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ABSTRACT

Background or Objectives: Despite the global decline in maternal mortality within the last decade,
women continue to die excessively from pregnancy-related complicationsin developing countries.We
assessed the trends in maternal mortality, fetal mortality and cesarean section (C-Section) rates within 25
selected Nigerian hospitals over the last decade.

Methods: Basic obstetric data on all deliveries were routinely collected by midwives using the maternity
record book developed for the project in all the participating hospitals. Trends of C-Section Rates

(CSR), Maternal Mortality Rates (MMR), Fetal Mortality Rates (FMR) and Spontaneous Vaginal Delivery
rates (SVD) were calculated using joinpoint regression models.

Results: The annual average percent change in CSR was 12.2%, which was statistically significant, indicating
a rise in CSR over the decade of the study.There was a noticeable fall in MMR from a zenith of about
1,868 per 100,000 at baseline down to 1,315/100,000 by the end of the study period, representing a
relative drop in MMR of about 30%.An average annual drop of 3.8% in FMR and 1.5% drop in SVD over
time were noted over the course of the study period.

Conclusion and Global Health Implications: VWe observed an overall CSR of 10.4% and a significant
rise in CSR over the 9-year period (2008-2016) of about 108% across hospital facilities in Nigeria.
Despite the decrease in MMR, it was still high compared to the global average of 546 maternal deaths
per 100 000 livebirths. The FMR was also high compared with the global average. The MMR found in this
study clearly indicates that Nigeria is far behind in making progress toward achieving the Sustainable
Development Goal 3 (SGD 3) which aims to reduce the global MMR to less than 70 per 100 000 live
births by 2030.
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|. Background and Introduction

Despite the global decline of 45% in maternal
mortality from 1990 to 2015, women continue to die
excessively from pregnancy-related complications.'
Developing countries account for the majority of
these deaths, where the maternal mortality ratio
(MMR) is 14 times as high when compared to
developed nations.! Some improvement in MMR
within the least and less-developed countries were
noted between 2000 and 2012 during which a
substantial decrease in MMR occurred, plummeting
from 607 and 288/100,000 live births to 432 and
175/100,000 live births, respectively.? Although a
decrease in MMR was also observed in developed
countries, it was relatively modest.? Nigeria has made
significant efforts in trying to reduce its unacceptably
high MMR, even though it was not able to achieve
the Millennium Development Goal (MDG) 5
which targets improvement in maternal health. The
Nigerian National Population Commission revealed
an MMR of 800/100,000 in 2003 which dropped to
574/100,000 in 2013.3 However, these figures are
far below, and mask the substantially higher MMR
recorded in many Nigerian health facilities.*®

Globally, Cesarean Section Rates (CSRs) have
risen considerably over the past decades. In 2000,
the world CSR ranged from 2% in least developed
countries to 19.5% in developed countries, with an
average of 12%.2 In Nigeria, CSRs have been reported
to be as low as 0.9% to as high as 22.57% across
different hospital facilities.> A systematic review of
ecological studies revealed that CSR of 9-10% is the
threshold beyond which an increase in CSR does
not lead to a further decrease in maternal and infant
mortality.® There are various factors responsible for
the different CSRs across countries and hospitals.
However, low CSRs may indicate inability of women
to access life-saving procedures whilst high CSRs may
reflect excessive use of cesarean sections (CSs) and
therefore, elevated risk for surgical complications.’
Even though CS is regarded as a procedure with low
risk, studies indicate that the risk of maternal death
is 3 times as high with CS when compared to vaginal
delivery.®® Another study involving 183 hospitals
across 22 African countries revealed that CS is
associated with 50 times as much risk of maternal
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mortality as in higher income countries.'® In this study,
we assessed the trend in maternal mortality and fetal
mortality within some selected Nigerian hospitals
over the previous decade as well the trend of CSRs
in these hospitals. The relationship between CSR and
maternal and fetal mortality was also examined.

