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A  66 

Background 67 

Maternal and neonatal outcomes have improved substantially. During the same period, 68 

the caesarean section (CS) rate soared. The aim of this analysis was to determine 69 

whether an increase in CS rate was associated with an improvement in perinatal 70 

outcome at an institutional level in low- and middle-income countries. 71 

Methods  72 

The WHO Global Survey on Maternal and Perinatal Health (WHOGS) and the WHO 73 

Multi -country Survey on Maternal and Newborn Health (WHOMCS) were two 74 

multi-country, facility–based cross–sectional surveys conducted in 2004–2008 and 75 

2010–2011, respectively. The increase in CS rate and the change of incidence of 76 

adverse perinatal outcomes were calculated using a two-point estimator of percent 77 

change annualized (PCA) method. Perinatal, maternal and neonatal composite indexes 78 

were used as the outcomes. A linear mixed model was used to assess the association 79 

between the change of CS rate and the change of perinatal outcome. 80 

Results  81 
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A total of 259 facilities in 20 countries participated in both surveys, with 217844 82 

women in WHOGS and 227734 women in WHOMCS. The CS rate in these facilities 83 

increased by 3.99% annually, on average, while the incidence of adverse perinatal 84 

outcomes decreased by 4.59% annually. However, after we adjusted for potential 85 

confounders, no significant association was found between the increase in CS rate and 86 

the change of adverse outcome index, regardless of whether starting CS rates were 87 

already high (above 10%) or not.  88 

Conclusions 89 

In low- and middle-income countries, the increases in CS rates were not associated 90 

with better perinatal outcomes regardless of whether the starting CS rate was already 91 

high or not. 92 

Keywords  93 

Caesarean section rate, perinatal, adverse outcomes, low and middle income countries 94 

Introduction  95 

Maternal health has undergone a dramatic improvement worldwide in the past 96 

two to three decades. The latest report shows that globally there were an estimated 97 

303 000 maternal deaths in 2015, a decline of 43.9% from 1990 levels.1 Global 98 

perinatal mortality statistics have also improved.2-4 Neonatal and infant mortality rate 99 

declined by 36% and 46% in low-income countries, and 43% and 58% in high-income 100 

countries from 1990 to 2012.5 Meanwhile, caesarean section (CS) rates have increased 101 

substantially, even tripled or quadrupled, in many parts of the world.

Have increased CS rates contributed to better maternal and neonatal outcomes, 103 

and if so by how much? Studies of the relationship between CS rate and mortality 104 

have yielded inconsistent results.

6  
102 

7 A recent cross-sectional, ecological study 105 

estimating annual CS rates from data collected during 2005 to 2012 for all 194 World 106 

Health Organization(WHO) member states, suggested that national CS rates of up to 107 

approximately 19 per 100 live births were associated with lower maternal or neonatal 108 
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mortality among WHO member states. Higher CS rates were not correlated 109 

with maternal or neonatal mortality at a country level.8 Some other population-based 110 

ecological studies suggest that when a national CS rate is below 10%, an increase in 111 

the CS rate is associated with a decrease in maternal and neonatal mortality.9 Further 112 

increases in national CS rates beyond 10% are not associated with further reductions 113 

in mortality, when socioeconomic conditions are adjusted for.9 This phenomenon has 114 

been consistently demonstrated with data from both high and low-income countries, 115 

and in cross-sectional and longitudinal analyses.

These ecological studies have been limited to using national rates of CS and 117 

maternal and neonatal mortality, as these measures are routinely reported in civil vital 118 

registration systems and readily available for analysis. Although mortality rates are 119 

generally good indicators for overall maternal and neonatal health at a country level, 120 

other outcomes such as maternal and neonatal severe morbidity,

 9,10
 116 

11-13 and quality of life 121 

are also important, particularly as maternal and newborn outcomes are improving14,15 122 

(i.e., mortality decreased substantially, morbidity become more sensitive indicator). 123 

Unfortunately, morbidity data are generally unavailable at a national level, as are data 124 

on potential confounders. Where such data exist, comparisons are often not possible 125 

due to the lack of standardized definitions and outcomes. More evidence is needed to 126 

examine whether CS rate is associated with less severe maternal and neonatal 127 

outcomes. The aim of this analysis is to determine whether an increase in CS rate was 128 

associated with an improvement in maternal and neonatal morbidity and mortality 129 

outcomes at an institutional level in 20 low- and middle-income countries that 130 

participated in two consecutive WHO surveys.

