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Abstract
Background

Maternal ancheonatabutcomes hae improved substantially. During the same period,
the c&sarean section (CS) rate soafdtk aim of this analysis was determine
whether an increase Srate was associated with an improvemergearinatal

outcomeat an institutional levah low- andmiddle-income countries.
Methods

The WHO"Global Survey on Maternal and Perinatal Health (WHOGS) and the WHO
Multi=eountry Survey on Maternal and Newborn Health (WHOMCS) were two
multi-country, facility-based crossectional surveysonducted in 2004—-2008 and
2010-2011, respectivelyhe increase in CS rate and the change of incidence of
adverse perinatal outcomes were calculated usiwg-point estimator opercent
change annualized (PCA) method. Perinatal, maternal and neonatal conmolesies i
were used as the outcom@dinear mixed model was used to assess the association

between the change of CS rate and the changerofataloutcome.

Results

This article is protected by copyright. All rights reserved
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82 A total of 259 facilities in 20 countries participated in both surweyts, 217844

83 women in WHOGS and 227734%men in WHOMCSThe CS rate in these facilities
84 increased by 3.99% annually, on average, while the incidence of adverse perinatal
85 outcomes decreased by 4.59% annually. However, after we adjusted for potential
86 confounders; no significant association was found betweeincrease irCS rate and
87 the changefadverse outcome inderegardless of whether starting CS rates were

88 already high (above 10%) or not.
89  Conclusions

90 In low-‘and middleincome countries, the increases in CS rat® not associated
91  with betterperinataloutcome regardless of whethdéne starting CS rate asalready

92  high or not.
93  Keywords
94  Caesarean section rate, perinatal, adverse out¢ctmmeand middle income countries

95  Introduetion

96 Maternal health has undergone a dramatic improvement worldwide in the past
97 two to three decade3he latest report showthat globally there were an estimated
98 303 000 maternal deaths in 281la decline of 8.9 from 1990 leveld.Global

99  perinatal mortalitystatistics have also improvédNeonatal and infant mortality rate
100 declined by 36% and 46% in low-income countries, and 43% and 58% imkihe

101 countriés-from 1990 to 20PMeanwhile, @esarean section (CS) rates have increased
102 substantially, even tripled or quadrupled, in many parts of the World.

103 Have increased CS rates contributed to better maternahandatal outcomes,
104 andlif,so by how much@®udies of tle relationshipbetweenCsS rate and mortality

105 have yielded inconsistent resultsA recent crosssectional ecological study

106  estimating annualSrates from data collected during 2005 to 2012 for all\A@4ld

107  Health OrganizatiofHO) member statesuggested thatational CSrates of up to

108  approximately 19 petOO live births were associatedtiviower maternal or neonatal
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mortality among WHO member statesHigher CSrates were not correlated
with maternalor neonatal mortalitat a country level Someother populatiorbased
ecological studies suggest that when a national CS rate is belonahG#igrease in
the CSirate is associated with a decrease in maternal and neonatal m&uatitgr
increases imynational CS rates beyond Hi#onot associated with further reductions
in mortalityf'when socioeconomic conditions are adjusted Ttis phenomenorhas
been consistently demonstrated with data from both high anéhtawne countries,
and in crossectional and longitudinal analys&¥.

Theseecological studies have been limited to usiagional rates of CS and
maternal and neonatal mortality, as these measures are routinely reported in civil vital
registrationssystems and readily available for analysis. Although mortality rates are
generally"good indicators for overall maternal aednatahealth at a countryelel,
other outcomes such as maternal and neonatal severe mdrbititgd quality of life
are also.important, particularly as maternal and newborn outcomes aceimpr*

