




ABSTRACT
Background/Objective: Worldwide, cesarean section (CS) rates have increased in the last decades, particularly the number of elective procedures. Although CS contribute to reduce maternal and fetal morbidity and mortality under appropriate medical indications, risks overpass the benefits when done indiscriminately. In Mexico, CS rates are higher than those recommended by the WHO. Institutional factors such as infrastructure and availability of services have been recognized as predictors of CS, yet they have not been widely explored. The aim of this study is to evaluate the association between obstetric institutional capacity and CS rate in a Mexican setting. 

Methods: Data comes from 14 hospitals included in the 2010-2012 waves of the WHO Multi-Country Survey (WHOMCS). The primary analysis included 12,720 obstetric events. CS rate was the outcome variable and Facility Capacity Index (FCI) score the main predictor. FCI comprised six service categories: standard of building/basic, medical, emergency obstetric, laboratory tests, hospital practices and human resources, ranging from 12 to 59 points. We also considered type of hospital: public or private, teaching facility and maternity exclusive as secondary predictive variables. Two generalized estimating equations (GEE) models were fit using a modified Poisson approach for binary outcomes. Both models examined the relationship between FCI score and CS rates, the first was adjusted for sociodemographic characteristics of the mother and fetus; the second was also adjusted for institutional factors other than FCI score. 

Results: CS rate in the sample was 47.3%, among which, 34.1% had no evidence of labor. FCI score lied within 31 and 57 points. Hospitals with lower scores were mostly private. In the adjusted model, we found a positive association for CS across categories of the FCI score. However, we found that the majority of no-labor CS was performed among low capacity institutions.

Conclusion/Public Health Importance: Reduction of CS rates must be a priority for public health officials given its potential drawbacks in morbidity and increased burden in costs for the health system. It is imperative to consider and address institutional factors associated with this practice, since women and physician’s practice style share common characteristics within facility, thus opening a window of opportunity to target better and more effective interventions.
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1.0  Introduction

Over the last decades, there has been concern about the steady increment in cesarean section (CS) rates. Worldwide, the average rate of CS is estimated to be 18.6%, which represents a 12.4% absolute increase from 1990 to 2014.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

1
 Developing nations play a major role in the current widespread use of the procedure. In fact, Latin America and the Caribbean have the highest CS rate (40.5%) and the largest absolute increase (19.4%) during the same period.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

1
 In Mexico in 2012, the rate of CS was 45.1%, which represents an increment of 50.3% with respect to 2000 estimates.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

2
 Similarly, this is also problematic in developed countries like the U.S., where CS is the chosen delivery procedure for approximately 1 in 3 pregnancies, the most common major surgery in the country.3 

CS is considered a life-saving procedure when practiced under specific medical indications. However, there is no evidence that increasing the number of elective CS will improve maternal and fetal morbidity and mortality.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

4
 There are important risks associated with the procedure for both the women and newborn. Maternal short term risks include hemorrhage, wound infection, anesthetic and other surgical complications; whereas long term risks are mostly uterine rupture, placenta previa, ectopic pregnancy and subsequent CS.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

3,5,6
 As for the newborn, respiratory complications are most frequently described in the literature, others may be asphyxia or scalpel lacerations. Recent studies have reported immunologic implications and obesity associated with CS delivery.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

5,7

The international community has attempted to define the optimal proportion of CS. In 1985, a panel of experts at a meeting organized by the World Health Organization (WHO) stated that, “There is no justification for any region to have a rate higher than 10-15%”.8 This decision was made on limited, mostly European population evidence available at that time, including a population based systematic review that found an inverse association between maternal and infant mortality at CS rates from 10% to 15%. However this association weakened or even disappeared after adjusting for socioeconomic factors.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

4
 A subsequent WHO worldwide ecologic study, using country-level data and adjusting for socioeconomic development found a reduction in maternal and neonatal mortality only with CS rates below 10%.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

9
 However, ecologic studies do not consider population diversity among different facilities, therefore, reducing rates to specific values could be impractical. Instead, WHO has proposed to limit the number of CS to necessary cases and to evaluate the individual hospital’s CS rate based on maternal and fetal characteristics of its serving population. In order to accomplish this task, the Robson classification has been proposed as a reliable method to categorize obstetric events into ten, mutually exclusive groups, using common measurements that are usually recorded in every obstetric unit of the world. The Robson groups enable us to detect specific pregnancies that contribute the most to CS rates,ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

10,11
 including those initially regarded as low probability for CS; and allows comparisons across facilities.