 132 

16-18 131 

Methods 133 

Design and setting 134 

Data for this secondary analysis were derived from two large, cross-sectional, 135 

facility-based surveys of maternal and perinatal health: the WHO Global Survey of 136 

Maternal and Perinatal Health (WHOGS) and the WHO Multi-Country Survey of 137 

Maternal and Newborn Health (WHOMCS). Detailed descriptions of these studies are 138 
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available elsewhere.16-18 Briefly, the WHOGS was conducted to examine the 139 

association of the mode of delivery and maternal and perinatal outcomes in 373 health 140 

facilities in 24 countries from Africa and Latin America (2004–2005) and Asia 141 

(2007–2008). A stratified, multistage cluster sampling strategy was applied to select 142 

the countries, provinces and health facilities.16

 In 2010–2011, WHOMCS was conducted as a subsequent survey based on the 167 

WHOGS settings and added seven new countries using the same sampling 168 

 According to this scheme, the first 143 

stage of sampling consisted of countries. This selection was stratified by the WHO 144 

regions and the levels of under-five child and adult mortality. Fourteen sub-regions 145 

were used to frame the first stage of sampling. From each sub-region, a total of four 146 

countries were selected at random for participation in the study, with probability 147 

proportional to the country population. When the total number of countries was less 148 

than four in any sub-region, all the countries were included. This process resulted in 149 

12 sub-regions having four countries each and two sub-regions having three countries 150 

each. A total of 54 countries were initially pre-selected, but, due to operational and 151 

budgetary reasons, the WHOGS was implemented in 24 countries from Africa, Asia 152 

and Latin America plus Canada. The second sampling stage consisted of randomly 153 

selection of two provinces/states (with probability also proportional to the population 154 

size), in addition to the country capital city in these 24 countries. A tertiary sampling 155 

stage (below the province/state level) was used for very large provinces/states. For the 156 

latter (e.g. Mexico City and Beijing), a fourth sampling stage was implemented. Once 157 

the geographical areas were selected, seven health facilities with a minimum of 1,000 158 

deliveries per year were randomly selected from each of these areas. If there were less 159 

than 7 facilities, all facilities of that area were selected. Within each selected facility, 160 

detailed information on all births during a specified period was collected before death, 161 

hospital discharge or up to seven days postpartum (whichever came first) by trained 162 

health professional staff, with a total number of 287036 women (290610 births). Since 163 

there was no individual follow-up of women or newborns after hospital discharge, 164 

data on newborn and maternal status were only collected from the hospital medical 165 

records or staff during the early postpartum period or intensive care units. 166 
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methodology. WHOGS countries were invited to participate in the WHOMCS. Two 169 

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

Asia, Latin America, and the Middle East participated. WHOMCS aimed to examine 171 

severe maternal and newborn outcomes and maternal near miss cases and deaths 172 

regardless of gestational age and mode of delivery (i.e., abortion, ectopic pregnancies). 173 

The study included 314623 women (318534 births). Data collection was conducted in 174 

each facility for a period of 2–4 months, and the study was conducted between May 175 

2010 and December 2011. In addition, in both surveys, institutional information on 176 

the availability of obstetric and newborn services, laboratory tests, and human and 177 

training resources were also collected.  178 

    The technical content of both protocols was reviewed by specialist panels at the 179 

UNDP/UNFPA/UNICEF/WHO/World Bank Special Programme of Research, 180 

Development and Research Training in Human Reproduction. The Specialist Panel on 181 

Epidemiological Research reviewed and approved the WHOGS study protocol for 182 

technical content; the Research Project Review Panel (name of panel was changed in 183 

2010) reviewed and approved the technical content of the WHOMCS. Both surveys 184 

had ethical approval by the WHO Ethics Review Committee, and the relevant 185 

authorities and institutional review boards in all participating countries. 186 

Data quality 187 

In both studies, a data form was developed and pilot tested. In addition, a Manual of 188 

Operations was developed to guide a structured medical record data abstraction 189 

process by data collectors. This manual minimized the need for judgment and 190 

interpretation by the data collectors. Where incomplete data were identified, data 191 

collectors could verify with medical staff. Validity and random cross-checks were 192 

conducted to ensure quality of entered data. 193 

Study population 194 

In order to be included in this analysis, a facility must have participated in both 195 