(i.e., mortality decreased substantially, morbidigcome more sensitiiedicator)
Unfortunately, morbidity data are generally unavailabla rational levelas are data

on potential confounders. Where such data exist, compargemften not possible

due tothelack of standardized definitions and outcomes. More evidence is needed to
examine,whether CS rate is associated with less severe maternaleanalal
outcomesThe aim of this analysis is to determine whether an increase in CS rate was
associated with ammprovement in maternal angeonatalmorbidity and mortality
outcomes at an institutional levet 20 low- and middleincome countriesthat

participated-in two consecutive WHO survé§js®

Methods

Design.and setting

Data for this secondary analysis wederived from two large, crossectional,
facility-based surveysf maternal and perinatal health: the WHO Global Survey of
Maternal and Perinatal Health (WHOGS) and the WHO Mdtuntry Survey of
Maternal and Newborn Health (WHOMCYS). Detailed descriptadrieese studies are
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available elsewher®:'® Briefly, the WHOGS was conductetb examine the
association of the mode of delivery and maternal and perinatal outcomes in 373 health
facilities in 24 countries from Africa and Latin Amerig@004-2005) andAsia
(2007-2008).» A stratified, multistage cluster sampling strategy was applied to select
the countfies, provinces and health facilifitéccording to this scheme, the first
stage of'sampling consisted of countries. This selection was stratified bMyHke
regions and the levels of unefare child and adult mortality. Fourteen stdgions
were used to frame the first stage of sampling. From eachegign, a total of four
countriesswere selected at random for participation in the study, with pitpabil
proportional to the country population. When the total number of countries was less
than foursintany subegion, all the countries were included. This process resulted in
12 subregions having four countries each and two-dions having three countsie
each. A total of 54 countries were initially pelected, but, due to operational and
budgetary. reasons, the WIBS was implemented in 24 countries from Africa, Asia
and Latin“America plus Canada. The second sampling stage consisted of randomly
selectionof two provinces/states (with probability also proportional to the population
size), in“addition to the country capital city in these 24 countries. A tertiary sampling
stage (below the province/state level) was used for very large provinces/statbes. For
latter (e.g..Mexico City and Beijing), a fourth sampling stage was implemented. Once
the geographical areas were selected, seven health facilities with a minimum of 1,000
deliveries per year were randomly selected from each of these areas. If thelessvere
than 7 facilities, all facilities of that area were selected. Within each selected facility,
detailed-infermation on all births during a specified period was collectedebeéath,
hospital discharge or up to seven days postpa(nichever came fat) by trained
health professional stafivith a total number a287036women(290610 births). Since
there.was no individual follomp of women or newborns after hospital discharge
data on newbormnd maternastatuswere only collected from the hospitaledical
records or staff during the early postpartum period or intensive care units.

In 2016-2011, WHOMCS was conducted as a subsequent survey based on the
WHOGS settings and added seven new countries using the same sampling

This article is protected by copyright. All rights reserved



169  methodologyWHOGS countries @re invited to participate in the WHOMCSwvo0

170  countries were unable foin. In total, 359 facilities across 29 countries from Africa,

171  Asia, Latin America, and the Middle East participadHOMCS aimed to examine

172 severeymaternal and newborn outcomes and maternal near miss cases and deaths
173 regardless of gestational age and mode of delivery (i.e., abortion, ectopic pregnanc
174  The studyrincluded 314623 women (318%84hs). Data collectiorwas conducted in

175  each facility for a period of-2 months, and the study was conducted between May
176 2010 and December 2011. In addition, in both surveys, institutional information on
177  the availability of obstetric and newborn services, laboratory tests, and human and
178  training resources were also collected.

179 The=technical content of both protocols was reviewedg®gcialist panels at the

180 UNDP/UNFPA/UNICEF/WHO/World Bank Special Programme of Research,
181  Developmentind Research Training in Human Reproductidre Specialist Panel on

182  Epidemiological Research revieweadhd approved the WHOGS study protocol for
183  technicalcontent; the Research Project Review Panel (hname of pasethanged in

184  2010)reviewed and approved the technamitent of the WHOMCSBoth surveys

185 had _ethical approval by the WHO Ethics Review Committee, and the relevant
186  authorities and institutional review boards in all participating countries.

187  Data quality.

188  In bothfstudies, a data form wdsvelopedand pilot tested. In addition, a Manual of

189  Operations was developed to guidestauctured medical record data abstraction
190 processby data colletors This manualminimized the need forjudgment and

191 interpretation by the data collectoM/here incompletedata were identified, data

192  collectos couldverify with medical staff Validity and random crossheckswere

193  conducted to. ensure quality efitered data.