The final decision to perform a CS over vaginal delivery must rely upon specific medical indications, however, patient’s sociodemographic characteristics, provider practice style and institutional factors also influence the final choice. For example, one study identified highest CS rates among non-Hispanic whites (20.6%) as compared with other races; socioeconomic differences by race were also detected.12 Other studies have reported differences in CS rates by physician’s gender, medical school attended, seniority, private practice and working on-duty for more than 24 hours. ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

13-15

Institutional factors that have been described as determining CS rates are hospital’s level of care, status as teaching facility and ownership (public or private).16 In Mexico, CS has been positively associated with the number of obstetricians per 1,000 population, size of the hospital (more than 50 beds) and presence of residents.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

17-19
 It is hypothesized that these variables are related to the hospital size, which is associated with high capacity for obstetric care and greater proportion of CS, however, most of this information relies on convenience samples of hospitals or data sets that lack adequate clinical information. Therefore, further investigation based on a representative sample of hospitals and using standardized instruments is required to better understand the relationship between these and other facility features and the extent to which they modulate CS rates. 

In 2005, the World Health Organization Global Survey (WHOGS) on maternal and perinatal health was implemented to explore the relation between rate of cesarean delivery and maternal and perinatal outcomes. It also collected information on facility features using standardized instruments and developed a score to assess the facility capacity.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

20
 Following WHOGS, during 2010-2012, World Health Organization Multicountry Survey on Maternal and Newborn Health (WHOMCS) was conducted to determine the prevalence of maternal near-miss cases in a worldwide network of facilities. It comprised a total of 370 health facilities from 29 countries and produced nearly 275,000 observations. WHOMCS collected information on individual maternal level as well as facility capacity.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

21
 These surveys therefore provide an important source of information enabling researchers to compare different hospitals using standardized instruments.

To date, Official Mexican Norm 007 (NOM-007)22 recommends a maximum CS rate of 15% for second level hospitals and 20% for third level hospitals. Although the Mexican government has pointed the necessity to generate strategies to decrease the number of unnecessary CS, the observed 45% national average clearly deviates from desired level.23 Given implications for morbidity and mortality, as well as health care costs, it is imperative to achieve reductions through understanding underlying factors and working to strengthen current recommendations.
The aim of this study is to investigate the association between institutional factors and CS rates using WHO data representative of all hospitals in Mexico between the years 2010-2012. Specifically, we will address whether those associations hold after restricting the analysis to groups at low risk for CS. Our goal is to present a set of recommendations that contribute to reduce CS rates by enforcing current regulations in the area. 

2.0  Methods
2.1 World Health Organization Multicountry Survey

Data were obtained from the 2010-2012 wave of the WHOMCS. This is a cross-sectional study implemented in the network of health facilities that participated in the previous WHOGS on Maternal and Perinatal Health. Facilities were identified through a multi-stage sampling method. The first stage was the selection of the countries. The second stage consisted of random selection of two provinces/states (probability proportional to the population size) in addition to the capital of the country. The third and fourth sampling stages were based on population size and used only for large provinces/states and cities respectively. Once geographical areas were selected, seven health facilities with a minimum of 1,000 deliveries per year were randomly selected, with the sampling probability proportional to the annual number of deliveries. Additional details on the methodology can be found elsewhere.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

20,21

In Mexico, data derived from Mexico City and State of Guanajuato; State of Tamaulipas was discontinued and excluded.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

21
 The final analysis included 14 hospitals, each of which was assigned to one of the three mutually exclusive levels sorted in ascending order based on the size of the hospital, availability of resources and number of specialties; the final hospital classification was: 2 first level, 8 second level and 4 third level. Those women having either vaginal delivery or CS in any of those hospitals were eligible for the sample (n=13,275). For multiple pregnancies, only information on the first neonate was collected. We excluded pregnancies delivered at less than 22 weeks of gestation (n=16), with missing information on birthweight (n=2) or missing information in any of the covariates of interest (n=537). Our total sample consisted was 12,720 women. Because we only excluded about 5% of the eligible sample, selection bias will be unlikely.