2. Methodology

In 2007, we established the quality assurance projects in
10 hospitals in Northern Nigeria, five each from Kano
and Kaduna States.The project expanded to include five
more hospitals from the Federal Capital Territory,Abuja
in201 I,and then four more hospitals from Ondoin South
Western Nigeria by 2013.The details of the hospitals
and the project have been published elsewhere®'"'2
Basic obstetric data on all deliveries were routinely
collected by midwives using the maternity record
book developed for the project in all the participating
hospitals. These data included age of patient, gestational
age, parity, mode of delivery, fetal and maternal outcome
as well as pregnancy complications. The Chief Midwife
of the project then collected summarized obstetric
data monthly from all the participating facilities using
summary forms. The summarized data entailed total
deliveries, total cesarean sections, total maternal and
fetal mortality and total pregnancy complications such
as eclampsia, postpartum hemorrhage and obstructed
labor. All the data were then centrally collated and
uploaded in a Microsoft Excel spreadsheet. Part of the
data has been analyzed and previously described.>!' The
following pregnancy outcome indices were derived to
assess their trends over time.

2.1.Variable Definitions

Cesarean section rate (CSR) defined as the
percentage of deliveries that were via a cesarean
section = (Number of cesarean deliveries)*100/
(total number of deliveries).

Maternal mortality ratio (MMR) = (Number of
maternal deaths)*100,000/(total number of live births).

Fetal mortality rate (FMR) = (Number of fetal
deaths)*100/(total number of deliveries).

Spontaneousvaginaldeliveryrate (SVD)=(Number
of spontaneous vaginal deliveries)* | 00/(total number
of deliveries).
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2.2. Statistical Analysis

Joinpoint regression was then utilized to estimate
and describe temporal changes in CSR, MMR, FMR
and SVD over the period of the study'*'. Joinpoint
regression is valuable in identifying key periods in time
marking changes in the rate of events over time.The
iterative model-building process began by fitting the
annual rate data to a straight line with no joinpoints,
which assumed that a single trend best described
the data. Then a joinpoint — reflecting a change in
the trend — was added to the model and a Monte
Carlo permutation test assessed the improvement in
model fit. The process continued until a final model
with an optimal (best-fitting) number of joinpoints
was selected, with each joinpoint indicating a change
in the trend, and an annual average percent change
(AAPC) estimated to characterize how the rate was
changing within each distinct trend segment.

We also sought to determine correlations among
the four pregnancy outcome indices considered
in this study (i.e, CSR, MMR, FMR and SVD) in
order to detect meaningful relationships using the
trend data. A useful test would have been Pearson’s
correlation but due to violations of data normality
and non-linear patterns of the data over time, we
opted for the Spearman rank-order correlation
coefficient (rs) instead. Spearman rank-order
correlation is a suitable non-parametric measure
that captures the strength and direction of the
relationship between the variables. In generating
the Spearman’s correlation coefficients, we applied
bootstrapping iteratively with random sampling and
replacement. The justification was that the data at
hand reflected considerable degree of variance
that needed to be accurately captured in order to
obtain minimally biased estimates. All hypothesis
testing was two-tailed with a type | error rate set
at 5%. All the statistical analyses were performed
using R (version 3:-4-3), Rstudio (Version |-1-423)
and Joinpoint Regression Program 4.6.0.0 (National
Cancer Institute, Bethesda, MD).

