the CS rate was as high as 19 per cent in 2018% In
India, the CS rate increased considerably from nine per
cent in 2006 to 22 per cent in 2021%¢, with significant
inter-State variation, from the highest 60 per cent in
Telangana to the lowest five per cent in Nagaland.

Over-reliance on CS facilities coupled with
inadequate healthcare facilities could hinder achieving
Sustainable Development Goals (SDGs), particularly
targets dedicated to improving maternal and newborn
health. Therefore, it is important and pertinent
to monitor the trends and spatial variation in CS
rates to draw attention to the need for adequate and
timely healthcare intervention to perform CS in dire
circumstances and strengthen healthcare facilities.

To fill the research gap and enrich literature in the
context of northeastern States of India, an attempt was
made to estimate trends of CS in the last two decades
and provide spatial visualisation of temporal trends in
RR to help identification of districts with the highest
CS delivery rate. The study addressed the following
research questions: (i) what has been the trend of CS in
the last two decades in northeastern States of India, (if)
what has been the temporal trend in relative risk (RR),
(iii) which districts (local authorities) have exhibited
the high CS rates, (iv) what have been the associations
of higher education levels, advanced maternal age,
body mass index (BMI), and highest wealth quintile
with CS rate, and (v) what has been the spatio-temporal
trend in RR of CS delivery.

Materials & Methods

This study was conducted by ICMR- National
Institute for Research in Digital Health and Data
Sciences (erstwhile ICMR-National Institute of
Medical Statistics), New Delhi.

Data: This study used cross-sectional data from three
consecutive rounds of National Family Health Survey

(NFHS 2005-06, 2015-16 and 2019-21)"% and age-
referenced shapefile. The NFHS was conducted from
2005-06, 2015-16, and 2019-21, under the stewardship
of the Ministry of Health and Family Welfare,
Government of India.

This study considered all mothers who delivered
in the last five years of the respective survey in the
northeastern States of Arunachal Pradesh, Assam,
Manipur, Meghalaya, Mizoram, Nagaland, Sikkim,
and Tripura. We used NFHS-3, NFHS-4, and NFHS-5
datasets for information on the number of CS deliveries
from 2001 to 2005, 2011 to 2015, and 2016 to 2019,
respectively. The unit of analysis is the most recent
birth in the last five years preceding the survey.

Outcome variable: The outcome variable is the
reported number of CS deliveries in each district of the
northeastern States of India.

Predictor variables: Based on the review of existing
literature, we identified the following predictor
variables and maternal characteristics: maternal
age (15-29 and 30-49 yr), educational level (at most
secondary level education, higher education), mothers’
BMI (<30 kg/m?,>30 kg/m?), alcohol consumption (yes
and no), use of smokeless tobacco (yes and no); child
characteristics: child’s birth order (<3, >3); household
characteristics: religion (Hindu and others), social
groups (unreserved and others), wealth quintile of the
household (poor/middle, and rich); and community
characteristics: place of residence (rural and urban).
Additionally, the study also considered the type of
healthcare facility for delivery (private and public)
and the distance to the health facility (no problem and
problem)**7,

Statistical analysis: We estimated the district-wise
prevalence of CS deliveries in 15-49 yr old women from
2011 to 2019, across 104 districts in the northeastern
States. The svyset command in STATA was used to
take into account the complex survey sampling design.
Further, we computed the global Moran’s / statistics
(0.473, P<0.001) to test for spatial autocorrelation.

We used SIR to compare the observed number of
occurrences of an event in a population relative to what
might be the expected number of occurrences.

We applied Poisson log-linear model, represented
as follows:

Vi ~ Poisson(E,, 6,,)
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for k(area) =1,....,104, t(time) = 2011,...,2019

Risk of CS in the area k& with time ¢ is denoted by,
In(0,) = By + Bix; + Boxy + Bixs + Buxy

where, y,, is the number of CS in local authority
area k during year ¢, 0,, is the RR of CS in local authority
area k during year ¢ and E,, is the expected count. In
addition, x;, x,, x;,and x, denote the proportion of
mothers with higher education, between ages 30-49 yr,
and those with obesity and within the richest wealth
quintile, respectively.

