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Appendix 1 (as supplied by the authors): Supplemental data 

METHODS 

Six-Digit Postal Code 

The Canadian Institute for Health Information (CIHI) normally only releases three-digit postal codes to 
researchers. In order to increase the accuracy of census data, which was matched to clinical data using 
postal code, we arranged a two-step data release process with CIHI to satisfy privacy requirements for 
the release of six-digit postal codes. 

Instrumental Variable 

The local rather than delivery hospital (in many cases the same hospital) was used because high risk 
women are selectively referred to more specialized hospitals (where a higher percentage of deliveries 
may be by obstetricians). We believe that using the local rather than delivery hospital in this fashion was 
critical to minimize the possibility that the instrumental variable was associated with unobserved 
confounders. Living in regions with different proportions of deliveries by family physicians should affect 
the probability of being delivered by a family physician, but should not directly affect the risk of having a 
caesarean section, after adjustment for additional covariates such as obstetrical comorbidity. Thus, this 
variable meets the requirement that an IV is not directly associated with the dependent (outcome) 
variable. An additional requirement is that the IV is not directly related to the error term in a regression 
equation. In the case of the current study, this would require that unmeasured risk factors are evenly 
distributed across the catchment areas of different hospitals. While this cannot be proven, it is 
commonly assumed that this is the case if measured covariates are similar across regions with different 
levels of the IV, and if the correlation between the IV and the predicted risk of outcome is negligible. We 
therefore divided home hospital delivery volume into quintiles and compared comorbidities across 
these quintiles as a check of the suitability of our IV. We also used the Kleibergen-Paap rk first-stage F-
statistic reported in the Stata IVREG2 output as a measure of instrumental variable strength.1 

Hospital Service Level and Delivery Volume 

Each hospital in our dataset was assigned a service level according to guidelines provided by the 
Canadian Pediatric Society2 with modifications for use with administrative data: 1. Tertiary: All hospitals 
so described by the Canadian Perinatal Network for the time period; 2. Secondary: Those that delivered 
a minimum of 25% of the 32-34 week gestational age (GA) newborns with a length of hospital stay of at 
least 5 days from their catchment areas for the study period. Because of uncertainty about the level of 
care, small volume hospitals with less than 12 deliveries at 32-34 week GA from their catchments during 
the study period were classified as primary care hospitals regardless of whether they met the 
percentage criterion above; 3. Primary: Those that delivered a minimum of 10% of the 35 week or 
greater GA newborns from their catchment areas for the study period. 4. Level 0 hospitals were those 
not meeting the criteria above. We conducted sensitivity analyses including only a tertiary hospital term 
and excluding delivery hospital level entirely from our regression analyses. The number of deliveries at 
the delivery hospital was entered into our models as a continuous variable. 

Covariates in regression models 
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Six digit patient postal codes were mapped to the best match Statistics Canada Census Dissemination 
Area using the Postal Code Conversion File.3 Median income, percent of the population with at least 
high school education, percent aboriginal and the unemployment rate in the maternal residential census 
dissemination area were entered as continuous covariates. Residential Statistical Area Classifications 
were dummy coded into urban (census metropolitan area and census agglomerations), strong, 
moderate, weak and no metropolitan influenced zone rural subheadings, and territories. Analyses were 
adjusted for the variables described in Table 1. When not recorded, delivery gestational age was 
approximated using the admission gestational age and the difference between the dates of admission 
and delivery. 

INTERPRETATION 

Limitations 

Additional factors influencing method of delivery which may not be adequately captured in this and 
related studies include: partner’s socio-economic status,4 healthcare provider team’s culture regarding 
c-section,4,5 and a patient’s history of post-partum depression or anxiety surrounding a previous c-
section which led to a need for control.6   
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Supplemental Table 1: Covariates included in multivariate analyses (Codes are maternal ICD-10-CA 

codes unless otherwise specified) 

Covariate Definition 

Median income* Median income of all persons 15 years of age or older in a 

residential household 

Education rate* Proportion of census respondents who graduated high school 

Aboriginal population* Percentage of census respondents that reported identifying with at 

least one aboriginal group, being a Treaty Indian or Registered 

Indian, or being a member of an Indian Band or First Nation. 

Minority status* Percentage of census respondents self-identifying as a visible 

minority (non-aboriginal, non-Caucasian, non-white in colour) 

Delivery hospital volume Average number of deliveries per year at the delivery hospital based 

on the current dataset, dummy coded into quintiles 

Delivery hospital level The level of obstetrical service offered, dummy coded into Levels 0, 

1, 2 or 3 (see Methods) 

Provider volume Volume of deliveries by delivery provider, dummy coded into 

quintiles 

Maternal age Maternal age in years at delivery, dummy coded (<15, 16-20, 21-25, 

…, 41-45, >45) 

Gestational age 
Maternal analysis: Gestational age in weeks at delivery, dummy 

coded (<27, 27-28, 29-30, … 40-41, >41) 

Neonatal gender Dummy coded into female (reference), male, or other 

HIV Maternal record: B24 or Z21 
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Type 1 DM Maternal record: E10.0, 10.2-9, or O24.5 

Type 2 DM Maternal record: E11.0, 11.2-9, or O24.6 

Gestational DM Maternal record: O24.8 or 

Neonatal record: P70.0 

DM, other or unspecified* Maternal record: E13.0, 13.2-9, 14.0, 14.2-9, H36.0, or O24.7 or 

neonatal record contains   P70.1-2 

Cystic fibrosis Maternal record: E84 

Rheumatic heart disease Maternal record: I05-09 

Hypertension Maternal record: I10.0-1, 15.9, O10.0-1, 10.3-9, 13, 14, or 16 or 

neonatal record contains   P00.0 

Ischemic heart disease Maternal record: I25.2, or 25.5-9 

Pulmonary hypertension Maternal record: I27.0 or 27.8-9 

SLE Maternal record: M32 

Chronic renal disease Maternal record: N01, 03-04, 18, 25, or 26 

Birth weight Weight of fetus, dummy coded (500-999 gm and 500 gm increments 

up to >4500 gm) 

Premature rupture of 

membranes 

Maternal record: O42 

Neonatal record: P01.1 

Oligohydramnios Neonatal record: P01.2  

Abruptio placentae Maternal record: O45 

Neonatal: P02.1 

Prolapsed umbilical cord Neonatal record: P02.4  

Noxious influences Neonatal record: P04  
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transmitted via placenta or 

breast milk 

Congenital anomalies Neonatal record: D21.5, D82.1, P35.0-1, or P37.1, Q 

Hydrops fetalis Neonatal record: P56.0 

Eclampsia Maternal record:   O15 

Other maternal conditions Neonatal record: P00.8 

Previous caesarean  Maternal record: O34.20 or 75.7 

Abbreviations: DM, Diabetes Mellitus; SLE, Systemic Lupus Erythematosus 

* Statistics Canada Census, 2006 

*DM, unspecified only coded if other DM variables marked “no” 