WHOGS and WHOMCS and had more than 100 deliveries in each survey. We 196 

excluded women whose gestational age at delivery was less than 22 weeks or 197 

unknown, or with missing information on exposure and outcome variables of interest: 198 
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delivery mode, five-minute Apgar score, maternal blood transfusion, maternal 199 

admission to ICU/special care unit, newborn status at hospital discharge or on the 200 

seventh day of life (alive/dead), neonatal conditions at birth(alive/fresh stillbirth) and 201 

maternal status at hospital discharge or on the seventh day postpartum if still in 202 

hospital (alive/dead). Most countries participated in both surveys were low- and 203 

middle-income countries, except Japan. Because we were interested in low- and 204 

middle-income countries in this study, we excluded Japan for further analysis. In 205 

addition, the surgical capacity of participating facilities in Angola had a significant 206 

change between the two surveys, and the quality of gestational age data in the 207 

WHOGS was poor.19

Variables and definitions 211 

 Therefore, we excluded that country, leaving 259 facilities from 208 

20 low- and middle-income countries which participated in both surveys for further 209 

analysis.  210 

We used individual data on demographic characteristics, maternal risks, mode of 212 

delivery, pregnancy events and perinatal outcomes. The main exposure of interest in 213 

our study was CS as final mode of delivery. We used the following information as the 214 

main potential confounders: maternal age (﹤20, 20-34,﹥34 years), gestational 215 

age(﹤37, 37-41,﹥41 weeks), years of education(0, 1-6, 7-9, 10-12, >12 years), 216 

marital status (without partner, with partner), parity (0, 1-2,﹥2), previous CS (none, 217 

one or more), fetal presentation (vertex, breech and other), onset of labour 218 

(spontaneous, induced, no labour), birthweight (﹤2500, 2500-3999,≥4000 g), 219 

number of neonates (singleton, multiple), chronic hypertension, preeclampsia and data 220 

collection year. Level of facility was classified as primary and secondary, tertiary and 221 

other referral level. We used gross domestic product (GDP) that were reported by the 222 

World Bank as a proxy for the socioeconomic condition for each country. 223 

 The main outcomes of this study included one primary and two secondary 224 

outcomes. Since severe maternal and neonatal morbidity and mortality are rare, we 225 

used a weighted perinatal adverse outcome index proposed by Mann et al.20 as the 226 

primary outcome (Appendix Table 1). Several adverse outcomes listed in the 227 

Appendix Table 1 were not available in both surveys. Thus, our composite outcome 228 
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included Apgar score at five minutes ﹤7, maternal and/or neonatal death at hospital 229 

discharge or on the seventh day of life (alive/dead), maternal blood transfusion, 230 

admission of the mother to ICU/special care unit and neonatal conditions at birth 231 

(alive/fresh stillbirth).We calculated the perinatal adverse outcome index as the sum 232 

of weighted adverse outcome scores divided by the number of deliveries for each 233 

facility. Maternal and neonatal adverse outcome indexes were also created as the 234 

secondary outcomes. The maternal index was composed of maternal death at hospital 235 

discharge or on the seventh day of life (alive/dead), maternal blood transfusion, and 236 

admission of the mother to ICU/special care unit, while the neonatal index included 237 

Apgar score at five minutes ﹤7, neonatal death at hospital discharge or on the 238 

seventh day of life (alive/dead), and neonatal conditions at birth (alive/fresh stillbirth). 239 

Statistical analysis 240 

In the current analysis, the facility was the unit of analysis. The exposure and 241 

covariates are all calculated as a rate or proportion in each facility. The covariates 242 

included the proportion of women in the facility aged 19 years or younger, 35 years or 243 

older, education less than seven years, more than 12 years, marital status, parity, 244 

previous caesarean delivery, fetal presentation, gestational age less than 37 weeks, 245 

more than 41 weeks, birthweight less than 2500 g, more than 4000 g, multiple births, 246 

chronic hypertension, preeclampsia, level of facility, and GDP. 247 

 Since the interval between the two surveys varied from country to country, we 248 

used a two-point estimator of Percent Change Annualized (PCA)21

PCA=��WHOMCS CS rateWHOGS CS rate � 1time difference(year) − 1� × 100 253 

 to examine how 249 

the annual rate of change in CS rate was associated with the annual rate of change in 250 

the incidence of adverse perinatal outcomes at the facility level between two surveys, 251 

where  252 

A similar equation was used by WHO in calculating maternal mortality 254 

trends.6,22 

PCA of adverse perinatal outcome composite index = PCA of CS rate + PCA of 257 

With the underlying assumption that the CS rate changed linearly, the 255 

statistical model was as follows:  256 
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covariates.  258 