The information on births was collected from medical records using standardized instruments. The data collection period was 2 months for 5 facilities with more than 6,000 annual deliveries and 3 months for 9 facilities with less than 6,000 annual deliveries.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

21

Instruments and WHOMCS protocol was approved by WHO ethics and research committee, Mexican Ministry of Health (SSA), Mexican Institute of Social Security (IMSS), National Institute of Public Health in Mexico (INSP) and participating hospitals. 

2.2 Study variables

2.2.1 Dependent variable: Cesarean Section
The main outcome was the delivery method dichotomized as cesarean section (CS) vs. vaginal delivery and the type of CS dichotomized as no evidence of labor vs. evidence of labor. 

2.2.2 Independent variables: Institutional Capacity and other institutional factors
In order to appropriately evaluate a series of institutional factors shaping a hospital’s capacity for obstetric care, a Facility Capacity Index (FCI) was created for the WHOMCS as an adapted version of the metric for facility complexity used in WHOGS. The FCI consisted of six categories: standard of building/basic services, medical services, emergency obstetric services, laboratory tests, hospital practices and human resources. Each category comprised a series of indicators marked as ‘essential’ or ‘additional’ service, where the presence of each essential item was assigned with a value of two and each additional service was assigned with a value of one. Scores could reach 50 points for facilities with every essential service and 59 for those with every essential and additional service. FCI scores were available for 295 facilities ranging from 12 to 57 points. Additional information can be found elsewhere.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
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 To better illustrate the proportion of CS across institutional capacity levels, we created a categorical variable based on tertiles that defined low, medium and high score groups.

We also considered hospital ownership: public or private, status as teaching facility and maternity exclusive as secondary predictive variables. 
2.2.3 Covariates

We considered sociodemographic characteristics of the mother (age, education and marital status) along with a series of clinical features of the pregnancy (fetus presentation, weeks of gestation and multiple pregnancy). Additional comorbidities were also included (chronic hypertension, preeclampsia, multiple organ dysfunction, placenta previa, abruptio placentae, HIV and renal disease). 

Robson classification was used to categorize our obstetric population.11 This method generates ten mutually exclusive groups based on five basic obstetric characteristics that are routinely collected: parity, onset of labour, gestational age, fetal presentation and number of fetuses. Based on a systematic review conducted by the WHO in 2011, it is accepted as the most reliable system to classify cesarean section .11 For our purposes, we further classified women by low risk of having CS as those with singleton pregnancy in cephalic presentation of at least 37 weeks of gestation with spontaneous labor and either nulliparous (Robson 1) or multiparous with no prior CS (Robson 3).

Other institutional features used in our analysis included number of beds, proportion of women receiving free of charge treatment and hospital undergoing audits.

2.3 Statistical analysis

We calculated percentages to describe sociodemographic, pregnancy, clinical and institutional variables among overall women and Robson groups 1 and 3. Two generalized estimating equations (GEE) models were fit using a modified Poisson approach for binary outcomes,25 this method allows for risk ratio estimation and is particularly useful for non-rare outcomes, as in this case (CS rate= 45.2%). Both models examined the relationship between FCI score and CS rates. In the first model, we adjusted for sociodemographic, pregnancy and clinical characteristics. In the second model, we additionally adjusted for other institutional characteristics. Additional to the GEE models, two models for the risk difference were also fit using the same responses and predictors. 

Because we lacked information regarding the indication of CS, or variables to define the type (emergency or elective), a secondary analysis was performed among women with low risk for CS, as defined by Robson groups 1 and 3. This analysis utilized aforementioned models, but excluding variables that defined Robson classification (previous CS, onset of labor, fetal presentation multiple pregnancy and at least 37 weeks of gestation). All statistical analysis was performed using STATA v. 14.0.

3.0  Results
From the 12,720 women included in the analysis, the mean age was 25.7 years (SD= 6.3), among which, 41.7% were nulliparous and 27.6% had a previous CS. Most of the them reported having at least 6 years of education (77.6%) and being married or cohabitating (85.4%). The majority of pregnancies were singleton, in cephalic presentation of at least 37 weeks of gestation and with reported birthweight between 2,500 and 4,000 grams (Table 1).   

