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Summary
Background There has been concern about rising rates of caesarean section worldwide. This Article reports the third 
phase of the WHO global survey, which aimed to estimate the rate of diff erent methods of delivery and to examine the 
relation between method of delivery and maternal and perinatal outcomes in selected facilities in Africa and Latin 
America in 2004–05, and in Asia in 2007–08.

Methods Nine countries participated in the Asia global survey: Cambodia, China, India, Japan, Nepal, Philippines, 
Sri Lanka, Thailand, and Vietnam. In each country, the capital city and two other regions or provinces were randomly 
selected. We studied all women admitted for delivery during 3 months in institutions with 6000 or fewer expected 
deliveries per year and during 2 months in those with more than 6000 deliveries. We gathered data for institutions to 
obtain a detailed description of the health facility and its resources for obstetric care. We obtained data from women’s 
medical records to summarise obstetric and perinatal events. 

Findings We obtained data for 109 101 of 112 152 deliveries reported in 122 recruited facilities (97% coverage), and 
analysed 107 950 deliveries. The overall rate of caesarean section was 27·3% (n=29 428) and of operative vaginal 
delivery was 3·2% (n=3465). Risk of maternal mortality and morbidity index (at least one of: maternal mortality, 
admission to intensive care unit [ICU], blood transfusion, hysterectomy, or internal iliac artery ligation) was increased 
for operative vaginal delivery (adjusted odds ratio 2·1, 95% CI 1·7–2·6) and all types of caesarean section (antepartum 
without indication 2·7, 1·4–5·5; antepartum with indication 10·6, 9·3–12·0; intrapartum without indication 14·2, 
9·8–20·7; intrapartum with indication 14·5, 13·2–16·0). For breech presentation, caesarean section, either antepartum 
(0·2, 0·1–0·3) or intrapartum (0·3, 0·2–0·4), was associated with improved perinatal outcomes, but also with 
increased risk of stay in neonatal ICU (2·0, 1·1–3·6; and 2·1, 1·2–3·7, respectively). 

Interpretation To improve maternal and perinatal outcomes, caesarean section should be done only when there is a 
medical indication. 

Funding US Agency for International Development (USAID); UNDP/UNFPA/WHO/World Bank Special Programme 
of Research, Development and Research Training in Human Reproduction (HRP), WHO, Switzerland; Ministry of 
Health, Labour and Welfare of Japan; Ministry of Public Health, China; and Indian Council of Medical Research.

Introduction
Several factors, including the increased perception of 
safety, have contributed to a worldwide increase in rates 
of caesarean section.1 In many countries, these rates 
have reached epidemic proportions, motivating a debate 
about whether the high rates are appropriate.2 Un-
necessary caesarean section is a classic example of the 
mismatch between evidence and practice in obstetrics. 
This debate also draws attention to the complexities that 
attempts to change practice entail.3,4 On the one hand, 
some are concerned about possible additional maternal 
and perinatal morbidity caused by unnecessary 
caesarean sections. On the other hand, assessment of 
whether the caesarean section operation poses an 
intrinsic risk to the mother or the baby is diffi  cult. 
Ethical and practical constraints prevent assessment of 
intrinsic risks related to caesarean sections with use of a 
randomised controlled trial.

In developing countries, improvement of maternal and 
perinatal health strongly depends on strengthening of 
health systems.5 When resources are scarce, caesarean 
sections that are not medically indicated could, if done in 
large numbers, represent a serious resource drain. At the 
same time as unnecessary overuse of surgical practices is 
being assessed in some countries, millions of women in 
other countries who need these procedures do not have 
access to them, putting their own and their children’s 
lives at risk.6

This Article reports the third phase of the WHO global 
survey project—a study that was implemented in the 
Americas (2005), Africa (2005), and Asia (2007–08) to 
alleviate the scarcity of information for planning and 
assessment of maternal and perinatal health services, 
specifi cally, intrapartum care. The survey in Latin 
America suggested that, at the level of facilities, increasing 
rates of caesarean section do not necessarily lead to 
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improved outcomes and could be associated with harm.7 
The WHO global survey in Asia aimed to obtain regional 
estimates of diff erent methods of delivery in facilities, 
studying the relation between method of delivery and 
maternal and perinatal outcomes. By undertaking the 
study in a randomly selected number of health facilities 
that have not participated in research before, we aimed to 
develop a network with capacity to collect routine data 
and participate in collaborative research across countries 
and regions.

Methods
Study design
Methodological details of the global survey have been 
published elsewhere.8 Briefl y, this is a multicountry, 
facility-based survey that collected data for all delivering 
women in randomly selected facilities worldwide. WHO 
subregions, classifi ed by the number of children younger 
than 5 years and adult mortality rates, were used as a 
proxy for the burden of maternal and perinatal mortality. 
A stratifi ed multistage cluster sampling design was used 

to obtain a sample of countries and health institutions 
worldwide. From each subregion, four countries were 
selected, with probability proportional to population size. 
When a subregion had fewer than four countries, all 
countries within that subregion were included. This 
process resulted in 12 subregions having four countries 
each, and two subregions having three countries each.8 
Owing to fi nancial and practical constraints, we could 
not undertake the survey in developed countries of the 
region (unless they volunteered to—eg, Japan) and some 
of the selected countries (eg, Indonesia). Nine Asian 
countries were included: Cambodia, China, India, Japan, 
Nepal, Philippines, Sri Lanka, Thailand, and Vietnam. In 
each country, two regions or provinces, in addition to the 
capital city, were randomly selected by computer, with 
probability of selection proportional to their size. Once a 
province had been selected, we obtained a census of all 
facilities with more than 1000 births per year and those 
doing caesarean sections. If there were more than seven 
facilities, seven were randomly selected by computer, 
with probability of selection proportional to the number 
of births per year. If there were fewer than seven facilities, 
all were selected. In each of the selected institutions, we 
studied all women admitted for delivery during 3 months 
in institutions with 6000 or fewer expected deliveries per 
year and during 2 months in those with more than 
6000 expected deliveries per year. 