However, the PCA function became undefined when a zero rate was observed at 259 

either survey. To avoid this, we used a continuity correction by adding a small amount 260 

(0.0001) to facilities with a zero rate. This was particularly important for those 261 

variables with zero prevalence. All covariates and outcomes were aggregated and 262 

reported at "facility" level as described above, and then put into a linear mixed model 263 

where “country” was also considered as a level. The analyses were weighted by the 264 

average number of women of the two surveys for each facility. We also conducted 265 

stratified analyses according to the facility CS rate (≤10% vs. >10%). To be more 266 

statistically conservative, the latter was calculated as the geometric mean of the CS 267 

rates (the square root of the CS rates) of the two surveys. All analyses were carried 268 

out with the statistical software SAS 9.1(SAS Institute, Cary, NC, USA). P<0.05 was 269 

considered statistically significant. 270 

Results 271 

Figure 1 illustrates our selection process of the study population. In total, 217 844 272 

women in WHOGS and 227 734women in WHOMCS from 259 facilities in 20 low- 273 

and middle-income countries were included in the following analysis. Appendix Table 274 

2 provides detailed information of the facilities by country. 275 

 Table 1 presents the characteristics of women at the individual level. These 276 

characteristics were reported because they were included in both surveys. More 277 

facilities became tertiary hospitals, increased from 31.1% (WHOGS) to 55.9% 278 

(WHOMCS). Women over 34 years changed from 9.9% to 10.7%. The proportion of 279 

education more than 12 years changed from 13.4% to 17.0%. In the WHOGS and 280 

WHOMCS surveys 43.7% and 45.5% of women were nulliparas, respectively. The 281 

proportion of women with previous CS changed from 10.5% to 12.9%. The 282 

prevalence of preeclampsia decreased from 2.8% to 2.1%, and chronic hypertension 283 

from 0.5% to 0.4%. Women with spontaneous onset of labor changed from 80.7% to 284 

77.6%. The overall CS rate increased from 27.0% to 31.7% between the two surveys. 285 

Multiple births had a reduction from 2.3% to 1.5%. Birthweight less than 2500g was 286 

from 10.5% in WHOGS to 11.1% in WHOMCS. In WHOGS, 95.0% had cephalic 287 
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fetal presentation compared with 95.5% in WHOMCS.  288 

 289 

    Table 2 presents the characteristics of the facilities in each survey. Due to a 290 

skewed distribution of most variables, we used median and interquartile range (Q1 291 

and Q3). The median CS rate by facility increased from 24.7% in WHOGS to 30.5% 292 

in WHOMCS. 293 

    During that period, the CS rate in these facilities increased by 3.99% annually, 294 

on average, while the incidence of adverse perinatal outcomes decreased by 4.59% 295 

annually. Figure 2 illustrates the relationship between PCA of CS rate and PCA of 296 

perinatal, maternal and neonatal adverse outcome indices at the facility level. The 297 

scatter plot shows no association between PCA of CS rate and PCA of adverse 298 

outcome. Table 3 quantitatively summarizes the crude and adjusted associations. An 299 

increase in CS rate was not significantly associated with a change in perinatal adverse 300 

outcome index in the crude analysis. When adjusted for a set of confounding variables, 301 

the results were similar (ß=0.11, 95% CI: -0.71, 0.94, p=0.78). Again, there was no 302 

significant association between PCA of CS rate and PCA of maternal and neonatal 303 

adverse outcomes(ß=0.53, 95% CI: -0.06, 1.12, p=0.08 for maternal adverse outcome 304 

index; ß=-1.00, 95% CI: -8.23, 6.25, p=0.79 for neonatal adverse outcome index). 305 

Furthermore, we stratified the CS rates by less or more than 10%. This stratification 306 

was based on our previous findings that when CS rate was below 10%, an increase in 307 

CS rate was associated with a decrease in mortality rates, but when CS rate was above 308 