Among all facilities, CS rate in the sample was 47.3%, among which, 34.1% had no evidence of labor. FCI score ranged from 31 and 57 points with a median of 55 points. In our sample, two hospitals achieving the lowest FCI score had a CS rate of 75.8%, among which, 64.0% of pregnancies had no evidence of labor. Both of these low capacity hospitals were from the private sector.

The highest proportion of CS was found among low and high score groups of the categorical version of the FCI score, 45.21% and 52.65% respectively. Noticeably, 42.8% of CS performed in the low score group showed no evidence of labor as compared to 7.0% in the high score group. (Table 2). We also graph the predicted probability of CS and no-labor CS based on the FCI score using a quadratic prediction plot. (Figure 1)

We found no association between CS rate and the continuous version of the variable FCI score in any of the models. Nonetheless, in the categorical version of the FCI score, we found that women delivering at institutions in the lowest and middle tertiles of the FCI score had lower risk for CS as compared to women delivering at the highest tertile. (Table 3) The same pattern is observed in the analysis restricted to pregnancies with a low probability for CS defined by the Robson groups 1 and 3.

On average, 5 CS per 1,000 pregnancies can be averted for each unit increase in the FCI score (RD= -5; 95% CI= -7, -2) after adjusting for maternal and sociodemographic characteristics of the women (Table 4). Similarly, compared to hospitals in the highest tertile of the FCI score, hospitals in the lowest tertile performed 40 fewer CS per 1,000 pregnancies (RD= -40; 95% CI= -60, -20); and hospitals in the middle tertile performed 60 fewer CS per 1,000 pregnancies (RD= -60; 95% CI= -80, -40). 

In the model adjusted for sociodemographic, pregnancy and clinical variables, we found an increased risk for CS among women delivering at private hospitals as compared to public hospitals (RR= 1.35; 95% CI= 1.19, 1.54); this risk is even higher for women with low probability of CS (RR= 1.61; 95% CI= 1.15, 2.26). On the other hand, protective effects were found for both teaching facilities (RR= 0.84; 95% CI= 0.78, 0.90) and maternity exclusive hospitals (RR= 0.87; 95% CI= 0.81, 0.92). (Table 3) 

Similarly, after adjusting for maternal and sociodemographic characteristics, private hospitals tend to perform 190 more CS per 1,000 pregnancies compared to public hospitals (RD= 190; 95% CI= 140, 230). On the other hand, teaching hospitals perform 90 fewer CS per 1,000 pregnancies (RD= -90; 95% CI= -110, -70) and maternity exclusive hospitals perform 70 fewer CS per 1,000 pregnancies (RD= -70; 95% CI= -80, -50). (Table 4).
4.0  Discussion
There is a tendency towards more complex hospitals performing a greater amount of CS across the categorical levels of the FCI score (Tables 3 and 4). These results are explained due to differences in number and clinical characteristics of women attending each level. Previously, WHOGS reported a positive association between hospital complexity and CS rate using a slightly different scale.​​ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
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In our analysis, we lacked data on CS indication, nonetheless, differences by FCI level in the proportion of no labor CS are considerably different between low and mid-capacity facilities as compared with high capacity institutions (Table 2, Figure 1), especially if we consider the latter as third level hospitals where more complicated women receive treatment. This phenomenon may be explained by characteristics of our sample. First, the low capacity category included mainly small clinics and private hospitals. A study from Taiwan reported that clinics have small triggering thresholds compared with more complex hospitals, which are better prepared to deal with potential neonatal and maternal complications.16 Furthermore, private hospitals have been associated with higher CS rates.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

2,16,26
 Second, middle capacity category included mostly public, second level hospitals, where the majority of women seek care. In this case, the high proportion of no labor CS may be due to time-constrains and work overload for attending physicians and residents, which have also been reported.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

13,15,16
 Despite our limitation of the indication variable, onset of labor may reflect the effort to induce a vaginal delivery in third level hospitals. Therefore, no labor CS might be used as a proxy for no-indicated procedures among low and mid-capacity institutions. 