We employed Bayesian spatio-temporal modelling
using MCMC simulation that deals with spatial and
spatio-temporal data accounting for both space and
time variability in CS risk modelling®. In MCMC
simulation, we proposed the general form:

Yy, ~ Poisson(E;,0,,)
fork=1,...,104, ¢=2011,...,2019

In(6;,) = By + Bix; + Baxy + Byxs + Buxy +yy,

where, log(6,,) is expressed as a sum of several
components, including spatial and temporal structures
that take into account the fact that neighbouring areas
and consecutive times may have more similar risks.
The spatio-temporal interaction can also be included
in different areas, which may have different time trends,
but these may be more similar in neighbouring areas®.

Here, y,, is the spatio-temporal random effect for
local authority area k and time-period .

Our aim here is to quantify the evolution of the
spatial pattern in CS risk over time, so we used the
spatially autocorrelated first-order autoregressive
process model given by,

V,=pPr¥Yiaté
where, vy, =(y,,,........,y,,) denotes the vector of
random effects for all areal units (local authority) at
time 7., and ¢, = (g, ...... , &,) the vector of errors.

Temporal autocorrelation is controlled by the mean
function ppy, ;, while spatial autocorrelation is
controlled by the covariance structure of ¢,. This model
was used by Rushworth ez a/ (2014)°, and is available
in R as a package called CARBayesST.

For assessing the convergence of the Markov
chains, we drew a trace plot of the samples for each

regression  parameters 8= f,,B,.5,,5;.8,. We

provided estimated posterior median, 95% credible
intervals, Geweke diagnostic value for all three chains
in supplementary table I.

We computed estimated RR for four predictor
variables by constructing a matrix of MCMC samples
for the regression parameters (S,,f,,B;,,) from all
chains using the formula given in equation (3) for x,
variable. Similarly, we computed for x,, x; and x,.

Risk of c-section if x, increased b
RR(xl,é) — f f 1 y l//

Risk of c-section given the current value of x,

_ exp(By + By (xy +8) + ByXoiy + BsXaiy + BaXas + Vi)
exp(By + Bixy + BaXoy + ByXay + BaXay + Vi)
=exp (B;¢)
We used STATA version 18 (Stata Corp, College
Station, TX, USA) and R version 4.3.2 to fulfil the

study objectives. Throughout the analysis, an a level
of 0.05 was adopted to indicate statistical significance.

Results

Trend analysis: The trends of CS rate in northeastern
States and India from 2001-2019 are displayed in
figure 1. The overall CS rates in the northeastern
States increased by nearly 15 per cent over the last
two decades. It increased from 5.4 per cent in 2001 to
19.9 per cent in 2019. At the Indian level, the CS rates
increased from 6.8 per cent in 2001 to 23.7 per cent
in 2019. Nearly all northeastern States observed an
increasing trend in CS rates from 2001 to 2019.

Local indicator spatial autocorrelation (LISA): Based
on the results of the LISA analysis, we observed a
substantial increase in the number of high-high LISA
clusters from 2011 to 2019, i.e., districts with a high
prevalence of CS rate were surrounded by districts
where higher CS rates were observed. In 2011 and
2012, Imphal West and Thoubal districts of Manipur
had high-high LISA clusters (Fig. 2A and B). Further,
in 2013, three districts of Manipur and Lakhimpur of
Assam were in high-high LISA category (Fig. 2C). In
2014, the south district of Sikkim and Dhalai district of
Tripura were also in high-high LISA category (Fig. 2D).
Further, in 2015, south Tripura and Gomati districts of
Tripura, Imphal West district of Manipur, south district
of Sikkim, and Dibrugarh district of Assam exhibited
high-high LISA clustering (Fig. 2E).