Data collection was started in China in October, 2007, 
and concluded in the Philippines in May, 2008. We 
obtained written permission from all ministries of health 
of the participating countries and the directors of the 
selected facilities. We obtained data for all individuals 
from medical records and did not identify participants. 
The Ethics Review Committee of WHO and of each 
country independently approved the protocol. 

Data collection
We collected data for institutions and for individuals. For 
institutions, data included characteristics of maternal 
and perinatal care, including the availability of laboratory 
tests; anaesthesiology resources; services for intrapartum 
care, delivery, and care of the newborn baby; and presence 
or absence of basic emergency medical and obstetric care 
facilities, intensive care units (ICUs), and human and 
training resources. We gathered data only once to obtain 
a detailed description of the health facility and its 
resources for obstetric care. The hospital coordinator 
completed a form in consultation with the director or 
head of obstetrics. For individuals, we obtained data from 
women’s medical records to complete a two-page 
precoded form, summarising obstetric and perinatal 
events. Data collected included demographic 
characteristics, maternal risk, current pregnancy, method 
of delivery, and outcomes (maternal and perinatal) up to 
hospital discharge. All women giving birth at the facility 
during the study period were included. Trained staff  
reviewed the medical records of all women and their 
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128 health facilities randomly selected

6 facilities refused to participate

112 152 deliveries in 122 facilities

109 101 deliveries with data available

107 950 deliveries had data analysed

78 522 vaginal deliveries

75 057 spontaneous
delivery

3465 operative
delivery

1515 without
indications

10 853  with
indications

554 without
indications

16 506 with
indications

29 428 caesarean deliveries

12 368 antepartum 17 060 intrapartum

1151 data not analysed
1119 data from second baby

of multiple births
31 unknown method of delivery*

1 unknown onset of labour

3051 missing cases

338 health facilities identified
in 27 geographic units from 
9 randomly selected Asian countries

Figure 1: Study profi le
*Includes 28 cases of laparotomy for uterus rupture.
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babies before discharge from the hospital, and abstracted 
data daily to their forms for individual data collection. 
The hospital coordinator supervised data collection, 
resolving or clarifying unclear medical notes before 
forms were sent for data entry. Attending staff  updated 
incomplete records before discharge. 

We developed a hospital complexity index, summarising 
an institution’s capacity to provide diff erent levels of care, 
dependent on its ratings for eight categories: building, 
general medical care, laboratory, anaesthesiology, 
screening tests, human resources, basic obstetric 
services, and continuous medical education. We classifi ed 
hospitals without any of these services or resources as 
low level (rating score 0), those that had both essential 
and optional services and resources as high level (rating 
score 2), and those that did not have some of the optional 
services or resources, but had all essentials, as medium 
level (rating score 1). We judged hospitals with a total 
score of 9 or less of low complexity, those with scores of 
between 10 and 12 of medium complexity, and those with 
scores of 13 or more of high complexity. Criteria for data 
abstraction were defi ned in the manual of operations, 
which was available for staff  training and monitoring of 
data quality, keeping to a minimum the need for 
judgment and interpretation. The manual contained 
defi nitions of all terms used and synonyms of medical 
and obstetric terms, and described questions and 
precoded corresponding answers.

Statistical analysis
All data were continuously entered by country data 
managers or hospital coordinators with a web-based 
system (MedSciNet AB, Stockholm, Sweden) in 
collaboration with WHO between October, 2007, and 
May, 2008. We calculated the survey coverage by 
comparing the number of delivery forms completed 
during the study period with the total number of 
deliveries, as independently recorded in the hospital 
logbooks. We used frequencies to describe methods of 
delivery for each country and facility characteristics, and 

characteristics of mothers and babies for each group of 
delivery method. We assessed the association of each 
maternal outcome of death, admission to ICU, blood 
transfusion, hysterectomy, and mortality and morbidity 
index (which was defi ned as the presence of at least one 
of: maternal mortality, admission to ICU, blood 
transfusion, hysterectomy, or internal iliac artery 
ligation); and perinatal outcomes of perinatal mortality, 
fetal deaths, neonatal mortality up to hospital discharge, 
stay in neonatal ICU for 7 days or longer, and perinatal 
mortality and morbidity index (defi ned as the presence of 
perinatal death or stay in neonatal ICU for 7 days or 
longer), with methods of delivery by use of odds ratios 
(OR) and 95% CIs. 

Univariate analysis was done separately for assessment 
of the association of methods of delivery and other 
characteristics of mothers, babies, and facilities 
individually on each outcome. The crude ORs were always 
corrected for the clustering eff ect of the facility. 
Individual-level and facility-level variables that were 
signifi cantly associated with the outcome in the univariate 

Vaginal delivery Caesarean section Total

Spontaneous Operative Overall Antepartum 
without indications

Antepartum
with indications

Intrapartum
without indications

Intrapartum
with indications

Cambodia 4319 (77·6%) 431 (7·7%) 14·7% 2 (0·04%) 144 (2·6%) 12 (0·2%) 657 (11·8%) 5565 (5·2%)

China 7649 (52·6%) 179 (1·2%) 46·2% 1356 (9·3%) 2855 (19·6%) 341 (2·4%) 2161 (14·9%) 14541 (13·5%)

India 19586 (79·3%) 719 (2·9%) 17·8% 16 (0·1%) 892 (3·6%) 48 (0·2%) 3421 (13·9%) 24682 (22·9%)

Japan 2445 (74·1%) 200 (6·1%) 19·8% 2 (0·1%) 457 (13·9%) 0 196 (5·9%) 3300 (3·1%)

Nepal 6447 (75·9%) 323 (3·8%) 20·3% 3 (0·04%) 522 (6·2%) 5 (0·1%) 1189 (14·0%) 8489 (7·9%)