194  Study population

195 In order to be included in this analysis, a facility must have participated in both
196 WHOGS and WHOMCS and had more than 100 deliveries in each survey. We
197 excluded women whose gestational age at delivery was less than 22 weeks or
198  unknown, or with missing information on exposure and outcean@bles of interest

This article is protected by copyright. All rights reserved
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delivery mode, fiveminute Apgar score, maternal blood transfusiomaternal
admission to ICU/special care unit, newborn status at hospital discharge or on the
seventh day of life (alive/dead), neonatal conditions at(airttefresh stillbirth) and
maternal status at hospital discharge or on the seventh day postpastilinin
hospital”(alive/dead). Most countries participated in both surveys were dodv
middlesncome=countries, except Japan. Becausewsee interested in low and
middlesncome countries in this study, we excluded Japan for further analysis. In
addtiongthe,surgical capacity of participating facilities in Angola had a significant
change “between the two surveysd the quality of gestational agkatain the
WHOGS wagoor?® Therefore, we excluded that country, leaving 259 facilities from
20 low=rand:middleincome countries which participated in both surveys for further
analysis:

Variables and definitions

We used..individual data on demographic characteristics, maternal risks, mode of
deliveryy pregnancy events and perinatal outcomes. The main exposure of interest in
our study was C8&s final mode of delivery. We used the following information as the
main_potential confounders: maternal age 20, 2034, > 34 years), gestational
age(< 37, 3%#41,> 41 weeks), years of education(06,1 79, 1012, >12 years),
marital_status (without partner, with partner), parity (@,  2), previous CS (none,

one or more), fetal presentation (vertex, breech and other), onset of labour
(spontaneous, induced, no labour), birthweight 2500, 25063999,= 4000 g),
number ofneonates (singleton, multiplehronic hypertension, preeclampsia and data
collection=year. Level of facility was classified as primary and secondary, tertiary and
other referral levelWe usedgrossdomesticproduct GDP) thatwerereported by the
World Bank as a proxy for the socioeconomic condition for each country.

The main outcomes of this study included one primary v secondary
outcomes.Since severe maternal and neonatal morbidity and mortality arewsare,
useda weightedperinatal adverse outcome indpsoposed byMann et al?® as the
primary outcome(Appendix Table 1) Several adverse outcomedisted in the
Appendix Tble 1 were not available in both surveys. Thus, our composite outcome
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includedApgar score at five minutes 7, maternal and/or neonatal death at hospital
discharge or on the seventh day of life (alive/dead), maternal blood transfusion,
admission of the mother to ICU/special care wamtl neonatal conditions at birth
(alivefresh stilbirth).We calculated the perinatal adverse outcome index as the sum
of weightedyadverse outcome scores divided by the number of deliveries for each
facility.“Maternal and neonatal adverse outcomedexes were also createds the
secondary outconseThe maternalindex was composed afaternal death at hospital
discharge or, on the seventh day of life (alive/dead), maternal blood transtusibn,
admission=of the mother to ICU/special care ,unliile the neonatal index included
Apgar (score at five minutes 7, neonatal death at hospital discharge or on the
seventhrday of life (alive/deadnd neonatal conditions at biitive/fresh stillbirtt).
Statistical'analysis

In the'current analysisthe facility was the unit of analysis. fle exposure and
covariatesare all calculated aa rate or proportion in each facilitfthe covariates
included the/proportion of women in the facility aged 19 years or younger, 35 years or
older,~education less than seven years, more than 12 years, marital status, parity,
previoustaesarean delivery, fetal presentation, gestational age less than 37 weeks,
more than 41 weeks, birthweight less than 2500 g, more than 4000 g, multiple births,
chronic_hypertension, preeclampsia, level of facility, and GDP.

Since the interval between the two surveys varied from country to country, we
used atwo-point estimator of Percent Change Annualized (PE#) examine how
theannual rate of change in CS rate was associatediatnnual rate of change in
the incidencef adverse perinatal outcomes at the facility level between two surveys,

where

1

PCA= (WHOMCS CS Fate)time difference(year) 1| x 100
WHOGS CS rate

A similar equation was used by WHO in calculating maternal mortality
trends®® With the underlying assumption that the CS rate changed linearly, the
statistical modelvasas follows:

PCA of adverse perinatal outcome composite indeRGA of CS rate +PCA of

This article is protected by copyright. All rights reserved



258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

covariates.