High-high LISA clusters in south and east districts
of Sikkim, Sepahijala and south Tripura districts of
Tripura, Imphal West district of Manipur, and Kamrup
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Fig. 1. Trends of CS rate in northeastern States and India from 2001 to 2019.
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Fig. 2. LISA of CS delivery rate in northeastern States from 2011 to 2019. Maps were reproduced with permission from Georeference data
received from DHS website.
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Fig. 3. RR for CS delivery rate in northeastern States from 2011 to 2019. Maps were reproduced with permission from Georeference data

received from DHS website.

and Shivsagar districts of Assam were observed in
2016 (Fig. 2F). Similar trends of high-high LISA
categories were observed in 2017 (Fig. 2G). In 2018,
three districts (north, west, and south) of Sikkim, two
districts of Assam (Golaghat and Shiv Sagar), Imphal
West, Thoubal districts of Manipur, and Sepahijala
and South Tripura district of Tripura were identified as
belonging to the high-high LISA category (Fig. 2H).
Moreover, three districts of Sikkim (north, south and
west district), Sepahijala, West Tripura, and Gomati
were from high-high LISA category in 2019 (Fig. 2I).

Figure 3 showed that a higher RR value was found
in the upper-western districts of Arunachal Pradesh,
lower and western part of Assam, and north district in
Sikkim from 2015 to 2019 (a detailed interpretation of
Fig. 3 is provided in supplementary material).

Spatio-temporal analysis: Figure 4 indicated that the
chains appear to have converged, as there is no change
in the mean or variance of the samples between the
three chains. To draw inferences from the MCMC
model on the effect of the predictor variables on CS
deliveries, the posterior median RR was estimated

for a fixed increase in each of the covariates. Table
shows that the estimated posterior median RR for four
predictor variables was above 1, which indicated that
the variables were significantly related to CS delivery
risk.

To estimate the average temporal trend, we first
estimated the average (mean) risk across the k=104
districts foreach yearand MCMC sample, whichyielded
the posterior distribution of these spatial averages for
each year. Then, we computed the posterior median RR
surface O and 95% credible interval for the spatially
averaged risk. Figure 5 displays that the estimated
spatio-temporal trend shows a clear upward trend in
CS delivery risk over the nine-year study period.

Discussion

This study analysed the spatio-temporal trend of
CS delivery in northeastern States of India. The global
trend in CS rates has been on the rise, with CS rates
increasing significantly over the years. Data from
various research papers show that the global CS rate
has almost doubled from 12.1 per cent in 2000 to 21.1
per cent in 2015. The prevalence of CS is observed to
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Fig. 4. Trace plots of the regression parameters using MCMC samples from each chain.

Table. Estimated posterior median relative risk and 95%
credible intervals for the regression parameters obtained from
the Bayesian spatio-temporal regression model using MCMC
simulation

Covariates Posterior median Credible interval
relative risk (2.5% - 97.5%)
Higher education 1.152 1.043 1.189
Age (30-49 yr) 1.289 1.221 1.492
Obesity 1.198 1.165 1.298
Richest 1.147 1.113 1.169

vary greatly across the world; Latin America and the
Caribbean region have notably high CS rates, with
up to 44.3 per cent of births being delivered through
CS'Y. The present study assessed the trends of CS rate
for each northeastern State from 2001 to 2019. The
trend in CS delivery displayed an escalating trend
for all northeastern States. Previous studies attributed
the increase in the use of CS delivery to better access
to tertiary hospitals, safe surgical procedures, and
accessible obstetric care®'"!%.

The results from the LISA analysis for the years
from 2011 to 2019 enabled identify districts with
a high prevalence of CS delivery surrounded by
districts with higher CS delivery. The results showed
three districts of Sikkim and Tripura, four districts of
Manipur, and five districts of Assam had high-high

LISA category in 2019. The Moran’s-/ value for all
years confirmed strong residual spatial autocorrelation
of CS in northeastern States, India, from 2011 to 2019.
The identification of high-high LISA clusters provides
insights into regions with elevated CS risks. The
potential reasons for these spatial patterns could be a
rise in urban healthcare infrastructure in the region,
particularly in districts where the healthcare facilities
are located".