Philippines 10427 (78·4%) 372 (2·8%) 18·8% 5 (0·04%) 1064 (8·0%) 19 (0·1%) 1408 (10·6%) 13295 (12·3%)

Sri Lanka 9900 (65·9%) 526 (3·5%) 30·6% 83 (0·6%) 3021 (20·1%) 29 (0·2%) 1465 (9·8%) 15024 (13·9%)

Thailand 6007 (61·6%) 420 (4·3%) 34·1% 33 (0·3%) 1309 (13·4%) 15 (0·2%) 1961 (20·1%) 9745 (9·0%)

Vietnam 8277 (62·2%) 295 (2·2%) 35·6% 28 (0·2%) 576 (4·3%) 112 (0·8%) 4021 (30·2%) 13309 (12·3%)

Total 75 057 (69·5%) 3465 (3·2%) 27·3% 1515 (1·4%) 10 853 (10·1%) 554 (0·5%) 16 506 (15·3%) 107 950 (100%)

Table 1: Numbers of women by country and method of delivery
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Figure 2: Proportion of caesarean deliveries by four classifi cations and 
countries
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analysis (p<0·05) were successively included in a 
multivariate model. In the multivariate analysis, each 
model of the outcomes of interest included method of 
delivery defi ned in six categories: vaginal spontaneous 
(reference category); operative vaginal; antepartum 
caesarean delivery with and without indications; and 
intrapartum caesarean delivery with and without 
indications, and the variables found to be signifi cant in 
the univariate analyses. Variables for both individuals and 
facilities that did not show signifi cance at the 5% level in 
the resulting model were then removed one by one until 
all remaining variables were signifi cant. Gestational age 
was always included irrespective of statistical signifi cance 
when we considered perinatal outcomes. For all models 
fi tted, we used generalised linear and latent mixed models 
(GLLAMM) for the multilevel analysis by using procedure 
GLIMMIX in SAS (version 9.1). The procedure accounted 
for clustering eff ects within facilities. The multilevel 
analysis was also done for perinatal outcomes in subgroups 
of fetal presentations (cephalic, breech, and others). Risks 
of maternal and perinatal outcomes associated with 
method of delivery were presented by adjusted ORs with 
corresponding 95% CIs.

Role of the funding sources
The sponsors of the study had no role in study design, 
data collection, data interpretation, or writing of the 
report. The corresponding author had full access to all 
the data in the study and had fi nal responsibility for the 
decision to submit for publication.

Results
Figure 1 shows the study profi le. In the nine randomly 
selected Asian countries, we selected 27 geographical units. 
There were 388 health facilities in these units, of which we 
randomly selected 128 facilities. Six facilities declined to 
participate, leaving 122 in the survey. 112 152 deliveries 
were reported in these 122 facilities during the study 
period. Our survey collected data for 109 101 deliveries (97% 
coverage). We checked the data quality by randomly 
selecting 5% of the records and asking the hospital 
coordinators to extract the same data from medical records 
again, and compared these data with the original record. 
The mean agreement was 92% (range 81–98). We excluded 
31 patients with unknown method of delivery, 1119 second 
babies of multiple births, and one with unknown onset of 
labour, leaving 107 950 analysable deliveries. 

Vaginal delivery Caesarean section Total (n=107 950)

Spontaneous 
(n=75 057)

Operative 
(n=3465)

Antepartum without 
indications (n=1515)

Antepartum with 
indications (n=10 853)

Intrapartum without 
indications (n=554)

Intrapartum with 
indications (n=16 506)

General characteristics 

Marital status (single) 4973 (6·6%) 196 (5·7%) 4 (0·3%) 425 (3·9%) 7 (1·3%) 552 (3·3%) 6157 (5·7%)

Maternal age (years) 

≤16 550 (0·7%) 19 (0·6%) 0 22 (0·2%) 1 (0·2%) 63 (0·4%) 655 (0·6%)

17–34 68 713 (91·6%) 3091 (89·2%) 1378 (91·0%) 8841 (81·5%) 500 (90·3%) 14 772 (89·5%) 97 295 (90·2%)

≥35 5780 (7·7%) 355 (10·2%) 137 (9·0%) 1989 (18·3%) 53 (9·5%) 1667 (10·1%) 9981 (9·3%)

Primigravida 32 479 (43·3%) 1948 (56·2%) 671 (44·3%) 3372 (31·1%) 251 (45·3%) 7743 (46·9%) 46 464 (43·0%)

Last pregnancy

Last baby birthweight (previous delivery [g])

<1500 904 (1·2%) 91 (2·6%) 1 (0·1%) 161 (1·5%) 0 93 (0·6%) 1250 (1·2%)

≥1500–2499 9292 (12·3%) 501 (14·5%) 26 (1·7%) 1486 (13·7%) 22 (3·9%) 1654 (10·0%) 12 981 (12·0%)

≥2500–3999 63 900 (85·2%) 2808 (81·1%) 1383 (91·3%) 8664 (79·8%) 510 (92·1%) 14 040 (85·1%) 91 305 (84·6%)

≥4000–4499 873 (1·2%) 56 (1·6%) 95 (6·3%) 457 (4·2%) 21 (3·8%) 621 (3·8%) 2123 (2·0%)

≥4500 69 (0·1%) 6 (0·2%) 9 (0·6%) 83 (0·8%) 1 (0·2%) 87 (0·5%) 255 (0·2%)

Caesarean delivery in the 
last pregnancy

1034 (1·4%) 127 (3·7%) 43 (2·8%) 3996 (36·8%) 21 (3·8%) 3347 (20·3%) 8568 (7·9%)

Complications during current pregnancy

Prelabour rupture of membranes 8388 (11·2%) 425 (12·3%) 129 (8·5%) 732 (6·7%) 112 (20·2%) 3100 (18·8%) 12 886 (11·9%)

