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Abstract Using data from official hospital abstracts on deliveries occurred in Sardinia during 2010/2011, we implement a multilevel logistic regression in order to assess the effect of the determinants of caesarean deliveries. Results underline as the between hospital variation is 0.39 in a model with the only intercept. After including individual characteristics of delivered mothers the variation does not reduce and it is estimated to be 0.38.   
Abstract Utilizzando dati ufficiali dai registri sui ricoveri in Sardegna negli anni 2010/2011, implementiamo una regressione logistica multilivello per studiare l’effetto delle determinanti dei parti cesarei. I risultati mostrano come la varianza fra ospedali sia pari a 0.39 in un modello con sola intercetta. Dopo l’inclusione nel modello delle caratteristiche individuali delle madri la varianza non si riduce ed è stimata uguale a 0.38.
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1 Introduction
Variation in obstetric interventions is a frequently debated issue in the scientific medical and public health literature. With respect to induction of labor Humphrey and Tucker [5] on a sample of about 18,000 cases in Aberdeen found as one quarter of the rate of that intervention remains unexplained after controlling for case mix factors. Webb and Culhane [8] focused on the hospital variation in episiotomy rates, finding that, after controlling for socio-economic characteristics and for individual clinical factors, a large variability rate is still unexplained. Cannas and Sironi [3] also focused on variability in episiotomy rates and substantially confirmed the results from Webb and Culhane [8] with Italian data.
In this framework, the debate around the variability of cesarean deliveries is even more heated [1; 4]. Indeed, Cesarean deliveries have been increasingly steadily in several advances countries during the last decades, with the documented cases of U.S [2; 4] and U.K [1]. The widespread use of Cesarean deliveries has important policy implications [6]: Cesarean sections are much more expensive than vaginal deliveries and higher risks of adverse outcomes and complications linked with this kind of intervention represent additional social costs for the health system and society. 

Hence, there is in literature certain concern [1] about whether current high rates of cesarean are medically justified.

In particular, a preliminary issue requires at least that individuals with the same personal and clinical conditions should have the same likelihood of a Caesarean delivery.

Hence, the aim of this paper is to two-folded. On one hand we aim at testing the significance of the variable present in literature for predicting a Caesarean delivery. On the other hand, we assess whether a variation at hospital level still exists after controlling for observable predictors. If so, we would conclude that two people delivered in different hospitals with the same identical clinical indications would have different probabilities to undergo a Cesarean. 
After this brief introduction, the remainder of the paper is organized as follows: section 2 provides an overview of the dataset and of the empirical strategy used in the analysis. Section 3 provides main empirical results, while section 4 concludes.
2 Data and Methods

We consider a data set containing information on deliveries occurred in 20 hospitals of the Italian region of Sardinia during 2010/2011. The data set considers individual information contained in the “Certificato di Assistenza al Parto” (CeDAP), designed for capturing clinical features and the social and demographic characteristics of the family. Of the 23,925 hospitalized pregnancies during years 2010 and 2011, we selected only those births that were 32 or more weeks of gestational age, singleton (one offspring) and vertex (head down position). Finally, we consider mothers that were nulliparous (firs birth), aged between 15 and 44, reaching a final sample of 14,663 cases.
Observations of interest are clustered in 20 hospitals: percentages of caesarean sections vary across hospitals from a minimum of 0.11 to a maximum of 0.64. In order to explain the difference in caesarean deliveries we relied on a set of case mix factors that can be classified as medical or social. In the first class we have medical factors usually considered to be an indication for caesarean sections in the medical literature, e.g.: infant weight, gestational age, induction of labour [2] while in the second class we have socio-demographic variables whose impact is considered crucial in literature: maternal age and mother’s education. It is possible that not all the factors that contribute to the decision of operating a caesarean section have been observed: in particular we are concerned with unobserved variables which do not vary at the hospital level, like obstetrician practice, preferences of the physician working in the same hospital and guidelines promoting or restricting the liberal use of caesarean sections. Therefore, following Caceres et al. [2] and in order to assess the importance of these variables, we modelled the likelihood of an intervention using a two level logistic model with individual predictors [7] at the lowest level of the hierarchy and a random intercept at the hospital level, taking in account all unobserved predictors at the hospital level.

Using the latent response formulation, the model can be written as:
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are the k clinical and socio-demographic predictors for the individual i delivered in the hospital j, whereas 
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 is the random intercept at the hospital level where the individual i has been admitted and normally distributed with means equal to zero; finally, 
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is the remainder error term distributed as a logistic.
In this framework, we have to remark that random intercept is normally distributed. This specification setting allows us for considering clinical indications to predict caesarean sections within each hospital and allows also for underlining systematic differences between hospitals.
The variables chosen as predictors at the individual level are taken from [2] with the exception of maternal age that is categorized as in [1]; Variables are listed as follows: maternal age (grouped in five categories as in: 15-19, 20-24, 25-29; 30-34, 35-44 years); Mother’s education (ordered in four separate categories: less than high school, high school, graduated or post-graduated and a residual category collecting missing values); Infant weight (measured in grams and grouped in the following ordered categories: < 2500; 2500-4000; ≥ 4000); Gestational age, including preterm births (< 37 weeks), Normal term births (37-41 weeks) and late term ones (at least 42 weeks). In case of Gestational ages we adopted a different classification with respect to [2], including in the model also normal term births (in [2] we have only normal and late term births).
Finally, we have in the model also two dummy variables for indicating if a mother has undergone an induction of labor and for indicating Pathology during pregnancy.