3. Results

From 2008 to 2016, we recorded a total of 227,583
deliveries across the selected hospital facilities.
Of this number, 23,588 were cesarean deliveries,
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equivalent to a CSR of 10.4%. Total live births over
the study period were 211,741 and total number
of maternal deaths was 1500 across participating
facilities, yielding an overall maternal mortality ratio
(MMR) of 708 per 100,000 live births (LB) (Table I).
A total of 15,842 fetal deaths were counted out
of the total deliveries of 211,741, yielding a fetal
mortality rate (FMR) of about 7.0%. About 180,429
spontaneous vaginal deliveries were documented,
and when compared to the total deliveries of viable
pregnancies, the spontaneous vaginal delivery rate
(SVD) over the entire period of the study was 79.3%.
Details of these findings are provided in Table 1.
At baseline, the CSR was 6.6%, which increased
significantly over the 9-year period to 13.8% by the
end of the study period in 2016. This represented
an overall relative increase in CSR of about 108%.
Figure | displays the results of the joinpoint
regression analysis of trends in CSR over time. The
annual average percent change in CSR was 12.2%,
which was statistically significant.

The changes in MMR over time described a
trajectory that was opposite that of CSR.There was
a noticeable fall in MMR from a zenith of about 1,868
per 100,000 at baseline down to 1,315/100,000 by
the end of the study period, representing a relative
drop in MMR of about 30%. Figure 2 shows the
resulting trend trajectory using joinpoint regression
analysis. Overall, there was, on average, a 1.5 per
100,000 drop in the annual MMR across delivery
facilities over the study period although this was not
statistically significant.

FMR dropped from 8.7 % in 2008 to 6.0% by
2016, corresponding to a total drop of about 30.5%
in relative terms. Figure 3 displays the annual average
percent change (AAPC) for FMR using joinpoint
regression analysis. The findings were significant with
an observed average annual drop of 3.8% in FMR over
time. Spontaneous vaginal delivery (SVD) rate fell from
89.4% at the baseline year to 81.2% by the end of
the study (2016), corresponding to a modest overall
decline of about 9.2%. The annual average percent
change of 1.5% drop was significant (Figure not shown).

Table 2 provides the estimates of correlational
analysis among the pregnancy outcome indices (CSR,
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Table |: Outcomes of pregnancies among women across selected health facilities in Nigeria

Hospital Code Delivery CS CS% Spont Spont% M.Death MMR F.Death FMR Live Year for which
births hospital data is

available
B/Gwari 112 10815 554 512 8807 81.43 110 111268 929 859 9886 2008-2016
Kafachan 113 16288 1658 10.18 12109 74.34 65 426.99 1065 654 15223 2008-2016
G/Sawaba 114 14297 1028 7.19 11440 80.02 105 800.37 1178 824 13119 2008-2016
Samunaka 115 10182 1219 1197 7320 71.89 123 142477 1549 1521 8633 2008-2016
Y/Danstoho 116 28143 1827 649 22623  80.39 56 21237 1774 630 26369 2008-2016
Gaya 222 17447 333 191 14931 85.58 244 1560.30 1809 10.37 15638 2008-2016
S/)idda 223 14314 503 351 11448 7998 130 959.69 768 537 13546 2008-2016
Sumaila 224 8187 227 277 6816 83.25 186  2605.04 1047 1279 7140 2008-2016
Takai 225 8246 359 435 7025 85.19 55 74891 902 1094 7344 2008-2016
Wudil 226 17498 609 348 14845 8484 271 1710.10 1651 944 15847 2008-2016
Abaji 330 3606 521 1445 2892 80.20 6 173.81 154 427 3452 2012-2016
Kwali 331 5627 720 1280 4644 82.53 8 148.42 237 421 5390 2012-2016
Kubwa 332 19414 4016 2069 14567  75.03 44 234.47 648 334 18766 2012-2016
Karshi 333 7397 1180 1595 5826 7876 10 139.26 216 292 718l 2012-2016
Kuje 334 10630 2362 2222 7982 75.09 22 213.57 329 3.10 10301 2012-2016
SSH Ondo 441 6243 893 1430 5103 81.74 7 115.70 193 309 6050 2013-2016
Akure 442 8857 1346 1520 7296 82.38 18 211.67 353 399 8504 2013-2016
Owo 443 3510 565 16.10 2747 7826 3 89.93 174 496 3336 2013-2016
Mother/child 444 10002 2151 21.51 7024 70.23 19 201.78 586 586 9416 2013-2016
Iwaro Oka 445 3136 294 938 2674 85.27 7 235.06 158 504 2978 2013-2016
GH Agwu 551 202 Il 545 183 90.59 0 0.00 0 0.00 202 2016
ESUT 552 1924 653 3394 1155 60.03 9 489.93 87 452 1837 2016
Ntasiobi 553 287 69 2404 211 73.52 | 353.36 4 1.39 283 2016
MofC 554 1025 386 3766 569 5551 | 99.80 23 224 1002 2016
Annunciation 555 306 104 3399 192 62.75 0 0.00 8 261 298 2016
Overall 227583 23588 10.36 180429 79.28 1500 708 15842  6.96 211741