Pregnancy-induced 
hypertension

2158 (2·9%) 222 (6·4%) 38 (2·5%) 838 (7·7%) 16 (2·9%) 845 (5·1%) 4117 (3·8%)

Pre-eclampsia 1096 (1·5%) 134 (3·9%) 7 (0·5%) 543 (5·0%) 1 (0·2%) 517 (3·1%) 2298 (2·1%)

Eclampsia 183 (0·2%) 36 (1·0%) 1 (0·1%) 73 (0·7%) 0 96 (0·6%) 389 (0·4%)

Breech or other non-cephalic 
presentation

805 (1·1%) 725 (20·9%) 0 1637 (15·1%) 0 2172 (13·2%) 5339 (5·0%)

Referred for complication 
related to pregnancy or delivery

13 719 (18·3%) 698 (20·1%) 100 (6·6%) 2781 (25·6%) 49 (8·8%) 2828 (17·1%) 20 175 (18·7%)

Data are number (% of country total) for method of delivery columns and (% of study total) for total column.

Table 2: Characteristics of women classifi ed by method of delivery
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China, India, and the Philippines had the highest 
numbers of facilities (seven per province), whereas India, 
Sri Lanka, and China had the highest numbers of 
deliveries (table 1). 84 (69%) facilities were in urban areas 
and 104 (85%) were in the public system. Most of the 
hospitals were secondary or tertiary referral hospitals; 
however, 83 (68%) had low facility complexity resources. 
87 (71%) hospitals had anaesthesiology resources 24 h 
per day in the facility, and in 75 (62%), fi nancial incentives 
were off ered for undertaking caesarean section. The 
overall rate of caesarean section of this survey in Asia 
was 27·3%. China had the highest overall rate followed 
by Vietnam, Thailand, and Sri Lanka (table 1). China also 
had the highest rate of caesarean section without 
indication (11·7%), followed by Vietnam (1·0%), Sri Lanka 
(0·8%), and Thailand (0·5%; table 1 and fi gure 2). Since 
the pattern of caesarean section was substantially 
diff erent in China from the other countries (fi gure 2), we 
undertook a sensitivity analysis for the maternal and 
newborn outcomes, excluding data from China. We 
noted no changes to the results (data not shown), and the 
results are reported for all nine countries together. The 
commonly reported indications for caesarean section 
were previous caesarean section (24·2%), cephalopelvic 
disproportion (22·6%), fetal distress (20·5%), and breech 
or other abnormal presentation (12·5%). 

Table 2 shows characteristics of women by method of 
delivery. We noted a higher proportion of single marital 
status and very low birthweight infant (<1500 g) in women 
who delivered vaginally than in those who delivered by 
caesarean section. Delivery by caesarean section in the last 
pregnancy was more common in women who delivered by 
caesarean section than in those who had vaginal delivery 
(table 2). The rates of complications during current 
pregnancy were similar between women who delivered 
vaginally or by caesarean section (table 2).

For maternal mortality, only operative vaginal delivery 
had signifi cantly increased risk compared with 
spontaneous vaginal deliveries (adjusted OR 3·1, 
95% CI 1·5–6·5). The risk for antepartum caesarean 
section without indication could not be estimated 
because there were no maternal deaths in this group. 
Operative vaginal delivery and all types of caesarean 
section had signifi cantly increased risk of admission to 
ICU compared with spontaneous vaginal delivery 
(table 3). Operative vaginal delivery, antepartum 
caesarean section with indications, and intrapartum 
caesarean section with and without indication had 
signifi cantly increased risks of blood transfusion 
compared with spontaneous vaginal delivery (table 3). 
The risk of hysterectomy was increased in mothers who 
delivered by operative vaginal delivery, antepartum 
caesarean section with indications, and intrapartum 
caesarean section with indications (table 3). We recorded 
no cases of hyst erec tomy in women who delivered by 
antepartum caesarean section without indications and 
intrapartum caesarean section without indications, so 

the risk could not be estimated. Operative vaginal 
delivery and all types of caesarean section were associated 
with signifi cantly increased risk of maternal mortality 
and morbidity index compared with spontaneous vaginal 

n/N (%) Adjusted OR (95%CI)

Death*

Spontaneous (reference) 53/75 057 (0·1%) 1

Operative vaginal delivery 9/3465 (0·3%) 3·1 (1·5–6·5)

Antepartum CS without indications 0/1515 ..

Antepartum CS with indications 11/10 853 (0·1%) 1·1 (0·5–2·3)

Intrapartum CS without indications 1/554 (0·2%) 4·8 (0·6–36·0)

Intrapartum CS with indications 23/16 506 (0·1%) 1·6 (0·9–2·8)

Admission to ICU†

Spontaneous (reference) 442/75 057 (0·5%) 1

Operative vaginal delivery 76/3465 (2·0%) 2·4 (1·8–3·3)

Antepartum CS without indications 5/1515 (0·3%) 9·9 (3·8–25·8)

Antepartum CS with indications 391/10 853 (3·6%) 42·8 (34·5–53·1)

Intrapartum CS without indications 35/554 (6·2%) 67·0 (42·0–106·7)

Intrapartum CS with indications 1489/16 506 (9·0%) 55·7 (47·1–65·8)

Blood transfusion‡

Spontaneous (reference) 785/75 057 (1·0%) 1

Operative vaginal delivery 78/3465 (2·3%) 2·1 (1·6–2·8)

Antepartum CS without indications 3/1515 (0·3%) 0·8 (0·3–2·6)

Antepartum CS with indications 352/10 853 (3·2%) 4·1 (3·4–4·8)

Intrapartum CS without indications 7/5854 (1·4%) 3·9 (1·8–8·5)

Intrapartum CS with indications 541/16 506 (3·3%) 4·7 (4·1–5·3)

Hysterectomy§

Spontaneous (reference) 28/75 057 (0·04%) 1

Operative vaginal delivery 4/3465 (3·3%) 2·8 (0·9–7·9)

Antepartum CS without indications 0/1515 ..