A subsequent analysis among women with a low risk for CS (Robson group 1 and 3) revealed a negative association between hospital capacity and CS rate, as observed before. This gives support to our hypothesis that institutional factors modulate CS rate among women with similar obstetric characteristics, and more importantly, among those with a small expected probability for CS.

Similar to what was previously reported in Mexico, our results also indicate a greater proportion of CS among private hospitals,ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

2,18,27
 we found that women delivering at these institutions were 1.35 times as likely to have a CS as compared with public hospitals. Similarly, women in the low risk group were 1.74 times as likely to have a CS when delivering at private institutions.  This may be due to economic incentives for both physicians and hospitals, as well as women’s generalized belief of CS being better and safer than vaginal delivery for their children and themselves.19 

Women delivering at teaching facilities had 24% lower risk for having CS. Two cross-sectional studies in Taiwan and the US also found lower odds for CS among teaching facilities.ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 

16,28
 It agrees with the idea of physicians and nurses at this facilities are more aware of the importance of vaginal delivery. Conversely, a case control study performed at the IMSS Regional General Hospital in Guadalajara City, found that the presence of Obstetrics and Gynecology residents was associated with an increment in CS rate.19 It is important to recognize the more interventionist environment where Mexican obstetricians had being trained in the last decades, now they look to be better prepared to perform surgical deliveries, as this is often seen as a valuable skill for a future private practice. Likewise, maternal exclusive hospitals had 15% lower risk of CS, which reflects the importance of vaginal delivery and the “mother-friendly” vision among these hospitals.

Current policies concerning CS in Mexico must be enforced with the purpose of limiting its number to necessary cases only. A multidisciplinary approach considering primary stakeholders is needed to overcome this issue. At the facility level, it is fundamental to promote vaginal delivery as first option, but enforcement of current guidelines regarding CS indications must be also warranted. Time constrains and work overload for both attending physicians and residents is problematic and should be considered as well, it is necessary to regulate work shifts to less than 60 hours per week for interns and residents, and to implement other means to reduce the excessive number of patients per doctor, in this last scenario, training nurses to conduct and perform non-complicated vaginal delivery has demonstrated its effectiveness, furthermore, midwives have turned into valuable resources for small clinics in rural settings. Hospitals must undergo audits every certain time period to review their current rates and practices since, a “mother-friendly” concept should be envisioned for all institutions attending deliveries, regardless of whether they are maternity exclusive or not. CS rate goals must be individualized by facility bearing in mind underlying characteristics of their population. Incentives should be available for physicians and hospitals meeting these objectives (e.g. extra resources to be used in research), in addition to advising for those failing to comply with them.

The most important limitation was the lack of specific variables accounting for the exact indication of the CS. This is important to better understand its relationship with institutional factors in specific scenarios like elective procedures. Also, since the information was collected from medical records, information bias cannot be entirely ruled out. Although the number of events was large enough, there were few facilities in the sample. It is important for future studies to include more facilities in the sample.  

Reduction of CS rates must be a priority for public health officials given its potential drawbacks in morbidity and increased burden in costs for the health system. It is imperative to consider and address institutional factors associated with this practice, since women and physician’s practice style share common characteristics within facility, thus opening a window of opportunity to target better and more effective interventions.
APPENDIX: TABLES AND FIGURES
Table 1. Maternal and neonatal baseline characteristics

	
	Overall

(n=12,720)
	Robson 1a
(n=3,286)
	Robson 3b
(n=3,281)

	Sociodemographic characteristics

	Age n(%)
	 
	
	

	   <20 years
	2,996 (23.6)
	1,597 (48.6)
	379 (11.6)

	   20-34 years
	8,352 (65.7)
	1,602 (48.8)
	2,480 (75.6)

	   >34 years
	1,372 (10.8)
	87 (27)
	422 (12.9)

	Education n(%)
	 
	
	

	   0-6 years
	2,839 (22.3)
	1,597 (48.6)
	1,073 (32.7)

	   7-9 years
	5,235 (41.2)
	1,602 (48.8)
	1,379 (42.0)

	   10-21 years
	4,646 (36.5)
	87 (2.65)
	829 (25.3)

	Marital status n(%)
	 
	
	

	   Single
	1,850 (14.5)
	735 (22.4)
	279 (8.5)