10%, this association virtually disappeared. However, the current analysis failed to 309 

show any significant association regardless whether the CS rate was below or above 310 

10% or 19% in both multiparous and nulliparous women (also see Appendix Table 3 311 

and 4).  312 
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 314 

Discussion 315 

    Our study found that at the hospital level, increases in CS rates in low- and 316 

middle-income countries were not associated with changes in perinatal adverse 317 

outcome index irrespective of the baseline CS rate. This finding remained the same 318 

when we looked at the maternal and neonatal adverse outcome indexes separately. 319 

  As more and more developing countries have improved economic conditions in 320 

recent years, maternal and newborn mortality has decreased. Despite that mortality is 321 

considered to be a powerful socio-economic and health indicator within a population, 322 

death is a rare event and the isolated cases may not reflect the quality of obstetrical 323 

assistance.20,23 Morbidity has been suggested as an alternative measure24

    Some European countries

 Preventing 324 

morbidity and improving quality of care have become more important. Would a 325 

higher CS rate be necessary to achieve this goal? And how high should it be? 326 

Unfortunately, little is known in this regard.  327 

25 and Japan26 

 In fact, the mode of delivery may play a less important role in improving 333 

perinatal outcomes at a population level. The CS rate is usually already much higher 334 

in the high risk pregnancies.

have maintained a CS rate below 20% at 328 

country level in the past two decades while continuing to improve perinatal outcomes. 329 

As these countries have some of the lowest perinatal mortality rates in the world, it 330 

may be assumed that generally speaking, CS rates may not have to go beyond 20% in 331 

order to achieve excellent perinatal outcomes. 332 

27 For example, in China, the CS rate in women with 335 

severe preeclampsia was 80% in comparison to 46.2% in the general 336 

population.27,28 

 Ample evidence indicates that a high CS rate in some developing countries is due 339 

to CS without clear medical indication.

Will an even higher CS rate be necessary in these pregnancies? 337 

Probably not. 338 

29,30 In our data, 85% of the facilities had a CS 340 

rate over 10%. It is likely that some of these CS were not medically indicated. A 341 

previous WHOGS analysis31 showed that a total of 1.0 percent of all deliveries had CS 342 

without medical indications, and the overall proportion of women delivering by CS 343 
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without medical indication ranged from 0.01 to 2.10%. In the Chinese institutions 344 

participating in WHOGS this figure was exceptionally higher at 11.6%.31
 The 345 

previous study demonstrated that CS without medical indication was associated with 346 

an increased risk of short-term adverse maternal outcomes.31 Not only will it  increase 347 

perinatal morbidity and mortality,32,33 but also contribute to health care costs.34 In UK, 348 

each additional vaginal birth instead of CS saves more than £1200.35 For a 349 

lower-income country like Chile, the difference in cost between a vaginal delivery and 350 

a CS is about US$350.36 

    It is worth mentioning that PCA was used as the main metrics of interest in this 353 

study. PCA is often used to measure trends in disease or mortality rates. For making 354 

comparisons or studying associations between very different rates, the absolute 355 

change in rates may not be appropriate. Thus, a relative change like PCA is better 356 

suited for such comparisons. This measure is often used in epidemiological literature 357 

and well recognized as a robust way of comparing rates.

If unnecessary CS can be reduced, financial and human 351 

resources could be used in other parts of the health system. 352 

 The current study is unique in that it linked the records of two large sequential 359 

WHO multi-country surveys to examine changes in CS rate and the changes in 360 

adverse maternal and perinatal outcomes in 20 low- and middle-income countries. A 361 

very large sample size in both surveys made the analysis possible, and results could 362 

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

37 358 

    However, our study had several limitations. First, some additional variables that 364 

may be potential confounders for the association between CS rate and perinatal 365 

outcomes were included in only one survey but not both, precluding their use in the 366 

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

result is already negative, adjustments for more potential confounders would unlikely 368 

change our conclusion. Second, the number of facilities with a CS rate lower than 10% 369 

was small. The stratified analysis in this subgroup may have been underpowered. 370 

Third, the weighted adverse perinatal outcome index used in this study21 lumped 371 

intrapartum fetal and neonatal deaths together. Given that the intrapartum stillbirth 372 

rate is considered as a good indicator for quality of intrapartum care, of which CS is 373 
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an important component, future studies are worth exploring “fresh stillbirth” rates in 374 

relation to CS. 375 

   Finally, it is important to point out that we used the Weighted Perinatal Adverse 376 