Antepartum CS with indications 35/10 853 (0·3%) 6·9 (4·1–11·6)

Intrapartum CS without indications 0/554 ..

Intrapartum CS with indications 37/16 506 (0·2%) 5·8 (3·5–9·6)

Maternal mortality and morbidity index¶

Spontaneous (reference) 1215/75 057 (1·6%) 1

Operative vaginal delivery 146/3465 (4·2%) 2·1 (1·7–2·6)

Antepartum CS without indications 9/1515 (0·6%) 2·7 (1·4–5·5)

Antepartum CS with indications 744/10 853 (6·9%) 10·6 (9·3–12·0)

Intrapartum CS without indications 40/554 (7·2%) 14·2 (9·8–20·7)

Intrapartum CS with indications 1947/16 506 (11·8%) 14·5 (13·2–16·0)

OR=odds ratio. CS=caesarean section. ICU=intensive care unit. *Adjusted for malaria, severe anaemia, other medical 
disorders, any condition suggesting HIV/AIDS, pre-eclampsia, eclampsia, suspected fetal growth impairment, vaginal 
bleeding in second half of pregnancy, and referred for complication related to pregnancy or delivery. †Adjusted for 
maternal age, year of education, birthweight, HIV, chronic hypertension, cardiac/renal diseases, malaria, severe anaemia, 
other medical disorders, prelabour rupture of membranes, pregnancy-induced hypertension, pre-eclampsia, eclampsia, 
vaginal bleeding in second half of pregnancy, referred for complication related to pregnancy or delivery, and country. 
‡Adjusted for maternal age, year of education, primiparous, birthweight, cervix surgery, chronic respiratory disease, sickle-
cell anaemia, severe anaemia, other medical diseases, pregnancy-induced hypertension, pre-eclampsia, eclampsia, vaginal 
bleeding in second half of pregnancy, referred for complication related to pregnancy or delivery, and country. §Adjusted for 
chronic hypertension, severe anaemia, and vaginal bleeding in second half of pregnancy. ¶Maternal mortality and 
morbidity index=death or admission to ICU, blood transfusion, hysterectomy, or internal iliac artery ligation. Adjusted for 
maternal age, year of education, primiparous, birthweight, history of neonatal death or stillbirth, HIV, chronic 
hypertension, cardiac/renal diseases, sickle-cell anaemia, severe anaemia, other medical disorders, prelabour rupture of 
membranes, pregnancy-induced hypertension, pre-eclampsia, eclampsia, vaginal bleeding in second half of pregnancy, 
any antenatal antibiotic treatment, referred for complication related to pregnancy or delivery, and country.

Table 3: Risk of maternal mortality and morbidity by method of delivery
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delivery (table 3). Intrapartum caesarean section (both 
with and without indications) had higher risk of maternal 

mortality and morbidity than did antepartum caesarean 
section (table 3). Deliveries by all types of caesarean 
section had signifi cantly increased risks of maternal 
mortality and morbidities except for perineal tears of 
third and fourth degree, for which as expected caesarean 
section had a protective eff ect compared with vaginal 
delivery (data not shown).

Risk of perinatal mortality was signifi cantly increased 
compared with spontaneous vaginal delivery in infants 
born by operative vaginal delivery and intrapartum 
caesarean section with indications (table 4). Only infants 
delivered by antepartum caesarean section with 
indications had a signifi cantly lower risk of fetal death 
than those born vaginally, whereas risk of fetal death did 
not diff er signifi cantly for other methods of delivery 
compared with spontaneous vaginal delivery (table 4). 
For neonatal mortality up to hospital discharge, infants 
born by operative vaginal delivery, antepartum caesarean 
section with indications, and intrapartum caesarean 
section with indications had signifi cantly increased risk 
compared with spontaneous vaginal delivery (table 4). 
We recorded no cases of neonatal mortality up to hospital 
discharge for women delivering by caesarean section 
without indication, and the risk compared with 
spontaneous vaginal delivery could not be estimated. 

Infants born by operative vaginal delivery and 
intrapartum and antepartum caesarean section with 
indications had signifi cantly increased risk of stay for 
7 days or longer in neonatal ICU compared with 
spontaneous vaginal delivery (table 4). Operative vaginal 
delivery and antepartum and intrapartum caesarean 
section with indications had signifi cantly increased risk 
of perinatal mortality and morbidity index (table 4). For 
breech and other abnormal presentation, caesarean 
section with indication, either antepartum or intrapartum, 
signifi cantly reduced risk of perinatal mortality but had 
signifi cantly increased risk of stay in neonatal ICU for 
7 days or longer (table 5).

Discussion
In the 122 Asian health facilities studied, more than one 
in four women underwent caesarean section. Facilities in 
China, Sri Lanka, Vietnam, and Thailand had higher 
aggregated rates of caesarean section than did those in 
Cambodia, India, Japan, Nepal, and the Philippines. 
Operative vaginal delivery and caesarean section were 
independently associated with increased risk of maternal 
mortality and morbidity index. Caesarean section without 
a medical indication was associated with increased risk 
of maternal mortality and morbidity. Caesarean section 
for breech presentation was associated with improved 
perinatal outcomes. 

With use of a slightly diff erent analytical approach, this 
survey confi rms the fi ndings of the previous survey 
undertaken in Latin America.9 Together these fi ndings 
provide strong multiregional support for the 
recommendation of avoiding unnecessary caesarean 

n/N (%) Adjusted OR (95%CI)

Perinatal mortality*

Spontaneous (reference) 1072/75 057 (1·4%) 1

Operative vaginal delivery 126/3465 (3·6%) 1·6 (1·2–2·0)

Antepartum CS without indications 1/1515 (0·1%) 0·3 (0·04–2·3)

Antepartum CS with indications 143/10 853 (1·3%) 1·1 (0·9–1·3)

Intrapartum CS without indications 0/554 ..