Spont = spontaneous vaginal delivery; CS = cesarean section; M.Death = maternal death; MMR = maternal mortality ratio; FDeath = fetal death; FMR = fetal mortality rate

Table 2: Correlation matrix for maternal-fetal
outcomes over time

CSR MMR FMR SVD

CSR | r=0.23; r=-0.67; r.=-0.65;
p=(0.55) p=(0.059) p=(0.067)

MMR | rs=0.07; r.=-0.63;
p=(0.88) p=(0.68)

FMR | r=-0.67;
p=(0.58)

SVD |

CSR = cesarean section rate; MMR = maternal mortality ratio; FMR = fetal mortality
rate; SVD = spontaneous vaginal delivery rate.r, = Spearman’s correlation coefficient;
p = p-value
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MMR, FMR and SVD) in a matrix format. Cesarean
Section Rates (CSR) demonstrated a strong negative
correlation with both FMR and SVD of 67% and
65% respectively with statistically marginal level of
significance. Although a positive correlation was
displayed between CSR and MMR, this was relatively
modest at 23%. The correlation between MMR
and FMR was in the same direction but flimsy in
magnitude at 7% only. By contrast, MMR and SVD
exhibited a much stronger relationship of 65% that
showed that the higher the SVD, the lower the
MMR. However, this was not statistically significant.
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Figure |:Joinpoint regression trends for cesarean section per 100 deliveries
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Figure 2: Joinpoint regression trends for maternal mortality ratio (MMR) expressed per 100,000 live births

Similarly, the negative correlation between FMR and
SVD did not attain statistical level of significance
(Table 2).

4. Discussion

This ecological study aimed to explore trends in CSR
as well as indices of maternal-fetal mortality captured
as MMR (maternal mortality ratios) and FMR (fetal
mortality rates). We observed an overall CSR of
10.4% and a significant rise in CSR over the 9-year
period of about 108%. The overall rate found in our
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study is in agreement with the optimal CSR proposed
by the World Health Organization (WHO) set at
[0-15%.' It is, however, arguable what threshold of
CSR will yield positive maternal-fetal outcomes within
a given setting. VWe observed an overall MMR of 708
per 100,000 live births and a FMR of 7.0%.The MMR
found in this study clearly indicates that Nigeria is
far behind in making progress toward achieving the
Sustainable Development Goal 3 (SGD 3). This goal
aims to reduce the global maternal mortality ratio to
less than 70 per 100 000 live births by 2030.
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Figure 3: Joinpoint regression trends for fetal mortality rate per 100 deliveries

In addition, the observed MMR was higher than the
Nigerian national average of 574/100,000°. Likewise,
both maternal and fetal indices were observed to be
substantially high compared with those of developed
nations. However, it is noteworthy that both the MMR
and FMR dropped by about one-third within the study
period.The temporal decline in both MMR and FMR was
in contrast and probably influenced by the rise in CSR.
This hypothesis is supported by the findings of Betran
and colleagues using a global cross-sectional ecological
study to assess the relationship between method of
delivery and perinatal mortality.'*The investigators found
that for countries with overall CSR below |5 percent,
CSR had negative association with maternal mortality.
Conversely, for countries with national CSR above
I5 percent, further increase in CSR correlated with
higher maternal and perinatal mortality.'® Several other
ecological studies also reported similar findings.'-