The estimated RR of CS delivery is an important
indicator for assessing whether the average risk of
CS events is higher or lower in a particular district
or standard population. This study found that the
estimated RR in 2019 was higher compared to 2011-
2018 in the standard population. The study also presents
the estimated posterior median RR for four predictor
variables after taking the type of healthcare facility for
delivery, distance to health facilities, lifestyle including
drinking alcohol, smokeless tobacco, etc. of the
mother, and other variables such as child’s birth order,
religion, social status, and place of residence as control
variables. Additionally, previous studies identified
prior CS, foetal weight, abnormal presentations,
gestational weight gain, pre-term birth, gestational
diabetes, hypertension, and preeclampsia as potential
confounding factors associated with CS delivery'+".
We found more educated women in the age group 30-
49 yr, obese and the richest household wealth quintile,
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Fig. 5. Posterior median relative risk surface ék, and 95% credible
interval for the spatio-temporal trend.

showed a higher risk of CS delivery, which was in
line with the previous studies*!®'°, Interestingly, the
study observed a continuous increase in CS risk over
the nine-year period from 2011 to 2019. The findings
from spatio-temporal analysis are in agreement with
previous studies”™?.

The results of the spatio-temporal analysis show
the alarming rise of CS over the nine-year study
period. Implementation of internal CS audits at
healthcare facilities and interventions such as the
midwifery programme in Telangana in 2017 could
help reduce non-medically indicated CS delivery
in the northeastern States of India. Developing
and implementing evidence-based protocols and
practices during labour and delivery that address the
changing pattern in labour management and obstetric
population (older mothers, obesity, etc.) could help
prevent avoidable CS deliveries. Effective policies and
interventions are required to bring down the rate of
unnecessary CS deliveries. Considering the rate of CS
is a lot higher among private institutions (observation
from the current data), equalising fees for both vaginal
delivery as well as CS delivery under government
guidelines may discourage private practice institutions
from unnecessarily insisting patients undergo CS
delivery. Reducing the fees for normal delivery
may discourage patients who demand CS delivery
unnecessarily. Ensuring compulsory psycho-education
and informed choices for all expecting parents offered
by all practising obstetricians and gynaecologists
under strict government guidelines may go a long way
in terms of reduction of CS delivery rate.

The NFHS collects data from a nationally
representative sample of women in the age group 15-49
yr from the community and providesreliable estimates at
the district level. Hence, findings from the current study
can be generalized to the general target population. The
findings are crucial for policymakers for focusing on
districts with higher autocorrelation of CS events. The
graphical representation using spatial analysis shows
progression across time, space, and concentration,
which is extra informative and more straightforward
to consume than traditional diagrammatic and tabular
data representation. The current research also found
factors significantly associated with CS, and therefore,
policy-makers and healthcare workers may take
advantage of this information to help mothers and their
families make well-informed choices in order to save
lives, health, cost, time, and resources.

However, there are some limitations, which are
as follows. NFHS data is based on self-reports, so
response bias, underreporting, and investigator’s
reporting errors cannot be ruled out. The results of the
current study are findings from quantitative data and
have no provision for including qualitative variables
like mental health issues, societal pressure, peer
pressure, misinformation, and lack of education about
delivery options. Government regulations on eligibility
and certain requirements before considering a patient
for CS delivery instead of clinicians deciding based on
their convenience or the patient’s request also may help
reduce the rate.

Overall, this study shows maternal age, maternal
education, obesity, and the higher level of household
well-being as factors significantly associated with
CS delivery, and their intensity varies by districts
in northeastern States over time. From the spatio-
temporal analysis, we found a significant increase in
CS risk over the nine-year period from 2011-19. The
findings of this study shall awaken healthcare managers
and policy-makers regarding the need for initiating
adequate programmes to avert excessive dependence
on the use of CS provisions in the identified districts
of northeastern States. This calls for better education
about the ills and benefits of CS delivery at all levels of
health facilities, clinics, and in the communities through
healthcare workers in places where the concentration
of the hotspots is high.
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