Outcome Index as our primary outcome but information on uterine rupture, birth 377 

trauma, return to the operating/labor and delivery room, admission to NICU (in 378 

neonates greater than 2500 g for over 24 hours), and third or fourth degree perineal 379 

tear was not available in both surveys. Thus, our index was based on 5 maternal and 380 

neonatal outcomes only. Nonetheless, we tried three different composite outcomes – 381 

severe maternal outcome, severe neonatal outcome and combined maternal and 382 

neonatal outcome. We also tested models using un-weighted adverse outcome indexes. 383 

The results were similar(not shown),reassuring the validity of our conclusion. 384 

Conclusions 385 

 Our facility-based ecological analysis indicates that in low- and middle-income 386 

countries, the increases in CS rates were not associated with better perinatal outcomes 387 

regardless of whether the starting CS rate was already high or not. 388 
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Table 1. Characteristics of women in the World Health Organization Global Survey and 

Multi-Country Survey 

  

World Health Organization 

Global Survey 

N = 217 844 

     n            % 

World Health Organization 

Multi-Country Survey 

N = 227 734 

   n          % 

Level of facility     

Primary and secondary 148 965 68.4% 94 219 41.4% 

Tertiary and other referral level 

Missing 

67 638 

1 241 

31.1% 

0.6% 

127 344 

6 171 

55.9% 

2.7% 

Maternal age          

<20 years 26 110 12.0% 24 987 11.0% 

20 – 34 years 169 813 78.0% 177 864 78.1% 

>34 years 21 585 9.9% 24 433 10.7% 

Missing 336 0.2% 450 0.2% 

Years of education         

0 year 

1 – 6 years 

7 – 9 years 

10 – 12 years 

>12years 

17366 

41639 

49351 

69787 

29 079 

8.0% 

19.1% 

22.7% 

32.0% 

13.4% 

23107 

29 343 

47153 

72723 

38750 

10.2% 

12.9% 

20.7% 

32.0% 

17.0% 

Missing 10 622 4.9% 16 658 7.3% 

Marital status         

Without partner 24 114 11.1% 23 273 10.2% 

With partner 193 232 88.7% 202 839 89.1% 

Missing 498 0.2% 1 622 0.7% 

Parity         

0 95 169 43.7% 103 588 45.5% 

1 – 2 92 954 42.7% 96 886 42.6% 
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>2 28 986 13.3% 26 973 11.8% 

Missing 735 0.3% 287 0.1% 

Previous caesarean delivery         

No 194 200 89.2% 196 758 86.4% 

Yes 22 840 10.5% 29 373 12.9% 

Missing 804 0.4% 1 603 0.7% 

Preeclampsia 

No 

Yes 

Missing 

 

211 290 

6 195 

359 

 

97.0% 

2.8% 

0.2% 

 

223 046 

4 688 

0 

 

97.9% 

2.1% 

0% 

Chronic hypertension  

No 

Yes 

Missing 

 

216 388 

1 011 

355 

 

99.3% 

0.5% 

0.2% 

 

226 811 

923 

0 

 

99.6% 

0.4% 

0% 

Onset of labour 

                 Spontaneous 

                     Induced 

No labour 

Missing 

 

175 826 

19 153 

22 779 

86 

 

80.7% 

8.8% 

10.5% 

0% 

 

176 660 

22 891 

28 069 

114 

 

77.6% 

10.1% 

12.3% 

0.1% 

Mode of delivery          

Vaginal 159 082 73.0% 155 466 68.3% 

Caesarean 58 762 27.0% 72 268 31.7% 

Number of neonates 

Singleton 

Multiple 

Missing 

 

212 880 

4 964 

0 

 

97.7% 

2.3% 

0% 

 

224 374 

3 342 

18 

 

98.5% 

1.5% 

0% 

Birthweight 

< 2500 gr 

2500 – 3999gr 

 

22 892 

189 423 

 

10.5% 

87.0% 

 

25 314 

196 264 

 

11.1% 

86.2% 
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> 3999gr 5 529 2.5% 6 156 2.7% 