However, other studies had conflicting results.
A systematic review of ecological studies concluded
that CSR ranged from 9 to 16%, and at CSR above
this threshold, there was no longer an association
between CSR and maternal or infant mortality.®
Further, according to a multi-center study in Finland,
variations in CSR were not related to maternal and
neonatal outcomes.?’ Some other studies have also
investigated the relation between CSR and neonatal
outcomes but concluded that an increasing CSR did
not improve perinatal outcomes.”??* These findings
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may, however, not apply to the African settings (such
as in this study) in which fetal conditions are typically
not among the common indications for cesarean
delivery. Cesarean sections in our settings are typically
performed to save the mother and not the fetus.

Despite the decrease in MMR in this study, it was still
high compared to the global average of 546 maternal
deaths per 100 000 livebirths. Similarly, the FMR in this
study was also high compared with the global average
but comparable to those of other African countries.?*
Maternal deaths in sub-Saharan Africa result from a
wide range of indirect and direct causes. Effective and
efficient health system, especially during pregnancy and
delivery,are strongly related to maternal death.”® CSR in
most sub-Saharan Africa is very low and a lot of patients
requiring the procedure end up with severe maternal
morbidity, and a large number of them die during
pregnancy and delivery.'*? Quality improvement with
respect to cesarean section procedures will therefore,
go a long way in reducing the high adverse maternal-
fetal outcomes in sub-Saharan Africa.

As with all studies, our analysis bears certain
limitations worth highlighting. The dataset used for
the study encompassed aggregate data amassed from
regional hospitals in Nigeria.The data did not and could
not take into account all the maternal and fetal deaths
that occurred at home. This shortcoming is relevant
since it is well known that a significant proportion of

| www.mchandaids.org
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deliveries in Nigeria occurs at home.? It is difficult
to estimate the impact of this omission bias on our
reported findings because the proportion of MMR and
FMR as well as those that would qualify for a cesarean
section in home deliveries could not be determined
within an acceptable range of accuracy. Perinatal
mortality could also not be calculated because babies
were not followed up for one week at home, and
hence, early neonatal death could not be calculated.

There is also the general limitation of ecological
analysis; namely, ecological fallacy, whereby,
observations found in aggregate data do not agree
with those detected at the individual level. This limits
the validity of inferences regarding a causal association
between CSR and reproductive health outcomes in
the absence of uncontrolled factors and interactions.
For example, the rising CSR may be due to changing
demographic factors (e.g. elderly primigravidae,
obesity, other medical disorders) which were not
captured in our study. Nonetheless, our study bears
areas of strengths as well including a large sample size
that was adequate for an ecological analysis as well as
the application of a rigorous analytic approach, namely,
Joinpoint regression which was used in the estimation
of temporal trends in CSR, MMR, FMR and SVD.

5. Conclusion and Global Health
Implications

In this study, we found an overall CSR of 10.4% and a
significant rise in CSR over the 9-year period (2008-
2016) ofabout 108% across hospital facilities in Nigeria.
There was a decrease in MMR; but this decrease was
still substantially high compared to the global average
of 546 maternal deaths per 100 000 livebirths. In
Nigeria, the FMR was substantially high compared to
the global average. The MMR reported in this study
is a clear but sad indication that Nigeria lags behind
in attempts to achieve the Sustainable Development
Goal 3 (SGD 3), namely to reduce the global MMR
to less than 70 per 100 000 live births by 2030.These
data should spur policy and programmatic efforts
aimed at addressing maternal mortality in Nigeria.
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- Key Messages

* The burden of maternal death associated with
pregnancy remains very high in Nigeria, the
most populous country in Africa.

* Current efforts toward attainment of the
Sustainable Development Goal 3 (SGD 3) by
Nigeria are grossly insufficient, and will need to
be reinforced.
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