	   Married or cohabitating
	10,870 (85.5)
	2,551 (77.6)
	3,002 (91.5)

	Parity n(%)
	 
	
	

	   Nulliparous
	5,234 (41.1)
	3,286 (100.0)
	 

	   1-2
	6,053 (47.6)
	 
	2,598 (79.2)

	   >2
	1,504 (11.8)
	 
	683 (20.8)

	Previous CS n(%)
	 
	
	

	   0
	9,572 (75.3)
	3,286 (100.0)
	3,281 (100.0)

	   1
	2,389 (18.8)
	
	  

	   >1
	755 (5.9)
	
	 

	Current pregnancy

	Onset of labour n(%)
	 
	
	

	   Spontaneous or induced 
	10,672 (83.9)
	3,286 (100.0)
	3,281 (100.0)

	   No labor
	2,408 (16.1)
	  
	

	Fetal presentation n(%)
	 
	
	

	   Cephalic
	12,062 (94.8)
	3,286 (100.0)
	3,281 (100.0)

	   Breech
	287 (2.3)
	  
	  

	   Other
	371 (2.9)
	
	 

	Multiple pregnancy n(%)
	160 (1.3)
	  
	  

	Chronic hypertension n(%)
	152 (1.2)
	16 (0.5)
	13 (0.4) 

	Preeclampsia n(%)
	500 (3.9)
	78 (2.4)
	35 (1.1)

	Multiple organ dysfunction n(%)
	27 (0.2)
	3 (0.1)
	1 (0.03)

	Other serious conditions c n(%)
	95 (0.8)
	5 (0.2)
	7 (0.2)

	Neonate

	Gestational age n(%)
	 
	
	

	   >37 weeks
	11,391 (89.5)
	3,286 (100.0)
	3,281 (100.0)

	   <37 weeks
	1,329 (10.5)
	
	 

	Birthweight n(%)
	
	
	

	    <2,500 grams
	1,684 (13.2)
	220 (6.7)
	181 (5.5)

	   2,500-3,999 grams
	10,751 (84.5)
	3,014 (91.7)
	3,020 (92.1)

	   >3,999 grams
	285 (2.2)
	52 (1.6)
	80 (2.4)


Numbers may not add up due to rounding.

Empty cells are not aplicable among Robson 1 and 3 groups.
a Nulliparous, singleton, cephalic presentation, ≥ 37 weeks of gestation, spontaneous labor.

b Multiparous, no prior CS, singleton, cephalic presentation, ≥ 37 weeks of gestation, spontaneous labor.
c Defined as presence or absence of placenta previa, abruptio placentae, HIV and renal disease.

Table 2. Distribution of CS among different levels of FCI Score

	FCI Score a
	Low

(n= 3,296)
	Medium

(n= 5,380)
	High

(n= 4,044)

	CS rate n(%)
	
	
	

	   Overall
	1,490 (45.2)
	2,392 (44.5)
	2,129 (52.7)

	   Low risk group b
	394 (20.3)
	446 (16.3)
	537 (28.4)

	Onset of labour among CS n(%)
	
	
	

	   Spontaneous
	801 (53.8)
	945 (39.5)
	1,475 (69.3)

	   Induced
	51 (3.4)
	187 (7.8)
	505 (23.7)

	   No labor
	638 (42.8)
	1,260 (52.7)
	149 (7.0)


Numbers may not add up due to rounding.
a Categorized using tertiles.

b Defined as Robson 1 and 3 groups.

Table 3. Association between institutional factors and CS: Risk Ratio approach a
	FCI Score
	Crude
	Model 1 a
	Model 2 b

	Overall RR(95% CI)
	
	
	

	   FCI Score
	0.99 (0.98,  0.99)
	0.99 (0.99,  1.00) 
	1.00 (0.97,  1.02)   

	   FCI Categorical
	
	
	

	      High
	Ref
	Ref
	Ref

	      Medium 
	0.86 (0.81,  0.91)
	0.89 (0.84,  0.94)
	0.91 (0.86,  0.96)

	      Low
	0.83 (0.78,  0.89)
	0.91 (0.85,  0.98)
	1.03 (0.94,  1.13)  

	   Private vs public ownership
	1.63 (1.44,  1.85)     
	1.35 (1.19,  1.54)                                        
	1.49 (1.19,  1.88)  