However, thePCA function became undefined when a zero rate wlaserved at
either survey. To avoid this, we used a continuity correction by adding a small amount
(0.000%) to facilities with a zero rate.This was particularly important for those
variables withzero prevalence. All covariates and outcomes were aggregated and
reported-atfacility” level as described above, and then put into a linear mixed model
where ¢country” wasalso considered as a level. The analyses were weighted by the
averagernumber of womeaf the two surveysfor each facility We also conducted
stratifiedianalyses according to the facility CS &®€o(vs. >10%). To bemore
statistically conservativehe latter was calculated as the geometric nefathe CS
rates(thessquare root of the Q&tes)of the two surveysAll analyses were carried

out with"the statistical software SAS 9.1(SAS Institute, Cary, NC, UB#).05 was
considered statistically significant.

Results

Figure ‘4 illustrates our selection process of the study population. In tofaB42i
women.in WHOGS and 22734vomen in WHOMCS from 259 facilities in 20w-

and middleincome countries were included in the following analy&mpendix Table

2 provides detailed information of the facilities by country.

Table. 1l presents the characteristics of women at the individual level. These
characteristics wereeported because they were included in both survdysre
facilities became tertianjhospitals increasedfrom 311% (WHOGS to 55.9%
(WHOMCS). Womenover 34 yearghangedfom 29% to 107%. The proportion of
education=more than 12 yearkangedfrom 134% to 170%. In the WHOGS and
WHOMCS surveys 43% and 4%% of women were nulliparas, respectivelye
proportion of women with previous C8hangedfrom 105% to 129%. The
prevalence of preeclampsikecreasedrom 2.8% to 21%, andchronic hypertension
from 05% to 0.4%. Women withspontaneousnsetof labor changedrom 807% to
77.6%. The overall CS ratencreasedrom 27.0% to 317% between the two surveys.
Multiple births had a reduction from3®% to 15%. Birthweight less than 2500gas
from 105% in WHOGS to 11% in WHOMCS. In WHOGS, 98% had cephalic
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fetal presentation compared with %% WHOMCS.

Table 2 presentsthe characteristics of the facilities in each survey. Due to a
skewed distribution of most variables, we used median and interquartile range (Q1
and Q3)"The median CS rate by facility increased from%24n WHOGS to 3G%
in WHOMCS.

During that period, the CS rate in these facilities increased by 3.99% annually,
on averagey while the incidence of adverse perinatal outcomes decreased by 4.59%
annuallysFigure 2 illustrates the relationship betwde@A of CS rate and®CA of
perinatal,' maternal andeonataladverse outcome ifaes at the facility level.The
scatter=plotshows noassociation betweeRCA of CS rate andPCA of adverse
outcome-Table 3 quantitativelysummarizes the crude and adjusted assocgatim
increase in CS rate was not significantly associated with a change in perinatal adverse
outcome.index in the crude analysis. When adjusted for a set of confounding variables,
the resultsywere similaf3€0.11, 95% CI:-0.71, 0.94, p=0.78). Again, there was no
significant associationdiweenPCA of CS rate andPCA of maternal and neonatal
adverseroutcom@s3=0.53, 95% CI:-0.06, 112, p=0.08 for maternal adverse outcome
index [3=-1.00, 95% CI:-8.23, 625, p=0.79 for neonatal adverse outconmalex).
Furthermore, westratified the CSates by less or more than 10%his stratification
was based on our previous findings that when CSwasbelow 10%, an increase in
CS ratewasassociated with a decrease in mortality rabeswhen CS ratevasabove
10%, this association virtually disappearéthwever, he current analysis failed to
showsanyssignificant association regardless whetneICS ratevas below or above
10% or 19%:in both multiparouand nulliparous women (also see Appendix Table 3

and 4).
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Discussion

Our study found that ahe hospital level, increases irCS ratesin low- and
middleincome countrieswere not associated with chasgm perinatal adverse
outcome”indexrrespectiveof the baselineCS rate This finding remained the same
when we'looked ahe maternal ansheonatabdverse outcomiedexesseparately

As more and more developing countries have improved economic conditions in
recent yearsnaternal and newbommortality hasdecreasedDespitethat mortality is
consideredto be a powerful so@oonomic and health indicator within a population,
death is a rare event and the isolated casesnoiaseflect the quality of obstetrical
assistancé>? Morbidity has been suggested as an alternative meéagtreventing
morbidity“and improving quality otare havebecomemore important Would a
higher!CS rate be necessary to achieve this goal? And how high should it be?
Unfortunately, little is known in this regard.