Gestational age     

<37 weeks 20 798 9.6% 15 865 7.0% 

37 – 41 weeks 192 149 88.2% 208 010 91.3% 

>41 weeks 4 897 2.3% 3 859 1.7% 

Fetal presentation       

Cephalic 207 046 95.0% 217 510 95.5% 

Non- Cephalic 10 603 4.9% 9 983 4.4% 

Missing 195 0.1% 241 0.1% 

Apgar score at five minutes 

                         <4 

4 – 6 

  > 6 

 

2 373 

4 163 

211 308 

 

1.1% 

1.9% 

97.0% 

 

 1755 

3 242 

222 737 

 

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 participating in both the World Health 

Organization Global Survey and Multi-Country Survey 

 

 

 

 

World Health Organization  

Global Survey  

Median (Q1, Q3) 

World Health Organization  

Multi-Country Survey  

Median (Q1, Q3) 

P value 

Number of deliveries    632 (356, 1 070) 701 (397, 1 157)  <0.001 

Maternal age       

< 20 years 11.3 (3.1, 18.2) 10.8 (3.5, 17.6) <0.001 

  > 34 years 10.7 (7.2, 14.6)  11.4 (8.3, 15.0)  <0.001 

Years of education  

                0—6 years 

               > 12 years 

 

23.4 (7.7, 44.9) 

6.6 (2.5, 23.3) 

 

16.7 (6.0, 38.7) 

11.9 (3.6, 25.8) 

 

 <0.001 

 <0.001 

Marital status     

Without partner 5.0 (0.9, 17.1) 5.3 (1.0, 16.1)  <0.001 

Nulliparous 42.1 (34.4, 49.1) 44.1 (34.6, 52.3)  <0.001 

Previous caesarean 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 

     No labour 

 

4.4 (1.6, 10.2) 

6.5 (1.4, 16.8) 

 

3.7 (0.9, 9.6) 

9.0 (1.9, 19.8) 

 

<0.001 

<0.001 

Caesarean delivery     24.7 (12.8, 38.3) 30.5 (19.9, 43.4) <0.001 

Multiple births 2.1 (1.1, 3.3) 1.2 (0.7, 1.9) <0.001 

Birth weight  

                < 2500 gr 

                > 4000 gr 

 

9.0 (6.1, 12.5) 

2.0 (0.8, 3.6) 

 

7.8 (5.1, 12.1) 

2.1 (1.0, 4.9) 

 

<0.001 

<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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# In linear mixed model, the dependent variable is the PCA of adverse outcome index, weighted by the average number of women in two facilities. We added a small amount (0.0001) when a 

zero rate was observed 

$ geometric mean of CS rate of two surveys 

 

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 

index b 

Maternal adverse outcome 

index c 

Neonatal adverse outcome 

index d 

 β [95%CI] P β [95%CI] P β [95%CI] P 

Overall Caesarean section rate (n=259) (n=259) (n=259) 

Crude 0.29 [-0.49, 1.08] 0.46 0.54 [0.01, 1.06] 0.05 0.22 [-5.96, 6.40] 0.95 

Adjusteda 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 0.06 [-0.75, 0.87] 0.87 0.87 [-0.01, 1.76] 0.05 0.15 [-0.11, 0.42] 0.25 

Adjusteda -0.10 [-1.32, 1.43] 0.87 0.63 [-0.66, 1.92] 0.30 -0.10 [-0.43, 0.23] 0.56 

Caesarean section rate$ 
＞10%  (n=221) (n=221) (n=221) 

Crude 0.77 [-0.73, 2.27] 0.31 -0.04 [-0.96, 0.88] 0.93 1.60 [-10.72, 13.91] 0.80 

Adjusteda -1.04 [-3.07, 0.99] 0.31 -0.90 [-2.27, 0.47] 0.20 -8.11 [-27.50, 11.28] 0.41 
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a Adjusted for PCA of women in the facility aged 19 years or younger, 35 years or older, education less than 7 years, education more than 12 years, marital status, parity, previous caesarean 

section, fetal presentation, year of survey, log gross domestic product, gestational age less than 37 weeks, gestational 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 other referral level) per year 

b Perinatal adverse outcome index: Apgar 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 unit, neonatal conditions at birth(alive/fresh stillbirth). 

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

d Neonatal adverse outcome index: Apgar score at five minutes ﹤7, neonatal death at hospital discharge or on the seventh day of life (alive/dead), neonatal conditions at birth (alive/fresh 

stillbirth).  
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