	   Teaching vs non-teaching hospital
	0.76 (0.72,  0.82) 
	0.84 (0.78,  0.90)                    
	0.65 (0.59,  0.72)

	   Maternity exclusive hospital
	0.85 (0.80,  0.91)
	0.87 (0.81,  0.92)
	0.84 (0.79,  0.90)

	Low risk group RR(95% CI) c
	
	
	

	   FCI Score
	1.00 (0.98, 1.02) 
	1.00 (0.97, 1.02)
	1.02 (0.98, 1.07)  

	   FCI Categorical
	
	
	

	      High
	Ref
	Ref
	Ref

	      Medium 
	0.64 (0.56, 0.72)
	0.63 (0.55, 0.71) 
	0.64 (0.56, 0.73)

	      Low
	0.63 (0.55, 0.73)
	0.70 (0.60, 0.80)
	0.77 (0.64, 0.92)

	   Private vs public ownership
	1.74 (1.24, 2.43)
	1.61 (1.15, 2.26) 
	1.53 (0.89, 2.65)           

	   Teaching vs non-teaching hospital
	0.95 (0.80, 1.13) 
	0.92 (0.77, 1.10)
	0.92 (0.74, 1.15)  

	   Maternity exclusive hospital
	0.69 (0.61, 0.78)
	0.63 (0.56, 0.72)
	0.62 (0.54, 0.71)


a Adjusted for age, education, marital status, fetus presentation, weeks of gestation, multiple pregnancy, chronic hypertension, preeclampsia, multiple organ dysfunction and other serious conditions (placenta previa, abruptio placentae, HIV and renal disease). 
b Additionally adjusted for other institutional characteristics (number of beds, proportion of women receiving free of charge treatment, hospital going under audits).
c Defined as Robson 1 and 3 groups.
Table 4. Association between institutional factors and CS: Risk Difference approach

	FCI Score
	Crude
	Model 1 a
	Model 2 b

	Overall RD(95% CI)
	
	
	

	   FCI Score
	-10 (-10, 0)
	-5 (-7, -2)  
	 -5 (-7, 2)

	   FCI Categorical
	
	
	

	      High
	Ref
	Ref
	Ref

	      Medium 
	-70 (-90, -50)
	-60 (-80, -40) 
	-50 (-70, -30)

	      Low
	-90 (-110, -60)
	-40 (-60, -20)
	2 (-20, 30) 

	   Private vs public ownership
	290 (240, 350) 
	190 (140, 230)
	180 (100, 250) 

	   Teaching vs non-teaching hospital
	-140 (-160, -120)
	-90 (-110, -70)
	-170 (-190, -140)

	   Maternity exclusive hospital
	-70 (-90, -50)
	-70 (-80, -50)
	-80 (-90, -60)

	Low risk group RD(95% CI) d
	
	
	

	   FCI Score
	3 (-4, 5)
	-1 (-10, 3)  
	2 (-5, 10)

	   FCI Categorical
	
	
	

	      High
	Ref
	Ref
	Ref

	      Medium 
	-100 (-130, -080) 
	-110 (-130, -80)  
	-100 (-130, -80)  

	      Low
	-100 (-130, -80)
	-80 (-110, -60)
	-60 (-90, -30) 

	   Private vs public ownership
	150 (70, 230)   
	140 (60, 220) 
	80 (-20, 190)       

	   Teaching vs non-teaching hospital
	-10 (-40, 20)
	-20 (-50, 20)
	-10 (-50, 20)   

	   Maternity exclusive hospital
	-70 (-90, -50)
	-90 (-110, -70)
	-90 (-120, -70)


Risk differences are expressed as 1 per 1000 pregnancies
a Adjusted for age, education, marital status, fetus presentation, weeks of gestation, multiple pregnancy, chronic hypertension, preeclampsia, multiple organ dysfunction and other serious conditions (placenta
 previa, abruptio placentae, HIV and renal disease). 
b Additionally adjusted for other institutional characteristics (number of beds, proportion of women 
receiving free of charge treatment, hospital going under audits).
c Defined as Robson 1 and 3 groups.
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Figure 1. Predicted probability for CS and no-labor CS across different FCI score categories
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