Some\Europeaoountrie$® andJapaf®have maintained a CS rate below 2886
country.levelin the past two decades while continuing to improve perinatal outcomes.
As these countries have sometloé lowest perinatal mortality rates in the world, it
may be assumed that generally speakingrd@& may not have to go beyond 20% in
order toyachie® excellent perinatal outcomes.

In fact, the mode of deliverymay play a less important role in improving
perinatal outcomeat a population levelThe CS rate is usually already much higher
in the high risk pregnancies.For example, in Chi the CS ratén women with
severe =preeclampsia was 80% in comparison t02%46in the general
populationZ”?® Will an even higher CS rate be necessary in these pregnancies?
Probably not.

Ample evidencendicates that a high CS rate in some developing countries is due
to CS without clear medical indicatién® In our data, 85% of the facilities had a CS
rate over 10%. It is likely that some of these CS were not medically indi¢ated.
previousWHOGSanaysis’’ showedhata total of 1.0 percent of all deliveries has
without medical indicationsand the overall proportion of women delivering®$
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344  without medical indication ranged from 0.01 to 2.10%. In the Chinese institutions

345  participating in WHOGShis figure was exceptionally higher at 11.89%he

346  previous study demonstratdtht CS without medical indication was associated with
347  anincreasedisk of shortterm adverse maternal outconieslot onlywill it increase

348  perinatalorbidity and mortalit?**but alsocontribute tchealth care cost§ln UK,

349  each additional'vaginal birth instead®® saves more than £1208 For a

350 lowerincomecountry like Chile, the difference in cost between a vaginal delivery and
351 a CS isabout US$358If unnecessary C8an be reducedinancial and human

352  resourcesscould be usedother parts of the health system.

353 It is worth mentioning that PC#vas used as the main megraf interest in this

354 study.PCAvis often used to measure trends in disease or mortality rates. For making
355 comparisons or studying associations between very different rates, the absolute

356 changan ratesmay not be appropriat€hus, a relative change like PCA is better

357  suited forsuda comparisons. This measure is often useepidemiological literature

358 and wellrecognizeds a robust way of comparing ratés.

359 The,current study is unique in that it linked the records of two large sequential
360  WHO.multi-country surveys to examine charggen CS rate and the chamgen

361 adversematernal and perinatalutcomes in 20 lowand middleincome countries. A

362  very large.sample size in both surveys made the analysis possidiesults could

363  potentially shed important light on changes in CS usage in those countries.

364 However our studyhadseverallimitations.First, smeadditionalvariablesthat

365 may be potential confoundefsr the association between CS rate and perinatal
366 outcameswere included ironly one survey but not botlprecluding thi usein the

367 present study. Thus, potential residual confounding is possiblever, since our

368 result is already negative, adjustments for more potential confounders wouldyunlikel
369 change our conclusio&econd, th@umber of facilities with a CS rate lower than 10%
370 was small. The stratified analysis in this subgroup may have been underpowered.
371 Third, the weightedadverseperinataloutcome index uskin this study' lumped

372  intrapartumfetal and neonatal deathtogetler. Given that theintrapartum stillbirth

373 rate is consideredsa good indicatofor quality of intrapartum care, of whidBSis
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an important componenfuture studes areworth exploring “fresh stillbirth” rates in
relation to CS.

Finally, it is important to point out thatve used théVeighted Perinatal Adverse
Outcome Index a®ur primary outcomebut informationon uterine rupture, birth
traumagreturn tahe operatinjabor and deliveryroom admission to NICU i
neonategreater than 2500 g for over 24 hours), and third or fourth degree perineal
tearwas not availablén both surveys. Thugur indexwasbased orb maternal and
neonatal outcomesnly. Nonethelesswe tried three different composite outcomes
severe ‘maternal outcome, severe neonatal outcome and combined maternal and
neonatal outcomé&\Ve also testedhodek usingun-weightedadverse outcome index
Theresultswere similainot shown),reassurirthe validity of our conclusion.