Intrapartum CS with indications 284/16 506 (1·7%) 1·5 (1·2–1·7)

Fetal death†

Spontaneous (reference) 673/74 945 (0·9%) 1

Operative vaginal delivery 68/3448 (2·0%) 1·1 (0·8–1·6)

Antepartum CS without indications 1/1515 (0·1%) 0·4 (0·06–3·2)

Antepartum CS with indications 61/10 853 (0·6%) 0·6 (0·5–0·8)

Intrapartum CS without indications 0/554 ..

Intrapartum CS with indications 130/16 504 (0·8%) 0·8 (0·6–1·0)

Neonatal mortality up to hospital discharge‡

Spontaneous (reference) 399/73 726 (0·5%) 1

Operative vaginal delivery 58/3320 (1·8%) 2·5 (1·7–3·7)

Antepartum CS without indications 0/1514 ..

Antepartum CS with indications 82/10 767 (0·8%) 1·7 (1·3–2·3)

Intrapartum CS without indications 0/580 ..

Intrapartum CS with indications 154/16 319 (1·0%) 2·6 (2·1–3·2)

Stay for ≥7 days in neonatal ICU§

Spontaneous (reference) 1092/75 057 (1·5%) 1

Operative vaginal delivery 110/3465 (3·2%) 1·9 (1·5–2·4)

Antepartum CS without indications 5/1515 (0·3%) 0·4 (0·2–1·1)

Antepartum CS with indications 458/10 853 (4·2%) 2·4 (2·0–2·8)

Intrapartum CS without indications 5/554 (0·9%) 1·3 (0·5–3·1)

Intrapartum CS with indications 436/16 506 (2·6%) 2·4 (2·1–2·8)

Perinatal mortality and morbidity index¶ 

Spontaneous (reference) 2117/75 057 (2·8%) 1

Operative vaginal delivery 232/3465 (6·7%) 1·9 (1·6–2·3)

Antepartum CS without indications 6/1515 (0·4%) 0·4 (0·2–0·9)

Antepartum CS with indications 593/10 853 (5·5%) 1·9 (1·7–2·2)

Intrapartum CS without indications 5/554 (0·9%) 0·9 (0·4–2·3)

Intrapartum CS with indications 707/16 479 (4·3%) 2·1 (1·9–2·3)

OR=odds ratio. CS=caesarean section. ICU=intensive care unit. *Adjusted for year of education, birthweight, history 
of neonatal death or stillbirth, severe anaemia, pre-eclampsia, eclampsia, vaginal bleeding in second half of 
pregnancy, breech or other non-cephalic presentation, referred for complication related to pregnancy or delivery, 
induced labour, country, and gestational age. †Adjusted for year of education, birthweight, sickle-cell anaemia, severe 
anaemia, eclampsia, suspected fetal growth impairment, vaginal bleeding in second half of pregnancy, breech or 
other non-cephalic presentation, referred for complication related to pregnancy or delivery, and gestational age. 
‡Adjusted for year of education, birthweight, breech or other non-cephalic presentation, referred for complication 
related to pregnancy or delivery, country, and gestational age. §Adjusted for year of education, birthweight, caesarean 
delivery, chronic hypertension, condyloma acuminatum, other medical disorders, prelabour rupture of membranes, 
pregnancy-induced hypertension, pre-eclampsia, eclampsia, suspected fetal growth impairment, vaginal bleeding in 
second half of pregnancy, any antenatal antibiotic treatment, breech or other non-cephalic presentation, referred for 
complication related to pregnancy or delivery, induced labour, country, and gestational age. ¶Perinatal mortality and 
morbidity index=perinatal mortality or stay for 7 or more days in neonatal ICU. Adjusted for year of education, 
birthweight, history of neonatal death or stillbirth, caesarean delivery, chronic hypertension, chronic respiratory 
disorders, diabetes mellitus, condyloma acuminatum, other medical disorders, prelabour rupture of membranes, 
pregnancy-induced hypertension, pre-eclampsia, eclampsia, suspected fetal growth impairment, vaginal bleeding in 
second half of pregnancy, any antenatal antibiotic treatment, breech or other non-cephalic presentation, referred for 
complication related to pregnancy or delivery, country, and gestational age.

Table 4: Perinatal outcomes for singleton and fi rst child of multiple births by method of delivery 
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sections. A randomised controlled trial10 to assess the 
benefi ts and risks of caesarean section might not be a 
realistic approach in view of the immediate and long-term 
physical and psychological eff ects of diff erent methods of 
delivery on the woman and her baby and the lack of 
agreement between health professionals. In the absence 
of a randomised trial, we have to rely on observational 
studies to elucidate various benefi ts and risks of this 
operation. Intrinsic risk associated with the caesarean 
section operation is not easy to separate from the medical 
and obstetrical indications that lead to the procedure. In 
the previous survey, the intrinsic risk was investigated by 
dividing the method of delivery into three categories: 
vaginal, elective caesarean section, and intrapartum 
caesarean section with elective caesarean section as a 
proxy. We identifi ed six categories as described in the 
results. Assisted vaginal delivery represents a high-risk 
situation, and combination of such deliveries with 
spontaneous vaginal deliveries as the reference group 
might not be appropriate. Second, we noticed that several 
births that were recorded as elective had an indication for 
caesarean section. The group with no medical indication 
therefore is probably a more appropriate group to assess 
the intrinsic risk associated with this procedure. 

The most important fi nding of the survey is the 
increased risk of maternal mortality and severe morbidity, 
which was analysed as a composite outcome (the 
maternal mortality and morbidity index), in women who 
undergo caesarean section with no medical indication. 
The fi ndings for the individual outcomes that make up 
the composite outcome suggest that the increased risk is 
mainly attributable to increased admission to ICU and 
blood transfusion. Although we acknowledge that both 
ICU admission and blood transfusion depend on the 
availability of those services and the potentially diff ering 
thresholds for giving blood and for admission of women 
to ICU or referral to higher levels of care, this outcome is 
nevertheless important. 