More in details, the last one is a dichotomous variable set to 1 if one (or more) of the following diseases occurred during pregnancy: Diabetes mellitus, Eclampsia, Hypertension, Placenta Previa.
Descriptive statistics for the covariates are shown in Table 1:
Table 1: Summary statistics for mother’s characteristics. 
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	Maternal age (years): 
	
	
	
	

	15 - 19
	301
	76
	0.798
	0.201

	20 - 24
	846
	321
	0.724
	0.275

	25 - 29
	1919
	808
	0.703
	0.296

	30 - 34
	3682
	1929
	0.656
	0.343

	35 - 44
	2606
	2175
	0.545
	0.454

	Mother’s education:
	
	
	
	

	Less than high school
	3376
	1847
	0.646
	0.353

	High school
	4105
	2351
	0.635
	0.364

	Graduate or postgraduate
	1128
	691
	0.620
	0.379

	Missing
	745
	420
	0.639
	0.360

	Infant weight (grams):
	
	
	
	

	< 2500
	415
	559
	0.426
	0.573-

	2500-4000
	8686
	4502
	0.658
	0.341

	≥ 4000
	253
	248
	0.504
	0.495

	Labor induction
	2218
	1161
	0.656
	0.343

	Gestational age:
	
	
	
	

	Preterm (< 37 weeks)
	401
	589
	0.405
	0.594

	Normal term (37-41 weeks)
	8895
	4684
	0.655
	0.344

	Pathology during pregnancy:
	435
	568
	0.433
	0.566


3 Results 
In Table 2 we display regression results. The model has been estimated by simulated maximum likelihood. We used R to perform all calculations. The estimates of the parameters are shown in Table 2. As expected maternal age is significant and show a monotone relationship with the likelihood of Caesarean sections: the older is the mother, the higher is the likelihood of an intervention. Mother’s education is only marginally significant with mothers with a high school diploma that are more likely to be delivered. 
Infant weight is also a good predictor for determining Caesarean rate: the heavier is the child, the more likely is the Caesarean section. Finally, Gestational age and the presence of pathologies during the pregnancy well predict the likelihood of a Caesarean delivery. 
Table 2: Estimated coefficients of  a multilevel model for the probability of caesarean section.
	Predictors
	Estimated coefficients
	SE
	P value
	Sig

	Intercept

Maternal age (years): 
	-2.303
	0.179
	<0.001
	***

	15 - 19
	Ref
	
	
	

	20 - 24
	0.452
	0.147
	0.002
	**

	25 - 29
	0.567
	0.137
	<0.001
	***

	30 - 34
	0.785
	0.134
	<0.001
	***

	35 - 44
	1.247 
	0.134
	<0.001
	***

	Mother’s education:
	
	
	
	

	Less than high school
	Ref
	
	
	

	High school
	0.107
	0.046
	0.021
	*

	Graduate or postgraduate
	-0.008
	0.062
	0.894
	

	Missing
	0.011
	0.081
	0.889
	

	Infant weight (grams):
	
	
	
	

	< 2500
	0.510
	0.079
	<0.001
	***

	2500-4000
	Ref
	
	
	

	≥ 4000
	0.752
	0.093
	<0.001
	***

	Labor induction
	-0.042
	0.044
	0.339
	

	Gestational age:
	
	
	
	

	Preterm (< 37 weeks)
	0.600
	0.079
	<0.001
	***

	Normal term (37-41 weeks)
	Ref
	
	
	

	Late term (≥ 42 weeks)
	0.175
	0.219
	0.422
	

	Pathology during pregnancy
	0.684
	0.071
	<0.001
	***

	Group standard deviation
	0.3815 
	
	
	


*** pvalue<0.001; ** 0.001<pvalue<0.01; * 0.01<pvalue<0.05
All the predictors have the sign and the size coherent with the literature, but they are not enough to explain total variation at hospital level. 
Indeed, we first fit the model with only the random intercept obtaining an estimated standard deviation of 0.39 for the random intercept 
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; then we include all the predictors, obtaining almost the same value of the estimated standard deviation (see Table 3).
Table 3: Estimated standard deviation of the random intercept for random intercept only (M0) and random intercept with covariates (M1)
	
	M0: only random intercept
	M1: M0+ clinical and socio-demo variable

	Group Standard deviation
	0.3876
	0.3815


4 Conclusions
Variation in rates of medical interventions is a well-known issue in literature for their high social costs because they are sources of possible medical complications: a consistent variation has been reported in rates of Caesarean deliveries, which remains unexplained after conditioning on medical indications and socio-economic characteristics of the patients, questioning the opportunity of some interventions. This study extends previous results in literature of U.K and U.S.A to the Italian region of Sardinia, obtaining surprising similarities with the findings of Caceres et al. [1]: the between hospital variation is 0.39 in a model with the only intercept. After controlling for individual characteristics of the mothers the variation does not significantly reduce and it is estimated to be 0.38.   
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