Conclusions

Our facility-based ecological analysisdicates thatri low- and middleincome

countries,.the increases in CS ratese not associated with betfgrinataloutcome

regardless,of whethéhne starting CS rate asalready high or not.
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Table 1. Characteristics of women in the World Health Organization Global Survey and

Multi-Country Survey

Global Survey

World Health Organization

World Health Organization

Multi-Country Survey

N =217 844 N =227 734
n % n %
Level offacility
Primary and secondary 148 965 68.4% 94 219 41.4%
Tertiary and other referral level 67 638 31.1% 127 344 55.9%
Missing 1241 0.6% 6171 2.7%
Maternal age
<20 years 26 110 12.0% 24 987 11.0%
20- 34 years 169 813 78.0% 177 864 781%
>34 years 21 585 9.9% 24 433 10.7%
Missing 336 0.2% 450 0.2%
Years of‘education
0 year 17366 8.0% 23107 10.2%
1-6years 41639 191% 29343 129%
7-9 years 49351 22.7% 47153 20.7%
10-12years 69787 320% 72723 32.0%
>12years 29079 13.4% 38750 17.0%
Missing 10 622 4.9% 16 658 7.3%
Marital status
Without partner 24114 111% 23 273 10.2%
With partner 193 232 88.7% 202 839 89.1%
Missing 498 0.2% 1622 0.7%
Parity
0 95 169 43.7% 103 588 45.5%
1-2 92 954 427% 96 886 42.6%
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>2
Missing
Previous caesarean delivery
No
Yes
Missing
Preeclampsia
No
Yes
Missing
Chronicthypertension
No
Yes
Missing
Onset ofilabour
Spontaneous
Induced
No labour
Missing
Mode of‘delivery
Vaginal
Caesarean
Number of-neonates
Singleton
Multiple
Missing
Birthweight
< 2500gr

2500- 3999r

28 986

735

194 200

22 840

804

211 290

6 195

359

216 388

1011

355

175 826

19 153

22779

86

159 082

58 762

212 880

4 964

0

22 892

189 423

13.3%

0.3%

89.2%

10.5%

0.4%

97.0%

2.8%

0.2%

99.3%

0.5%

0.2%

80.7%

8.8%

10.5%

0%

73.0%

27.0%

97.7%

2.3%

0%

105%

87.0%
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26 973

287

196 758

29 373

1603

223 046

4 688

0

226 811

923

176 660

22 891

28 069

114

155 466

72 268

224 374

3342

18

25314

196 264

11.8%

0.1%

86.4%

129%

0.7%

97.9%

2.1%

0%

99.6%

0.4%

0%

77.6%

10.1%

12.3%

0.1%

68.3%

317%

98.5%

15%

0%

11.1%

86.2%



> 3999yr
Gestational age
<37 weeks
37— 41 weeks
>41 weeks
Fetal presentation
Cephalic
Non- Cephalic
Missing
Apgar score at five minutes

<4

>6

5529

20 798

192 149

4 897

207 046

10 603

195

2373

4163

211 308

2.5%

9.6%

88.2%

2.3%

95.0%

4.9%

0.1%

1.1%

1.9%

97.0%

6 156

15865

208 010

3 859

217 510

9983

241

1755

3242

222 737

2.7%

7.0%

91.3%

1.7%

95.5%

4.4%

0.1%

0.8%

1.4%

97.8%

Note: all differences were statistically significant by chi-square test.
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Table 2. Characteristics of 259 facilities participaihg in both the World Health

Organization Global Survey and Multi-Country Survey

World Health Organization ~ World Health Organization

Global Survey Multi-Country Survey P value

Median (Q1, Q3)

Median (Q1, Q3)