Quantifi cation of the risk across facilities and countries 
might not be appropriate because there will be diff erences 
from setting to setting. However, the results show that 
women receiving the operation are at increased risk of 
adverse events. We can therefore conclude that women 
who choose to have caesarean section, and the doctors 
who recommend the operation with no medical 
indication, have to make that decision with the 
understanding of the increased risks. The procedure also 
costs more than does a vaginal birth. In the UK, each 
additional vaginal birth instead of caesarean section 
would save more than £1200.11 The costs include actual 
direct cost, use of operating theatre facilities, use of 
anaesthesia, human resources (theatre nurses, 
anaesthesiologists), and use of postoperative facilities. In 
low-income countries with an unmet need for caesarean 
section, the issue of this procedure being a resource 
drain is even more important than it is in high-income 
countries. If this operation is limited to medical 

indications and unnecessary use is avoided, resources 
will be used for a need and will not be taken from other 
parts of the health system.

The situation regarding potential risk of caesarean 
section is less clear when the woman has medical or 
obstetric indications for the procedure. We made several 
statistical adjustments to try to separate the possible 
eff ect of caesarean section in the maternal and perinatal 
outcomes. After all adjustments, women with medical 
indications for the operation had an increased risk of 
morbidity and mortality. One possible interpretation is 
that the increased risk results from the interaction 
between baseline morbidity and the morbidity specifi c to 
caesarean section. Alternatively, the statistical adjustment 
might have been unable to isolate the eff ect of the 
baseline morbidity—ie, the observed increased risk of 

n/N (%) Adjusted OR (95%CI)

Cephalic presentation

Perinatal mortality*

Spontaneous (reference) 914/74 250 (1·2%) 1

Operative vaginal delivery 38/2740 (1·4%) 2·0 (1·4–2·9)

Antepartum CS without indications 1/1515 (0·1%) 0·3 (0·05–2·5)

Antepartum CS with indications 115/9213 (1·3%) 1·3 (1·0–1·7)

Intrapartum CS without indications 0/554  ..

Intrapartum CS with indications 206/14 333 (1·4%) 1·9 (1·6–2·2)

Fetal death†

Spontaneous (reference) 557/74 146 (0·8%) 1

Operative vaginal delivery 21/2737 (0·8%) 1·6 (1·0–2·6)

Antepartum CS without indications 1/1515 (0·1%) 0·5 (0·06–3·5)

Antepartum CS with indications 50/9213 (0·5%) 0·9 (0·6–1·2)

Intrapartum CS without indications 0/554 ..

Intrapartum CS with indications 85/14 332 (0·6%) 1·1 (0·8–1·4)

Neonatal mortality up to hospital discharge‡

Spontaneous (reference) 357/73 111 (0·5%) 1

Operative vaginal delivery 17/2705 (0·6%) 2·5 (1·5–4·4)

Antepartum CS without indications 0/1514 ..

Antepartum CS with indications 65/9145 (0·7%) 2·0 (1·4–2·7)

Intrapartum CS without indications 0/554 ..

Intrapartum CS with indications 121/14 214 (0·9%) 3·1 (2·4–4·0)

Stay for ≥7 days in neonatal ICU§

Spontaneous (reference) 1067/74 250 (1·4%) 1

Operative vaginal delivery 72/2740 (2·6%) 2·3 (1·7–3·0)

Antepartum CS without indications 5/1515 (0·3%) 0·4 (0·2–1·1)

Antepartum CS with indications 381/9213 (4·1%) 2·4 (2·0–2·8)

Intrapartum CS without indications 5/554 (0·9%) 1·3 (0·5–3·2)

Intrapartum CS with indications 346/14 333 (2·4%) 2·4 (2·1–2·8)

Perinatal mortality and morbidity index¶ 

Spontaneous (reference) 1938/74 250 (2·6%) 1

Operative vaginal delivery 108/2740 (3·9%) 2·2 (1·8–2·8)

Antepartum CS without indications 6/1515 (0·4%) 0·4 (0·2–1·0)

Antepartum CS with indications 489/9213 (5·3%) 2·1 (1·8–2·4)

Intrapartum CS without indications 5/554 (0·9%) 1·0 (0·4–2·4)

Intrapartum CS with indications 541/14 333 (3·8%) 2·3 (2·0–2·5)

(Continues on next page)
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mortality and morbidity could be attributed to the 
baseline conditions that caused the procedure to be 
undertaken. We detected a similar relation for assisted 
vaginal deliveries.

Findings from our survey confi rm the protective eff ect 
of caesarean section on perinatal mortality for cases of 
breech or other presentations.12 This result should be 
considered as additional evidence for strongly 
recommending avoidance of vaginal deliveries for breech 
presentations, while promoting the use of external 
cephalic version for term breech presentation even if the 
woman is already in labour.13

This study has several strengths. First, it is one of the 
largest observational studies to address the issue of 
benefi ts and harms of caesarean section, complementing 
the earlier surveys undertaken in Latin America7,9 and 
Africa (unpublished). Second, the random selection of 
two provinces in addition to the capital province, and 
then random selection of participating facilities with 
more than 1000 deliveries per year, ensured avoidance of 
selection bias. A secondary aim of the project was to 
strengthen the capacity of a network of health facilities in 
routine data collection and collaborative research. The 
random selection process was crucial in working with 
facilities that had not previously participated in research 
projects. The high data-extraction quality suggested by 
the random data checks was very encouraging. In several 
participating countries, including China and India, data 
were entered online within facilities, which helped with 
the resolution of data queries. Afghanistan and Pakistan 
have been added to this network of facilities in 
24 countries where the survey has been undertaken, and 
these 26 countries will implement the next survey that 
will focus on maternal and neonatal near miss in the next 
phase of the project in 2010–11. 