Number of deliveries 632 (356, 1 070) 701 (397, 1 157) <0.001
Maternal age
<20 years 11.3 (31, 182) 10.8 (35, 17.6) <0.001
>34 years 10.7 (7.2, 146) 11.4 (83, 150) <0.001
Years of education
6-6 years 23.4 (7.7, 44.9) 16.7 (6.0, 38.7) <0.001
> 12 years 6.6 (2.5, 23.3) 119 (3.6, 25.8) <0.001
Marital status
Without partner 5.0 (0.9, 171) 5.3 (10, 161) <0.001
Nulliparous 42.1 (344, 491) 44.1 (346, 523) <0.001
Previousi€aesarean delivery 9.3 (4.0, 14.0) 11.8 (6.4, 16.9) <0.001
Preeclampsia 1.4 (0.4, 3.4) 1.1 (0.1, 2.6) <0.001
Chronic hypertension 0.2 (0, 0.5) 0.1 (0, 0.4) <0.001
Onset of labour
Induced 4.4 (1.6, 10.2) 3.7 (0.9, 9.6) <0.001
No labour 6.5 (1.4, 16.8) 9.0 (1.9, 19.8) <0.001
Caesarean delivery 24.7 (128, 383) 30.5 (199, 434) <0.001
Multiple births 2.1(1.1,3.3) 1.2 (0.7,1.9) <0.001
Birth weight
< 250Qr 9.0 (6.1, 12.5) 7.8(5.1,12.1) <0.001
> 400Qr 2.0 (0.8, 3.6) 2.1(1.0,4.9 <0.001
Gestational age
< 37 weeks 7.1(3.9,10.9) 5.7(2.9, 8.3) <0.001
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> 41 weeks 1.5 (0.4, 3.5) 0.8(0.2,2.2) <0.001

Non-cephalic fetal presentation 4.2 (3.1,5.8) 4.0 (2.7,5.4) <0.001
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Table 3. Crude and adjusted associations between Percent Change Annualized (PCA) of caesarean section rate and PCA of adverse

outcome index by levels of caesarean rate at the facility level

Linear Mixed‘Model * Perinatal adverse outcome Maternal adverse outcome Neonatal adverse outcome
index® index°® index®
B[95%Cl] P B [95%Cl] P B [95%Cl] P
Overall Caesarean section rate (n=259) (n=259) (n=259)
Crude  0.29 [-049, 108] 0.46 0.54 [001, 106] 0.05 0.22 [-596, 640] 0.95
Adjusted  0.11[-0.71, 0.94] 0.78 0.53[-0.06,1.12]  0.08 -1.00 [-8.23, 6.25] 0.79
Caesarean section rate<10% (n=38) (n=38) (n=38)
Crude 0.6 [-075, 087] 0.87 0.87 [-001, 176] 0.05 0.15[-011, 042] 0.25
Adjusted  -0.10 [-132, 143] 0.87 0.63 [-066, 192] 0.30 -0.10 [-043, 023] 0.56
Caesarean section rate>10% (n=221) (n=221) (n=221)
Crude 0.77 [-073, 227] 0.31 -0.04 [-096, 088] 093 1.60 [-1072, 1391] 0.80
Adjusted  -1.04 [-3.07, 099] 031  -0.90[-2.27,®7] 020 -811[-27.50, 128] 041

#In linear miixedsfhodel, the dependent variable is the PCA of adverse outcome index, weighted by theavdemef women in two facilities. We agttia small amount (0.0001) when a
zero rate was observed

® geometric’mean of CS rate of two surveys
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#Adjusted for PCA of women in the facility aged 19 years or younger, 35 years or older, education lessatgredyeation more than 12 years, marital status, parity, previous caesarean
section, fetal’presentation, year of survey, log gross domestic product, gestational age less than @¥stedieks| age more than 41 weeks, birthweight less than 2500g, birthweight more

than 4000g,.multiple births, chronic hypertension, preeclampsia and level of facility change (tertiary or othkleredrper year

®perinatal adverse outcome index: Apgar score at five mingtésmaternal and/or neonatal death at hospital discharge or on the seventh day of life (alive/dead), maternal blood transfusion,
admission of the mother to ICU/special care urebnatal conditions at birth(alive/fresh stillbjrth

“Maternal adverse outcome index: maternal death at hospital discharge or on the seventh day of life (alive/dead)lcndteamsifbsion, admission of the mother to ICU/special care unit

4 Neonatal adVerse outcome index: Apgar score at five mingtésneonatal death at hospital discharge or on the seventh day of life (alive/dead), neonatal conditiorialaetfiresh

stillbirth).
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PCA of perinatal AOI
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PCA of maternal ADI
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PCA of neonatal ADI
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