Our study has some limitations. First, we had 
information about mortality and morbidities only until 
discharge from hospital; some outcomes might therefore 
have been underestimated, especially for women 
delivering vaginally who are usually discharged earlier 
than women having caesarean section. The calculated 
odds ratio might overestimate the risk of caesarean 
section. Although we had adjusted for many potential 
confounding factors, there might be some other factors 
that we did not have information about and could not 
adjust for. Second, data were abstracted from the patients’ 
records. We were not able to confi rm the absence of some 
of the risk factors if they had not been recorded. Third, 
our survey included only hospitals with caesarean 
facilities having 1000 or more deliveries every year. The 
results therefore cannot be generalised to smaller 
facilities. The results, especially rates of caesarean 
section, should not be regarded as representative rates 
and outcomes for entire countries or regions. 

In view of the strengths and the limitations, our results 
are corroborated by other observational studies assessing 
the risks of caesarean section for mothers14 and infants 
from diff erent settings.15 We conclude that caesarean 
section should be done only when there is a medical 
indication to improve the outcome for the mother or the 
baby. Women and their carers who plan to undertake 

n/N (%) Adjusted OR (95%CI)

(Continued from previous page)

Breech and other presentations

Perinatal mortality||

Spontaneous (reference) 158/805 (19·6%) 1

Operative vaginal delivery 88/725 (12·1%) 0·6 (0·4–0·9)

Antepartum CS with indications 28/1637 (1·7%) 0·2 (0·1–0·3)

Intrapartum CS with indications 78/2172 (3·6%) 0·3 (0·2–0·4)

Fetal death**

Spontaneous (reference) 116/797 (14·6%) 1

Operative vaginal delivery 47/711 (6·6%) 0·5 (0·3–0·7)

Antepartum CS with indications 11/1637 (0·7%) 0·07 (0·03–0·1)

Intrapartum CS with indications 45/2171 (2·1%) 0·2 (0·1–0·3)

Neonatal mortality up to hospital 
discharge††

Spontaneous (reference) 42/613 (6·9%) 1

Operative vaginal delivery 41/615 (6·7%) 1·3 (0·7–2·3)

Antepartum CS with indications 17/1619 (1·1%) 0·4 (0·2–0·9)

Intrapartum CS with indications 33/2104 (1·6%) 0·6 (0·3–1·0)

Stay for ≥7 days in neonatal ICU‡‡

Spontaneous (reference) 25/805 (3·1%) 1

Operative vaginal delivery 38/725 (5·2%) 1·7 (1·0–3·1)

Antepartum CS with indications 77/1637 (4·7%) 2·0 (1·1–3·6)

Intrapartum CS with indications 90/2172 (4·1%) 2·1 (1·2–3·7)

Perinatal mortality and morbidity index§§ 

Spontaneous (reference) 179/805 (22·2%) 1

Operative vaginal delivery 124/725 (17·1%) 0·7 (0·5–1·0)

Antepartum CS with indications 104/1637 (6·4%) 0·4 (0·3–0·6)

Intrapartum CS with indications 166/2172 (7·6%) 0·6 (0·4–0·8)

OR=odds ratio. CS=caesarean section. ICU=intensive care unit. *Adjusted for year of education, birthweight of previous 
baby, history of neonatal death or stillbirth, severe anaemia, pre-eclampsia, eclampsia, vaginal bleeding in second half of 
pregnancy, referred for complication related to pregnancy or delivery, induced labour, country, and gestational age. 
†Adjusted for year of education, birthweight of previous baby, sickle-cell anaemia, severe anaemia, eclampsia, suspected 
fetal growth impairment, vaginal bleeding in second half of pregnancy, referred for complication related to pregnancy 
or delivery, incentive for caesarean section, and gestational age. ‡Adjusted for year of education, birthweight of 
previous baby, referred for complication related to pregnancy or delivery, country, and gestational age. §Adjusted for 
year of education, birthweight of previous baby, previous caesarean delivery, chronic hypertension, diabetes mellitus, 
condyloma acuminatum, other medical disorders, prelabour rupture of membranes, pregnancy-induced hypertension, 
pre-eclampsia, eclampsia, suspected fetal growth impairment, any antenatal antibiotic treatment, referred for 
complication related to pregnancy or delivery, induced labour, country, and gestational age. ¶Perinatal mortality and 
morbidity index=perinatal mortality or stay for 7 days or more in neonatal ICU. Adjusted for maternal age, year of 
education, birthweight, cervix surgery, chronic hypertension, chronic respiratory disorders, diabetes mellitus, severe 
anaemia, condyloma acuminatum, other medical disorders, prelabour rupture of membranes, pregnancy-induced 
hypertension, pre-eclampsia, eclampsia, suspected fetal growth impairment, vaginal bleeding in second half of 
pregnancy, any antenatal antibiotic treatment, referred for complication related to pregnancy or delivery, country, and 
gestational age. ||Adjusted for fi stula, eclampsia, vaginal bleeding in second half of pregnancy, referred for complication 
related to pregnancy or delivery, country, and gestational age. **Adjusted for sickle-cell anaemia, vaginal bleeding in 
second half of pregnancy, referred for complication related to pregnancy or delivery, and gestational age. ††Adjusted for 
referred for complication related to pregnancy or delivery, induced labour, and gestational age. ‡‡Adjusted for 
condyloma acuminatum, prelabour rupture of membranes, vaginal bleeding in second half of pregnancy, any antenatal 
antibiotic treatment, country, and gestational age. §§Adjusted for birthweight, fi stula, prelabour rupture of membranes, 
eclampsia, vaginal bleeding in second half of pregnancy, referred for complication related to pregnancy or delivery, 
induced labour, country, and gestational age. 

Table 5: Perinatal outcomes for singleton and fi rst child of multiple births by fetal presentation at 
delivery and method of delivery
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caesarean section delivery should discuss the potential 
risks to make an informed decision if they still wish to 
have a caesarean delivery. 
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